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Vice-Chancellor's Message

The Distance Learning Centre is building on a stbdiition of over two decades of service
the provision of External Studies Programme and Bastance Learning Education in Nige
and beyond. The Distance Learning mode to which wecammitted is providing access
many deserving Nigerians in having access to higllercation especially those who by
nature of their engagement do not have the luxdryuth time education. Recdly, it is
contributing in no small measure to providing pkaéar teeming Nigerian youths who for ¢
reason or the other could not get admission irgactinventional universitie

These course materials have been written by wrépegially trained i ODL course delivery
The writers have made great efforts to provideaigate information, knowledge and skills
the different disciplines and ensure that the nieteare usefriendly.

In addition to provision of course materials innpriand -format, a lot of Informatiol
Technology input has also gone into the deploynoémourse materials. Most of them can
downloaded from the DLC website and are availableaudio format which you can al
download into your mobile phones, IPod, MP3 amother devices to allow you listen to t
audio study sessions. Some of the study sessioerialathave been scripted and are b
broadcast on the university’s Diamond Radio FM 1pWhile others have been delivered
captured in audieisual format in classroom environment for use by our students. ilBet
information on availability and access is available the website. We will continue in ¢
efforts to provide and review course materialsoiar course:

However, for you to take advantage of these formais will need to improve on your |.
skills and develop requisite distance learning @elt It is well known that, for efficient ai
effective provision of Distance learning educati@vailability of appropriate and releva
course materials is gine qua non. So also, is the availability of multiple plat forfor the
convenience of our students. It is in fulfillmerittbis, that series of course materials are b
written to enable our students sy at their own pace and convenience.

It is our hope that you will put these course mateto the best us

t i g
| N M e

Prof. Isaac Adewole

Vice-Chancellor



Foreword

As part of its vision of providing education ftiiberty and Development” for Nigerians and
the International Community, the University of Ilaag Distance Learning Centre has recently
embarked on a vigorous repositioning agenda whialeé at embracing a holistic and all
encompassing approach to the delivery of its Opesance Learning (ODL) programmes.
Thus we are committed to global best practicesigtadce learning provision. Apart from
providing an efficient administrative and acadesuipport for our students, we are committed
to providing educational resource materials for uke of our students. We are convinced that,
without an up-to-date, learner-friendly and diseatearning compliant course materials, there
cannot be any basis to lay claim to being a provafedistance learning education. Indeed,
availability of appropriate course materials in tipé formats is the hub of any distance
learning provision worldwide.

In view of the above, we are vigorously pursuingaasnatter of priority, the provision of
credible, learner-friendly and interactive coursatenials for all our courses. We commissioned
the authoring of, and review of course materialge@mms of experts and their outputs were
subjected to rigorous peer review to ensure standBhe approach not only emphasizes
cognitive knowledge, but also skills and humane@alwhich are at the core of education, even
in an ICT age.

The development of the materials which is on-gaatgp had input from experienced editors
and illustrators who have ensured that they arerate, current and learner-friendly. They are
specially written with distance learners in minchisl is very important because, distance
learning involves non-residential students who ofian feel isolated from the community of
learners.

It is important to note that, for a distance leartmeexcel there is the need to source and read
relevant materials apart from this course matefibkrefore, adequate supplementary reading
materials as well as other information sourcesaggested in the course materials.

Apart from the responsibility for you to read thieurse material with others, you are also
advised to seek assistance from your course foilid especially academic advisors during
your study even before the interactive session lwlsdoy design for revision. Your academic
advisors will assist you using convenient technglowluding Google Hang Out, You Tube,
Talk Fusion, etc. but you have to take advantagthede. It is also going to be of immense
advantage if you complete assignments as at whersdwas to have necessary feedbacks as a
guide.

The implication of the above is that, a distareamer has a responsibility to develop requisite
distance learning culture which includes diligent alisciplined self-study, seeking available
administrative and academic support and acquisitibbasic information technology skills.
This is why you are encouraged to develop your edempskills by availing yourself the
opportunity of training that the Centre’s providelgut these into use.



In conclusion, it is envisaged that the course riwtewould also be useful for the regular
students of tertiary institutions in Nigeria whe daced with a dearth of high quality textbooks.
We are therefore, delighted to present these titldmth our distance learning students and the
university’'s regular students. We are confideat the materials will be an invaluable resource
to all.

We would like to thank all our authors, reviewersl groduction staff for the high quality of
work.

Best wishes.

O ==

Professor Bayo Okunade

Director
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PSY103Quantitative Methods in Psychology

About this course manual

Quantitative Methods in Psycholc PSY103has been produced |
University of Ibadan Distance Learning Ce. All Psychology course
manuas produced byniversity of Ibadan Distance Learning Ce are
structured in the same w, as outlined below.

How this course manual is
structured

The course overview

The course overview givegou a general introduction to the cout
Information contained in thcourseoverview will help you determin

= [f the course is suitable for you.

= What you will already need to know.

*= What you can expect from the course.

= How muchtime you will need to invest to complete the co.
The overview also provides guidance

= Study skills.

= Where to get help.

» Course assessments and assignments.

= Activity icons.

= Study sessics.

We strongly recommend that you read the ovencarefully before
starting your stud

The course content

Thecourse is broken down into study sessidtechstudy session
comprises

= An introduction to the study session content.

= Learnin¢ outcomes.

= Content of tudy sessions with learning activities
= A study session summary.

= Assessmess and/or assignment, as applicable.



About this course manual

T

Your comments

After completin( this course, Quantitative Nteods in Psycholog, we
would appreciate it if you would ta a few moments to give us yo
feedbaclon any aspect of this courséour feedback might incluc
comments ol

= Course ontent and structure.

= Course reading materials and resou

= Courseassessments.

= Course ssignments.

= Course duration.

= Course suppoi(assigned tutors, technical help, ).

* Your generakxperience with the course provision as a dist
learning studel.

You might forward your comments to coursereview@uiledu.ng o
post same on comment pad of your course websii¢ ibbile Class
Y our constructive feedback will help usitaprove and enhanchis
courst.
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Course overview

Welcome to Quantitative
Methods in Psychology PSY103

Psychology is a sience and, therefore, adopigentific procedures in ii
study, including the computation aspects. every student desiring
study psychology, therefore, the knowledge of stias is essentiaThis
course- PSY103 - will expose you tihe quantitative skills needed 1
scientific researct

This course manual pplements and complementSY103 Ul Mobile
Class Activitiesas an online course. The Ul Mobile Clis a virtual
platform that facilitates classroom interactat a distancwhere you can
discuss / interact with your tu and peersvhile you are at home «
office from your internet-enabled computéfou will also use thi
platform to submit youassignments, receive tuti@edback and cour:
news with update

Quantitative Methods in
Psychology PSY103—is this
course for you?

Outcomes

PSY103 is a compulsory course undergraduate students
psycholog. The course attempts to equip yeith quantitative skills
needed for scientific researc

Course outcomes

Upor a successful completion Quantitative Methods in Psycholc
PSY10:you will be able to:

explain the concept of statistics.
Justify why statistics is essgal in the study of psycholoc

differentiate among the types of measurements used for
collection in psychological research.

collect and summarize data; and preserfacts in psychological
research.

expose data to various form®f descriptive stattical analysis,
graphs and diagrammatic presentation.



Course overview

Timeframe

How long?

This is aone semester course.
45 hours of formal study time is requir

Study skills

As an adult learner your approach to learning belldifferent to tha
from your school dax: youwill choose what you want to stu, you will
have professional and/or persl motivation for doing s and you will
most likely be fitting your study activities arounther professional ¢
domestic responsibilitie

Essentially you will be taking control of your le@trg environmentAs a
consequenceou will need to consider parmance issues related
time management, gc setting, stressranagement, etc. Perhaps you"
also need treacquaint yourself in areas such as essay planeiping
with exam: andusing the web as a learning resot

Your most significant considetions will betime andspace i.e. the time
you dedicate to your learning and the environmenthich you engag
in that learnin.

We recommend that you take time —before starting your se
study—to familiarize yourself with these issues. Them® @anumber ¢
excellentweb links & resources on the “S&tudy Skill¢" at your course
website.

Need help?

Help

As earlier noted, this course manual complemerdssapplement
PSY10:at Ul Mobile Class as an online course.

You may contact any of the following units for infeation, learning
resources and library servic

Distance Learning Centre (DLC Head Office

University of Ibadan, Niger MorohundiyaComplex, Ibadan-
Tel: (+234) 08077593551 — 55 llorin Expressway, l-Ose,
(Student Support Officer: Ibadan.

Email: ssu@dlc.ui.edu.ng
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Information Centre Lagos Office

20 Awolowo Road, Bodiji Speedwriting House, No. !

Ibadan Ajanaku Street, Off Salvatic
Bus Stop, Awuse Estate, Ope
Ikeja, Lagos

For technical issues (computer problems, web acaessetcetera
pleasesend mail to webmaster@dic.ui.edu.ng.

Academic Support

&

Help

A course facilitator is commissioned for this caurgou have also bet
assigned an academic advisor to provide learnipga@t. The contacts
your course facilitator and academic advisor fig tourse are availab
atonlineacademicsupport@dic.ui.edL

Activities

Activities

This manual features “Activities,” which may presaraterial that i
NOT extensively covered in the Study Sessions. Wioenpleting thes
activities, you will demonstrate younderstanding of basic material (
answering questions) before you learn more advacaecepts. You wil
be provided with answers to every activity questibimerefore, you
emphasis when waing the activities should be on understanding
answers.t is more important that you understand why eveignr is
correct

Assessments

Q)

Assessments

There are three basic forms of assessment indhise: i-text questions
(ITQs) and self assessment questions (SAQs), aodrharkec
assessment (TMASs). Ts manual is essentially filled with ITQs a
SAQs. Feedbacks to the ITQs are placed immediafedy the question:
while the feedbacks to SAQs are at the back of mlariou will receive
your TMAs as part of online class activities at thieMobile Clas.
Feedbacks to TMAs will be provided by your tutomiot more than
weeks expected duratic

Schedule dates for submitting assignments and ergyagcourse / clas
activities is available on the course website. Kindsit your course
website oftenor updates.



Course overview The Meaning of Statistics
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Getting around this course manual

Margin Icons

While working through thiscourse manuayou will notice thefrequent
use ofmargin icons. These icons serve to “signpost” aiqdar piece o
text, a new task or change in activity; they hagerbincluded to help yc
to find your way around is course manual.

A complete icon set is own below.We suggest that you familiari:
yourself with thricons and their meanirgefore starting your stuc
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Study Session 1 The Meaning of Statistics

Study Session 1

The Meaning of Statistics

Introduction

Learning Outcomes

a compulsory course fi

Statistics is perceived and interbggguﬂt@ggmsgé%?néﬁferem
professionalsThis study session witherefore exposyou to alternative

definitions and explanations of the concept ofistiat

When you have studied this session, you shouldleeta:

= explain theconcept of statistics, in grammatical terms, an
used by scientific researchers. (SAQ 1.1)

= explain the two basic types statistics. (SAQL.:

1.1 The Definition of Statistics

The word ‘statisticscan beused in three different perspecti

1. Layman’s perspective
2. Research perspective
3. Grammar perspective

1.1.1 Layman’s Perspective

As used in everydalanguage, statistics implies a collection of nuice
data. This may be expressed in terms of the nurobetudents in .
school, the number of employees in a company, timeber of childrer
given birth to in a year, the number of accideatorded in iear and so
forth.

o ITQ Inalayperson’s understanding, statistics me

+« A. Addition, division, and subtraction of d¢
« B. A collection of numerical data.

Feedback on ITQs answel

* The correct answer was B

e If you have chosen A (addition, division and sutticn
of data),then you have defined based on matheme
experience in primary schooln fact the question as
you to define statistics as a collection of nunardata

1.1.2 Research Perspective

Statistics may also refer to the scientific methdds collecting,
organizing, describing, analyzing, presenting, iterpreting data in lin
with the purpose for which it is required to serValid conclusions an
reasonable decisions are subsequ based on such analysis. Her
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statistical results help researchers to make iné=® about occurrenc
in the environmer

o ITQ From the empirical research’s point of view, stats
means:

A. Organization of dta for presentation purpos

B. A collection of numerical data.

C. Purposeful use of scientific methods to coll
organize, analyze and interpret data.

Feedback on ITQs answers

* If you have chosen Ahen you have defined based on |
of this definitive point of view.

* If you have chosen B, theyou have defined based ol
definitive perspective of layperson’s view of st#ts. In
fact, the question asks you to define statisticstle
scientific methods for collecting, organizing, désing,
analyzing, presenting and interpreting data ie with the
purpose for which it is required to sel

* The answeris C.

1.1.3 Grammatical Perspective

Statistics may as well be used as a plural ofs$i@tiStatistic is used as
summary measure of a set of data, after adequatgsenhas been mad
The mean or average, for instance, is a statistenwsed as a summe
measure of students’ performance. When other suynmaasures lik
mode, median, standard deviation and variance arasiaerec
collectively, the word ‘statistics’ is most adecg

o ITQ Ingrammatical terms, the word “statistic” impli

A. A fact from a study of data.
B. A collection of numerical data.

Feedback on ITQs answel

e The correct answer was. An grammar, statistic is tt
summary of measured data after adequate analysi
been made.

e Option B (acollection of numerical da) is a definition
based on a lay-personfmerspectiveof statistics. In fact
the question asks you to define statistics as arsugof
a measuredet of data, after adequate analysis has
made.

1.2 Types of Statistics

In research parlancehere are basically two types of statistics: detivg]
statisics and inferential statistics.

1.2.1 Descriptive Statistics

This type of statisticsummarizes or describdse characteristics of a ¢
of data in a clear and convenient way. Descripstagistics mark th
development of the discipline called statistics. eyhinclude al
calculations, which reduce data to smaller sizewhich results of suc
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calculations culd as well be presented in tabular form and diagrar
charts

1.2.2 Inferential Statistics

Here, data are analyzed and interpreted in such a watycthaclusior
about the population is made, based on data ratewethe sample
Inferential statisticalmethods are devised to measure the degre
confidence on how close an estimated sample staissto the actue
population parameter. This degree of confiden@xjgessed in terms
probability

Descriptive statistics are considered as the preliminary stage for
inferential statistics. Results of inferential statistics are what can
be used in decision-making. Examples of descriptive statistics are
the measures of central tendency (i.e. median, mode, and
— median), measures of variability (e.g. standard deviation,
= variance etc.), frequency distributions, and transformed scores.
Inferential statisticsinclude thet-test, analysis of variance
(ANOVA), chi-sguare test, etc.

o ITQ Look at the diagrarbelow and fill the empty box A and

B with the most appropriate options.
( \ ( . )
estimate a
A population
parameter
Statistics . < - ’
describe the data
B they actually
collected
\\ J (. J

Feedback on ITQs answers

e If you have choserconsidered inferential statistics
option A then you are corred®esearcheruse inferential
statistics if they are using their results estimate a
population parameter

e Option B is in fact descriptive statisti Researchers use
descriptive statistics if they are using the resuib
describe thelata they actually collecte

10
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Study Session Summary

o7

Summary

In this Study Sessianthe concept of statistics has been approached
three perspectives. Ist, from a layperson’s perspective that statistic:
a collection of numerical data. Second, from a aedeer’'s view tha
statistics is a scientific method of collecting,ganizing, describing
analyzing, presenting and interpreting data. Thindgremmatical terms,
statistics is a plural form of statis

You also learnt about types of statistics which: atescriptive an
inferential statistics. The relationship betweenrsth types of statisti
was also highlighte

Assessment

Q)

Assessment

Now that you have completed this study session,capuassess how wi
you have achieved its Learning Outcomes by ansgehiase question
Write your answers in your Study Diary and disctissm with youl
Tutor at the next Study Support Meeting. You check your answers
with the Notes on the Se¢AssessmenQuestions at the end of ti
Manua.

SAQ 1.1 (tests Learning Outcome 1.1)

The definitive stands of statistics can be explaifnem three
points of views (layperson’s view, grammal view and
research view). Whatre the differences between th
perspectives?

SAQ 1.2 (tests Learning Outcome

A clinical psychologist conducted a study in whishe gave
some of her clients a new depression treatment.t\Winen of
statistics would Ise use if she wanted to describe the ave
depression score of only thoglé&ents who got the treatme

11
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Study Session 2

Why we Study Statistics

Introduction

This Study Session aim& provide explanations on why students
psychology and other related discipline require t#mowledge o
statistics

When you have studied this session, you shouldleeta:

= justify theinclusion of statistics in the study of psychol.

Learning Outcomes (SAQ2.1)

Rationale for the Inclusion of Statistics into Psychology

Quantification translationto  In the present scientific age, almost all branasfdshowledge arts or the
figures. sciences | involved in one type of statistics or another e

quantification. People in the behavioural sciences (like psychal
Statistics a scientific method of  S0C1010QY, economics, political science, and edaojt require the
collecting, organizing, knowledge oistatisticsfor the following reasons:

describing, analyzing, 1. To understand professional ligwure like journals, magazines ¢

S:t’:’“t'”gand'”terpre“”g other periodicals the knowledge of statistics Evitable. Researc
reports published in scientific journals and boeks based o
statistical analyses. You will always find it ddiilt to understan
many pertinent dicles in these sources without the knowledg
statistics. Similarly, you will find it difficult @ plan your owr
research to meet scientific standards without thewkedge o
statistics.

2. For a scientific research to be taken serious,ustnbpestatistical.
Inferences are drawn about a population based @nofléained an
analyzed from a sample. Thus, ignorance of stegistiill limit
your comprehension of inferences drawn in reseagplorts, an
you will not be skilled to make genuine infeces from your
research.

3. As scientists, we require the knowledge of stasstd progress i
any quantitative scientific pursuit. To carry cany significan
behavioural science research, we have to engagstatmstical
analysis. In conducting succidsresearch, we need to design
statistical analysis to test our hypotheses, gdahe collection o
our data. By so doing, much information will be @oned in oul
data and the objective of the research will beeaad. Even whe
a computer isa be used for analysis, a computer progran
needs to be guided on the adequate statistics cetaldes!
hypotheses, which conform to the datdlected. When data a

12
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wrongly collected, due to ignorance of the knowkedd statistics
the goal of the research will be defeated.

People acquainted with statistics accept thaearch, especially
the behavioural sciences, mainly educated guesses. In ot
words, there are no perfect rights or wrong answeasy researcl
and no single research hasanclusive statement on any issue.
knowledge of statistics thus helps us to evaluatestrengths ar
weaknesses inherent in any research, in termseoftdbhnique
adopted by the researcher in collecting informatmal drawing
inferences.

The knowkdge of statistics also helps us to be aware of
limitations as human beings in conducting our peatoesearct
Sampling, research designs and statistical analysés device
employed to check these inherent defects, and wetleareby
warned of thedangers of invalid, biased or o-generalized
conclusions. Thus, with the knowledge of statisties are aided t
make less subjective conclusions.

The knowledge of statistics is indispensable to ahsorption o
most written information around us,rfexample in newspapers.
actual fact, data become more meaningful when dd
statistically. For instance, comparisons and retethips are easi
made when figures or numerals are used, and tleegnach cleare
than verbal descriptions.

13
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Study Session Summary

In this Study session you learned tstatistics enables us to progres:
scientific pursuit becausdata become more meaningful when tre
statistically. The knowledge of statistics helpstasbe aware of ot

Summar limitations as human beings in conducting our pesbagesearch. Tr

Yy .
knowledge of statistics also helps us to evalusie s$trengths ar
weakneses inherent in any research.
Assessment

Now that you have completed this study session,capuassess how w
e you have achieved its Learning Outcomes by ansgehase question

Write your answers in your Study Diary and disctissm with youi

Assessment Tutor at thi next Study Support Meeting. You can check your &ms
with the Notes on the Se¢AssessmenQuestions at the end of ti
Manua

SAQ 2.1 (tests Learning Outcome 2.1)
Identify at least four reasons why itrigecessary for you to stui
statistics

So far, which of the provided points in S2.1will you consider as mo:
cogent and why? Or do you have a better reasoifferaht perspective

Post your response on Ul Mobile Class forum focussior

Discussion

14
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Study Session 3

Common Terms used in

Statistics

Introduction

Learning Outcomes

3.1 Variable

The teaching of statistics involves the understandihgomcepts that ai
used in scientific resear This study session will therefore focus
scientific concepts that are used in stati.

When you have studied this session, you shouldleeta:

= explain the meanings of concepts such as variables,
population, parameter, and samgeAQ3.1

Variable: areany measurable feature, which has the potentiahlohg
different values when it is quantified. It includgsch human features lil
weight, sex, intelligence quotient (1.Q), etc. Téddwmiman characteristi
can assume different values when differeidividuals are evaluated,
when the same individuals are evaluated on diffevecasion:

3.1.1 Classification of Variables

Variables in research are classified into tt
Independent Variables (I

Independent variables are those that are easilypoiated by researche
so as to determine their effects on another setaofbles called th
dependent variables. In fact, the independent bigsaare the variable
of interest in a researcl

Depenent Variables (DV)
Dependent variables change in values as a resutthahges in th
independent variables. It is the values obtainedtle dependel

variables that constitute the data needed forstitl analysis in
researct

o ITQ ThelV (independet variable) in a study is t
A. variable expected to change the outcome var
B. a outcome variable.
Feedback on ITQs answel

* Aiscorrect.

* If you have chosen B, you are wrong. DV (depen
variable) is the outcome variable that is usedamare
the effects of the different IV levels.

15
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Extraneous Variabli

These are also referred to as secondary, nuisasrcesoncomitan
~ variables. They are variables that have similaeafbn the depende
variables like the independent variables, but #eynot the independe
variables of concerr

~ Extraneous variabli have to be checked in every research to pre
| their contaminating the dependent variable andyethye providing
| alternative explanations for any change observed. ekample is .
research designed to examine the effect of noise aocademi
¥ performance f students. The IV is noise while the DV is acade

4 performance. A possible extraneous variable is stuglents’ level o
intelligence, class of study, age, and the

| 3.1.2 Measurement of Variables

¥ Variables can be measured in two forms: discretd continuous

= measurement:
Extraneous variables can be i _
likened to weeds ina farmland. A discrete measurement of variak

An okra vegetable found in a . .. . .
maize farm is regarded as a This can take up only finite values of raw scores with fraction ot

weed even though it is edible; decimals. It could be countable data, such as tingber of students wr

because it is not the originally registered for a course. Data generated fronconversion of qualitativ

planted crop. data to quantitative data contain discrete valDéscrete values are in tl
form of 1, 20, 70, 200 etc.; these are always whatabers

A continuous measurement of varial

w
i "
iy L 3

This form of measureme can take up any values win a given range.
Thus, they accommodate fractions or decimals. iFstance, between tl
range of 1 and 2, we may have 1.33, 1.52, 1.75 f@afa on continuot
measurement normally come from interval or ratiales. These incluc
measurements like hei(, weight, money etc., which could be expres
in decimals or fractions like 5.2 metres, 70.3 ¢gikoms or N7.4(

o ITQ The DV (dependent variable) in a study is

A. variable expected to change the outcome var
B. a outcome variable.

Feedback on ITQs answers

« A is not correct.In fact a variable that is expected
change the outcome variable is the manipulatechim
which is otherwise known as IV (independent vaei

e Biscorrect.

3.2 Data

Data information in raw or Collections ofnumbers or measurements used to represent or fy
unorganized form (such as observation during researcbefore transformation to other statisti
numbers or symbols) that refers to f . f dt data. F inst tudents’ :
conditions or objects. orms is referred to araw data. For instance, students’ scores in

examination can be used to represent academicrpeniee, and coul
be taken as data for the research on effect ofenois academi

16
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performance

3.2.1 Types of Data

Data can be grouped into two: quantitative numerical data and
guditative or nor-numerical data.

Quantitative data arise from measurable characteristics of objeoth

as height, weight, length, width, 1Q scores, agejety level, income an
the like. On the other hanqualitative data arise fom non-numerical
characteristics of objects, such as sex, religigoypation, marital statu
colour and some Yes or No respon

The numerical characteristics of objects are reteto as variables, whi
the nol-numerical characteristics are calletributes. However, nc-
numerica data could be converted to numerical data by cognthe
number of cases falling in a given attribute. Timgy vary from one t
infinity. By so doing, such values can also beeathWariables, just lik
the numerical da. An example is sex as an attribute, which ma
expressed in terms of the number of males and tnebar of females
Sex is thereby converted to a numerical value daligiable

3.3 Population

This is also referred to as universe. It is idediyfined as a large group
of people, animals, objects, responses, or measmtsnthat are alike |
at least one respect. Thus, we have a populatiath Woruba studen in
the University of Ibadan, a population of all ‘whirats’ of a givel
genetic strain,he population of undergraduate students in the éJgity
of Nigeria, and the population of all federal goweent workers i
Ibadan

3.3.1 Parameter

This refers to the describable features of a pdioula They are th
features or characteristics that ollection of people or objects poss
that allow them to be called a population. For epi@na population ¢
undergraduate students has the feature of grouwglingndergraduate
and thereby excluding the postgraduate stuc

3.3.2 Sample
Representative Sample A This is a subset of a population, usually drawrmfrthe populatiol
subset of a statistical randomly or otherwise, for the purpose of genea#iin to the
population that accurately population. In the behavioural sciences and edorati is not often eas

reflects the members of the

entire population. to study the entire population of interest. Cequently only a part of tr

population is taken for study and this part is espntative of the enti
members in the population under study. The padcsedl for a study |
the sample. When the sample is selected in sdientifiys, all the
characteridcs of the population are believed to be reflectethe chosel
sample. Such sample is then referred to representative sampl of
the population. In a class of 60 students, 10 efrtlcould be selected a:
sample if the selection is done randolr We will discuss the concept
sampling in the next Study Sess

17
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Activity 3.1

Allow 15 minutes

So far, we have discussed some statistical terogmes Now work
through the followingactivity, referring to tls Study Session. T
complete the activi, you need a small collection of different types
books in your office or home (about 20 will -

1. What data do you want to collect?

2. If you collected data initially as raw data, howuayou record thi:
data?

3. Make a tally of your data — use the tab&ow. Add lines a
necessary.
Major Colour of Front cover Tally Frequency

4. On the table above, as indicated in the third coluracord the
frequencies of the colours (answer in same t:

5. Is it necessary to group your data? Explain yanswel

6. Can you find the range for this data? Explain yanswel

7. What form of data collection did you use?

8. Did you use random selection to find your de

9. What is the population of the data that you hatected’

10. Did you need to choose informationfina sample when yc
collected your data?

NOTE

You may refer to Statistics (page-3), an additional reading material in 1
bibliographic section for further help. This makis free and available for
downloading at your course website (Ul MolClass)
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Activity 3.2

Allow 5 minutes

Once you have collected and recorded data in e tédel you have it
questions3 and4 of the activity abovejou havea frequency tableof
your data. If you look at the frequency table, gan start to answi
descriptive and interpretive questions about yata duch as tr
questions in the following activit

1. Which colour was the most common in your collectidtooks
2. Which colour was the least common in your collettd books

3. Do you think that anothemllection of books would have the sa
numbers of different colours as you have fot

Study Session

o7

Summary

Summary

In this Study Session, we defined and provideglanations n some
statistical concept:Anything that can change in value or form is refel
to as a variable; it could exist as independenpeddent or extraneo!
variable. Measuremerof variables cou be expressed in discrete
whole number form, as well as in continuous formnoeasures wit
decimals or fraction A collection of objects with similar features
called a population. The features which the memloéra populatior
possess that charerize their being called a population are refetmeds
parameter. A subset that is drawn from a populat@sample. Numbe
or a measurement used to represent or quantifyrdismns during
research is called data, which could be qualitativguatitative.

Assessment

Q.

Assessment

Now that you have completed this study session,capuassess how wi
you have achieved its Learning Outcomes by ansgehase question
Write your answers in your Study Diary and disctissm with youl
Tutor at the next Study Supporteeting. You can check your answ
with the Notes on the SeAssessmeanQuestions at the end of il
Manua

SAQ .1 (tests Learning Outcome 3.1)

Carefully study the scenario in the short passat@p and fill in the
blank space

Mr. Biodun, a researcher studying depression gan@natreatment to
sample 01100 people with depression out of a A, a group of all
things that share a set of characteristics. Indasg, the “thingsare
people, and the characteristic they all share pisedsion

Mr. Biodun wants to know what the mean depressiamnesfor the
population would be if all people with depressioeravtreated with th
new depression treatment. In other words, he watknow

the_ B, the value that would be obtainededfahtire populatio

19
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were actually studied. Of course, Mr. Biodun ddvate the resources
study every person with depression in the worldhesoust instead stut
a_ C__  asubset of the pojtion that is intended to represent
population. In most cases, the best way to getpksathat accuratel
represents the population is by takinga D _omfthe populatior
when each individual in the population has the sehaace of bein
selectd for the sample.

So, he then uses the sample statistic value astiamage of the
population parameter value. When researchers sample statistic t
infer the value of a population parameteritidezhl E
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Study Session 4

Sampling

Introduction

Learning Outcomes

This Study Session will expose ytathe meaning of sampling, and
various techniques of condung sampling, specifically social science
research settin

When you have studied this session, you shouldleeta:

= yse sampling technique. (SAQ 4.1)

= differentiate between probability and ngrobability sampling
techniques. (SAQ 4.1 and 4.2)

4.1 What is Sampling?

Sampling is the process of taking or selecting @aryion of a populatio
or universe, scientifically, as representative bfatt population o
universe. A representative sample is one whichaliabe characteristic
of the population under study. A sction technique in which eve
member of the population has equal chance of beahected is calle
random sampling. On the other hand, a selection technique in wHiel
members of the population do not have equal chasfdesing selected

called,biased sampling each member has a higher or lower probak
of being selected than othe

4.1.1 Important Concepts in Sampling

Sample Frame By sampling frame, we refer to a list of items e
population from which the sample is drawn. Foranst, th names of
all undergraduate students in the University ofddyacould stand as
sampling frame if the population is defined as wgdeduate students

the university. To select the sample randomly, veedna complet
sampling frame

Sample Size It is the total number of items in the population the
actually selected for a research. The sample sizba example give
may be 200 undergraduate students of the Univedditibadan. Thi
sample size desirable for any given research igrahted by the
sampling frame, the reliability of results expectadd costs of managit
the sample. Generally, however, the greater thekasize, the higher i
reliability and accuracy, but the higher its codtkis is because a larg
sample size increases the presentativeness of the populat
characteristics, but it could be more difficult m@anage, in terms «
conducting the resear:

21
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4.2 Sampling Techniques

22

These are the methods used to select a samplerésearch. There a
two main techniques fcselecting samples; these are probability anc-
probability sampling

Probability Sampling: In this case, some forms of random sampling
used in one or more of their stag

Non-probability Sampling: Non-probability techniques do not u
random samgng.

4.2.1 Probability Sampling Techniques
A. Simple Random Sampling

By this technique, all members of interest haveaéguobabilities o
chances of being selected. A common method adaptie use of tabl
of random numbers. The table of random nuis is generated by ti
computer and contains decimal digits of O to udage, the researct
should first prepare the sampling frame by listed members of th
population in alphabetical order, and number thenally. The sampl
size is decided bere entering the table of random numt

To start the selection, the researcher entersatiie &t any point, withol
bias. To ensure objectivity, the researcher magechis or her eyes a
just touch any number with the tip of a pencil. Tardom numer digits
can be read sideways (horizontally), or up and dfertically) from this
starting point. The number of random digits to seldepends on tt
members of the population in the sampling framehdfy are between
and 99 then tw-digit random nmbers are selected at a time, from
table. The serial numbering of the members of tbpufation in the
sampling frame would range from 01 to 99, to rdfletat would be
observed on the table of random numbers. A framéganembers up t
999 require the use of thredigit random numbers. Thus, the se
numbers should range from 001 to ¢

A selected random number is taken as the serialbaunof the
corresponding member of the sample frame in thaulatipn, and by
inference that member is inclid in the sample as a participant. T
exercise continues until the total number of pgréints desired for tr
research is exhausted. When a number greater thaméahe frame i
selected, it is discarded and the process continoisthe sample si.
required is obtaine

Another method of simple random samplin balloting. By this method,
members of the population are also arranged alpicablg and numbere
serially. Numbers are then written on pieces ofepsio cover all th
numbers in thpopulation. Each number that is written on a sfipaper
is folded, and kept in a container. After all thapprs are folded ar
placed in the container, the papers are shuffleat afhich selection c
papers from the container is made, to cover theple size. Each
selected number is taken as the serial number @fctrrespondin
member of the population; the member is thus irediid the sampl
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B. Stratified Random Sampling

In stratified random sampling, the population igiditd into subgroup:
cdled strata. Each stratum is defined by unique atteristics of eac
subgroup in the population. In a population we rhaye our strata ¢
males and females, blacks and whites, junior eng@syand senic
employees, etc. Within each stratum, simple rm sampling is used 1
select participants who will be included in the ptamhence, it is calle
stratified random samplir

This sampling technique is used mostly when a rekea notices the
some peculiar features of the population have to ddequaily
represented in the sample, which may not be acthigivéhe simple
random sampling technique only is used. The simghglom samplin
may not reflect the heterogeneity of some poputatidBy dividing ¢
population into distinct subgroups or strata, ' each stratum differin
from others, internal homogeneity within each simatis ensurec
Employing the simple random selection techniqueeach stratur
presents a sample which reflects the heterogemditthe population
Such sample is, therefore, ater representative of the populati

To improve on the heterogeneity of the populatidmilevadopting th
stratified random sampling, the researcher maydeetd select equ.
number of participants from each stratum or thedEn may reflect th
ratic in which strata exist in the population. For ins&nregardless (
the number of males and females in the sample framesearcher me
decide to select just 20 males and 20 femaleseasaimple. On the oth
hand, if he/she had 300 males and 100 les in the sample frame, tt
gives a ratio of 3:1. In selecting participantsdasample size of 40, usi
the simple random sampling in each stratum, he¢shéd select 3% x 4
i.e. 30 males and %2 x 40 i.e. 10 females. The #ficgznts needed wil
therefore, mean 40 males from the 300 availablel@n@males from th
100 available

However, the stratified random sampling is not adeg where
sampling frame does not exist or cannot be easitypiled. For instanct
having a sampling frame for ttpopulation of Nigerian youths may
rather difficult. Also when a sample frame existd¢ Imembers of th
population are so scattered that one may not leetalitlearly spell out
stratum as distinct from another, then the stetifandom sampling
not adequat

C. Cluster Sampling

Cluster sampling is best used when stratified sengmannot be used.
is a mult-stage sampling technique that requires successimdom
sampling of the target sampling units or sets andets. It can be a t-
stage threestage, or more exercises. For instance, statesoutry car
be randomly selected; the towns, streets, familgjvidual householc
and individuals in a household may be subsequestbctec

D. Systematic Sampling

Systematic sampling entailhe random selection of the first person
successive persons at a particular interval, caliechth interval. It start
by the alphabetical arrangement of all membershef gopulation an

23
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serial numbering of these. By this, the total nurmge of the sample
frame is determined. The researcher then decideabensample size ft
his/her research. To determine the nth term fodeanselection, divid
the population size by the sample size desiredsTHuhe populatiol
size is 100 and the sample sdesired is 10, then the nth term becol
100/10 i.e. 10. In selecting participants for thenple, every 1" person
in the sample frame is selected. Thus, th™, 2d", 30", 40", 50", - - -
100" members in the frame are selected to make the saThis will
finally give us a total of 10 participants as thenple size

4.2.2 Non-probability Sampling
A. Accidental Sampling

It is the weakest form of sampling but the mosgj@rently used in surve
research. One simply takes available samples at, hather than embark
on the laborious process of obtaining a probabigmple. A goo
example is the distribution of research questiamsaindiscriminately ti
people as they are found. Also are interviews o$qes on the street |
news reporter

This technique is used when both time and money areelnit is quick
and easy to conduct accidental sampling. Howetergtis limitation o
generalizing the result of the sample to the emopulation; the resul
and interpretation are limited to themple.

B. Quota Sampling

Quota sampling is the most systematic and scientifithe three nc-
probability sampling techniques. It involves dividithe population int
a number of segments, just like the stratified cemdampling. Howeve
unlike the strtified random sampling, in this case, the resear
arbitrarily selects a quota sample from each segnidis, selection i
not random so quota sampling does not ensure thectise of a
representative sample. Despite this shortcomingtegsampling rmains
an attractive alternative to stratified sampl

C. Purposive Sampling

This is characterized by the use of judgment and a elelib effort tc
constitute a representative sample by includingyreably typical aree
or groups in the sample. Thus, the degree of reptaBveness of tr
sample depends on the good judgment and of the researcher.
However, results from such sample may not be atzwedlection of the
population characteristic

o ITQ Whichof the following sampling techniques is mq
objective than the others?

Cluster sampling

Simple random sampling
Purposive sampling
Accidental sampling

OCOow»>
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Feedback on ITQs answel

* The correct answer is A because cluster samplvgves
random sampling within specialized group clus

e If you chose B, you would be wrong because the Igil
random sampling may not reflect ttheterogeneity of
some populations.

* If you chose C, or D, you would be wrong. Purposased
accidental sampling techniques are -probability
sampling, and do not allow for scientific objediyviThey
do not provide all members of the sample frame Ik
probability or chance of being included in the skengize

Study Session Summary

In this Study session you learned tlsaimpling is the process
@ taking a representation from a population as reseparticipants

Random sampling was explained as a case where mamper of :
population has equal chances of being includedéensaimle. This
was differentiated from biased sampling where membe the
population do not have equal chances of being wEle@ sample
frame was differentiated from sample size; the fariveing the tote
units in the population, while the latter is thember of participants
selected in a study. Two broadampling techniques we
differentiated; probability and ngprobability sampling technique
While the former adopts some forms of random siecthe latte
does not. Types of probability sampliteghniques presented inclu
simple random, stratified, systematic, and cl sampling; while
nonprobability techniques include accidental, quotad @urposiv
sampling.

Summary

Assessment

Now that you have completed this study session,capuassess how w

@ you have achieved its Learning Outcomes by answeriagetifjuestion:
Write your answers in your Study Diary and disctissm with youi

Assessment Tutor at the next Study Support Meeting. You caac&hyour answel

with the Notes on the SeAssessment Questions at thnd of this
Manua

SAQ 4.1 (tests Learning Outcome -

A reseircher desires to select 200 participants for aarch to examine
therelationshipbetween sex and academic performance at tliversity
of Ibadan. She howe\ discovers that the ratio of nes : females in the
institution’s sample frame is 3:2. What number @fles : females shou
be selected fro this population for the study?
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A. 150:50
B. 80:120
C. 120:80
D. 50:150

SAQ 4.2 (tests Learning Outcome 4.1 and

Assuming that a population size is knc to be 600 and the abo
researcher wishes to systematically sample 20 cpaatits from tha
population. Determine the nth term of the randortect®n for the

sample.
A. 20
B. 30
C. 600
D. 400

Findthe first and last individuals that would be in@ddn the samp
in SAQ 4... Post your answer on Study Sessionsdignmer Page at
the Ul Mobile Clas:

Assignment
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Study Session g

Scales / Levels of Measurement

Introduction

Learning Outcomes

5.1 Nominal Scale

Meesurement scale is very pivotal in determinmigat statistical analys
would be appropriate during an analy This Study Sessic is therefore
designed toacquaint youon various forms in which ta can be
expressed in resear

When you have studied this session, you shouldleeta:

= define , use correctly anddifferentiate all of the key word:
printed inbold. (SAQ 5.1)

* Nominal scale
e Ordinal scale
* Interval scale
» Ratio scale

To put data of a variable into statistical useythee recorded in son
systematic ways. The procedure of describing theabkes is calle
scaling, and the descriptions which emerge are cescales The scales
on which variables are measured t different propeties.

Scales of measurement are also referred to as leeleasurement. Th
is because the numbers used to represent someblearihave mor
meaning than those used to represent other vasi

Four scales are conventionally used in crting observations ini
numerical data. These are nominal, ordinal, irsteand ratio scal.

This is the simplest and weakest level of measuneniy this methoc
observations of variables are classified into deafigroups or cateries,
and each group or category is given a name or laeldentification
purposes. As a rule, each observation must falleyndt least, on
category, and must not be considered under moredha category. A
observations that have the featurea defined category are grouped i
that category and given the appropriate label fbe tcategory.
Observations that are not of the same featuregrarged into differer
categories and given different labels. Labels useddescribe th
categories ccdd be names like males or females for sex variabldsey
could as well be numerical numbers like ‘1’ for emland ‘2’ foi
females

Numbers are, however, used as labels merely tsifslagbservations int
different categories, or used to describe cent categories, withol
implying that one category is numerically relateml dany other, o
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numerically higher than the other. Thus, the fduattfemales ar
represented with ‘2" in the example above and maligls ‘1’, does no
imply that females are surior to males; it could be numbered the of
way round. Another example is the numbers usedgresent footballe:
on the football field, without any number indicagitevel of performance
In fact, such numbers used in nominal scaling dbimply orcer of
importance. Invariably, this scale does not permity arithmetic
computation. Examples of variables in the nomiralieg form are se»
religion, ethnic group, vehicle number, hair colaumme of organizatiol
marital status, state of origin, ¢

5.2 The Ordinal Scale

28

While nominal scales only classify, ordinal scatkessify and order tr
classes in order of superiority. Ordinal scalbast indicate the order

observations on a particular attribute but do howstheir separations ¢
the «cale. In other words, ordinal scales permit dismursof “more than
or “less than”, but the extent to which an obseorais more than, or le:
than another is not evident from the scale. I3 tase too, numbe
could be used in ordering or rankirobservations on the degree

importance or superiority, but the numbers do hseme quantitativ
meanings, unlike the nominal scales where numbersneere labels
However, we cannot say anything about the relatifferences betwee
pairs ranking

An example of ordinal scale is the positioning of stud on thei
examination performance. Numbers could be uséttiioate the relativ
performance of students in terms ¢, 2" 3 and so forth. It is a
ordinal scale because the student occupying thegwosition performe
better than the others, the second student pertbilveter than other
except the first student. However, the numbers dwehquantitative
meanings. But we annot say ideally that the actual difference
performance between the' and the ¥ students is equivalent to t
difference in performance between th™ and ¥ student. Although
ordinal scales permit the use of numbers with dtaive meaning,he
numerals employed are r-quantitative in that arithmetic computatic
of addition, subtraction, multiplication and diasi are not computabl
just like the nominal scales. Variables expresseardinal terms includ
job status, class levels at scl, level of education, e.

o ITQ Religious grouping may be referred to which typs
measurement.

A. Nominal scale.
B. Ordinal scale.

Feedback on ITQs answers

e The correct answer is A, because religious groujsifgst
a descriptive category.

e If you choseB, you would be wrong because ordi
scales are not mere categoyiéisey als show relative
size.
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5.3 Interval Scale

5.4 Ratio Scale

This is the highest scale or level of measuremsuntlly attained in th
behavioural sciences. Interval scales have all ghalities ¢ ordinal
scales and an added quality. Not only do they ssmtethe ordering ¢
observations on the characteristic being meastineg,also represent t|
relative separation of items in the scale. Equirirals between any tw
pairs of observations e equal. For instance, the distance or inte
between 9 and 10 in the interval scale is the sssbat between 112 a
113 or between any two adjacent observat

With an interval scale, we can say precisely hovelmigger, smaller, ¢
better an okervation or event is, compared with another. Tiwigh
nominal scale, we can say that today is hot whistgrday was colc
With ordinal scale, we can say today is colder Westerday. In terms
interval scale, we can say that today i° colderthan yesterday. Interv
scales permit the use of numerical values, whiehgalantitative. Thu:
the operations of arithmetic computations such dding, subtracting
multiplying and dividing are allowed. We can thfere say that th
average of 9 anl10 is 9.5 without violating the properties of theibute
being measured. To achieve this, measurementshbausased on son
agreed units such as degrees, seconds, numbespoihses and so fortl
It is the unit that permits us to equate interdadtween points on the
scale. Examples of variables expressed in intenggdsurement scale ¢
intelligence quotient (1Q), anxiety, personalitggaession, e

This scale has all the qualities of the intervallsavith some addition:
qgualties. That is, only ratio scale permits the makifigtatements thi
relate to ratio of numbers in the scale. For imsta 6¢cm is to 3cm ¢
2cm is to 1cm so they both have ratio 2:1. Wethan meaningfully sa
that one is twice as good as the of Ratio scale is mostly adequate

the measurement of physical objects or variables lieight, weight
length, and so forth. Variables measured in tHeabeural sciences a
mostly in interval form. So if a student had 80%@icourse and anotr
40% in the same course, we may not be right to kay the former i
twice as intelligent as the latter on the cours&his is becaus
performance in examination in this form is measurednterval scale.
But we can convincingly say that a father isce as tall as his sc
because height is in ratio sca

The ratio scale also employs a true or absolute merk, whereas tt

interval scale permits an arbitrary zero mark. WWdtio scale a length

Ocm or time of 0.00 seconds implies absence a variables being
measured; in other words, zero is real. But witkrival scale, if a stude

scores 0% in statistics, for instance, it doesneaessarily imply that tt

student does not have any knowledge of statisticstatistics, howeve

there s no clearut difference in the treatment of the interval dhd

ratio scale:
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scales, and all ordinal scales are nominal scales. But all nominal
scales are not ordinal scales; all ordinal scales are not interval scales,

O All ratio scales are interval scales; all interval scales are ordinal
= and all interval scales are not ratio scales.

-
©

o ITQ A measuring scale that permits you to determinethdr
a data is greatghan another but does not mean that
not imply that an individual can score nothing may éemred
to as which one of the following scale typ

A. Nominal scale.
B. Ordinal scale.
C. Interval scale.
D. Ratio scale.

Feedback on ITQs answers

* The correct answer is C because interval scalts you
the extent of difference between two individuals] aloes
not confer absolute zero on the individual thatesaerc

e Option A is a mere categorization scale. Althougkian
B can enable you to determine qualities of supigyidt is
also a merecategorisation scale. Option D provides
absolute zero

Study Session Summary

for statistical use is called scaling. When vaeabbre classified int
defined groups or categories and each group ogaatés given a nam
or label for identification purposes, it is callacdhominal scale. rdinal
scales exist where observations on a particulabate are expressed
order of importance. Measures of behaviour are esgad in interve
forms, while physical measures are in ratio forimsth allow for eque
distances between any two paif observations

@ In this Study session you learnthat tie process of describing variab

Summary

Assessment

Now that you have completed this study session,capuassess how wi
° you have achieved its Learning Outcomes by ansgéhi@se question

Assessment
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SAQ 51 (tests Learning Outcome 5.1)
Fill the empty columns in the table below wlbppropriate tern

Scale of Measurement | Uses of the Scale Example

Pets: 5 dogs, 12
cats, 7 fish, 2
hamsters

RANK some things
as having more of
something than
others (but NOT
QUANTIFY how
much of it they
have)

Interval

QUANTIFY how
much of something
there is and a
score of zero
means the absence
of the thing being
measured
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Study Session 6

Frequency Distribution

Introduction

Learning Outcomes

In trying to understand, interpret, predict, and difio behaviour
psychologists engage ivarious forms of research that involve ©
collection. Such data represent observable behesstbat are recorded
numerical forms. his study session will expose you to how
summarizedata into manageable forms, usingoguency distribution

When you have studied this session, you shouldleeta:

= Demonstrate how data can be put amsimple frequenc
distribution pattern. (SAQ6.1)

= constructclass intervals, andnhance the use of tally mark
with subsequent frequency valu¢SAQ6.2

= determine exact limits and mighoint values in groupe
frequency distribution. (SAQ6.2)

6.1 Regular Frequency Distribution

Table 6.1

32

Often times when research works are conducted bynamists
educationists, psychologists, political scientigis sociologists, th
dependent variable of interest is measured andesepted witl
numerical numbers. Each ficipant’'s score on the dependent variabl
thus recorded, leaving the research with a masmafdered data for tt
whole research participants. These data are t& bit no meaning unt
they have been organized and classified in a sydterway thit will
allow the introduction of statistical analysis likke average, stande
deviation, and varianc

Suppose that a training manager wants to evaluatewell his trainee
have performed at the completion of a training eiser in accounting.
He gae his traineg a test and their scores fall between 0 ancLook at
the scorethe group of 50 trainees in Table 6.1.

Number of Problems solved correctly by 50 Trainee

5 8 8 7 10 8 5 4 6 9
8 7 3 9 5 3 1 5 6 6
6 4 4 9 9 8 6 7 5 5
9 7 8 5 6 2 5 5 4 3
8 6 5 7 5 5 4 4 10 2
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Frequency Distribution An As you can observehe data in Table 6.are unorganized or unordel

organized tabulation/graphical and are, therefore, confusing and difficult to coem@nd. In statistic:
representation of the number of t th lled | ified datams data b

occurrence in each category on erms, they are called raw or unclassifie ams or raw data becor
the scale of measurement. more comprehensible when classified. The resutabte obtained, afte

classifying raw data, is called frequency distribution. When the
number of different scores in the raw data, is toot large, the regul:
frequency distributions are an excellent way of suamzing a set of dat
The scores in Table 1 range between 1 ai, and i gives the number of
different scores as 11. This is not too I, sc regular frequency
distribution can be used to summarize the raw data, as shown ire

6.2.
Table 6.2 Regular Frequency Distribution for Data in Table 61
Sc(oxr)es Tally Marks Freq(ltl)ency
10 I 2
9 HH 5
8 HH 7
7 HH 5
6 HH 7
5 HH HH 12
4 HH | 6
3 1l 3
2 1 2
1 | 1
0 0
Xf=N=50

6.1.1 Steps in Constructing a Regular Frequency
Distribution Tally= a current amount

1 List every raw score value in the first column dihle and denot

this by the symbo[X], with the highest score at the top and
lowest score at the bottom. Thus, 10 is at thevibipe O is at the
bottom.

2 Run through the raw data either horizont or vertically,
recording each observed score against identicak scothe first
column with a tally mark. Show the tally marks time seconu
column. After every four tallies, the fifth tallg used to cross tt
previous four (it is a rule). It ismied at easing the recording
frequencies.

3 When the tally is completed, the tally marks focleacore in th

first column are added up to find tfrequency (f) and recorded in
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Activity 6.2

Allow 15 minutes

34

the third column. The frequency of each score shthe numbe
of times a given score was obtainétbu car easily read from
Table 6.2 that two students had a score of 10, gtudents had
score of 9, seven students had a score of 8,@tass check witl
Table 6.1

4 Add up the frequencies and place the total at thi¢oim of the
frequency column. The Greek signSigma) means the “sum ¢
and Zf means “the sum of frequencies” is used to show. tHt
means the total number of scores in the sanjfland N must b
equal, they are therefore used to check errorlyirtg. Thus, if=f
and N are not equal, the tallying exercise shoelddpeated. Eve
when they are equal, it is still advisable to regba exercise t
check for error of placing one or more tally mavk®ngly. If the
first tallying was done vertically, & second may be do
horizontally to check for such error.

You have learnt that a frequency distribution eavenient way ti
organize a set of data. You have also been exgogbé steps c
constructing a frequency cribution table.

You will now prepare a frequency distribution folhe heights of 24
students" under this guided activ

The height in inches of 24 students are as follo\

66, 68, 65, 67, 64, 68, 64, 66, 64, 69, 69, 6468763, 68, 67, 65, 6
65, 67, 66, 69, ¢

Prepare a frequency distributior
Solution: Step 1: Make three colurr

Step 2: List the heigl (in order of size)n the first column, the tally i
the second column, and the frequency in the tlahdnon

Heights Tally Frequency

63 Il

64 I 4

65 | | | Fill the remaining
columns accordingly

66
67
68
69

Post your finding on Activity 6.1 Pagat the Ul Mobile Clas
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6.2 Grouped Frequency Distributions

Table 6.3

You can see that the scores in
Table 6.3 range between 19 and
75. Therefore, the grouped
frequency distribution should be
constructed to summarize the
data as shown in Table 6.4.

Table 6.4

When data obtained in a research are relativelyemthe regula
frequency distribution might not be adequate in mamzing the date
rather, the grouped frequency distribution becomexsessaryThis calls
for the grouping of raw data into class intds and the number of scor
in each class interval is then recorded as frequeAn interval in whicl

scores are grouped is calleclassinterval.

Suppose a production manager is interested in hduption eficiency

of employees in his departm.

He selected 50 members of

departmer and recorded their performees in terms of number
carton: packaged in one hour, as presented in€ &l

Performance Data of Employees in a Packaging Fir

63 53 62 40 54 58 61 68 50 67
48 46 74 26 24 19 23 27 32 62
36 20 68 45 35 43 41 45 33 30
47 39 36 51 22 66 40 70 20 34
72 55 60 57 56 75 44 61 50 58

Grouped Frequency Distribution of Performance for Employees in &
Packaging Firm

Class Intervals Tally Marks Frequency (f)
73-77 I 2
68-72 1l 3
63-67 I 4
58-62 HiH 5
53-57 HHH 5
48-52 HHH I 7
43-47 HH 6
38-42 I 4
33-37 I 4
28-32 1l 3
23-27 I 4
18-22 1l 3
Xf=N=50
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6.2.1 Steps in Constructing a Grouped Frequency
Distribution

1. Calculate the range of the raw scores This is obtained b

subtracting the lowest value frotme highest value. In Table

the highest value is 75, while the lowest is 19erEfore, the

range is 75 - 19, which gives 56.

Determine the number of class intervals and thclassinterval

size or class width of each interval. Points to note here a

a. The number of class intervals must not be less tamor
above 20. It is, however, better to have interbaisveen 1!
and 15 for convenience.

b. Certain interval sizes or width are preferred; ¢ are 2,3,5
or a multiple of 5 like 10, 15, 20 etc.

c. All intervals should be the same size. This meaas, the
range must be divided into a number of equal it

This formula could be used

Where C.I.= C(lass interval
H = Highestscore
L = LowestScore
[ = C(lass Interval size chosen
H-L =Range

For the case under study we have:

The higher the interval size chosen, the fewer the number of
classintervals. The lower the interval size chosen, the larger the
number of classintervals that will emerge.

3. Arranged classesin a decreasing order of sequence with tr

lowest measure placed at the bottom of the table dnthe
highest measure at the top, according to acceptedle. The
first class interval from below is therefore-22; this covers the
performance scores (unggckaged) of 18, 20, 21 and 22, wh
makes the class interval of 5. The second inteofaRz-27
covers the scores of 23, 24, 25, 26 and 27. Tiedbscore il
each interval is called thewer limit while the highest score
called theupper limit. Thus, 18, 23,28, etc are lower limits wt
22, 27, 32 etc are respectively upper limits in éxample ir
Table 4.
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As guidelines note the following:

a. Ensure that the lowest score in the raw data ithereihe
lower limit nor the upper limit of the West class interval, «
else the number of class intervals emerging magexxor be
less than that expected from your calculati

a. Classes must be mutually exclusive; that is theytnmot
over lap. This means that the upper limit of a <lewerval
mug not be the same as the lower limit of the nelto¥ang
interval. For instance, 18-22, 2B, 2¢-30 are over-lapping
class intervals.

b. Classes must also be collectively exhaustive, ig)ashoulc
cover all observations. To ensure this, the lowdats
interval should be able to accommodate the lowastscore
while the topmost class interval should be able
accommodate the highest score. Thus, the claswahtl-
22 accommodates 19, which is the lowest score evitt-77
accommodates 75 theghiest score, in our examy

c. Make the lowest score in each following intervahaltiple
of the interval size. Thus, we have 18, 23, 28 etth 5 as
interval size.

d. Gaps between classes must be avoided as muchsisl@

4. Run through the raw datdther horizontally or vertically an
score each observation with a tally mark agaisstlass until al
observations are covered.

5. The tally marks in each class interval are addedoupnd the
frequency for the interval. The frequency oppoaigiven class
interval indicates the number of cases with scordlsat interval.
Thus, grouped frequency distributions lose infororgtsince the
exact value of each score is not provided.

6. Add the frequencies and place the total at theobotof the
frequency column.

N

Always give your tables suitable headings.

6.3 The Exact Limits and Mid-Points of Class Intervals

In grouped frequency distributions, class intervdés not show hov

values in continuous measurement forms should beepted. This i

because class intervals make provisions only fecrdie measureThis

Study Session would show how to correct thicomaly using class
intervals, exact limits of class intervals are asllwised in groupe

frequency distribution. Within a class intervaket of values are group

together, thereby making it all scores in a classrval to lose identity

To represenall the scores in a class interval, therefore, rifid-point

value is determine(

6.3.1 Exact Limits and Mid-Points

The limits (lower and upyr) of the intervals in Table € do not show
exactly where each interval begins and ends. Hewewn statistica
situations, it is very important to think in term$ exact limits. The
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Table 6.5

38

interval 1¢-22 contains the scores 18, 19, 20, 21 and 22. Asuore O

18, in essence, means anng from 17.5 to 18.5, which could be 17

17.6, 17.7 ......... 18.5. Thus, an interval 0i-22 has exact limits ¢

17.5 to 22.. An interval of 2327 has exact limits of 22.5 to 27.5. Ex

limits are, therefore, established for each intebyasubtractinc.5 from

the lower limit and adding .5 to the upper limithese are then referr

to as lower exact limits and upper exact limits respectively. This
principle holds, no matter the size of the intervéxact limits are als

calledreal limits. So, we an refer to lower real limit and upper real lii

of class interval

It will easily be observed that each interval begexactly where the or
below it ends, which is as it should be. The inamith its exact limits
should read 17.5 up to 22.5, whimeans it includes 22, 22.1, 22.2, 2.
22.4 but not 22.5. This is the interpretation, ahhis different from hov
it is read ordinarily

Exact Limits and Mid -Points of the Distribution in Table €.4

Intervals Exact Limits Mid-Points (x) | Frequencies (f)
73-77 72.5-77.5 75 2
68-72 67.5-72.5 70 3
63-67 62.5-67.5 65 4
58-62 57.5-62.5 60 5
53-57 52.5-57.5 55 5
48-52 47.5-52.5 50 7
43-47 42.5-475 45 6
38-42 37.5-425 40 4
33-37 32.5-375 35 4
28-32 27.5-325 30 3
23-27 22.5-275 25 4
18-22 17.5-22.5 20 3

The mic-point of a class interval is the most central seorthe interval.
This is calculated easily by adding the lower apger limits of eacl

interval and dividing the sum by 2. The exact tacould as well be
added and divided by 2; they give ttame midpoint. The mi-point is

represented by small letter {
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Study Session Summary

o7

Summary

In this Study Sessignwe have demonstrated how raw data cai
presented in regular frequency distribution forrhisTinvolves the use «
tally marks that are later converteddded up to find the frequencYou
have als learnt thatthe grouped frequency distribution is used w
there are more than 15 values of scores. It catlshfe grouping of ra
data into class intervals and the number of sdoresch class interval
recorded as frequenc

You also learned theexact limits are calculated by subtracting .5 fi
the lower limit to obtain the lower exact limit aadding .5 to the upp
limit to have the upper exact limit. The r-point value is obtained t
dividing the result of the summation of the lowadaippr limits by 2.

Assessment

L Q)

Assessment

Now that you have completed this study session,capuassess how wi
you have achieved its Learning Outcomes by ansgéhi@se question

SAQ 6.1 (tests Learning Outcome |

A security unit of a psychological cenimeasured the speed of 25 ¢
that entered into its premis. The resulting speeds we

29, 23, 30, 30, 27, 24, 30, 25, 23, 28, 25, 24,398,23, 30, 27, 25, 2
24, 23, 26, 30, 28, .

Prepare a frequency distribution for this «.

Assignment

Assignment

Below is a seiof intelligence quotient (IQ) scores of 50 undeduyate
students

IQ Scores of 50 Undergraduate Students

109 | 99 | 101 | 126 94 106 97 110 115 106

104 | 112 | 84 | 116 | 105 122 110 92 112 99

125 | 107 | 95 | 103 | 122 102 119 120 103 103

108 | 98 | 118 | 114 | 114 | 109 109 118 105 111

107 | 111 | 127 | 122 88 121 112 128 117 107

Task
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1. Using a class interval size of 5, and with the Iplait of the lowest
class interval as 80, develop a grouped frequerstilalition for the
IQ Scores.

2. How many class intervals emerged?
3. What is the range of the raw scores?

Send in your answers to your tutor by submittin§taidy Session
Assignment Panel at Ul Mobile Cls
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Study Session 7

Graphic Representation of
Frequency Distribution

Introduction

So fa, Study Sessions 6 and 7 have shown hata dould be collecte
and organized statistically. /earlierexplained, statistics also involve 1
presentation and interpretation of datThis Study Session will sho
how facts offrequency distribution can be presented clearlysame
graphic ways Such presentations help to interpret the statistiata, by
translating numerical information, which are sommets difficult to
comprehend into pictorial forms that are more ryadnderstandable
Graphic presentations, thus give better pictura fiequency distribution
by setting out its general contour and showing npoeeisely the numb:
of cases in each interv

When you have studied this session, you shouldleeta:

= present frequency distributions in polygon, histogram,

Learning Outcomes chart, and relative bar chart fornfSAQ 7.1

7-1The Frequency Polygon

Polygor meansmany-sided figure. Smple frequency polygons a
particularly adequate for continuous data whererescacan emerc
between score values. Generally, scores are alingsted as continuot
whether or not fractions occur. The steps involvaddrawing &
frequenc' polygon are as follow:

1. Note the size of the range of the distribution and a base lin
of suitable length to cover the number of clasgrirgls. This
line is referred to as the x-axis or abscissa.

2. Clearly mark the exact limits of the class integ on the X-axis.
However, in drawing the diagram, always allow twgtra
intervals, one at each end of the axis so as twajbu to brinc
down the diagram to the base line. Using the frequ
distribution in Table 4, we have 12 intervals; addiwo exra
intervals make it 14 intervals. The base lineher¢fore divide(
into 14 equally spaced intervals, beginning with512nd endin
with 82.5 as shown in Figure 9.1. The intervalss}+ 17.5 and
77.6 — 82.5 are the two intervals added.

3. At the left-haml side of the base line, draw a perpendicular
called Y-axis or ordinate, and mark off on this axis equa
spaced units to represent the frequencies. Natehk height o
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Study Session 7 Graphic Representation of Frequency Distribution

the diagram should not exceed the width. The wabrethe -
axis start with 0.

4. At the mid-point of each interval on theaxis, go up on the -
axis until a position is reached correspondincgheoftequency fo
that interval and place a dot here.

5. Connect all dots with straight lines to give thesguency
polygon.

6. The polygon loks hanging. To bring the polygon to the L
line, extend the straight lines to the npidints of the two extr
intervals. Thus, the frequency to be recordeti@ntic-points of
the added intervals is a zero. The resulting feegy polygor
provides gictorial illustration of the frequency distribuitis

Fig 7.1 Frequency Polygon of Employee Performanc in Table 6.5 (Exact
Limits and Mid -Points of the Distribution in Table €.4)
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8.2 The Histogram

The histogram graph is sometimes called a coldiagram. It looks like
a bar chart except that there are no spaces bettheetbars” of the
histcgram, as can be seen in Figure 8.2

Fig7.2 A Histogram plotted from the Distribution of Employees
Performance in Table 6.5 Exact Limits and Mid-Points of the
Distribution in Table 6.4)
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7.3 The Bar Chart

Frequencies
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The procedure in marking out the histogram is idahto that involvec
in plotting the frequency polygon. However, thare some exceptiol

1. There may be no need to include the two extra\vateras ir
frequency polygon.

2. After the points representing the frequencies acated as befol
at the midpoints of the intervals, these points are not ity
straight lines. Rather, a horizontal line is dra¥wough each poir
and extended to the exact limits of each val, after which two
vertical lines are drawn to the lower exact limildaupper exac
limit respectively, on the Xxis. These then complete !
rectangles or columns; thus, the histogram is da#decolumr
diagram.

A Comparison of the FrequencyPolygon and the Histogran

The frequency polygon and the histogram show bkgitae same
thing. Both enable us to see graphically how scame distributec
whether symmetrically or asymmetrically (piled upttee low or higt
end). Both enable us alto see at a glance the number of cases fe
in each interval, but the histogram is more exactthis than th
polygon. This is because in the histogram, eachsaoreanent occupie
exactly the same area size, and each rectangleeiglyg proportiona
to the number of measures within that inte

The frequency polygon is often preferred to thédgisamwhen there
is need t gives a clearer picture of the contour or shapehel
distribution. It is also easy comparetwo frequency istributions
with the frequency polygon.

The bar chart is like the histogram in shape buh wpaces between t
“pbars”. This is because bar charts are used inlais frequenc
distribution of qualitative or attribute data. &utata havdistinct points
that cannot bimerged, as the case with histograkasume the birth ar
the death rates in a country for five consecutieary are shown on
table as we havein Table 7.1:
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Table 7.2 Birth and Death Rates in a Country for Five Year:
Year Birth Death
1989 20,000 10,000
1990 25,000 15,000
1991 37,000 20,000
1992 43,000 32,000
1993 56,000 45,000

To represent the birth rate graphically on a bart;hhe attribute (yea
is shown on the-axis, while the frequency (number of births) istfgd
on they-axis as shown in Figure 7.3

Fig7.3 Bar Chart on the Number of Births
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Bar charts can also used for graphical comparisons between tw
more classes of attribute data. Look at 7.4 for graphical comparisc
betweel the birth and the death rates in Table 7.1.
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Fig 7.4 Comparative Bar Chart on the Number of Births and Deaths
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o ITQ What type of graph is used for discrete data ofitgtiae
data?

A. bar graph.
B. histogram.

Feedback on ITQs answers

e The correct answer is Dption B (histogram) is use
when the data are continuous.
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Study Session Summary

graphs that we use for most data: frequency polygon, (2) b graphs,
and () histograms. fie simple frequency polygons are adequate
continuous data where scores can emerge betweea galies. The
names of thdasttwo are a bit misleading because | are created using
bars. The only difference between a graph and a histogram is tha a
bar graph the bars do not touch while the barodottin a histogram. |
general, be graphs are used when the data are discrete otajivai The
space between the bars ¢ bar graph emphasize that there are
possible values between any two categories example, when graphir
the number of children in a family, a bar graphapgpropriat because
there is no possible value between any two categae.g., 1 and
children) When the data are continuous, we ashistogram. The ba
touch in a histogram to indicate that there aresibtes values betwee
any two categories. For example, if we v graphing time to complete
test, the bars would touch to indicate that theme @ossible value
between any two tins (e.g., 27 and 28 minutes).

@ In this Study Session, you have seen that tlegeethree basic types

Summary

Assessment

Now that you have completed this study session,capuassess how w
° you have achieved its Learning Outcomes by ansgéhi@se question

SAQ 7.1 (tests Learning Outcome -

Draw a bar graph of frequency dibution car speed in SAQ¢

Self Assessment

Now that you have completed this study sessioargit the following
assignment (a tutor marked assessm

The table below shows the population of undergredsiaudents in th
Faculty of the Social Sciences at the Universitlbadan for the
2005/2006 academic sess

Assignment

Departments Levels of Study

1 2 3 4
Psychology 100 150 180 60
Sociology 120 180 90 50
Political Science | 80 110 160 100
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Geography 110 165 200 140
Economics 90 140 170 200
Task

1. Present the data on ttable in a suitable gra.

2. Graphically present the statistics of the studantke faculty in

terms of their departments.

3. Graphically present the statistics of the studeptubation in the
faculty in terms of their levels of study.
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Study Session 8

Diagrammatic Representation
of Frequency Distribution

Introduction

Learning Outcomes

8.1 The Pie Chart

Table 8.1

48

Statistics involve, among others, the presentatiod interpretation ¢
data in some diagrammaticays. ThisStudy Session will discuss t
representation of frequency distribution uspie chart, pictogram ar
sten-and-leaf display.

When you have studied this session, yhould be able tc

= present raw data in the form of pie chart, pictogram, atelr-
and-leaf display. (SAQ 8.1)

It is a circular diagram in which classes or atttés are represented
sectors. Each sector represents a claattribute at a proportion equal
the percentage or relative frequency of the clasgtabute. The relativ
frequency of an attribute is the ratio of the freqey of that attribute t
the total number of occurrences of observat

Using the examp of the number of employees in the vari
departnents of a company (see Table 8.hg steps involved in drawir
a pie chart arprovided after the table.

Distribution of Employees in a Compan:

Department | Student Populatior
Marketing 153

Accounts 60

Production 102

Personnel 85

Works 98

Total 498
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1. Find the relative frequency of percentage of thelegyees in eac
department using the formula:

For marketingR.Fis — —

For Accounts, itis — —

For Production, itis — —

For Personnel, itis — —

For Works, it is _ —

Look at Table8.2.

Table 8.2 Relative Frequency for ¢ Pie Chart Distribution of the Employees in
a Company in Table 8.1
Department Student Relative
Population Frequencie:
Marketing 153 30.7%
Accounts 60 12.0%
Production 102 20.5%
Personnel 85 17.1%
Works 98 19.7%
Total 498 100%

Note that the sum of relative frequency must be 100.

2. Calculate the angle of the sector for each depattmesing the
formula

Angle of sector _ —

For Marketing itis — —

For Accounts, itis — —

For Production, is _ —
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Table 8.3

Fig 8.1

50

For Personnel, itis — ——

For Works,

itis @ — —

Note that the angles must sum up to 360°. See Tabl§.3

Pie Chart Distribution of the Employees in a Compan in Table 8.1

Department | Student Relative Angle of Sector
Population Frequencies

Marketing | 153 30.7% 110.60

Account 60 12.0% 43.37

Productiol 102 20.5% 73.74

Personne 85 17.1% 61.45

Works 98 19.7% 70.84

Total 498 100% 360

3. Draw the Pie Chart:

This can be done neawith a pair of

compass and a protector. Using a pair of compasasure an
length and draw a circle, showing the circumferenégom the
center of the circle, draw a straight line to tlirewumstance (i.e

radius). At the radius, use your protectormeasure the various
degrees calculated for each department,

and showa

corresponding percentage in the division. Theltasudiagram i

a pie chart which you can see in Fig 8.1.

Pie Chart of Employees in a Companin Table 83

17%

Personnel

Production

Marketing
31%

Accounts

20%
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8.2 The Pictogram

Fig 8.2

The pictogram is also called the pictograph or ggaph. It is a graphi
way of presenting data with emphasis on the aestlaspect of th
display and not accuracy. The symbol or pictureseh for any set «
data must have relationship cesemblance with the concept be
portrayed. For exampleLook at Fig 8.2, itshows the pictoam of
deaths recorded in Tak7.1

Pictogram of the Total Number of Deaths in a County

(Sh 3
5
«
il e
o | /7
s -
>\ 70 oo
>
=
| 7392 19%0

8.3 The Stem-and-Leaf Display

This is a simple, useful buncommon technique for summarizing a
of data by combining the features of the frequedisyribution and thi
histogram. The class intervals form the “stemsilevBpecific values c
the raw data within each interval form the “leave®tn example usg
scores in Tab 6.3 and illustrated in Table 8i2shown in Table 8.
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Table 8.4

52

Sterr-and-Leaf Display for data in Table 6.3

Stems (Intervals Leaves (Observations) | Frequency (f)
7377 45 2
68-72 2 88 3
63-67 3667 4
58-62 122838 5
53-57 34567 5
48-52 0001189 7
43-47 345567 8
38-42 00109 4
33-37 456 6 4
28-32 022 3
23-27 3467 4
18-22 009 3

Each leaf is made up of the number of scores aliithin a giver

interval with each score represented mainly bylasedigit of the score

if they are twi-digit scores. The scores in each leaf are theereddfrom

low to high. With the class interval of -27 in Table ¢1 for instance,
reading the raw data in Ta 6.3 horizontally, the scores falling in tr

interval are 26, 24, 23 and 27. The last digitstifiese are 6, 4, 3 anc

respectively; these form the leaf for the inter28-27. When ordered
from low to high, the leaf stands as 3, 4, 6 andDo. the ame for other
intervals

The ster-and{eaf display shows the same graphic representaisotine
histogram because each observation takes up oge.sp@dso, it is ven
easy to recall each score in the raw data frondigi@ay. For instance,

can be rad from the display that the scores within clagerual 1¢(-22

are 20, 22 and 19 since the leaf is made up ofahd?9. The 0 is for 2
2 is for 22, and 9 is for 19 (remember the intersdl¢-22). For data with
three or more digits, you may choo:w increase, correspondingly, 1
number of digits to use for the lea\
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Study Session Summary

o7

Summary

In this Study Session, you have leathiat the pie chart is a circul
diagram in which classes or attributes are reptedeby sectors. .,
pictogram is a graphic way of presenting data véthphasis on th
aesthetic aspect of the display and not accuratye Ster-and-leaf
display is a technique for summarizing a set ohdat combining th
features of the frequency distribution and thedgsim

Assessment

Q)

Self Assessment

Assignment

Now that you have completed this study session,capuassess how wi
you have achieved its Learning Outcorby answering these questio
Write your answers in your Study Diary and disctissm with youl
Tutor at the next Study Support Meeting. You caackhyour answel
with the Notes on the SeAssessment Questions at the end of
Manua

SAQ 8.1 (tests Lerning Outcome 8.1)
The table below showthe monthlyspending of Mrs. Halirr

ITEM AMOUNT SPENT (N:K)
Food 7000
Transportation 1250
Accommodation 6000

Savings 1500
Miscellaneous 1000.00

Representhe data in a pie chart

In anelection that was conducted in a Local Council Wardong the Z
500 votes recorded, 500 voted for party A; 230 ddt party B; 80(
voted for party C; 180 voted for party D, and tlieens voted for party E
Present the result of the election in anropriate diagran

List any three variables that could be presented pictographic formr
Demonstrate how each could be presented usingenerated data.

Post your answer to yr tutoron Study Session 8 Assignment piat Ul
Mobile Class
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Study Session g

Cumulative Distributions

Introduction

Learning Outcomes

In the simple frequency distributioyou can easily determine the numt
of cases falling within a class interval by addung frequencies in thi
interval. But when additional information is reads likethe number of
cases occurring above delow a given interval, the cumulative
frequency distribution becomes necesseThis Study Session wi
expose you to how to ushe cumulative frequency distributiwhich is
an alternative methcthat is used whemformation is required in form ¢
“more than” or “less than’

When you have studied this session, you shouldleeta:

= jnfer from frequency distributions, the number of casdisgng
at,and above or less than, a particular pc

= plot graphs showing “more than” and “less than” cumuée
frequency distributions.

9.1 Constructing Cumulative Distribution

54

Let us take look at the information in Table 6 Can you state the
number of employees whose performance scores a@n@8above c
those who are 62 and beloYou most likely observe that this cannot
easly decided. To achieve such a taskhe cumulative frequenc
distribution is required, by cumulating the freqoes to see how mar
employees are “more than” or “less than” a cerliave!.

9.1.1 Constructing a “More Than” Cumulative
Distribution

The cumulating starts from the highest class interval descends. Tt
highest class interval in Table 11.1 is-77 with a frequency of 2. Th
explains that two employees scored 73 and abowus, 2happears in tt
column of “more than” cumulative for theterval 7:-77. For the interval
68-72, the frequency is 3 and it is interpreted thee¢ employees scor
between 68 and 72. The number of employees whasesare 68 ar
above will then be 2+3=5, so 5 appears as the “rtiar” cumulative
frequency fo the interval 68-72. For the interval 63; it is 2+3+4=¢

The successive addition continues until the clatervals are exhauste
It should be noted that the last cumulative fregyemust be equal tZf
or N, which is the total number of observatipmsherwise, a mistak
must have been done. In our examZXf or N = 50, this tallies with wha
is on the Tabl 9.1 It implies that 50 employees scored 18 or n
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Table 9.2 “More than” and “Less than” Cumulative Distribution of
Performance for Employees in a Packaging Firm
Class Frequency More than Less than
Intervals ) Cumulative Cumulative

73-77 2 2 50

68-72 3 5 48

63-67 4 9 45

58-62 5 14 41

53-57 5 19 36

48-52 7 26 31

43-47 6 32 24

38-42 4 36 18

33-37 4 40 14

28-32 3 43 10

23-27 4 47 7

18-22 3 50 3

Xf=N=50

9.1.2 Constructing a “Less Than” Cumulative
Frequency Distribution

It is very much similar to the “more than” cumulei frequency
distribution, except that we now begin to cumulidie frequencies fror
the bottom class intervalAs shownIn Table ¢1, there are three
employees whose performance scores are betweendl22 or less. 3
therefore appears at the bottom of the “less tltamiulative frequenc
column for the interval 1-22. The following interval shows that
employees had performance scores range betwe-27. The total
number of employees whose performancores are 27 or less
calculated as 3+4=7. Thus, the “less than” cumwdatiequency at th
interval 2i-27 is 7. This procedure also continues until adl thtervals
are exhausted. Again, the “less than” cumulatiwgjdency for the to
most intervalsmust be equal t&f or N. In this case, it is 50, and it
interpreted that 50 employees have performancesadr?77 or les

9.2 Graphical Presentations of Cumulative Distribution

When distributions are placed in cumulative formfgy could also b
presented graphically. The procedure involved imstacting the
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cumulative distributions graphically is what ttsectior is designed to
achieve.

9.2.1 Graphical Presentation of a “More Than”
Cumulative Distribution.

Cumulative frequencies are plotted on the-axis, while the
corresponding performance scores are on t-axis. The method ¢
plotting is quite similar to that of plotting theimple frequency
distribution. However, whilethe frequency polygon type of graph
adopted, the histogram type of graph is not appleehere. Whe
plotting the frequency polygon, the frequency icteaterval is taken ¢
the mic-point of the interval but in the “more than” cumiiNa frequency
curve, each cumulative frequency is plotted at threeloexact limit of the
interval. For the “more than” cumulative freincy curve of the data

Table 9.1, take a look at Figurel. Also two extra intervals are r
added in this cas

Figg.1 “More than” Cumulative Distribution Curve of Employees’
Performance
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8
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)
[=]

Cumulative Frequency
W
&

When all the cumulative frequencies have been gdotthe points ar
joined by straight lines. To bring the curve downthe base line, tt
cumulative frequency of 0 is plotted at the upgexact limit of the
interval 7:-77, which is 77.5. This means that there are nol@mps
with performance scores of “more than” 7

9.2.2 Graphical Presentation of “Less Than”
Cumulative Distribution.

In the “less than” cumulative frequency, the grég plotted between the
cumulated frequencies and the upper exact limithef interval. The
graph is brought down to the base by placing tmautative frequency ¢
0 at the lower exact limit of the bottom intervdlhus, there is n
employee who performeess than 17.5.
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Figg.2

From the graph in figure 9.2, you can naeasily read the number

employees who performed less than any given s@wealso,you can
read the number of employees who performed moreadhs given score
with the “more than” cumulative cribution.

“Less than” Cumulative Distribution Curve of Employees
Performance Score

60

50

>

[
[=]

Cumulative Frequency
o
S

175 225 275 325 375 425 475 525 575 625 675 725 775

Study Session Summary

/o7

Summary

In this Study session you learn“more than” cumulative distributic
shows how many cases fall at, and above a givemt,pohile the “les:
than” distribution shows how many cases fall atl balow a given poir
We alsonoted that the method of plotting cumulative disition graph:
IS quite similar to that of plotting the simpledresncy distributior
However, when plotting the “more than” cumulativedquency curve
each cumulative frequency is plotted at the loexact limit of the
interval. To bring the curve down to the base litlee cumulative
frequency of O is plotted at the upper exact liofitthe highest clas
interval. In the “less than” cumulative frequendlge graph is plotte
between the cumulated fluencies and the upper exact limit of
interval. The graph is brought down to the baselbging the cumulativ
frequency of 0 at the lower exact limit of the baottinterval
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Assessment
Now that you have completed this study session,capuassess hcwell
@ you have achieved its Learning Outcomes by ansgehase question
Write your answers in your Study Diary and disctissm with youl
Self Assessment Tutor at the next Study Support Meeting. You carckhyour answel
with the Notes on the Se¢Assessment Questisnat the end of th
Manua

SAQ 9.1 (tests Learning Outcome !

Cumulative frequency distribution is that it helpsdalculate the numb:
of people falling at a particular score (a) TrugKhlse.

With the skills acquired in this Study Session,vearsthe following
questions using Table 6.5 as a gt

1. How many employees had score of 43 and at
2. How many had score of 32 and below?
3. How many had scores between 32 and 437

Post your answers on Study Session 9 assignmeret @iaty! Mobile
Class.

Assignment
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Study Session 10

Measures of Central Tendency:

Mean

Introduction

Learning Outcomes

The frequency distribution with its graphic repmsgions primarily
shows the organization of data into a manageabi®.f@hey are th

preliminary steps toward quantitative treatmendafa. The method «

statistically treating the distribution giveiumerical descriptions whic

are the basic features of the distribution. Thesthér enable concise a

definite comparison of the features of one distiduwith others.This

study session will attempt to expose yo measures of central tende,

which is one of the types of numerical descions of frequency
distributions.

When you have studied this session, you shouldleeta:

= compute and /nterpretthe arithmetic mean or average sc
for both ungrouped and grouped data.

= compute geometric and harmonic means.

A measure of central tendenc is a location or represenive point on a
scale, a central point where data are concentratdered, packed
clustered with other scores scattering on eithe.ssuch measure sen
the following purpose

1. Itis a measure that represents all measures amals, whict
couldbe utilized in comparing one distribution with amet

2. A sample is a representative of a particular pdpmria A
measure of central tendency, therefore, describdsectly,
with some amount of accuracy, the population fromct the
sample has been dva. Thus, we can estimate a measur
central tendency for a population from the knowkedyd the
sample measure of central tendency. Generalizatemd
predictions are therefore made beyond that of @ingpge to the
population. This makes scientific ezgch in the behaviour
sciences and education possible.

There are basically tee measures of centr@ndency these are: the
mean, the median and the mc
Three types of mean are used in statistics. Thres

1. the arithmetic mean;

2. the geometric mean; and

3. the harmonic mean
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The arithmetic mean is the most frequently usedjewtime other twc
have a more restricted u:

10.1 The Arithmetic Mean

60

10.1.1 Ungrouped Data

Another name for arithmetic mean is averéTo calculate the arithmet
mean forungrouped data, add up all the measurements amtediy the
number of measurements added. The formula fordlmilkation is giver
as:

Where = Arithmetic mean
¥ = “the sum of”
X = an individual score
X = sum ofX scores
N = the number of measurements

Given that the scores (in percent) obtained bydesit in seven subjec
are 43, 59, 61, 73, 55, 64, and 49. The averaglrpaance of th
students on the seven subjects is calculated

XX =404
N=7

10.1.2 Regular Frequency Distribution

With scores in the form of a regular frequencyristion, the mean i
computed, using thformula:

Where  arf@lremain the same
Fx =xscore multiplied by the frequency of that s«
Yfx = sum offx values
N  =total number of scores i¥f.

Assume that a company recorded the number of ausideperience
per worke in a year, as shown in Tablel8in aregular frequency
distributionform; calculate the average number of accidents recard
the company for the ye
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Table 10.1 Regular Frequency Distribution of Accidents recordel in a Company
No. of Accidents | No. of Employees Fx
X) ()

9 2 18
8 2 16
7 6 42
6 5 30
5 3 15
4 4 16
3 5 15
2 4 8

1 0 0

Tf=N=31 Xfx =160
Xfx=18+16+42+----- +0=160

N = total number of employees = 31

The average number of accidents recorded in thepaoynfor the year i
therefore 5.16, which may be approximated to 5 esimcimber o
accidents can only be expressed in a discrete merasat form

10.1.3 Grouped Frequency Distribution with Class
Intervals

The formula used for this frequency distributiortie same as thased
for the regular frequency distribution. In fact,tibodistributions ar:
grouped frequency distributions. While the former without clas:
intervals, the latter is with class intervals. Rbe grouped frequenc
distribution with class interva

Where and remain the same
X = mid-point of class interval
F
Fx

number of cases in an inter

multiply eachx score by correspondi fvalue

2fx = sum offx values
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Table 10.2

N = total number of scores i Bf

Look at Table 0.2. Two employeescored between 90 and 99. Since
individual scores of the employees is lost in tharse of grouping, w
assume that two employees scored 94.5; this bamagnic-point for the
interval 9(-99. This, however, is not a true representatioallahtervas.
Nonetheless, the error in any interval is small snthe final calculatiol
of the mean, most of the small errors tend to dareeh other ou
bringing out a final result that is essentiallyreat

Grouped Frequency Distribution of Performance Scores for 10
Employee:

Class Interval | Mid-points F FX
90-99 94.5 2 189
80-89 84.5 4 338
70-79 74.5 3 2235
60-69 64.5 15 967.5
50-59 54.5 24 1308
40-49 44.5 21 934.5
30-39 34.5 14 483
20-29 24.5 7 171.5
10-19 14.5 5 72.5
0-9 4.5 5 22.5

N=100 | 2fx =4710

10.2 The Geometric Mean

62

The geometric mean is used as summary statistispecial situation
which call for

averaging of ratios, and
averaging rates of change

Generally, the geometric mean of n numbers is pbthby multiplyinc
the n numbers together, and finding the nth roahefproduct. Thus,
we have n observatioX;, Xz, X3, - - -, Xn then its geometric meaG.M.)
is:

If we have two numbers, the geometric mean ofwertumbers is foun
by multiplying the two numbers together and findthg squarroot of
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the product. For instan, if we have two numbers 7 anc the geometric
mean of 7 and 5 i

If there are three numbers, the geometric mean isdfoynmultiplying
the three numbers together and finding the cubeabthe product. Th
geometric mean of 6, 9 and €

When the numbers whose geometric mean is to belatdd aremany,
then this method of stepwise multiplication andling the root would b
problematic, especially when they are more thaeethihis calls for th
use of logarithm

The formula for geometric mean
LogGM. = ZXZlogX
n
Where log X =ogarithm of each observation and n remains the
YlogX = mean of the logarithms of the observat
n

The G.M. is then given as the antilog of log G.Mw$, the geometr
mean (G.M.) of a number of observations is thel@gdarithm of the
mean of the logarithm of the observatit

Table 1.3 will be used as an illustration of the use aathgutation o
the geometric meal

Table 10.3 Census Records of a Country for 1980 and 19
States | Census Records % Change LogX 1980 1990
A 20,000 25,500 127.5 2.1055
B 7,250 11,320 156.1 2.1934
C 25,100 37,800 150.6 2.1778
D 18,275 25,410 139.0 2.1430
E 14,500 20,530 141.6 2.1511
F 9,473 17,840 188.3 2.2749
G 10,779 19,428 180.2 2.2558
H 15,000 22,320 148.8 2.1727
[ 28,332 32,480 114.6 2.0592
] 16,100 24,150 150.0 2.1761
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N=10 XLog X =21.7094

Average increase percent in population is

The table shows the population size of 10 states @ountry, for twc
census records in 1980 and 1990 respectively. d¢leis to calculatthe
rate of population growth in the country. The step®lved are

1. Calculate the percentage change in population doh estate b
expressing the latter population size as a pergerdfithe earliel
That is, divide the value in column 3 by that ifumn 2 and
multiply by 100. For state A, this gives 25,50000D,
multiplying the result by 100 gives 127.5. Entéstin column 4
Do the same for each of the other states.

2. Find the log of each value in column 4 and entrithcolumn 5
For state A, the log of 127.5 is 2.1055.

3. Sum the value of the log in column 5 to givdog X. This gives
21.7094

4. To calculate the mean of the logs, divide the teisustep 3 by
10, the number of items. This gives 2.1709; thithéslog of the
geometric mean.

5. Calculate the G.M. which is the antilog of the \alm step 4
The antilog of 2.1719 is 148.2.

6. Interpretation: The problem is to find the avergmrcentag
change in population. The values in column 4 areimgividual
measurements but are ratios, aondalverage these ratios i
geometric mean was required. The value obtainedtha
geometric mean is 148.2. Because the change inlggapusize
was expressed in percentages, the average chamggputatior
is determined by subtracting 100 from the geric mean. This
gives the direction of the change; whether incresigecrease. .
positive result indicates an increase in changeleve negative
result shows a decrease in change. In our exarise2— 100 =
48.2. Thus, we conclude that there was percent average
increase in the population.

i.e.
Geometric mean is useful when rates of increase of population,
performance, production, sales, product prices, profits, etc are to
= be determined. It is, however, practically adapted to short series
TT;: problems.

10.3 The Harmonic Mean

The harmonic mean is used in problems requiringatheraging of timt
rates. A rate is a ratio and as such it may bedtateither of two forms
If two measurements are taken, X and Y for instattosir ratios can b
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Table 10.4

expressed as X/Y, or Y/X. Take axample of the time taken by factc
workers in a bottling company to assemble cratesdohks. In
determining production rate in the company, two soeaments would t
required. These are the number of units produceélirwa given time
and the time taln to produce one unit. Using N to represent thelran
of units produced within one hour, and T the timegytoduce one uni
then the production rate may be taken in eitheéhese two form:

1. N/T units per hour
2. T/N hours per unit

The Table 0.4 shows theime taken by seven factory workers ir
bottling company to assemble crates of drink, amslused to explain tr
computation of the harmonic me

Production Rates of a Compan

Units per Hour Time per Unit

A. 7 crates per hour = 8.57 minutes p
crate

B. 14 crates per hour =4.29 minutes p
crate:

C. 5 crates per hour =12 minutes pe
crate

D. 8 crates per hour = 7.5 minutes per cra
E. 11 crates per hour = 5.46 minutes per cré
F 12 crates per hour = 5 minutes per crates
G. 9 crates per hour = 6.67 minutes per cre
Total = 66 Crates per hour = 49.49 minutes p
crate

=9.43 Crates per hour = 7.07 minutes pe

crate:
Therefore

The production rate for each employee has beeressed in two form

1. the number of crates assembled per hou
2. the time taken to assemble one crate.

The average number of crates assembled by the gegsmer hour i
66/7 = 9.43, in the first series. In the secondesethe average time (
minutes) taken to assemble one crate is 49.49/70% minutes. T«
express the unit of rasurement in the first series as that in the se
series, that is, to express the average crateh@ar in the form o
minutes per crate, observe the following calcutet

1 hr = 60 minutes

65



Study Session 10 Measures of Central Tendency: Mean

66

9.43 crates per hour implies
9.43 crates = 60 minutes
Therefore, 1 crate = 60/9.43 = 6.36 minutes

From the first series the average time to produce orate is 6.3
minutes, while in the second series it is 7.07 n@au This makes
difference of about 11 percent. This differencestxibecause the tv
series ee not comparable at all, they have not been brotgttie sam
basis for comparison. This is why the computatibthe harmonic mea
is neede

If we wish to calculate the average time requiredssembling one crai
and the data recorded are in thrm of those in the first series (i.e. Ur
produced per Hour), then the harmonic mean is tadmputed. If the
data recorded is as that in the second series, ttree@rithmetic mea
computed stands. On the other hand, if we are nopate the averac
number of crates assembled per minute and the infaymagathered ar
as those in the second serii.e. Time per Unit), the harmonic me
would be needed to compute that, while the aritiommaean is adequa
if the data are in the form of the first sis.

To calculate the harmonic mean, let us return ¢odise of calculatin
the average time required to assemble one crate Wie data are «
those in the first series. The formula for the hamm mean is

1 =_1/_1

H.M N —X
Where H.M. = harmonic mean
N = number of cases
X = an individual measurement

The steps followed in computing the harmonic meaanpaesented, usir
the data on Table0.5.

1. Find the reciprocals of each dfet numbers. The reciprocal o
number is the inverse of the number. The reciprotalis 1/7 =
0.1429

2. Find the arithmetic mean of the reciprocals. This ydo by
adding the reciprocals and divide by the numbecasies whos
reciprocals were added. Thgeves 1/N x 1/X in the formula. |
this case itis 1/7 x 0.8246 = 0.1178

3. Calculate the harmonic mean (H.M.). H.M. is theipeacal of
the mean determined in step 2. Thus,

H.M. = 1/0.1178 = 8.489 crates per h

The harmonic mean gives the average nu of crates
assembled per hour as 8.489, as against 9.43lljnitiatained
when the arithmetic mean was computed.

4. To calculate the time (in minutes) required to adgse one crate
divide 60 by the resulting step 3 (60 minutes make hour)
Thus, 60/8.489 = 7.07 minutes per crate.
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Table 10.5 Computation of a Harmonic Mean of Rate of Assemblig Crates in a
Bottling Company
Worker No. of Crates per hour Reciprocals of Rates
(X) (1/X)

A 7 0.1429

B 14 0.0714

C 5 0.2000

D 8 0.1250

E 11 0.0909

F 12 0.0833

G 9 0.1111

N=7 X 1/X=0.8246

1/HM=1/7x0.8246=0.1178
H.M =1/0.1178 = 8.489 crates per hour
60/8.489 = 7.07 minutes per crate

By the harmonic mean, 7.07 minutes is requiredsse@ble one crate
mineral. This is equivalent to what is obtainedfimgling the arithmetic
mean of the rates in the second fc

Study Session Summary

mean; arithmetic, geometric, and harmonic. We dttiat the arithmeti
mean or average is calculated for ungrouped datding all the value
together and dividing by the number of cases. Rergroupe frequency
data with class intervals, you have to multiply thie-point value of each
class interval with corresponding frequency valaed add all th
multiples, and then divide the outcome by the tatamber of case
grouped. The geometric mean isculated when an average rate
change is to be determined. Alternatively, the Iwame mean i
computed when the average of measures expressedtios is to be
determined.

@ In this Study Sessignwe have differentiated between three type

Summary
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Assessment

1. In a population census conducted, statistics wadtent of the numbe
of families that have a particular family size ic@mmunity. This it
reported on the table belc

Number of families 1 2 3 4 5 6 7 8

Assignment Size of family 10 6 5 8 3 2 7 4

What is the average family size in the commur

2. A consumer psychologist is interestedstndying the inflation rate i
a town. He obtained the prices of selected prodioctsvo different
years. The data obtained are presented on the balole/

Products Prices

2003 2005
1. Bournvita 350.00 430.00
2. Sugar 120.00 180.00
3. Milk 280.00 360.00
4. Butter 150.00 200.00
5. Cornflakes 180.00 245.00
6. Bread 100.00 120.00
7. Milo 370.00 450.00
8. Lipton tea 60.00 75.00
9. Nescafe 80.00 95.00

What is the average inflation ra
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Study Session 11

Measures of Central Tendency:

Median

Introduction

Learning Outcomes

This study session will expose you to how scores aranged. he
median is the m-point of a set of scores. It is the point on a Tam
of scores above which fall exactly one half of tases and below whic
fall the other half. When scores are arranged deioof magnitude, eithe
in ascending or descendingder, the median has the same numbe
scores above and below

When you have studied this session, you shouldleeta:

= Jocate the median position of a set of ungrouped dataedisas
calculate the median value of grouped frequendyilligion,
with and without class intervals.

= determine the median value ofdistribution, using th
distribution curve, called OGIVE.

11.1 The Median of Ungrouped Data

The calculation of the median of ungrouped datagakwvo forms, a
determined by the number of observations, N. Whés dtd, the media
is determined as tt%2(N+1)th observation. When N is even, the me:
is the average of the two most central scores.eikample, with score
like 9, 11, 8, 7, 15, 13, 8, 9, 9. N is 9, whiclarsodd number, therefol
the median will be calculated as Md = %2(9 + 1)thugai.e. ¥(10)th
value = ™ value. To decide on thé"%alue, we have to -arrange the
values in order of magnitude. This gives us: B,8, (9), 9, 11, 13,1

The 2" value is 9, therefore, the median for the set ofex is 9. Fo

another set of sccs like 9, 11, 8, 7, 15, 13, 8, 9 the number

observations is 8, which is even. The median véltdken as the mean

the two middle values, that is, the mean of t" and &' observations.
Arranging the scores in order of magnitude, we hav8, 8, (9, 9), 11

13, 15. The " and %' observations are 9 and 9 respectively. Md is %

9)=%(18)=¢

11.2 The Median of Grouped Data

When the data are grouped in a regularuency distribution or in
grouped frequency distribution with intervals, thalculation of the
median takes a different pattern. The computatitoratula is given a
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Where LRL = lower real limit of median interv
N/2 = onéalf of the total number of cas
SFB = sum of all the frequencies up to, but

including the median inten
F = the frequency within the median inter

| = class interval size

11.2.1 The Median of Grouped Data with Regular
Frequency Distribution

The computational procedures shall be explainddgubke data in Tabl
10.1, which is now shown in Table¢l.1 for the median calculatic

Table11.1 Regular Frequency Distribution of Accidents recordel in a Compan)
No. of Accidents No. of Employees
X) (0]

9 2

8 2

7 6

6 5 5 cases down here
5 3 Median interval
4 4 13 cases up here
3 5

2 4

1 0

1. Determine the median interval. The task of calautpthe medial
IS to determine the point on the scale on eithée sif which lie
half the cases. As the total number of cases, fhignexample i
31, then 15.5 cases will lie on either side of itedian, i.e. N/2
However, there is a problem locating this in a Geapy
distribution where the individual identity of thiems has been lost
while grouping.

From the bottom of the frequency column, add upftéguencie:
until the interval having the 158"%ases is reached. This is cal
the median interval or critical interval. In thebla, the media
interval is 5. The su of the frequencies before the mec
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interval (i.e. “less than” cumulative frequency) 18, and th
frequency of the median interval is 3. Therefote 15." case
must lie within that interval; thus, it is regardad the media
interval.

n

Determie the lower real limit (LRL) of the median inteky
which is 4.5

3. Calculate half the total number of cases N/2 = 3115.k
4. Sum the frequencies below the median interval, SEB
5. Determine the frequency within the median interf/al 3
6. Determine the class width (I) =1

7. Calculate the median (Md) = 5.33.

11.2.2 The Median of Grouped Data with Grouped
Frequency

The steps involved in the computation are simitathibse of the regul
frequency distribution. Using the data in Tab0.2, we will present the
calculation of the median. The median interval e tlass interva
having the N/2, i.e 100/2th case. This makes tf" case the median
point. The corresponding interval, -49, is the median interval. Follc
the steps outlined befo

LRL =39.5

N =100

SFB =31

F=21

[ =10
Theoretical Explanations

In Table 1.2, the median interval is the interval — 49 since the 50
case resides within the interval. Remember, t'" case is the median
point for the distribution as N/2 i.e. 100/2 i0. Thirty-one cases are
counted up to the top of the interval -39 (less than cumulati
frequency). The next interval -49, which is the median interv
contains 21 cases, suggesting that t" case lies somewhere within tl
interval because addi 21 to 31 gives 52; this is greater than th{"
case desired. The problem now is how to determinerevthe 5" case
lies within the median interve

For the sake of interpolation, we assume that thea&es to the medi
interval are evenly distribud over the whole range of the interval w
exact limits as 39.5 and 49.5. Actually, we requiBe cases of the -
cases in the median interval to be added to thed$uhe preceding cas
(i.e. 31) to make the desired 50 cases. Thus, wd adraction f 19/21
of the median interval. Since the class width ef tedian interval is 1!
it implies we desire 19/21 of 10, which is 9.05tsrof the interval t
correspond with the ™ case desired. Adding the 9.05 to the exact I¢
limit of the interval (3.5), we now have 39.5 + 9.05, which is 48.6 as
median value. So 48.6 corresponds with th" case in the distributiol
You can as well observe that 48.6 falls within thedian interva
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Table 12.2 Calculation of the Median of Performance Scores f0100 Employees
Class Interval F cf
90-99 2 100
80-89 4 98
70-79 3 94
60-69 15 91
50-59 24 76 48 cases down here
40-49 21 52  Median Interval
30-39 14 31 31 cases up here
20-29 7 17
10-19 5 10
0-9 5 5
N=100

As the median is the dividing point of a distrilmutiinto two halves,
could as well be determined from the-end of a frequency distributio
that is, by working down from the top. Startincthe top of the frequenc
column (“more than” cumulative frequency), 48 caaes count down t
the interval 5-59. We need 2 more cases to make up tt" case
desired. This implies going 2/21 of the way downoirhe medial
interval. Again, the class dth is 10, therefore we need to go down :
of 10, which is 0.95. Since we are working from tbe intervals, wi
now subtract 0.95 from the exact upper limit of tmedian interva
(49.5). We now have 49- 0.95, which is 48.6 as the median value. ~
is exactly what we obtained before when calculafimyn the botton
interval

Thus, working from the top class intervals, thenfola for mediar
becomes

Where URL = upper real limit of median inten
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N = total number of cases

N/2 = onehalf of the total number of cas

SFA =sum of all the frequencies above
median interval but not including the med
interval

F = frequency within the median inter

| = class interval size

For the data in Table 11.2

URL =49.5

N =100

SFA =48

F=21

1=10

11.3 Determining the Median using the Cumulative Frequency (Or
OGIVE Curve)

To find the median of grouped data, the cumulativequency
distribution curve can as well lused. From the curve, we can easily r
off the median, having determined the median pagnlN/2 on the -axis
for the cumulative frequenc

Figure 1.1 is the OGIVE of data in Table .21 employing the “les
than” cumulative frequency distribution. Tmedian is the dividing poir
of the desired point, that is N/2, which is 100/8G: Read off 50 on tt
Y-axis to meet the curve at N. From N, draw anothetted line
perpendicular to the -axis to meet the »xis at P. The correspondi
value of P on tF X-axis is the median of the data.
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Fig11.1 OGIVE showing Median Score:
120

100

&

z8

Cumulative Frequency
S

ad
=
L

0.5 95 195 295 395 495 595 695 795 895 995

Scores

Study Session Summary

In this Study session you learned tthat the median is the dividing po
@ of a distribution into two halves. In ungroupedajat is determined b

arranging the data in ascending or descending artitthen locating tr
most central value. For groug data with class intervals, it involves

Summar
Y longer proces

Assessment

Now that you have completed this study sessioegdt the following
assignment (a tutor marked assessm

1. Ten employees in an organization reported the ybagshave spel
on the job as follows:

Assignment 14, 20, 16, 14, 12, 10, 18, 16, 11, an
What is the median year of the employees on the
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Study Session 12

Measures of Central Tendency:

The Mode

Introduction

Learning Outcomes

Table 12.1

This Study Session aims to provide explanatior the mode, which is
the most frequent score in a distribution of sccThe modeis the value
with the highest frequenc

When you have studied this session, you shouldleeta:
= compute the modal value for ungrouped and grouped frequ

distributions with and without class interv:

Given a set of scores like these in Tak2.1, the mode is 5. The hight
frequency is 15, while the corresponding score,ifn8icating that thi
score 5 occurred 15 times in the set of data. Thus,the mode, beir
the most frequent scor

Determining the Mode of a Distribution

Score 0 1 2 4 5 7 8 9

Frequency 7 3 11 7 15 6 4 5

12.1 Mode of Grouped Data with Intervals

When data are grouped in the class interval folm, drude mode ¢
interpolated mode may be determined. The interpdlamode is
however, more accurate ththe crude mode.

12.1.1 The Crude Mode

The crude mode is simply the r-point value of the class interval havi
the highest frequency. In Tabll.2, for instance, the class interval w
the highest frequency is -59. The midpoint is 54.5 therefore trcrude
mode of the distribution is 54.5. In some casesstiloution may havi
two class intervals with the same frequency ashtpkest. Care must |
taken in deciding what the mode

The following rules should be noted:

1. If there are more than one cdastervals separating the two cl:
intervals, like distribution A in Table 12, then we say that ti
distribution has two modes or it is bimodal. Thede® will be
the two midpoints of the respective class intervals. Thus,
have 9.5 and 3.5 as the das for distribution A in Table2.2.
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2. If the two intervals are separated by only one rigring
interval, like distribution B in Table 12, then it is possible th
the distribution is actually unimodal. It is morer@in to be
unimodal when the inteening interval has a relatively hi
frequency. In such a case, the crude mode is reqjuade as
will not be possible to decide what the crude misc

3. When the two class intervals with the highest fesy occupy
adjacent positions like distributio@ in Table 2.2, then the
crude mode is decided as the dividing point betwten two
intervals. The dividing point is simply the uppeal limit of the
lower class interval, which is equivalent to thevéo real limit of
the higher of the two class int&ls. For distribution C in Tab
12.2, the crude mode is 6.5. Such distribution isarably

unimodal.
Table12.2 lllustrations of when the Crude Mode is Adequat
Distributions (Frequency)
Class Interval
A B C
11-12 2 2 2
9-10 7 7 6
7-8 6 6 7
5-6 2 7 7
3-4 7 2 2
1-2 3 3 3
Bimodal Unimodal

12.1.2 The Interpolated Mode

With the limitation in the use of the crude mode interpolated mode
favoured. The crude mode is ideal for small sangfldess than 10(
When the sample is large, ¢ the distribution is skewed, the r-point
value of crude mode is not sufficiently accuratéisTcalls for ar
interpolation within the modal interval to obtaim®re accurate estima
The formula for calculating the interpolated mosigiven as

Where LRL = lower real lim

d = difference between the frequency of the m«
interval and frequency of the preceding inte

d = difference between the frequency of the m«
interval and the frequency che next following
interval

| = class interval size

An example of calculating the interpolated mode wi# applied to th
data in Table 1.2. Some extracts from the Table are shown b
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60 - 69 15
50-59 24 Modal Interval
40 -49 21

The modal interval is the interval with the highfssguency, that is, 5—
59. The preceding interval is — 49, the following interval is 6— 69.

LRL = 49.5
di=24-21=3
d2=24-15=9
[=10

=495+3/12x10
=49.5+2.5=52

The crude mode is 54.5 while the interpolated misdg2, which is
“pull away” towards the preceding interval. The sea is that th
preceding interval has a frequency of 21, whilefollowing interval has
a frequency of 15; hence, the pull towards the gy interval. If the
frequency of the following interval was large, thigse pull would hawv:
been directed towards the following interval, makitne interpolate
mode above 54.5ut less than 59. Thus, the interpolation of the &
within the modal class interval improves the estanaf the mode b
allowing the adjoining frequencies to add their giiin arriving at ¢
final estimate

12.2 Determining the Mode using the Histogram

The mode of grouped data ceasily be read off from histogram. A
illustration is made from the data in Tabll.2, and the histogram
displayed in Figure2.1.

77



Study Session 12 Measures of Central Tendency: The Mode

L

75 M p

3
PX

2

L

P

A

Go UE

FRE
3

[y S L :
W M N R e PP s & =
oo & R g E& &
SEORES i
Fig12.1 Showing how to determine Mode using the Histogra

To determine the mode from a histogram, draw tvegainals to join th
corners of the modal claslabelledas Mo and Np respectively in Figt
12.1. At the point where the diagonals intersectwdaigperpendicular lin
through to meet the-axis at Mo. Tle value of Mo on the-axis is read
as the mode, which is 52.5 in this ¢

12.3 The Characteristics and Use of Measures of Central Tendency

The mean, median, and mode, already referred tthesneasures
central tendency are commonly used in staal computations. Thel
are, however, situations in which one is more adtgjthan the other
Knowledge of the characteristics and uses of eddheomeasures wi
invariably expose when to use any of the meas

The Mear

1. The arithmetic mean is oftensed when the distribution
reasonably symmetrical. This is because the melags tinto
account all measures in a distribution. The extignsmall
values and the extremely large ones, as well asetimear th
centre of the distribution, influence theeam. When, howeve
there are extreme values on one side of the disimib that are
not balanced by extreme values on the other sidentean i
greatly influenced. This results in a misleadingtymie of the
location of the measure of central tende Consequently, the
mean is not adequate for a distribution that ifilyigkewec

2. For a normal distribution, the sum of differences deviations
of all scores from the mean is zero. That i Mean = 0. This
implies that the mean balances the sumsthe positive and
negative deviations. This will be expanded i
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3. The mean is the most reliable and stable of theethreasures
central tendency. This is because when differentptes are
drawn from the same population and their means atedpor
the same measure, there will be little or no differemcethe
means. Also, errors of measurement tend to nexdradine
another around the arithmetic mean. If any errdstexn the us
of a mean, the error is considerably smaller thendrror of ¢
single measure in the distribution.

4. The mean is useful in further statistical compotatiwhile othe
measures of central tendency are usually not. Huoz
characteristics of the mean, it is used in manthefprocedure
of inferential statistics.

The Median

1. The median is a positional measure of central tendefts
position is determined directly by the number ofuea in ¢
distribution, not the magnitude of the values. Tha&gnitude o
values only indirectly affects the median by deiaeing the
serial ordeing before decision on what the media

2. Though all measures contribute to the calculatibthe median
just like the mean, the median is less affectedhleyextreme o
the distribution than is the arithmetic mean. Fraraple, the
median of the sces 3, 5, 7, 9, and 9 is 7 while the arithm
mean is 6.6. If the extreme values are changedvendow have
4,6, 7,12, and 13, the median is till 7 but thHéheetic mean i
now 8.4. If the scores are 4, 6, 7, 9, 9, 12, &hth&n the media
become®. Thus, the median is mainly influenced by the bery
rather than the size of the extreme values intailoligion.

3. The median is an easy measure of central tendersynipute

The Mode
1. Iltis the quickest estimate of central tendencylalke.

2. It is the most typical measure in that it tells the mostuogng in
a set of objects.

Study Session Summary

In this Study Sessignwe have discussed that the mode is the
occurring value in a set of valu We have also looked at the importa
of the different measures of central tendel

Summary
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Assessment

1. What is the modal family size of the data in Assigmt 10.1
2. Calculatethe mode of the values in Assignment .

Forward your findingsto your tutor by submitting answers
Assignment 12 page on Ul Mobile Class.

Assignment
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Study Session 13

Measures of Variability

Introduction

Learning Outcomes

A measure of central tendency tells much aboutsaibution but doe
not give a complete picture of the distribution. &dhtwo distribution:
are to be compared, if it is based solely on awsaguite wron
conclusions may be drawn. Other descriptivatistical measuremen
need to accompany averages to amplify the desmniff a set of dat:
hencethis Study Session will focus omeasures of variability a
essentia

When you have studied this session, you shouldleeta:

= djfferentiate between measures of central tendency
measures of dispersion or variability.

= compute andinterpret measures of dispersion like range, m
absolute deviation, standard deviation, and vae by inference.
(SAQ 13.1)

A measure of variability tells how spread out oatsgred scores in

distribution are. The measures of variability aeeadfulwhen comparing
two distributions, for instance, two distributioofstatistical data may t
symmetrical and may have the same means, medidnsi@tes; yet the
may differ in the distribution of the individual @es about the meast
of central tendenc The measures of variability, thus, explain
illustrate the methods of describing the dispersimd skewness
distributions by the use of single numbers. Fornga, consider th
three distributions belo

B C
10

>

N
o

w W W W 0 & o« o
N W W W 39 O ©
S B P DN W W 0 O

3 2

The arithmetic mean of each of the three distrdngiis the same, i.e.
while the median and mode is 3 and it is the saor the three
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13.1 The Range

82

distributions. If we are to compare the three dhstions on the basis «
the measures of central tendency, then we may woecthat the
distributions are the same. This may be rathemeoos because a clc
observation of the scores irach distribution shows that they :
dispersed differently. For instance, the lowestedo distribution A is <
while the largest is 8 and the scores do not varghrfrom one anothe
For distribution B, the lowest is 2 while the lasgés 10 and thecores
are more spread out than distribution A. DistribntiC has 0 as tf
lowest score and 20 as the largest. The scoresstiibdtion C are mor
dispersed than the other two distributic

A measure of dispersion or variability is needed domore acurate
comparison to be made among the distributions. Tlhe centra
locations of two distributions may be the same thet variability may
differ. Also, the variability may be the same e tentral locations me
differ. Locations and variability a actually independent. Whi
variability refers to the distance between eachiesand any other and
measured with the measures of variability, the mness of centre
tendency show locations in a set of data. A measurariability show
numerically the degree to which scores spread around the adtag a
measure which tells whether scores cluster cloaetynd the mean «
whether they scatter widel

Measures of variability are useful in many areakfef although it is no
frequently repcted because it is not familiar to many as the messof
central tendency. A measure of variability tellshasv representative t
average is. If the numerical value of the meassiremall, it means th.
the individual scores are close to the averaf the variation score i
large, the mean can be used with less assuranegidgethe scores &
rather far from the mee

The range is the simplest and quickest method ofingarising the
variability of a distribution. It is simply defineak the difference betwee
the highest value, H, and the lowest value, L. This be symbolized ¢

R=H-L

Where R = range
H = highest value
L = lowest value

For grouped data, the range is calculated by sttbigathe lower limit of
the bottom intervifrom the upper limit of the top interval. Tht

R=Ult-Llb

Where R =range
Ult = upper limit of top interval
llb = lower limit of bottom interval

The range is, however, the most unreliable of tkasures of variability
This is because it is determined by only two measuwith all the othe
individual values in between having no effect ie tfalculation. There
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often a gap between those exte values used in determining the ra
and the next highest or lowest value in a distidsutlf these extrem
cases are absent from the distribution then theneldvbe a significar
difference in the calculated range. For instanamsier these tw
distributions

Distribution A;: 20 16 16 15 15 15 1% 14 1
Distribution B: 20 19 19 18 17 16 1% 11 1

The range for the two distributions is 2z 10, which is 10. Ar
observation of the values in distribution A showhat the scores are
relatively clustered near the middle of the disttibn while those o
distribution B are more spread out. The rangeeasaiore a weak meast
of variability of distribution A. For instance, whéehe two extreme scor
are eliminatecfrom the two distributions, the range for distrioat A
becomes 1\ 14, which is 2; this is rather far from the earliange of 10
For distribution B, the range becomes- 11, which is 8; it is still clos
to the initial range of 10. Since this tyof change occurs frequently, t
range is considered as a crude measure of vatyalilst like the mode
and it is avoided as much as possible in the bebeali science

Generally, the range is more unreliable with a ss@nple size than
large sarple size. This is because with a small sample thigeextreme
values may be marked by one case. But when theleasige is large
there may be more than one case of each of themestvalues. Thus, tl
probability of the range being altered as a reof missing scores is
higher for a smaller sample than for a larger sai

13.2 The Median Absolute Deviation (MAD)

The mean deviation is also referred to as the meaiation. It is ¢
measure of dispersion which considers the deviatf@ach measurn a
distribution from a measure of central tendencye @eviation from th
mean, as it is always called, is obtained by sahitrg each value in tF
distribution (X) from the mean value (X), of thesalibution. If a
particular measure is greater thédhe average, it will have a positi
deviation, with a positive sign (+), and it is saml have a positiv
deviation. If the score is less than the mean valleas a negativegn (-
), and it is said to have a negative deviation. @asure that is ideical
with the measure has a zero deviation. If all tbeaions from the mee
were calculated for all the measures in a distidmitand the average

the sum computed, the resultant value is the méde\oations from the
mean. If the measures in distribution were widely dispersed

scattered, then their deviations would be relafivaige and this woul
be reflected by the mean of the deviations. Ifrtteasures were cluster
or concentrated about the mean of the distributioen the mean ' the
deviations would be small. Thus, the mean deviai®ran exceller
measure of dispersic

In calculating the mean deviation, however, thasigf the deviations ¢
each measure from the mean are usually ignored iEhbecause in
perfectly symmerical distribution, the algebraic sum of deviatidnem
the median or mode would be zero, and such is #Hee dn an
distribution; the difference between the positivel anegative deviatior
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Table13.1

84

(i.e. algebraic sum of deviations from the meanpstralways b zero.
Recall that it is the mean of this sum of deviatidhat is calculated 1
obtain the mean deviatic

Consequently, the deviation of a measure from tearmis meaningle:
in this wise, rather it is the absolute deviatioani the mean that

meanngful. By absolute deviation from the mean, thensigf the
deviations are ignored, while the magnitude of dbeiation, that is, th
actual value of deviations from the mean are empédsThis is referre
to as mean absolute deviation (MAD). Thus deviations are treated

positive. Some examples are now considered fromroupgd anc
grouped dat

Table 3.1 shows the raw scores of trainees on -point test. The
interpretation of the mean absolute deviation measd variability is
that, on theaverage, the individual scores in the distributiany from

the mean score of 16.2 by approximately 1.6. Thespres within th
limits of 1 MAD below the mean and 1 MAD above itlwange betweel
14.6 and 17.8, while - 2 MAD range between 13 and 1¢ If you

subtract 1.6 from 16.2 it gives 14.6, while if yadd 1.6 to 16.2 you wi
have 17.8 (i.e. for - 1 MAD). For + -2 MAD multiply 1.6 by 2, thel
subtract and add respectively to 16.2 to have 8318 respectivel

Calculation of Median Absolute Deviation and Standed Deviation
from Ungrouped Data

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5
Score Deviation Absolute ( )? 2
X) ( ) Deviation
( )
17 0.8 0.8 0.64 289
11 -5.2 5.2 27.04 121
16 -0.2 0.2 0.04 256
17 0.8 0.8 0.64 289
15 -1.2 1.2 1.44 225
18 1.8 1.8 3.24 324
20 3.8 3.8 14.44 400
15 -1.2 1.2 1.44 225
16 -0.2 0.2 0.04 256
17 0.8 0.8 0.64 289
XX=162 | X( )=0 2( ) X( )2 = =
N=10 =16.0 49.60 2674
=16.2
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WhereMAD = Mean Absolute Deviation

= Individual Score

= an average of the individual scores

= the absolute deviation of each score

13.3 The Standard Deviation (S.D.)

This is statistically the most reliable measure of disjgs, denoted by

for sample and for population. It varies less than any other mea®f
variability, from sample to sample; the samplesipaihosen at rando
from the same pojlation. The standard deviation and variance are
most frequently used measures of dispersion oabdity because the
have certain properties that make them preferrethdoother measure
Variability, in actual sense, refers to the extemtwhich scores differ
from one to another. In statistical terms, it metmesdifference betwee
each score and every other score in a distribuimce the mean is tl
most frequently used measure of central tendemay bast represents .
scores in a distrution, it is more reasonable to define the dewabtba
single score from the other scores as its disténore the mean. This |
symbolized by

Deviation score =
WhereX = individual score in the distributir
X = the average of the distribution

When the deviation of a single score from eachhefdther scores in
distribution is determined; that is, by computiig tdifference betwee
the score and each of the other scores, and thmagevef these deviatic
scores is calculated, it will nbe much different (if at all different) fro
the deviation of the score from the mean of thé&ibistion

(i.e ). Thus, the deviation or distance of a single sdoye the
mean is a representation of all possible deviatimnslistances of th
scole from each of the other scores in the distribu

When a score is extremely different from the mete numerica
deviation score for that score will be large. Butres that are close to't
mean will have small numerical deviation scorese Word ‘numerical”
is emphasized because it is actually the magnitfidiee deviation that i
of interest. The deviation scores will normally hasome positive ar
some negative values which, when the deviationescare added (i.

X(X -X), it is always equal to zero. Thus, if we are técaiate the
average variability by averaging the deviation esothat is, by summir
the deviation scores and dividing by N,

Then we will always have a zero score, which willkkena nnsense of
the whole exercise. To overcome this problem, weeh@ take thi
absolute value of each deviation by ignoring thlgg,sand then utilizing
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its numerical value for the computation of the mednsolute deviatio
(MAD). Though the MAD is a descriive measure of variability, but it
usually rejected for its inadequacy in furtheristetal analysis. This i
because absolute values which are incorporatedAD Mre unsuitabli
for use in inferential statistical analy:

The measure which takes e of this problem without using absoll
values, and is useful for further statistical asmlyis that which require
the squaring of each of the deviations before takire average of tf
squared deviations. By squaring the deviation, rikgative sigr are
taken care of and all the squared deviations beqmwsagive. The sum ¢
the squared de\tions from the mean, that (X - X)2 is called the sum
of squares and is symbolized by SS. The averagegeafum of squares
a measure of variability, ced variance, which is symbolized §2.

This is, however, the formula for the variance gfapulation. When th
data of a sample are to be used in estimating #réance of the
population from which the sample was drawn, tthe sample variance
computed with some slight changes in the forn

Whereas the population variance is represented witguare of th
Greek letter sigmaé?), the sample variance is represented ;
although both are often used interchangeably. Far populatior
variance, the sum of squared deviations is divige®l, while that of the
sample is divided bN - 1. This is to enable to be unbiased estime
of the population varianciN - 1 is the number of deviation about t
mean that are free to vary. This number is calleddegree of freedor
For reasonably large samples, however, the actlakevof variance i
affected a little, whether we divide N -1 orN.

In each of the formulas ake, the steps involved a

1. Subtract the mean from each score.

2. Square each result to eliminate the minus :

3.  Sum the squares

4. Divide the sum bW if population variance, cN - 1 if sample
variance.

The computation of S.D. differs from the M.D. ina ways. First, in
computing S.D. the deviation of each measure filoennmean is square
Second, the deviations are always taken from th#hnaetic mean
whereas that of the M.D. may be taken from the maredAlso, having
squared the deviation these sqs are then summed, and the sur
divided byN. Then the square root is taken, to give

Be informed that variance is a square of the oalgimits in which the
mean deviations are based; this is aimed at elimop#he negative sigr
that would haveyielded a total of zero if the deviations from tmean
were added. The average of these squared deviatiifinsertainly not
produce an average variability that is the mostalidmeasure c
variability. To accomplish this, we have to take tositive suare root
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of the variance, bearing in mind that the variamcdhe average ¢
squared deviations. This yields a measure of viitialcalled, the
standard deviation, symbolized Byfor population standard deviation
S for sample standard deviation.e formulas are:

13.3.1 Calculation of S.D. from Ungrouped Data
Data fron Table 14.1

e« This formula is used fomanual calculation and is called the
definition formula

« This formula is used with scientific calculator, and is called the
computational formula

Population

e This formula is used fomanual calculation, called definition
formula

e This formula is used with ascientific calculator, called
computational formula.

The average deviation of scores from the mean 3% 2nd 2.23 fo
sample and population respectively, in theribution.

13.3.2 Calculation of the MAD and S.D. from Grouped
Data

Where M.Df, , andN remain the san

X = the midpoint of each class inten
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These formule are called definition formularhey areused for manual
calculatior.

These formulae are called computational formulghey areused with a

scientific calculato

Computation of M.D. and S.D. from a Distribution of English Exam

Table 23.2 Marks (Mean = 59.5
Col.1 | Col.2 | Col.3 | Col. | Col.5 | Col.6 | Col.7 | Col.8 Col9 | Col.10
Scores | Mid- | f 4fx X2 | e | X- | (X )| f(X- ) | fX- R
X)
79-83 | 81 1 81 6561 | 6561 21.5 | 462.25 | 215 462.25
74-78 | 76 3 228 | 5776 | 17328 | 16.5 | 372.25 | 49.5 816.75
69-73 | 71 3 213 | 5041 | 15123 | 11.5 | 132.25 | 345 396.75
64-68 | 66 4 264 | 4356 | 17424 | 6.5 42.25 |26.0 169.00
59-63 | 61 7 427 | 3721 | 26047 | 1.5 2.25 10.5 15.75
54-58 | 56 4 224 | 3136 | 12544 | 3.5 12.25 14.0 49.00
49-53 | 51 1 51 2601 | 2601 8.5 72.25 | 8.5 72.25
44-48 | 46 4 184 | 2116 | 8464 13.5 | 182.25 | 54.0 729.00
39-43 | 41 1 41 1681 | 1681 18.5 | 342.25 | 18.5 342.25
34-38 | 36 2 72 1296 | 2592 23.5 | 552.25|47.0 1104.50

Study Session Summary

o7

Summary

88

In this Study Session, you discoverttht the measures variability tell
us the degree to which scores vary from one anoaimer from the meal
The measures include the range, mean absolute tideyistandart
deviation, and varianc

The range is the difference between the highesievaind the lowe:
valuein a distribution.The mean absolute deviation is the deviatio
each measure in a distribution from a measure wfraletendency. Th
standard deviation is the positive square roothef average sum
square deviations from the mean, while the sc of this value is the
variance. Thus, the average of the sum of squaneariance
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Assessment
SAQ 13.:
e Given the following frequency distributiofind the standard deviation
the date
Assessment
X 6 7 8 9
F 2 3 3 2

1. The ages of a sample of students is given as:
17, 12, 20, 22, 19, 19, 23, 24, 18, 19, 20 an

Calculate the range, mean absolute deviation, ate deviation, and
variance of these ages and interpret each result.

Assignment 2. The data below is the accident record of a sampfaabory drivers
in one year. It shows the number of accidents eaicler had in the

year.

Number of Accidents 9871|6543 ]|2

Drivers involved 212|6|5|3|4|5|4

Calculate and interpret the dispersions in thedsettidat:

Send your findings to your tutor for feedback atdytSession 1
Assignment Page at Ul Mobile CI:
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Study Session 14

Transformed Scores

Introduction

Learning Outcomes

14.1 Percentiles

90

If you are informed that you have obtained 75% $YF.03 examinatior
you will definitely need additional information order to determine ho
well you performed, compared with other studentsowiook the
examination. If the examination was generallyy for most students ar
there were many high scores, then your score of if&f6 be an averag
or even below average score. If, on the other hinedexamination was
little bit difficult for the whole class, then yosicore may be among t
highest or een the highest. One way of getting this additic
information is to transform the original sccto shov at a glance how
well you performed in comparison to other studémtthe course. Tus,
this Study Sessioaddresses the different ways of transfoig scores to
allow for relative comparison of an individual'soses across differe
tasks, as well as relative comparisons of indivislugcores on the san
task

When you have studied this session, you shouldleeta
= compute transformed scores.
= jnterpret percentile, standard score (Z score), and T ¢

The percentil rank of a score is a single number which gives
percentage of cases in the specific reference graxgring at or belo
that score. If, for example, your raw score in gamsination is 75%, an
it corresponds to a percentile rank of 65, it metdwas65% of the class
obtained equal or lower scores than you did, wBbB86 of the clas
received higher scores. A percentile is, thus stwe at or below whic
a given percent of the case lie. The percentilavshdirectly how ar
individual score compareto the scores of a specific group. It is impor
to keep in mind that a percentile rank cannot beectly interpreted
unless the reference group is taken into consiider.

14.1.1 Computational Procedure: Computing the
Corresponding Percentile Rank from a given a Raw
Score

To illustrate the computation of percentile raneference will be mac

to Table 4.1. Ourtask is to find the percentile rank correspondmg¢he
raw score of 4.
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Table 14.12

Hypothetical Examination Scores for Students in PS 103 Test:
Transferring a raw score of 43 to a percentile ran

Class Interval Frequency Cumulative Frequency (CF)

48 -50 1 87
45 -47 5 86 6
42 -44 6 81 Critical Interval
39-41 8 75
36 -38 9 67
33-35 14 58
30-32 12 44
27 -29 9 32 75
24 - 26 7 23
21-23 5 16
18 -20 5 11
15-17 6 6
F Percent (= f/N)
All higher intervals 6 6/87 = 6.9% (H %)
Critical interval (42 - 44) 6 6/87 =6.9% (I %)
All lower intervals 75 75/87 =86.2% (L %)

Step 1 Locate the class interval wherein the raw scois;fabll this the
“critical interval”.

Step 2 Group the frequencies (F) into three categorieqyraaing thos
with scores higher than the critical interval, thaorresponding to &
scores in the inrval, and those corresponding to all scores lowen the
critical interval. These are 6, 6, and 75 respedbti

Step 3 Each frequency is then converted to a percent Wdidg by N;
in this case 87. We will denote the percent of peagporing in intrval
higher than the critical interval by H% (for highethe percent of peop
scoring in the critical interval by 1% (for in), drthe percent of peop
scoring lower than the critical intell by L% (for lower

Step 4 It is clear at a glance that tiseore of 43 is better than at le
86.2% of the scores, i.e., those below the critinédrval. Thus, th
percentile rank must be at least 86.2%. It is alsar that 6.9% of th
scores are better than 43, i.e. the ones abovectitieal interval.
However, it is not evident whether the raw score ofs4Bigher than a
the scores that fall in the critical interval, ors lower than, since tr
interval carries 6.9% of the entire scores. Theitsm is to look at th
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score in comparison to the siof the interval; the higher the score
relation to the critical interval the more peopiehat interval is assumt
to have been outscor

Step 5 To determine the standing of score 43 in the @iticterval, first
ascertain the lower real limit che interval, which is 41.5. Subtract t
from the raw score of 43 (4~ 41.5) = 1.5. Since the interval size is
this distance is expressed as a fraction, andualeq 1.5 points/3 point
= 0.5 of the interval. Thus, score 43 is 0.5 of @82 of tudents in the
critical interval. This gives a value of 3.45, wiishould be added
86.2% (i.e. L %). The final result is 89.65%; imply that 89.65% @
those that took the examination had 43 or lessctlwis the percentil
rank. The percentile rans determined from the formu

L% andI% remain the same
Score = raw score in question
LRL = Lower real limit of critical interval

H = interval size

The percentile rank is therefo89.65%, indicating that approximate
90% of the class received equal or lower scores ang ahbut 10%
received higher scort

14.1.2 Computational Procedure: Computing the
Corresponding Raw Score from a Given Percentile

This is a reverse of the former, requiring finditige raw score th:
corresponds to a specified percentile value. Famgke, suppose tt
Study Sessicr wishes to give a special teaching to the bott@b ®f the
class; what raw score should used as the cutting line? In this case
percentile (32%) is specified and the raw scoraeisded. The steps
adopt are as follow

Step 1 Convert the percentile to a case number by multiglythe
percentile by N. (i.e. .32 x 87 = 27.84). Thus, score that correspon
to the individual whose rank is 27.84 from the bwttof the class (i.e. tt
person scoring at the 32nd percentile) is thermytine neede

Step 2 Find the interval in which the case number complitesdtep 1
falls. This is ealy accomplished by starting at the bottom of
cumulative frequency distribution and proceedingvaigl until you finc
the first value equal to, or greater than the aalticase (27.8); tr
corresponding interval is the critical interval.ig s illustrated with data
on Table 4.2.
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Table 14.2

Hypothetical Examination Scores for Students in Psyl03 Test:
Finding the raw score corresponding to the 3% percentile

Class Interval Frequency Cumulative Frequency (CF)
48 - 50 1 87

45 -47 5 86

42 - 44 6 81

39-41 8 75

36 - 38 9 67

33-35 14 58

30 - 32 12 44

27 -29 9 32 firstof Z=27.84
24 -26 7 23

21-23 5 16

18 -20 5 11

15-17 6 6

pN=.32x 87 =27.84

Step 3 The 27.8 case must have a score of at least 26.5; the e
limit of the interval in which it appears. Howevdhe critical value
covers three score points (2¢ 29.5); what point value corresponds
the 32" percentile?

There are 23 cases below the cal interval, so that the 27" case
needs 27.8— 23, i.e. 4.84 cases up in the interval. The totahiper of
cases in the interval is 9, so this distance egpekas a fraction is 4.
cases /9 cases = .54. Therefore, in addition tdotler real linit of 26.5,
.54 of the three points included in the criticaenval must be added
order to determine the point corresponding to tHeB4" case. The
cutting score is therefore equal to 26.5 + (.54 x 26.5 + 1.62 = 28.1

A general formula to obin this is:

Where
Score p = Score corresponding to the pth perc
LRL — lower real limit of critical interval
P — specified percentile
N — total number of cases
SFB —sum of frequencies below critical inter
F — frequency within critical interval

H — interval size
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Thus, people with scores 28 or less need speciahiieg, while studen
with scores of 29 and above do not n

14.2"Z and T” Scores

94

These scores help us to derive a transformed $lcareshows at a glan
the relationship of an original raw score to theameusing the standa
deviation of the reference group as the unit of sueEment. Suppose
student obtains a raw score of 70, and 55 in tests on PSY 101, P
102, and PSY 103 respectively, it might seem asghdhe student’s be
score is in PSY 101 and the poorest is in PSY Hivever, the rav
scores of 70, 65, and 55 cannot be compared dirbettause they con
from different distributions with different means and difer standar
deviations. Thus, the units of measurement ardh@same from test-
test.You can overcomehis by transforming the scores on each test
common scale with a specified mean and st«d deviation. This ne\
scale would then enable the transformed scoredffefreht tests to b
compared directl

14.2.1 Standard Scores (Z Scores)

A procedure is to convert the original scores tevrseores called .
scores or standard scores, with a mef 0 and a standard deviation of
Standard scores have two major advantages. Siecendan is zero,
can be said at a glance whether a given scoreoieatr below averag
an above average score is positive and a belovag&escore is negativ
Also, since the standard deviation is 1, the numesz of a standai
score indicates how many standard deviations aboiselow average tt
score is; a score of one standard deviation abeemge (i.e. a standa
score of +1) would demarcate approxiely the top 16% in a norm
distribution, while a score of two standard dewias above average
standard score of +2) would demarcate approxim&“?% in a normal
distribution

You can ustthis formula 6 convert a set of scores to standard st

Where Z = standard score
X =raw data
= mean score
= standard deviation

Converting each of the original test scores to@es yield
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Psy101 Psy102 Psy103
X 75 65 55
80 60 50
10 15 5
Z . - -

The standard scores show at a glance that thendtu@es half standau
deviation below the mean in PSY 101, less than s$talidard deviatio
above the mean in PSY 102, and one standard d®viakiove the mee
in PSY 103. When raw scores are transforiinto Z scores, the shape
the distribution remains the same. The Z scores giv accurate pictu
of the standing of each score relative to the egfeg group, no matt
where the original scores are measured from or vgcate is usec
Standard scor are used extensively in the behavioural scier

14.2.2 T Scores

Standard scores are a little bit difficult to expléo one not well verse
in statistics. Since behavioural scientists tryetoort test scores to peoj
who are not statistically soysticated, several alternatives to Z sc¢
have been developed. One of such alternative,dcallscores is define
as a set of scores with a mean of 50 and a stadeardtion of 10. The "
scores are obtained from this form

T=10Z + 50

For examplethe score of 55 in the example is converted toszate of
+1.00 by using the Z formula. Then T is equal 1) ({1.00) + 50 = 6!

Since the mean of T scores is 50 it can still msd a glance whethe|

score is above average (it will be greater 50) or below average |

will be less than 50). Also one can tell how matgndard deviation

above or below average a score is. For exampleora ®f 40 is exactl

one standard deviation below average (i.e. a Zesob-1.00) since the
standard devtion of T scores is 10. But the T score of 60 aon$i the Z

score of +1.00 which is interpreted as one standaxiation above th

mean
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Study Session Summary

In this Study session you learned thransformed scores allow f
@ relative comparison of an individual's scores asrdgferent tasks, &
well as relative comparisons of individuals’ scooesthe same sk. You
also learnt thathe percentile rank of a score is a single humbdciw

S
vmmary gives the percent of cases in the specific referegroup, scoring at ¢
below that score. Z score or standard score i$ af sEores with a mee
of 0 and a standard devion of 1. T score is a set of scores with a ir
of 50 and a standard deviation of
Assessment

1. A psychologist administered three psychologiesits on 10 jo
applicants and had the following scores:

Applicant Tests
Assignment A B ¢
1 12 20 9
2 17 27 7
3 11 13 6
4 18 22 4
5 10 14 6
6 16 21 7
7 14 19 5
8 15 23 9
9 16 19 5
10 13 14 3

In what test did each applicant performed k
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SAQ 1.1

SAQ 1.2
SAQ 2.1

SAQ 3.1

SAQ 4.1

A layperson’s perspective views statistics “aseamilbn of data”, while
empirical researcher’s perspective differs on theel of “planning an
reporting data in line with its speci objective at hand”. In grammatic
terms however, statistics is “a summary provideédrafdequate analys
has been made on collected ds

She would be using descriptive statis.
Your answers probably include the followi

1. Statistics will enable yowtunderstand professional literature |
journals

2. Knowledge of statistics will maximizgour comprehension ¢
inferences drawn in research reports, and youbeilskilled to mak
genuine inferences from your research.

3. As scientists, it will help you progress in any aptitative scientific
pursuit.

4. Statistics will help youo evaluate the strengths and weakne
inherent in any research, in terms of the techrig@uopted byou,
the researcher in collecting information amewing inference

5. The knowledge of statistics will help yooi make less subjectiy
conclusions.

6. It will enable you to easily makeomparisons and relationshivia
the use of figures which much clearer than verbal descriptic

Valid options to the exercise are as follows:

A. population

B. population parameter

C. sample / representative sample
D. random sample

E. inferential statistics

The correct answer is C because the ratio of 3@2nsthat if you dividi
the population into groups of fi members (3+2), each group would
made up of 3 males and 2 females. Therefore, o drproportionat
representative sample of each of the sexes fragmptipulation, thi
desired sample size of 200 similarly needs to bigled into groups ¢
fives (2005). This gives you 40 groups, each of which is enag of 2
males and 2 females similar to the population framch they have bee
drawn. Thus, 3 males x 40 groups = 120 males, dathdles x 4(
groups = 80 female

If you chose A, you would be wrongcause 3+2 is not equal to
(150:50 is a ratio of 3:1

If you chose B, you would be wrong. Although 3+8,37ou may hav
wrongly swapped the relative proportions of r : female ratio

If you chose D, you would be wrong. Again, 3+2 @ equal to 4
(50:150 is a ratio of 1:%
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SAQ 4.2

SAQ 5.1

The correct answer is B because the nth term &irsdd by dividing the
sample frame or population (600) by the desiredptansize (200)
giving 30.

If you chose A, you would be wrong because you heye assumed tt
the nth term was the sample s

If you chose C, you would be wrong. You may hakeitaethe sampl
frame or population as the nth tet

If you chose D, you would be wrong. You may havietsacted the
sample size from the sample frame or popula

We do not know what you have provided in your talbet it may be
filled like as shown beloy

Scale of Measurement | Uses of the Scale Example
COUNT the humber
. of things within Pets: 3 dogs, 12
Nominal different goats
categories
RANK some things
as h“v"Tg more of Speed (measured by
something than | £ finish i
Ordinal others (but NOT B ace.o s ing
QUANTIFY how race): 1st, 2nd, 3rd,
much of it they ete.
have)
QUANTIFY how
much of somethin o
there is but a scoge R—Tm: _02 F
98°F,57°F, 0°Fis
Interval of zero does not
not the absence of
mean the absence heat
of the thing being
measured
QUANTIFY how
much of something | Number of text
there isand a messages sent in a
Ratio score of zero day: 0, 30, 15, etc.
means the absence
of the thing being
measured
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SAQ 6.1 A Frequency Distribution Table

Speeds Tally Frequency
23 i 4
24 /// 3
25 i 4
26 / 1
27 // 2
28 /// 3
29 // 2
30 -/ 6

SAQ 7.1  Frequency Distribution Bar Graph (Car Speed)

Frequency

SO P N W b 01O N
1

23 24 25 26 27 28 29 30

Speed

SAQ 8.1  Pie chart showing the monthly spending of Mrs Halima

EFood ®Transportation ®Accomodation B Savings
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SAQ 9.1

SAQ 13.1

The answer is (b). The cumulative frequency distidn enables th
calculation of the number of cases or people fallt, below, or abov
given scores in the distributic

Variance formul is:

And the standard deviation
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