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INTRODUCTION

AGR 501 - is a three- credit unit course for stuslgnursuing first degree
in Agricultural Science. It will also be useful fdecturer, teachers and
researchers in various other disciplines.

The course consists of 23 units covering basic eptscin statistical design
in the field of agriculture. This course guide wglves you insight into the
nature of the course, the materials you are gangse and how you are to
use the materials for meaningful benefits.

You are encouraged to devote, at least, two haurstudying each unit.
You are also advised to attempt the self-assessenantises as they are
necessary for proper understanding of the unita &i@ also requested to
pay more attention to tutor-marked assignmentsa{deare provided in a
separates file).

There will be tutorial classes and you are alsasadlto use online training
materials (YouTube) for further comprehension. Detaf the time and
location of the tutorials will be known to you; $his a great opportunity for
you to have face to face contact with your cousmdinator. Any area that
Is not clearly understood will be properly explaine

WHAT YOU WILL LEARN IN THIS COURSE

The overall aim of this course is to introduce youthe fundamental
principles of research methodology in Agricultu@tience. During the
course, you will learn about the importance of expental design, how to
conduct a novel research and various computat@pmatoach as related to
different statistical methodologies.

COURSE AIMS

The aim of the course is to give you a better ustdaeding of experimental
design, and how it applies to agriculture, espgcial relation to Animal
Science. The aim of the course will be achievethieyfollowing:

definition of research problem and its necessities

developing hypothesis and its objectives

helping you to understand the various principlesestarch design
exposing you to questionnaire preparation and ciodle of data
exposing you to measurement and evaluation in@gural research
helping you to understand the various statisticabties
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) giving you insight into statistical methods and gamtation of
research findings in tabular and graphical forms

COURSE OBJECTIVES

To achieve the aims set out above, the course hast aut overall

objectives. In addition, each unit also has speaddjectives. The unit
objectives are always given at the beginning ohaaut. You should read
them before you start working through the unit. Yfoay always want to
refer to them during your study of the unit so@sheck on your progress.
You should always look at the unit objectives aftempleting a unit. In

this way, you can be sure that you have done wiaatnequired of you by
the unit.

Below are the wider objectives of the course, adiale. By meeting these
objectives, you should have achieved the aimsetturse as a whole. On
successful completion of the course, you shouldte to:

define research problem and state its importance

explain the importance of hypothesis testing

explain the various assumptions involved in hypsithéesting

describe research design and its procedures

explain the merits and demerits of each of thearetedesign

know how to prepare questionnaire to fit your rese@abjectives

determine steps involved in data collection

evaluate and validate measurement in agricultaiial science)

research

o explain various statistical theories with spec#ggsumptions

. explain the importance of statistical methodology, computation
and applications

o present your research findings in tabular and gcaptforms for

easy consumption.

WORKING THROUGH THIS COURSE

To complete this course, you are required to readstudy units as well as
other related textbooks. Then each unit contaitisassessment exercises,
and at certain points in the course, you are requio submit assignments
for assessment purposes. At the end of the coyrseare going to sit for a
final extermination. The course should take you uabd2 weeks to
complete.
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COURSE MATERIALS

In this course material you will find the following

1. Course guide

2. Study unit

3. Textbooks and references
4, Presentation schedule
STUDY UNITS

There are 23 study units divided into seven modirethis course. They
are as follows:

Module 1 Definition of Research Problem and its Neessities

Unit 1 Research Problem and Selecting the Problem
Unit 2 Research Hypothesis

Unit 3 Procedure for Hypothesis Testing

Unit 4 Advantages and Limitations of Hypothesisfirgy

Module 2  Principles of Research Design

Unit 1 Meaning of Research Design

Unit 2 Concept Relating to Research Design
Unit 3 Basic principles of Experimental Design
Unit 4 Criteria for Defining a Problem

Module 3  Questionnaire Preparation and Collectiorof Data

Unit 1 Collection of Primary Data
Unit 2 Collection of Secondary Data
Unit 3 Guidelines for Constructing Questionnaire

Module 4 Measurement and Evaluation
Unit 1 Measurement in Research and in Scale

Unit 2 Sources of Error in Measurement
Unit 3 Data Collection Techniques

Vi
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Module 5  Statistical Theory

Unit 1 Sampling Fundamentals in Agricultural Resbka
Unit 2 Sampling Distribution
Unit 3 Central Limit and Sampling Theory

Module 6  Statistical Methods

Unit 1 Guidelines and Explanations of Statistig@thods
Unit 2 Approaches to Data Compilations and Analysi
Unit 3 Computational Techniques of Experimentasige

Module 7  Presentation of Research Findings in Naative, Tabular
and Graphical Forms

Unit 1 Results Presentation through Tabular Form
Unit 2 Results Presentation through Graphical Form

The first module define research problem and itsessities which is
composed of two units (1-2). Module 2 explains aesle hypothesis testing
and various procedures involved in testing hyposheghile Module 3

discusses principles of research design. Moduleadsdvith how to prepare
guestionnaire and data collection. Module 5 expglameasurement and
evaluation in agricultural research while Moduleegplains statistical
theory in agricultural research. Module 7 concdafraon statistical
methods. Research result presentation in tabuldr graphical forms is
enveloped in Module 7.

Each unit includes specific objectives and summsaoe key issues and
ideas. There are textbooks which will also prowdilitional information.

The exercises in each unit have to be done to enbat you are going
through the course. Doing the exercises is alsoag W gauge your
progress and to reinforce your understanding ofriheerial. Together with
tutor-marked assignments, these exercises wilstagsu in achieving the
stated learning objectives of the individual unésg the course as a whole.

ASSIGNMENT FILE

In this file, you will find the details of the wonkou must submit to your
tutor for marking. The marks you obtain will fornanp of your total score
for this course.

Vii



AGR 501 COURSE GUIDE

ASSESSMENT

There are two aspects to the assessment of thesecokirst is Tutor-

Marked Assignment (TMA) and there is a written exation. You are

advice to be sincere in attempting the exercises.attempting the

assignments, you are expected to apply the infeomaknowledge and
techniques gathered during the course.

The assignment must be submitted to your tutorfdamal assessment in
accordance with the deadlines stated in the prasentschedule and the
assignment file. The work submitted to your tutmrdssessment will count
for 30% of your total course mark. At the end c# ttourse, you will need
to sit for a final examination; this examinationlivaount for 70% of your

total course mark.

TUTOR —MARKED ASSIGNMENT

You are encouraged to submit your assignments asireel. Each
assignment counts for 10% of your marks for thers@uYou will be able
to complete your assignment from the informatiothgeed from reading
the study unit and other recommended texts. Howewes desirable that
you research more and read other references awithgive you a broader
view point and may provide deeper understandinh®fubject.

When you have completed each assignment, sendyibuo tutor. Make
sure that each assignment reaches your tutor bafore the deadline given
in the presentation schedule and assignment filgorlany reason, you
cannot complete your work on time, contact youortuio discuss the
possibility of an extension. Extensions will not gented after the due
date, except for exceptional circumstances.

FINAL EXAMINATION AND GRADING

The final examination for this course will takegbrhours and have a value
of 70% of the total course grade. The examinatidhoensist of questions
which reflect the types of self-assessment exescesed tutor-marked
assignment you have previously encountered. Alhsuef the course will
be assessed. Take time to reverse the entire cbafgee the examination.
The examination covers information from all partshe course.

viii



AGR 501 COURSE GUIDE

PRESENTATION SCHEDULE
Your course materials give you important datesafitending tutorials and
timely completion and submission of your tutor netkassignments. Do

remember that you are required to submit all yasigmment by the due
date. You should guard against falling behind ioryw@ork.

COURSE MARKING SCHEME

The following table lays out how the actual markisgheme is broken
down.

Table 1: Course Marking Scheme

Assessment Marks
Assignment 1-4 The best three of the four
assignments count for 30% pf
Final Examination course marks.
70% of overall course marks.
Total 100% of course marks

COURSE OVERVIEW

This table brings together the units, the numbevexks you should take to
complete them and the assignment that follows them.

Table 2: Course Schedule

Units | Title of Work Weeks | Assessment (Engd
activity | of Unit course
Guide)
Module 1
1 What is research  problem? Assignment 1
Selecting the problem
2 What is a research hypothesis? 1
3 Procedure for hypothesis for testing 1 Assignment 2
4 Advantages and limitation of
hypothesis testing
Module 2
1 Meaning of research design 1
2 Concept of relating to research
design Assignment 3
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3 Basic principles of experimental
design

4 Criteria for defining a problem 1
Module 3

1 Collection of primary data 1

2 Collection of secondary data 1

3 Guidelines for constructingl Assignment 4
guestionnaire
Module 4 _

1 Measurement in research an(1l Assignment 5
measurement in scale

2 Sources of error in measurement 1 Assignment 5

3 Data collection techniques 1
Module 5

1 Sampling fundamental inl Assignment 6
agricultural research

2 Sampling Distribution 1 Assignment 6

3 Central limit and sampling theory 1
Module 6

1 Guidelines and Explanations [of Assignment 7
statistical methods

2 Approaches to data compilation$ Assignment 7
and analysis

3 Computational  techniques ol
experimental design
Module 7

1 Result presentation through tabuldr Assignment 8
form

2 Result presentation through Assignment 8
graphical form
Revision
Examination 18

HOW TO GET THE MOST FROM THIS COURSE

In distance learning, the study units replace tbeventional university
lecturer. This is one of the great advantages sthdce learning; you can
read and work through specially designed study nmadseat your own pace,
and at a time and place that suit you best.
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Each of the study units follows a common formate Tirst item is an

introduction to the subject matter of the unit dmv a particular unit is

integrated with the other units and the course afh@le. Next is a set of
learning objectives. These objectives let you kndvat you should be able
to do by the time you have completed the unit. Yahould use these
objectives to guide your study. When you have fiat the unit, you must
go back and check whether you have achieved tlecigs. If you make a
habit of doing this you will significantly improvgour chances of passing
the course.

Self-assessment exercises are interspersed through® units. Working

through these exercises will help you to achiewedhjectives of the unit
and prepare you for the assignments and the exdomn&’ou should do

each exercise as you get to it in the study urneré& will also be numerous
examples given in the study units; work throughséherhen you come to
them, too.

FACILITATORS/TUTORS AND TUTORIALS

There are 20 hours of tutorials (ten two-hour sessiprovided in support
of this course. As soon as you are allocated aiéditgroup, you will be
notified of the dates, times and location of twts; together with the name
and phone number of your tutor.

Your tutor will mark and comment on your assignmsehe/she will keep a
close watch on your progress and on any difficslffeu may encounter
and provide assistance to you during the course. Most mail your tutor-
marked assignments to your tutor well before the date (at least two
working days are required). They will be markedybyr tutor and returned
to you as soon as possible.

Do not hesitate to contact your tutor by telephoeemail, or via the
discussion board if you need help. The followingmibe circumstances in
which you would find help necessary.

Contact your tutor if you:

. do not understand any part of the study unit
. have difficulty with the assignments/ exercises
. have a question or problem with your tutors commem any

assignment or with the grading of an assignment.

Xi
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You should try your best to attend tutorials. Tisishe only chance to have
face to face contact with your tutor and to askstjoas. You can raise any
problem encountered in the course of your study.gdim the maximum

benefit from the tutorials, prepare a list of quast before hand, you will

learn a lot from participating actively in the dissions.

SUMMARY

AGR 501- Statistics and Research Methods is a eotlrat intends to
introduce you to statistical methodologies rangirgm identification of

research problem, mapping out your research hypsthe@xperimental
designs, data analysis and finally, presentatioycafr research result in
tables and graphs. Upon the completion of this smuyou will be equipped
with the basic knowledge of the principles and teghes involved in data
analysis and also be able to:

o define a research problem

o state the merit and demerit of hypothesis testing

. highlight the major and minor advantages in usiifggiént research
designs

. explain the steps involved in questionnaire prepara

o differentiate between primary and secondary dallaatmn

. discuss why is necessary to minimize error andnopé efficiency
in research designs

o enumerate the contribution of statistical theory reduction of
experimental noise

. discuss the various steps in presentation of deggaphs and tables.

To maximise gain from this course, you should tapply the principles
you have learnt especially in the area of expertaledesign and data
analysis.

| wish you success and hope that you will find tleeirse both interesting
and useful. Good luck.

Xli
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MODULE 1 DEFINITION OF RESEARCH PROBLEM

Unit 1
Unit 2
Unit 3
Unit 4

AND ITSNECESSITIES

Research Problem and Selecting the Problem
Research Hypothesis

Procedure for Hypothesis Testing

Advantages and Limitations of Hypothesesiing

UNIT 1 RESEARCH PROBLEM AND SELECTING THE

PROBLEM
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Research Problem
3.2 Characteristics of a Research Problem
3.3 Procedures for Problem Selection
4.0 Conclusion
5.0 Summary
6.0 Tutor- Marked Assignment
7.0 References/Further Reading
1.0 INTRODUCTION

The first unit is structured to enable you underdthow research problems

are been formulated and viable steps in solvingptbblems. The unit will,

give you an insight into characteristics of reskgsmblem and gives you

highlight into the major techniques in defining easch problem and

constructive synopsis of how to effectively planuyaesearch, so as to

arrive

at a real time solution to your researclbfam.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

define a research problem

identify a research problem

explain the necessities for defining a researcblpro

state the main characteristics for selecting yegearch problem.

3.0 MAINCONTENT

3.1 Definition of Research Problem

Research refers to search for knowledge. The difficin which a

researcher experiences in the process of seartrikgowledge is called a
problem. Generally, a research problem refers toesdifficulty which

researchers experience in theoretical situatiodswaamnt to find solution to
the problem. The major component to establishimgsearch problem is
when individual or organisation is faced with a lgem of deciding on
what course of action is the best. The minor corepbrof research
problem are stated below

I There must be an individual or group that hasesdlifficulty in
achieving their set goals.

. There must be environments to which difficulty pers.

iii. There must be some set objectives to be attained.

Therefore, a research problem stimulates a researich find the best
solution for the given problem, so that optimaltyamed objectives could
be established in the context of a given envirortmen

SELF- ASSESSMENT EXERCISE

Study your environment carefully. Generate a resegoroblem and
identify a need for the research.

3.2 Characteristics of a Resear ch Problem

It is widely believed that all research problemg aesearchable in the
general sense of it. Scientifically, research prold have two major
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characteristics which are researchable and non-earesable. A
researchable research problem has the followitegdliattributes:

I A discrepancy does not exist between desired ansereed
situation.

. We do not know why discrepancy exists.

iii. We do not know the best solution.

Non- researchable research problems have the foliplsted attributes

I A discrepancy exits between desired and observedtisin.
. We know why the discrepancy exists.
iii. We know the best solutions.

A good discriminating example between researchabtenon-researchable
problem is that a veterinary pathologist wants-tighd report of what
animals think and feel in the 4 to 10 hours betbeer death. So, to answer
this problem, the researcher should bear in mirat this is a non-
researchable research because the animals arand@gaannot talk, so they
cannot fill out survey or answer the questionsesearchable problem and
the researcher must be able to answer the queshengsearch poses and
have scientific reliable data source to solve ttublem.

SELF ASSESSMENT EXERCISE

I Compare and contrast researchable and non- resbsqiroblems.
. Differentiate between delimitation and limitation.

3.3 Proceduresfor Problem Selection
Research problem undertaken for study must be udbrefelected. Every

researcher must map out strategies in solving tbblgms. The following
points may be observed by researchers in seleatiagearch problem:

o controversial subjects should not became the choicen average
researcher

o a research with a lot of ambiguity should be avdide

o selection must be preceded by a preliminary study

o a subject which is overdone should not be chosentfwill be

difficult to give informative conclusion in suchcase
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) from practicability of the research, all the nee@ggesources must
be

. feasibility of the research must be ascertained

o efficient and industrious teams that are well epeg in skills
should be involved

o there must be adequate training and personal potidihs

o the research must be in light of your training apdrsonal
preferences.

SELF- ASSESSMENT EXERCISE
State four procedures for selecting research pnaoble

4.0 CONCLUSION

In this unit, you have learnt that it is importaotknow about the source of
research problem as first step. Knowing about tivébates of a suitable
problem and keeping them in mind will help you te facused. Also,

delimiting the research problem will help you narrdown a general idea
to one that is manageable by you and the pros amd of problem

selection for effective planning of research tisdieasible.

50 SUMMARY

The discussion presented so far has served to dgratmthe criteria for
defining a problem which constitute a principal g@mment in solving
research problems. Revealed the importance of prepkection before
observing the above mentioned points and zestdieing) problem should
take a prime position in the mind of the researcher

6.0 TUTOR-MARKED ASSIGNMENT

1. What is research problem and briefly explain itgamand minor
component.

2. Differentiate between researchable and norarekable problems.

3. What are the major points for consideratioraiselecting research
problem?
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UNIT 2 RESEARCH HYPOTHESIS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Basic Concept In Hypothesis Testing
3.2  Tests of Hypothesis
3.2.1 Basic Assumption of Parametric Tests
3.2.2 Basic Assumption of Non- Parametric Tests
3.3 Parametric Tests
4.0 Conclusions
5.0 Summary
6.0 Tutor- Marked Assignment
7.0 References/ Further Reading

1.0 INTRODUCTION

A hypothesis is a tentative explanation for certaehaviors, phenomena, or
events that have occurred or will occur. The hypsih states the
researcher’s expectations concerning the relatiprisgtween the variables
in the research problem as outlined in the firstdate. Formulating a
research hypothesis requires research questions gamération of
operational definitions for variables.

20 OBJECTIVES

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

. define the concept of hypothesis testing
. state the assumptions of parametric and non-par@mist of
hypothesis.

3.0 MAIN CONTENT

3.1 Basic Conceptsin Hypothesis Testing

A hypothesis is a statement that needs to be provddproved. It is also a
statement that describes or explains a relationsimpng variables or they
can be described as tentative statement of thectegerelationships

6
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between two or more variables. The major reasong Wypothesis is
important in our research are as follows:

I It directs the investigation

. It allows the investigator to confirm relationstupno relationship
iii. It provides useful template for organising the hssand conclusions
\Y2 It provides specific focus

V. It helps in summarizing the results.

Hypothesis has two major classifications which ardl and alternate
hypothesis. A null hypothesis is a statement tlaat o actual relationship
between or among variablesgjrbr it can be refer to as hypothesis of no
difference. For example, there is no significandéeence in the vyield
response of maize with high and low quality prote#n alternate
hypothesis is a statement that suggests a potentitdlome that the
researcher may expectHIn testing a research hypothesis, the researcher
must be mindful of type 1 and 11 error so as noh#éle false conclusions.
When the researcher reject a true null hypothesislied type | error while
acceptance of false null hypothesis is called typeror.

SELF ASSESSMENT EXERCISE

Differentiate between type | and Il errors in anlifm@eding research.

3.2 Test of Hypothesis

The hypothesis testing determines the validityssiuanption with the intent
to choose between two conflicting hypotheses ahowdlue of population
parameter. They are several tests of hypotheseshvere subsumed into
parametric and non- parametric test of hypotheses.

3.2.1 Basic assumption of parametric tests
I Large sample size

. Observations must come from a normal population
iii. Parameters must have high dependence on the peaauiations
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3.2.2 Basic assumption of non- parametric test

I It does not depend on assumption about the paresmaft¢he parent
population

. They assume only nominal or ordinal data

iii. More observations are needed

SELF ASSESSMENT EXERCISE

State the basic assumptions of parametric and acametric test.

3.3 Parametric Tests

The most frequently used parametric tests for afjural research are:
z- test

t-test

Chi-square test
f-test

hrwppPE

The tests are based on the assumptions of normality

Z test is based on the probability distribution.idta test statistics for
evaluating the significances of several statistmabsures.

Conditions for using z test are:

I Judging the significance of difference between meah two
independent

. samples.

iii. Testing binominal distribution on the presumptidmatt tends to
approximate

\Y2 normal distribution.

Testing the significance of median, mode, coeffitief correlation and

several other statistical measures.

T —test is based on t- distribution and consideaerdapproximate test in
agricultural statistics for judging the significanef a sample mean. Also, it
can be used to test the difference between the sr@awo samples in case
of small sample when population variance is notkmolt can be used for
testing the significance of coefficients of simpled partial correlations. T-
test applies in small case sample ( n<30) when lptipa variance is

unknown.
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For instance, a poultry geneticist in National AalrProduction Research
Institute wants to test whether the arithmetic meéaithe bodyweight of
sire line broiler breed, 3000g is significantly fdient from 10 birds
selected to be the parent of the next generatioim &an average of 32009
and given the standard deviation as 500g.

[llustration

The hypothetical mean isg3200g and the hypotheses are as follows:
Ho: ©=3200g

Hqy: u #= 32009

The sample mean is3000g

Standard deviation(s) = 5009

S
Standard errorSe = %

The calculated value of the t- statistic is
X—po  4000—4200 —200 26

T s/¥n  s00vio 15823
For a=0.05 and degree of freedom (10-1) = 9, the ctlitredue ist_,,= —

2.262, H is not rejected with aa =0.05 level of significance. The sample
mean of 30009 is not significantly different frord0®g.

Chi- square test is statistical measure use in kagnmnalysis for
comparing a variance to a theoretical variance.

Conditions for using chi- square are:

t

I To test the goodness of fit

. To check if categorical data shows dependency

iii. To compare between theoretical populations andaaclata, when
categories are used.

\Y2 To test the homogeneity or significance of popalatrariance

V. To test the significance of association betweenattigbutes

[Hlustration

Prof Akpa had drawn a sample of 10 jersey milkingvg from a jersey
herd in Shonga, Kwara state. The sum of squareatiens from the mean
of the given sample is 50. Test the hypothesis thatvariance of the
population is 5 at 0.05 level of significance.

Solution
n = 10; df (degree of free doom) df =n-1=10-1=9
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Z(xi —;()2 =50
2 Z (Xi - §)2 50

O'S:—_

n-1 9
N=10
~. Take the null hypothesis as;id; =oZ In order to test this hypothesis,

we work out thec? value as:
50

2_08 aN=9 (10.1) =0 v 1y 2 _
x—dg(nl)—s(lol)—gxsxl_m

The table value of¢® at 5 percent level for 9 d.f is 16.92. Since the
calculated value is 10 which is less than the &tledl value. So we accept
the null hypothesis and conclude that the variaricbe population is 5.
Note: In order that we may apply the chi-squara &sst of goodness of fit
or to test the significance of association betwtem attributesy” is then
calculated as follows.
Where;
Oij - Eij

E;
O, = observed frequency of the cell in tHedow and {' column
E, = expected frequency of the cell in therow and ' column.

2

Z:

If two distributions ( observed and theoreticaly aimilar, x> =0, but in
agricultural practiceg’ is not equal to zero and as such we must know the
sampling distribution of y* so that we may find the probability of an
observed® being given by a random sample from the hypothektialue.

F- test is based on f- distribution and is used to complagevariance of the
two independent samples. This text is also usednialysis of variance
(ANOVA) for judging the significance of more thawd sample means. It
can be used for judging the significance of mudtipbrrelation coefficients.
Test statistic, f, is calculated and compared wishprobable value for
accepting or rejecting the null hypothesis.

SELF ASSESSMENT EXERCISE
I Hypothesis testing is important in our researchy®vh

. Compare and contrast parametric and non-parame#st of
hypothesis.

10
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4.0 CONCLUSION

It is clearly stated that for effective planningaibrant research, a well-
articulated hypothesis has to be formulated.

50 SUMMARY

This unit has provided an opportunity to understaimel importance of
hypothesis testing in research planning

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between a null and alternate hypathes

2. State the basic mathematical model for a null atieérreate
hypothesis.

3. Explain comprehensively the tests of hypothesis.

7.0 REFERENCESFURTHER READING

Diagnet, J. (1973)Main Trends in Interdisciplinary Research. London:
George Allen and unwin ltd.

Sadhe, A.N. & Singh, A. (1980Research Methodology in Social Sciences.
Bombay; Himalaya Publishing House.
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1.0 INTRODUCTION

This unit of this module deals with proceduresystamatic steps involved
in hypothesis testing. Hypothesis testing cannoteffective without the
major procedures for validating the test.

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

o list the various steps involved in hypothesis tegti
. define the procedure for testing hypothesis.

3.0 MAIN CONTENT

3.1 Stepsinvolved in Testing Hypothesis

Making a formal statement: the formal statementidt (Hy) and alternate
(Ho) should be clearly stated considering the nattitheoresearch problem.
For instance, a dairy scientist wants to test wdrethe arithmetic mean of
the sample, 4000kq is significantly different frag@00kg in lactation milk
yields of 10 cows. Given the standard deviatiob@Qkg.

[lustration
The hypothetical mean isoEH4200kg and the hypotheses are as follows
Ho: u=4200kg

12
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The sample mean is= 4000kg
Standard deviation(s) = 500kg

S
Standard errorSE = )n
The calculated value of the t- statistic is:
L X—po  4000—4200 —200 26
" s/yn s00¥10 15823
For @=0.05 and degree of freedom (n-1) = 9, the criticdle ist,,= —

2.262, H is not rejected with aa =0.05 level of significance. The sample
mean of 4000kg is not significantly different frof200kg of population
mean.

I Selecting a significance level. The hypotheses t®ted on
predetermined level of significance and as suchlshioe specified.
In agricultural studies, 5% or 1% level is adoptiEghending on the
purpose of the research.

Factorsthat affect the level of significance

Magnitude of difference between sample mean
Size of the sample

Variability of measurements within samples
Whether the hypothesis is directional or non-dicetl

apop

. Deciding the distribution to use: This step invobletermination of
appropriate sampling distribution. The choice ndiynaemains
between normal and t distribution.

iii. Calculation of the probability: The researcher ha<alculate the
sample result, if it would diverge as widely as has from
expectations, if the null hypothesis were in faget

\Y2 Comparing the probability: calculated probabilitgshto be compare
with specified value forx, the significance level. If the calculate
probability is equal to or smaller thanvalue in case of one tailed

test ano% in case of two tailed test, then accept the ngtidthesis,
then if it is greater, reject the null hypothesis.

SELF-ASSESSMENT EXERCISE

State and explain the steps involved in hypothesisng.
13
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3.2 Flow Diagram for Hypothesis Testing

The general procedure for hypothesis testing cao bé depicted in the
form of a flow chart for better understanding asvgh in Fig 1.
Flow Diagram for Hypothesis Testing

State H as well as H

A 4

Specify the level of significance

v

Decide the correct sampling distribution

\ 4
Calculate the probability that sample result wodiderge as
widely as it has from expectations. I§Were true

y

It this probability equal to or smaller than théueain case
of one tailed test an‘;éln case of two tailed test

! !

Yes No
Accept Hp Reject Hy
Thereby run the risk of Thereby run the risk of
committing type | error committing type Il error

14
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SELF ASSESSMENT EXERCISE

Draw a step-wise flow diagram that runs the risk@fnmitting type | or Il
error.

40 CONCLUSION
In this unit, you have learnt how to construct@nfldiagram for hypothesis

testing. Thus, this will guide you in building couatpr algorithm in solving
agricultural research problems.

50 SUMMARY

This unit showed us how we can solve agricultuegkearch problem in a
simplified flow chart.

6.0 TUTOR-MARKED ASSIGNMENT

Construct a flow chart for hypothesis testing, eysdtically.

7.0 REFERENCESFURTHER READING

Clarke, G.M, (1994)Satistics and Experimental Design: An Introduction
for Biologists and Biochemists. (3rd ed.). New York: Oxford

University Press,.

Litle, T.M. & Hills, F.J. (1978) Agricultural Experimentations. New York:
John Wiley and Sons
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UNIT4  ADVANTAGES AND LIMITATIONS OF
HYPOTHESISTESTING

CONTENTS
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1.0 INTRODUCTION

This unit of the module deals with the major impoit advantages and
limitation of hypothesis testing. For efficient ptang of research, it is
required of us to set a criterion of acceptanceegection for decision
making.

2.0 OBJECTIVE

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

. list and explain the important advantages and dedihges of
hypothesis testing.

3.0 MAIN CONTENT

3.1 Important Advantages of Hypothesis Testing

From our previous discussion on hypothesis testywy would have
observed the major selling point of hypothesisingstThe advantages are
as follows:.

I Hypothesis testing allows you to conclusively atcapreject your

estimate. This is useful if you have large amounésiimates that
you just care about rejecting or accepting them.

16
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. Relatively simple to calculate: Setting your criver for acceptance
or rejection is simple to estimate.
iii. Suitable for comparing a treatment with the control

\Y2 It has the propensity to suggest new experimeniésdrvations.
V. It is used to validate the adequacy of experiment.
Vi. It is limited in scope and precision: the narroviuna of hypothesis

makes it more testable.
SELF ASSESSMENT EXERCISE

Among the selling points of hypothesis testing, ehhof the factors is most
important and why?

3.2 Limitations of the Tests of Hypotheses
1. The test does not explain why the differencestefii.e. between

means of the two samples). They simply indicate tidre the
difference is due to fluctuations of sampling.

2. The tests should not be used in mechanicaldashishould be kept
in view that testing is not decision- making.
3. Results of significance tests are based on piliitss and as such

cannot be expressed with full certainty. When & sé®ws that a
difference is statistically significant (p<0.05)eh it simply suggests
that the difference is probably not due to chance.

4. Statistical inferences based on the significaasts cannot be said to
be entirely correct evidences concerning the riiigbof the
hypothesis.

This is specifically so in case of small sampleskghthe probability of
drawing erring inferences happens to be generaighen. All these

limitations suggest that in problems of statistisighificance, the inference
technigues must be combined with adequate knowlexfgthe subject

matter along with the ability of good judgment.

SELF ASSESSMENT EXERCISE

Discuss all the major advantage and limitationkygfothesis testing.

17
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4.0 CONCLUSION

In this unit, knowing the advantage and disadvamtega great step in
conducting an effective research. It is interestimgnow that hypothesis
testing is more robust in agricultural researchabee of the strength in
decision making.

50 SUMMARY

This unit has shown that for you to conduct anctive research, you must
understand the pros and cons of hypothesis testing.

6.0 TUTOR MARKED ASSIGNMENT

List the advantages and limitation of hypothesssig.

7.0 REFERENCESFURTHER READING

Clarke, G. M. (1994)Satistics and Experimental Design: An Introduction
for Biologists and Biochemists. (3rd ed.). New York: Oxford
University Press.

Sharma, H. D. & Mukleryi. S. P. (1976lResearch in Economics and

Commerce, Methodology and Surveys. Valranasi: Indian Biographic
Centre.
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INTRODUCTION

Research design is the overall plan for connedtiegconceptual research
problems to the empirical research. With the adedérgimple to complex

layout in research design, there is a need to wiéyafise the most robust
tool to provide the best decision.

2.0

OBJECTIVES

At the end this unit, you should be able to:

explain the meaning and significance of a resededign
discuss the quality of a good research design.

19
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3.0 MAIN CONTENT

3.1 Definition of the Concept of Resear ch Design

A research design is the conceptual structure withihich research is
conducted. It constitutes the blueprint for thelessilon, measurement and
analysis of agricultural research data. As suchdésign maps out the
computations and finally data analysis. More exiic the design
decisions happen to be in respect of:

a) What is the study about?

b) Where is experimental site of the study?

C) What type of data is required?

d) Where can the required data be found?

e) What is the time period of the study?

f) What will be the sample design?

0) What techniques of data collection will be used?
h) How will the data be analysed?

) In what style will the report be prepared?

3.1.1 Typesof Research Design

a. Sampling Design
This deals with the statistical method of randos#yecting research
items to be observed for the given study.

b. Observational Designs
This deals with the conditions under which the obstons are to be
taken.

C. Statistical Design
This concerns the research layout and how datarnadxsdrom the
field and collated are to be analyzed.

d. Operational Design
This deals with the techniques by which the proceslspecified in
the sampling, statistical and observational layeats be carried out.

SELF ASSESSMENT EXERCISE |

If you are asked to conduct a surveillance studyyour area of
specialisation, how will you roll out your decisitayout?

20
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3.2 Need for Research Design

Research design is needed because it has the ssalitly of the various
research operations. Therefore, making researchkffasent as possible
yields maximal information and minimises expenditorf effort, time and
money. It helps us map out informative variablesun data collection and
analysis for our research project. Preparationeséarch design should be
done with great care to minimise experimental efRasearch design has a
great bearing on the reliability of the resultsived at and as such
constitutes the firm foundation of the entire exdifiof the research work.
Although, at times the need for a well thought @gearch design at times
might not be realised due to parallax error or canerror.

It is therefore imperative that an efficient angpriate design must be
established before igniting research operations,asoto isolate the
inadequacies in the research design.

SELF-ASSESSMENT EXERCISE

I Explain the strength of the need for research desica successful
research experiment.

. Research design must minimise bias and maximisiabiily.
Discuss.

3.3 Featuresof a Good Research Design

A good research design must have the tendency tomisie bias and
maximise efficiency. Also a good research desigrstnmot be noisy. This
implies that it must submit itself to all the asfions necessary for
maximising output. It is always assumed that designch gives the
smallest experimental error is supposed to be #s Hesign, in many
investigations. A singular research design caneotesthe purpose of all
types of research design appropriate for a padicuésearch problem,
usually involves the consideration of the followiagtors.

I The means of obtaining information

. The availability and skills of researcher aislgollaborators
iii.  The objective of the problem to the studied

\Y2 The availability of time and money for the rasgh work

Note, if the research study is an exploratory ofoamative research,
wherein the major emphasis is on discovery of idaad insights, the

21
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research design most appropriate must be flexibteugh to permit the
consideration of many different aspects of a phesrmn.

4.0 CONCLUSION

There are several research designs and the reseastidecide in advance
of data collection and analysis to which design Mauinimise error and
maximise efficiency.

50 SUMMARY
This unit has provided a green light to understagdhe importance of a

research design towards a successful planningcongalish the objectives
of the investigation.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and explain the various types of reseaesigh.

2. What are the appropriate selection factors fogoad research
design?

3. Explain the meaning and significance of resedesign.

7.0 REFERENCESFURTHER READING
Ackoff, R. L. (1962).ientific Method. New York: John Wiley & Sons.

Bowley, A. L. (1937).Elements of Satistics. (6th ed.) London: P.S. King
and Staples Itd.
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1.0 INTRODUCTION

It is important to have residual knowledge of they loperational terms
before conducting an experiment. Doing so, will imize bias and
maximize reliability of the research.

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

. explain and illustrate various forms of researcbigte
. write out the appropriate mathematical models.

3.0 MAIN CONTENT

3.1 Important Concepts

Before describing the architectures of differersteg@ch designs, it will be
interesting to explain the various concepts retpatm designs so that these
may be better and easily understood. The majoregin@re listed below.

1. Dependent and I ndependent Variables

A concept which can take on different quantitatredues is called a
variable. As such subjects like weight, height|d/i@end income are
all examples of variables. Quantitative attribuéee quantified on
the basis of the presence or absence of the catatiributes.
Phenomena or process which can take on quantitatdiferent

values even in decimal points are called continu@rgbles. Note
in research that variables are not continuous el tban only be

23
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expressed as integer values or in discrete forne. @&gan animal or
plant is an example of continuous variables, b ttumber of
animals is an example of a non-continuous varidblene variable
depends upon or is a consequence of the othebl@ria is termed
as dependent variable, and the variable that iscadent to the
dependent variable is termed as independent varifdor instance,
if we say that the height of an animal depends g That means
that the height is a dependent variable and agemisndependent
variable.

Extraneous variable: Independent variables that are not related to
the purpose of the study but may be affected byenégnt variable
are termed extraneous variables. Suppose a reseavahts to test
the hypothesis that there is a relationship betwsmdy weight of
dairy animals, breed and milk yield in the Maizubairy Farms. In
this case, milk yield is dependent variable ancthris independent
variable. Feeding may as well affect the bodyweight since it is
not related to the purpose of the study undertédyethe researcher,
it will be termed extraneous variable. However, tehar effect is
noticed on dependent variable as a result of estras variable it is
technically described as experimental error.

Control: The major importance of a good research desigrois t
minimise the influence of random noise or effect exftraneous
variable and maximise efficiency. It is used adra@s experimental
conditions.

Research Hypothesiss When a prediction or an unverified
relationship is to be tested by scientific methodsjs termed
research hypothesis. The usual norm is that a ngsdg/pothesis
must contain a dependent and independent variable.

Treatment: The different condition under which experimentatl an
control groups are subject to is referred to aattnent. Example is a
comparative analysis of feeding regime on four gergroups of an
animal.

Experiment: The process of examining the truth of a statistical
hypothesis, relating to some research problem, newk as
experiment. Experiment can be grouped as comparatid absolute
experiment. For example we want to determine thgaohof a feed
type on the yield of milk, it is a case of absojuiat if we want to
compare the impact of some other feed type, ouemxent then
will be termed as a comparative experiment.

Experimental Unit: The pre-determined plots or blocks where
different treatments are imposed and upon whiclemfasions are
made.
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4.0 CONCLUSION

This unit highlighted the routine procedures the¢dhto be in the mind of
the researchers for a reliable result delivery outp

50 SUMMARY

This unit has given a synopsis of important congdpat influence error
minimisation in research experimentation.

6.0 TUTOR-MARKED ASSIGNMENT
Explain the following terms:

Research hypothesis

Dependent and independent variables
Control

Experimental blocks

PONPE

7.0 REFERENCESFURTHER READING

Campbell, D.T. & Stanley, J. (1963)Experimental and Quasi-
Experimental Designs for Research on Teaching. Boston, MA:
Houghton Mifflin.

Spector, P.E. (1993). “Research designs.” In M.lewis-Beck(Ed.)
Experimental Design and Methods. International Handbook of
Quantitative Applications in the Social Sciences, Vol 3. London;
Sage, 1-74.
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1.0 INTRODUCTION

An experimental design declares how to obtain dataset of rules used to
choose samples from population. Also, in a cen&a&periment, an
experimental design describes how to assign tredfmi® experimental

units, but within the frame of the design there mbe an element of
randomness of treatment assigned.

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

) differentiate between formal and informal experitaédesign
o state the principles of experimental design.

3.0 MAIN CONTENT

3.1 Concept of Experimental Design

An experiment can be defined as a planned reseamstiucted to obtain
new facts or to confirm or refute the results aépous experiments. The
process of observing, collecting or measuring aaa be considered an
experimental design.

26



AGR 501 MODULE 2

Stepsin planning an experiment

Introduction to the problem.

Statement of the hypothesis.

Description of the experimental design.
Collection of data.

Analysis of data.

Interpretation of results relative to the hypotkesi

ohkwnE

All these basic steps have been explained in pusvinodules. Professor
Fisher has enumerated three principles of expetahdesigns as follows:

1. The principles of replication.
2. The principle of randomisation.
3. Principle of local control.

Principle of replication: The experiment should be repeated more than
once. Thus, each treatment is applied in many @xpetal units instead of
once, this tends to increase the accuracy of tiperexent. For example,
suppose we are to examine the performance of twdidebrbreeds of
chicken going by the principle of replication, wesf divide the pens into
several parts, and ensured that each of the beeegpresented in all the
components of the pens. We can then collect tteeafahe two breeds at a
given age and draw conclusion by comparing the sdims then guarantee
the reliability of the results.

Principle of randomisation: This provides protection when we conduct an
experiment against the effect of extraneous factiorsother words, this
principle indicates that we should design or plan eéxperiment in such a
way that the variations caused by extraneous faatan all be combined
under the umbrella of chance. For instance, if @& one breed of broiler
chickens, say in the first half of the parts of gwaltry house and the other
breed is reared in the other half, then it is josssible that the rearing
method may be different in the first half in compan to the other half. If
this is so, our results would be biased and ndistea In such a situation,
we may assign the breeds of broiler chickens toebheed in different parts
of the poultry house on the basis of some randampbag techniques to
protect our research against extraneous factors.

Principle of local control: This is another principle of experimental
design. The extraneous factor is made to vary éediely over as wide as
necessary and it needs to be done in such a waththaariability it causes
can be measured and hence eliminated from expe@menror. Using
previous example on broiler breeds, we should fiiside the poultry
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house into several homogenous parts, known as dkao# then each block
is divided into parts equal to the number of tresita to be imposed. Then
the treatments are randomly assigned to these glaadlock. In this way

the principle of local control can eliminate theigaility due to extraneous
factor(s) from the experimental error.

3.2 Categoriesof Experimental Design

We can classify experiment design into two compéheiz: informal and

formal experimental designs. Informal experimerdasigns are those of
analysis based on differences in magnitude whilen& experimental

designs use precise statistical procedures forysisal The informal

experimental designs are:

a. Before and after without control design
b. After only with control
C. Before and after with control design: In thissige two areas are

selected and the dependent variable is measuteathnthe areas for
an identical time-period before the treatment. Tieatment is then
introduced into the test area only and dependardhbla is measured
in both for an identical time period. The treatmesftect is
determined by subtracting the change in the depgndiable in
the control area from the change in independenabigr area. It has
advantage over the other two informal experimet¢signs because
it avoids extraneous variation of the test and rcbrireas.

The formal experimental designs consist of complatendomised design,
randomised complete block design, factorial desagid Latin Square
design.

a.) Completely Randomised Design (CRD): This involves only two
principles viz: the principle of replication andnoibmisation of
experimental designs.

Characteristics

I It is the simplest possible design and its procedtor
analysis is also easier.

. Its subjects are randomly assigned to experimérgatments.

iii. It can also accommodate unequal replication dueitdo
flexibility. Also, it is analysed by one-way analysof
variance.
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b)

Advantage of completely randomised design

. CRD is flexible because it can be done even inmatdd
number of experimental subjects however equal nurobe
subjects for each treatment is encouraged.

i, Statistical analysis is simple and easy.

ii. Statistical analysis is manageable even though sointbe
experimental subjects or treatments are lacking.

Disadvantages

Difficult to establish homogeneity of charactegstamong subjects
either experimental or control sample. If researdads to
establish homogeneity on the characteristics ansoibgect it
will lead to greater experimental error.

Assumptions:

I Independent random samples (results of one sanpleot
affect other samples).

. Samples are taken from normal population(s) oridigtion.

Randomised Complete Block Design (RCBD): It is an
improvement over CRD. In the RCBD, the principldafal control
can be applied along with other two principles aperimental
design. Subjects are first divided into groups,vkna@s blocks, such
that within when an experiment is finished the dada be arranged
for easy computing.

Probably this is the most used and useful of thpesmental
designs. The design features are:

I Takes advantage of grouping similar experimentaisunto
blocks or replicates.

. The blocks of experimental units should be as umf@s
possible.

1 The purpose of grouping experimental units is teehthe
units in a block as uniform as possible so thatahserved
differences between treatments will be largely twétrue”
differences between treatments.
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Randomisation Procedure

Each replicate is randomised separately.

Each treatment has the same probability of beisgyasd to
a given experimental unit within a replicate.

Each treatment must appear at least once peraegplic

Advantages of the RCBD

arwpPE

o

Generally more precise than the CRD.

No restriction on the number of treatmentsemlicates.
Some treatments may be replicated more tings d@thers.
Missing plots are easily estimated.

Whole treatments or entire replicates may betee from the
analysis.

If experimental error is heterogeneous, vatichparisons can
still be made.

Disadvantages of the RCBD

1.

2.

Error degree of freedom is smaller than thattfee CRD
(problem with a small number of treatments).

If there is a large variation between experitakanits within
a block, a large error term may result (this maydbe to too
many treatments).

If there are missing data, a RCBD experimeany rhe less
efficient than a CRD

NOTE: The most important item to consider when chogp a
design is the uniformity of the experimental units.

How blocks are formed is critical to the effectiess of the analysis.

With field plots, blocks are laid out so that theye
perpendicular to the maximum direction of changetha
disturbing factor to be controlled.

Wide border (discard) areas are used to overcome
interference between neighboring plots (i.e. to ntaan
independence of responses) within blocks and betwee
blocks.

Time blocks may need discard times between “refptina

Factorial Experiments: A factorial experiment has two or more sets
of treatments that are analysed at the same tioe fhat treatments
signify particular level of independent categoricariable, often
called a factor. Therefore if two or more factors axamined in an
experiment, it is a factorial experiment. There @ave components
namely main effect and interaction effect. The nedfect of a factor
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d)

Is defined to be the change in response produced dhange in the
level of a factor. Interaction effect is the muli#p or synergistic
effect of the factors.

Characteristics

I All combinations of factor levels are tested.

. The effect of a factor alone is called main effect

iii. Effect of different factors acting together is edllinteraction.
\Y2 They provide equivalent accuracy with less labour.

V. They permit various other comparisons of interest.

Vi. In a factorial design, all possible combinationshef levels of
the factors are investigated in each replication.

vii.  Each treatment appears the same number of timesach
block.

viii.  Itis analyse by two-way analysis of variance.

IX. Experimental unit are divided to treatments andkdo

Advantages of Factorials

I Factorial layouts are more efficient than one-faetiva-time
experiments.

. A factorial design is necessary when interactioresy rbe
present to avoid misleading conclusions.

iii. Factorial designs allow the effects of a factob&oestimated
at several levels of the other factors, yieldingauosions that
are valid over a range of experimental conditions.

\Y2 The simplest type of factorial designs involves yohlo
factors or sets of treatments.

V. There are levels of factor A, abdevels of factor B, and each
replicate contains a#b treatment combinations.

Additional Conceptsin Factorial Designs

Fixed Effect:

. the levels of a factor are pre-determined

. the inference will be made only on the leveledisn the
experiment

Random Effect:

. the levels of a factor are randomly chosen

. the inference will be drawn about a populatitom which
the factors are chosen

Latin Square Design: Is an experimental design frequently used in
agricultural research. The conditions under whiafricaltural
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investigations are carried out are different frnvose in other studies
because it allows for simultaneously blocking ob thactors.

Characteristics

I Random permutation of column.

. Random permutation of row.

iii. Treatments are assigned in Latin letters in a ranfdshion.

V. The number of rows and columns has to correspotitetaumber of
treatment levels.

4.0 CONCLUSION

For a desirable or robust reliability of experin@mesults, the researcher
must use to most suitable experimental designtisaése its goal.

50 SUMMARY

This unit has introduced us to the pros and corexpérimental design and
the characteristics to delineate between diffeegperimental designs.

6.0 TUTOR-MARKED ASSIGNMENT
Explain and illustrate the following designs:

Latin square design

Simple factorial design

Completely randomized design
Randomized complete block design

roONPE

7.0 REFERENCESFURTHER READING

Box, G.E.P. (1978).Satistics for Experimenters. An Introduction to
Design, Data Analysis and Model Building. New York: John Wiley
and Sons.
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3.0 Main Content
3.1  Source of Research Problem
3.2  Delimiting the Research Problem
3.3  Necessity for Defining the Problem
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION
This unit will focus on criteria for defining a glem. An essential
characteristics of this problem requires the ragearto classify the criteria

into two components namely: source of researchlenoland delimiting
the research problem.

20 OBJECTIVES

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

o set out constructively the criteria for definingesearch problem
. explain in details the sources of research problem
o differentiate between limitation and delimitation.

3.0 MAIN CONTENT

3.1 Source of Research Problem

There is no clear cut classification of sourcesesearch problem in the
field of agriculture. However, Greer (1977) suggeshree broad
classifications which remain important in agricudtu research. He
classified them as policy problem, problems of abghilosophy and
problems which are original to the development aicial sciences
disciplines. In other words, three important sosrder problematic
situations are experience, deductions from theowy i@elevant literature.
The selection of research topic has the likelihntmodrise from researcher’s
experience. In connection with the problem of ntgriediate society such as
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hunger, unemployment, crime and climate changesé li@ctors will open
up windows of research topic through a sort ofitiviel process.

The second source of research problem relatesdoctlens that can be
inferred from generalizations in the society tha tesearcher is familiar
with. These deductions from crop and animal reactthe environment
are then fitted into empirical frame of referenoetigh research. Examples
from theoretical dispositions take the followingrfo Response to selection
of broiler chickens for body weight traits in theogical conditions of
Nigeria. In this case, the researcher asks questide there any
improvement in bodyweight after each generatiorsekction? He then
goes further to carry out a systematic researchadoertain whether
empirical data confirm or reject the hypothesis hadce the theory.

Lastly, selection of a research problem may emariaim problems
situated in the literature. An extensive reviewitgfrature opens up a lot of
windows in an area that has not been exploited invith particular
environment.

SELF ASSESSMENT EXERCISE

Explain Greer Classification of sources of resegablem

3.2 Dedlimiting the Research Problem

Delimitation is a premediated limitation that thesearcher narrows down
while limitation is a weakness in the study whigctbmes apparent during
or after its completion. The major categories dimdiéations are:

I The selection of sources
. The number of observations, subject or cases
iii. Time and geographic location

This will help the research to have focus. Alsoe tminor steps in
delimiting the research problem could be accomglisbugh the following
steps:

I Read extensively the literatures related to yoeldfof interest.

. Exchange ideas with experts (domestic and inteynal) in your
field through online media.

iii. Notice the difference between delimitation and tation.
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3.3 Necessity for Defining the Problems

There is a saying that a problem clearly stated goblem half solved.
Problem to be solved must possess some speciduggs such as clarity,
relevance and unambiguous. The need for definjighllem is a herculean
task. However, systematic approach in solving theblem is highly

desirable. The usual necessity is that the researshould formulate a
guestion and set out systematic approach for splvia problem.

The major techniques in defining the problem ineadllre following steps:

1. Statement of problem: The research statemenitlghee specific,
focused statements and question. Importantly, #gasilility of a
particular solution has to be considered and tiheesshould be kept
in view while stating the problem.

2. Understanding the nature of the problem: Thd ey to have a
soft landing is to discuss the problem with expentiso have
comprehensive understanding on the formations efpitoblem for
proper guidance. The knowledge of the environmanivihich the
problem was discovered is desirable.

3. Developing the ideas through discussions: DEoasconcerning a
problem often produces useful information througitial media
(Twitter, Facebook, Whatsapp) and colleagues wgrkm similar
direction.

4. Restructuring the research problem: Finally theearcher must
restructure the research problem into a workingppsdion so as to
help in development of working hypothesis.

SELF ASSESSMENT EXERCISE

List the major techniques in defining a researabbj@m in your field of
study.

4.0 CONCLUSION

The task of defining a research problem is a gs&&p in solving research
problem. This problem must follow a sequential grattsuch as resolving
the ambiguities, thinking and rethinking processrfran operational point
of view so as to clear way for the development ofking hypothesis and
solving the problem itself.
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50 SUMMARY

In this unit, you learnt the definition, characstias and necessity of
research problem. You also learnt about the tecfeniop defining a
research problem through a sequential pattern.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain briefly the second sources of researciblpm according to
Greer 1977 classification with a reference example.

2. What are the techniques in defining a researcbl@m?

3. Explain delimitation in a research problem
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MODULE 3 QUESTIONNAIRE PREPARATION AND
COLLECTION OF DATA
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Unit 2 Collection of Secondary Data
Unit 3 Guidelines for Constructing Questionnaire

UNIT 1 COLLECTION OF PRIMARY DATA
CONTENTS
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3.0 Main Content
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3.3 Data Collection through Questionnaire
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

The first unit is designed to enable you understiwedprocess involve in

data collection. This begins after a research proldhas been defined and
research design has been laid out, while decidiagitathe method of data

collection to be used for the study, the researsheuld keep in mind two
types of data viz, primary and secondary data.

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

. determine the method of data collection
. state the procedures of data collection througlstip@naire.
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3.0 MAIN CONTENT

3.1 Observation Method

This is the most common method of primary dataectibn in behavioral
sciences. In a way, we all observe things aroundbus$ this sort of
observation is subjective and not tool and methodata collection for the
researcher when it serves a formulated researgoper

Under observation method, the information is soudiyt way of

investigator's direct observation without askingrr the respondent. For
instance, in a study relating to assessment of fgaddards or non-
conventional feedstuff evaluation, the investigaitustead of asking the
type of raw materials for feed ingredients usedtly respondent, may
himself look at the feed for assessment. The ma&s s eliminated, if

observation is done accurately. Secondly obsenvatice more direct
toward the scope of the research; it is not corapdid by either the past
behaviour or future intentions or attitudes. Lastlhis method is

independent of respondent’s willingness to respand as such ration on
the part of respondents as happens to be the oagke interview or

guestionnaire method.

Limitation of Observational Method

I It is an expensive method.
. The information provided by this method is veryitex.
iii. Random factors may interfere in the observatioash.t

SELF-ASSESSMENT EXERCISE

In a way, observation method of primary data calbecis subjective and
not scientific. Explain.

3.2 Interview Method

The interview method of data collection involvesgentation of oral-
verbal stimuli and reply in terms of oral-verbaspenses.

(@) Personal interviews. this requires a person known as interviewer
asking questions generally in a face-in-to-facetacinto the other
respondents. This sort of interview may be in tbanf of direct
personal investigation the interviewer has to gathe information
marginally or personally from the sources conceriiéuks is also an
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on the spot data collection and has to meet pdophe whom data
have to be collected. This method is particularlyitable for

intensive investigations. The major exception ie thethod is that it
may not be possible to contact directly the persmrecerned on
account of the extensive scope of enquiry, the ctiggersonal
investigation technique may not be used. In sudmnagos, an
indirect oral examination can be conducted undernchvhthe

interviewer has to cross-examine other personsavbsupposed to
be knowledgeable about the problem under investigaand the
information, obtained is recorded. Most of the agjtural

commissions and co-on investigations make usei®htiethod.

The method of information gathering through persamarviews is
usually carried out in structured interviews, thHteraate form of
structured interview. Therefore, it is majorly cheterised by a
flexibility of approach to questioning. It also denus deep
knowledge and greater skill on the part of therineaver. Generally,
in the case of descriptive studies, we use thentqak of structured
interview because it is more economical, providingafe basis for
generalisation and requiring relatively lesser |s&ih the part of
interviewer.

SELF-ASSESSMENT EXERCISE

3.3

Compare and contrast the merit and demerit of &tracand non-
structural interview.

Nonstructural interview is majorly characterised Wiexibly.
Explain.

Questionnaires

This form of data collection is quite popular, partarly in case of large or
big enquiries. It is a common method that is beauppted by private
individuals, research workers, private and publicganisations,
governments and students. The process involvesirgerd giving the
guestionnaire to the respondents concerned withqaest to answer the
guestion and return the questionnaire. A questioam@nsists of a number
of questions printed or typed in a definite orderacform or set of forms.
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Merits of Questionnaires
1. There is low cost even when the sample size iglarg

2. It is free from bias of the interviewer; answerg am respondents
own words.

3. Respondents have adequate time to give well thauglanswers.

4. Respondents, who are not easily accessible, can lasreached

conveniently through survey monkey.

Demerits of Questionnaire

1. Low rate of return of the duly filled in questionres.

2. It can be used only when respondents are educatedoaoperating.
3. High possibilities of ambiguous replies.

4. Slow pace of response as compared to other fomhataf collection.

SELF-ASSESSMENT EXERCISE

Mention the merits and demerits of questionnaires.

40 CONCLUSION

Assessing the major methods of primary data catlectyou must have
observed that data collection through questionnigirdhe most effective.

This is validated by its flexibility, reliability rad ability to absorb large
sample size.

50 SUMMARY

In this unit, you have learnt about the varioushmds of primary data
collection and their attributes in positive and aige forms.

6.0 TUTOR-MARKED ASSIGNMENT

(1) Explain how observation method is a scientifiol and method of
data collection for researchers.

(2) What is a questionnaire?

7.0 REFERENCESFURTHER READING

Oppenheim, A. N. (1966). Questionnaire Design and Attitude
Measurement. New York: Basic Books.

Payne, S. (1951 he Art of Asking Questions. Princeton University Press.
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UNIT 2 COLLECTION OF SECONDARY DATA
CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main content
3.1  Sources of Secondary Data
3.2  Characterise of Secondary Data
4.0 Conclusions
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit will introduce you to characteristics sécondary data. Majorly
secondary data are data that are already availatllected and analyzed
by someone. When the researcher utilizes secordiey then he has to
look into various sources from where he can colldw necessary
information.

20 OBJECTIVE

At the end of this unit, you should be able to hgjtt the characteristics of
secondary data.

3.0 MAIN CONTENT

3.1 Sources of Secondary Data

Secondary data can be grouped into published arhlisped data. Usually
published data are available in:

(@) Various publications of the central, state dandal governments
archives;

(b)  Various publications of foreign Governmentsrdernational bodies
and their subsidiary organisation;

(c)  Technical and trade journals;

(d) Books, magazines of various associations ocedewith business,
banks, educational consults, etc;

(e) Reprints prepared by research scholars fronetsities;
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() Public records and statistics, historical doemts, and other sources
of unpublished data which are many and may be faondiaries,
letters, unpublished biographies and auto biogesphiprivate
individuals and organisations.

3.2 Characteristics of Secondary Data

a. Reliability of data: The reliability can be tested by finding out the
following things about the said data:
I Who collected the data?
. What were the source(s) of the data?
iii. Were they collected by using proper methods?
iv. At what time were they collected?
V. Was there any bias of the compiler?
Vi. What level of accuracy was desired?

b. Suitability of data: The data that are suitable for one enquiry may
not necessarily be found suitable in another eggtience, if the
available data are found to be unsuitable, theylshoot be used by
the researcher. In this context, the researchet bmusery carefully
to scrutinise the units of collection used asraetof data collection.

C. Adequacy of data: If the level of accuracy achieved in data is
found to be noisy for the purpose of present eggquirey will be
considered as inadequate and should not be us#telnesearcher.
Another characteristic of inadequacy are relatedrnoarea which
may be either narrower or wider than the area®fitesent enquiry.

Note that, it is very risky to use already ava#aldata. The already
available data should be used by the researchgrvamén he finds them
reliable, suitable and adequate.

Advantages of Secondary Data

I It is economical

. It is time saving

iii. It helps to make primary data collection more sfpeci
\Y2 It helps to improve the understanding of the proble

Disadvantages of Secondary Data

I They are usually noisy because of large influerfceneironmental
effects.

. Class boundaries may be different when units anedgenous
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SELF-ASSESSMENT EXERCISE
State and explain the major delimitation of secoyndiata.
40 CONCLUSON

It is therefore concluded that secondary data aeaer and can be quickly
obtained.

50 SUMMARY
In this unit, you have learnt the attributes ofs®tary data. The major
positive attribute is that they are cheaper andyeascessible while the

negative attribute is that the distribution or gdatamight be noisy.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the various factors to be tested aessing the reliability
of a secondary data?
2. Itemise the characteristics of secondary data.

7.0 REFERENCESFURTHER READING

Pearl, J. (2000)Causality: Models, Reasoning and Inference. Cambridge.
U.K: Cambridge University Press.

Salsburg, D. (2001)he lasting Tasting Tea: How Satistics Revolutionised

Science in the 20th Century. New York: W.H Freeman and
Company.
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1.0 INTRODUCTION

In this unit, 6 points have been identified whitle tresearcher must pay
attention to when constructing an appropriate dfet#ve questionnaire.

20 OBJECTIVE

At the end of this unit, you should be able to ¢aud the steps in
guestionnaire formulations.

3.0 MAIN CONTENT

3.1 Basic Stepsin Questionnaire Construction

1. The researcher must keep in view the problens e study for it
provides the starting point for developing the dguesaire. He/she
must be clear about the various aspects of hiarelsg@roblem to be
dealt with in the course of his research project.

2. Appropriate form of questions depends on theareaof information
sought, sampled respondents and the kind of asalhysinded.

3. Rough draft of the questionnaire should be gmegh, giving due
thought to the appropriate sequence of puttingtopres

4. Researcher must invariably re-examine, and Be aaf need may
revise the rough draft for a better one.

5. Pilot study should be undertaken for pre-testimg questionnaire.
The questionnaire may be edited in the light ofrdailts of the pilot
study.
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Questionnaire must contain simple but straight &dvdirections for the
respondents so that they may not feel any diffjcult answering the
guestions.

40 CONCLUSION

For a reliable construction of questionnaires, ¢Hested procedures have to
be undertaken to validate the adequacy of the relsea

50 SUMMARY

The major synopsis for effective and efficient dimsaire formulations
has been listed.

6.0 TUTOR-MARKED ASSIGNMENT

In a research methodology class, how would you gree@ template for
guestionnaire formulations?

7.0 REFERENCE/FURTHER READING

Cody, R. P,. & Smith, J. (1997Applied Satistics and SAS Programming
Language. Practice Hall.
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MODULE 4 MEASUREMENT AND EVALUATION

Unit 1 Measurement in Research

Unit 2 Measurement in scale

Unit 3 Sources of error in measurement
Unit 4 Data collection techniques

UNIT 1 MEASUREMENT IN RESEARCH
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Measurement in Agricultural Research
3.2 Measurement in Scale

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

This unit gives an introduction to measurement gmicaltural science.

Technically speaking, measurement is a processapping aspects of a
domain onto other aspects of a range to some futercespondence. The
researcher should bear it in mind that by measuneme simply mean the
process of assigning numbers to objects or obsengatThe most widely

used classification of measurement scales areig@)nal scale (b) ordinal
scale (c) interval scale (d) ratio scale.

20 OBJECTIVES

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

o explain in details the concept of measurement
. explain measurement scale as related to agriculesagn
. list various types of measurement scale.
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3.0 MAIN CONTENT

3.1 Measurement in Agricultural Research

In the field of agricultural science, we are sasdmeasure when we use
some yardstick or criteria to determine weight mifreals. We also measure
when we judge animals based on their features.thils, measure animals
and plants as well as abstract concept termed asloma error.
Measurement is a relatively complex and demandisg, tespecially when
it concerns qualitative and /or abstract phenom@&yameasurement we
mean the process of assigning numbers to objectsbservations. For
example, height, weight, purity or biological agk dairy cows can be
measured. These can be done directly with somedatdnunit of
measurement such as kilograms, centimeters, etss, The can expect high
accuracy with less noise in such quantitative messuut if the concept is
abstract and the measurements are not standardisedre less confident
about the accuracy of the results of measuremaAitgs, in measuring, we
devise some form of scale in the range and themsfmtam or map the
properties of objects from the domain onto thidescimr example, in case
we are to find the male to female ratio of calveshe dairy herd, then we
may tabulate our birth type according to sex. Inmte of set theory, this
process is one of mapping the observed physicgepties of all the birth
type of dairy cows (the domain) onto a sex classzifon (the range). The
rule of correspondence is: If the object in the donmappears to be male,
assign to “0” and if female assign to “1”. In tladificial or nominal way,
categorical data (qualitative or descriptive) camtade into numerical data
and if we thus code the various categories, wer refehe numbers we
recorded as nominal datdominal data are numerical in name only,
because they do not share any of the propertidseaiumbers we deal with
in ordinary arithmetic.

3.2 Measurement Scalein Agricultural Research

The most widely used classifications of measurerseale are:

a. Nominal scale
b. Ordinal scale
C. Interval scale
d. Ration scale
a Nominal scale

This is a system of assigning number symbols totsviem order to
label them. Such numbers cannot be considered &sdmriated with
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an ordered scale for their order is of no consecgiethe numbers
are just convenient labels for the particular claE®vents and as
such have no quantitative value. Nominal scalesigeoconvenient
ways of keeping track of animals, objects and esentagricultural

measurement.

Research implies a statement of ‘greater than’less' than’ (an
equality statement is also acceptable) without yoeing able to
state how much greater or less. A percentile ortdganeasure is
used for measuring dispersion. Correlations argictsd to various
rank order methods. Measures of statistical sigaifce are
restricted to the non-parametric methods.

Ordinal scale

This is the lowest level of the ordered scale thatommonly used.
Ordinal scale places events in order, but thermiattempt to make
the intervals of the scale equal in terms of soaie.rRank orders
represent ordinal scales and are frequently usedgimcultural

research relating to qualitative phenomena. Ancayitiral student’s
rank in his graduation class involves the use ofoedinal scale.
Ordinal scales only permit the ranking of itemsnirdiighest to
lowest. Ordinal measures have no absolute valued, the real
differences between adjacent ranks may not be equal

Thus, the use of an ordinal scale in agricultuedearch is to
measure dispersion. Product moment correlationniqabs are
appropriate and the generally used tests for staissignificance
are ‘t’ test and ‘F’ test.

Interval scale

The interval scale is adjusted in terms of some thht has been
established as a basis for making the units edin&.units are equal
so far as one accepts the assumptions on whichulénés based. The
primary limitation of the interval scale is the kacof a true zero; it
does not have the capacity to measure the congibstence of a trait
or characteristics in plant and animals.

Interval scales provides more powerful measurentean ordinal
scales for interval scale also incorporates theephof equality of
interval. As such more powerful statistical measucan be used
with interval scales. Mean is the appropriate measaf central
tendency, while standard deviation is the most lyidesed to
measure dispersion. There is generally no meadutespersion for
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nominal scale. Chi-square test is the most comrashdf statistical
significance that can be utilized. For the measoferrelation, the
contingency coefficient can be worked out.

Nominal scale is the least powerful level of measwunt in
agricultural research. It indicates no order ortatise relationship
and has no arithmetic origin. A nominal scale syngdescribes
differences between agricultural items (plantspas) by assuming
them to categories. Nominal data are thus, coud#d. In spite of
all this, nominal scales are still very useful aareé widely used in
agricultural survey and other ex-post-facto redeavben data are
being clarified by major sub-groups of the popwlati

d Ratio scale

The ratio scale has an absolute or true zero ofsumement. The
term ‘absolute zero’ is not as precise as it wasedrelieved to be.
For instance, the zero point on a centimeter scadecates the
complete absence of length or height. But an absohero of
temperature is theoretically unobtainable andriams a concept of
existing only in the researcher’s mind. The numtdfeminor traffic-
rule violations and the number of incorrect letters page of typed
script represent scores on ratio scale.

Ratio scale represents the actual amount of vasatMeasures of
physical dimensions such as weight, height of alsmatc are

examples. Generally, all statistical techniquesusm@able with ratio
scales and all manipulations are carried out watiorscale values.
Geometric and harmonic means can be used as meagucentral

tendency and coefficient of variation may also alewuated.

SELF ASSESSMENT EXERCISE

Differentiate between the four measurements scatesagricultural
statistics.

4.0 CONCLUSION

In this unit, you should understand that measurémenagricultural

research can take two forms which are qualitativeé quantitative forms.
The qualitative are descriptive in nature and nhajdakes categorical
forms while quantitative traits are continuous.d@exding from the nominal
scale (the least type of scale) to ratio scale (tiwst precise), relevant
information is obtained increasingly. If the natwfethe variable permits,
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you should use the scale that provides the mosiggrelescription as an
agricultural researcher.

50 SUMMARY

In this unit, you should have it in mind that caglim agricultural research
is one of the vital steps in error minimisation &ffective research output.
You have clearly understood the various measureseaiés from the least
precise to the most precise and their applicaticagricultural research.

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between qualitative and quanir&attraits in animal
breeding and genetics.

Briefly describe the measurement in agricultueaearch.

There is no measure of dispersion for nomioales. Explain.
Explain in details the limitation of intervaiade.

Discuss in details ordinal scale and its applon in agricultural
research.

Explain the concept of ‘Absolute Zero.’

akrwn

o
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1.0 INTRODUCTION

Minimising error is a key to effective researchidaly in exploratory
studies. As such the researcher must be aware wtes of error in
measurement. The researcher should bear it in thadthere is no way
you can totally eliminate errors from a researchdgt you can only
minimise the error term.

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

. determine the major sources of error in agricultteaearch
o know the various techniques in development of mesasent tool.

3.0 MAIN CONTENT

3.1 Sourcesof Error in M easur ement

Measurement should be precise and unambiguous irdeal research
study. This objective, however, is often not meitsrentirety. As such you
must be aware of the sources of error in measureriiée following are
the possible sources of error in measurement.

a. Respondent

At times the respondent may be reluctant to expsassig negative
feelings or it is just possible that he may havey \itle knowledge
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but may not admit his ignorance. All this reluctang likely to result
In an interview of ‘guesses’. Transient factor Ilflatigue, boredom,
anxiety may limit the ability to respond accuratahd fully.

Situation

Situational factors may come in the way of correasurement.
Any condition which places a strain on interviewhdsave serious
effects on the researcher-respondent rapport.

M easur er

The researcher can distort responses by rewardingearding
guestions. His behaviour, style and looks may eragel or
discourage certain replies. Careless mechanicatepsing may
distort the findings. Errors may also creep in lobseaof incorrect
coding, faulty tabulation and/or statistical cadtidns, particularly
in the data analysis stage in agricultural measentm

I nstrument

The possibility of error arising because of defextimeasuring
instrument in agricultural measurement cannot berlosked. The
use of complex instrument that is beyond the cohmamsion of the
researcher or that he never handles, responseecboiissions are a
few things that make the measuring instrument diefe@and may
result in measurement errors. Another type of umsant deficiency
Is the poor sampling of agricultural items (suchp&mnts, animals)
concerned.

SELF-ASSESSMENT EXERCISE

Give examples to each of the factors listed abawk discuss briefly any
one of the factors?

3.2 Technique of Developing M easurement Tools

The technique of developing measurement tools wesla four-stage
process, consisting of the following:

i
ii.
iii.
V.

52
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Specification of concept dimensions
Selection of indicators
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Concept Development

This concept means that the researcher should earaitv an
understanding of the major concepts pertaining isostudy. This
step of concept is more apparent in theoreticalistuthan in the
more pragmatic research, where the fundamentalepd®@re often
already established.

Specification of Concept Dimensions

Here, the researcher needs to specify the dimensibthe concepts
that he developed in the first stage. This task me#her be
accomplished by deduction i.e. by adopting a markess intuitive
approach or by empirical correlation of the induad dimensions
with the total concept and/or the other concepts.

Selection of Indicators

Once the dimensions of a concept have been spkcitiee
researcher must develop indicators for measuringh ezoncept
element. Indicators are specific question scalestlter devices by
which respondent’'s knowledge, opinion, expectatieic are
measured. As there is seldom a perfect measurecoheept, the
researcher should consider several alternativeth®opurpose. The
use of more than one indicator gives stabilityhi® $cores and it also
improves their validity.

Formation of Index

This last step is combining the various indicatots an index, i.e.
formation of an index. When we have several din@siof a
concept or different measurement of a dimensionmag need to
combine them into a single index. One simple waydetting an
overall index is to provide scale values to thepoeses and sum up
the corresponding scores. Such an overall indexldvptovide a
better measurement tool than a single indicatoalse of the fact
that an “individual indicator has only a probalyilielation to what
we really want to know”. This way we must obtainarerall index
for the various concepts concerning the researayst

SELF-ASSESSMENT QUESTION

Discuss briefly in your understanding the four tEgoes of
developing measurement tools.

4.0 CONCLUSION

The researcher must know that a better measurerdepends on
successfully meeting the entire problem that causars explained above.
He must, to the extent possible try to eliminatgassible sources of error
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so that the final results may not be contaminaide researcher must also
bear in mind that providing a better measuremewistavill give an
accurate result and also limit errors.

50 SUMMARY

This unit has clearly explained the source of ertmmt can occur in
agricultural measurement which you must eliminateorder to get an
accurate result. It has also explained the teclesiqof developing
measurement tools and the best indicators to bel wseagricultural
research.

6.0 TUTOR-MARKED ASSIGNMENT

1. Give a detailed explanation on more sources ofr enr@agricultural
research measurement apart from the ones giveouto y

2. What are indicators?

7.0 REFERENCE/FURTHER READING

Cochran, W.G. & Cox, E. M. (1992kxperimental Designs, (2nd). New
York:.John Wiley & Sons.
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UNIT 3 DATA COLLECTION TECHNIQUES
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1.0 INTRODUCTION

Research are carried out in different fields ofdgtdior various reasons
which are to discover new phenomena, provisionuothér insights into
existing principles and build models to explain wmofacts about natural
processes. The primary motive for experimentatodaita collection.

Data collection is one of the steps in scientiiBsgarch commonly referred
to as the scientific or research method. In modulee have extensively
reviewed data collection but research questionas¥,hwhy and when do
we collect data need to be emphasized. This basgarch questions will

help the students in formulating the right hypoitbés answer the research
problem.

20 OBJECTIVE

At the end of this unit, you should be able to dieatate why, how and
when we need to collect data.

3.0 MAINCONTENT
3.1 Why DoWe Collect Data?
The major steps involved are:

1. To confirm existing hypothesis either fully or palty. Since, in our
previous module we have defined hypothesis as averiiied
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statement. Therefore, subjecting the hypothesi decision test is
important to decide whether to accept or rejecrniliehypothesis.

2. To contradict the data with reasons for the difiees between or
within the groups. This implies that significantrizg@ion between
and within the groups could be easily quantifiedardple, if the
mean difference is significant, it means that theugs are different
and if not significant, this implies that the greupre similar in
nature.

3. To develop a new hypothesis: the hypothesis mayeaonsome
single value for the given data such as one sasigtetest. To test if
there will be no difference among two or more sdtdata such as
two-sample sign test, fisher-lIrwin test and rankndest, to test the
relationship between variables such as rank caiwelaKendall’s
coefficient of concordance and other tests for ddpace, testing
concerning variation in he given data set i.e. @salogous to
ANOVA such as Kruskal-Wallis test. Lastly, to tést randomness
of a sample based on the theory of runs viz, ongkarun test and
to determine if categorical data shows dependencyif atwo
classifications are independent viz, the chi-sq@@secan as well be
used to make comparison between theoretical popotaand actual
data when categories are used. As we know, hypstleslassified
as null hypothesis and alternate hypothesis. Theottmeses will
include null and alternate hypotheses. The nullotiypsis is made
before data collection @,=T,) and alternative hypothesis, which
is worked out as the test statistics and compairtdtire table value.
If the calculated is greater than the tabulatephctehe hypothesis

(i.e. Hy T1#T)y).

3.2 HowDoWeCoallect Data?

We collect data for primary and secondary motivEse primary sources
range from direct or indirect observations by theezimenter. The
experimenter collects the data himself but in tietance where delegation
IS unavoidable, it must be to someone who knows détils of the
experimental plan. The secondary sources are derivem already
tabulated data. The investigator did not take jpadtaita accumulation.

Also, when the researcher utilises secondary thathas to look for various
sources from where he can obtain them. In this ,caséshe is not
confronted with the problems that are usually assed with the collection
of original data. Note that the researcher mustvégy careful in using
secondary data. By the way of caution, the researdiefore using
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secondary data must see that they possess follahiagacteristics such as
reliability of data, suitability of data, and adegy of data.

SELF ASSESSMENT EXERCISE

Explain the reason why you need to collect data.

4.0 CONCLUSION

This unit has revealed the importance of how ang wie collect data.
Mostly, in agricultural science, we find that prirmasources are being

undertaken in several disciplines in agriculturaliesce except in
agricultural economics that mostly deal with se@gdiata.

50 SUMMARY

In this unit, you now have residual informationwhy and how we collect
data which will enhance your knowledge of dataeszilbn.

6.0 TUTOR-MARKED ASSIGNMENT
1. Differentiate between primary and secondary daliacoon.

2. Confirmation of existing hypothesis is a major steghe need for
data collection. Explain.

7.0 REFERENCE/FURTHER READING
Collins, C. A. & Seeney, F. M. (199%atistical Experimental Design and

Interpretation: An Introduction with Agricultural Examples. New
York: John Wiley & Sons..
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Unit 3 Central Limit and Sampling Theory

UNIT 1 SAMPLING FUNDAMENTALS IN
AGRICULTURAL RESEARCH

CONTENTS

1.0 Introduction
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3.2  Fundamental Definitions

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 Reference/Further Reading

1.0 INTRODUCTION

Sampling is the process of obtaining informationwlan entire population
before examining only a part of it. In most of ggricultural research work
and surveys, the usual approach happens to makeajeation or to draw

inferences based on samples about the parametpopolation from which
the samples are taken.

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

o state the importance of sampling
o explain some fundamental definitions of populag@nameters.
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3.0 MAIN CONTENT

3.1 Need for Sampling in Agricultural Research
Sampling is used in agricultural practice for aiefgrof reasons such as:
1. Sampling can save time and money. A sample sgidgually less

expensive than a census study and produces redudtgelatively
faster speed.

2. Sampling may enable more accurate measurenfesisnple study
Is generally conducted by trained and experienesdarchers.

3. Sampling remains the only way when populationt@ms many
members.

4. Sampling remains the only choice when a teswlims the
destruction of the item (plant, animal) under study

5. Sampling usually enables us to estimate the lagnprrors and

thus, assists in obtaining information concerningpms
characteristics of the population.

3.2 Some Fundamental Definitions

Before we talk about details and uses of samplinig,appropriate that you
are familiar with some fundamental definitions ceming sampling
concepts and principles.

1. Universe/Population: From a statistical point of view, the term
‘universe’ refers to the total of the items or gnim agriculture or
any field of inquiry, whereas the term ‘populatioefers to the total
of items about which information is desired. Theilagtes that are
the object of study are referred to as charactesigind the units
possessing them are called elementary units. Theeggte of such
units is generally described as population. Thus, vaits in
agriculture or field of inquiry constitute univeraad all elementary
units (on the basis of one characteristic or mocehstitute
population. Often, we do not find any differencéwsen population
and universe and as such the two terms are takiemeashangeable.
However, you must necessarily define these termsigely.

The population or universe can be finite or inBniThe population
Is said to be finite if it consist of a fixed numba item (plant or
animal) so that it is possible to enumerate ittentotality e.g., the
population of dairy cows in a WAMCO farm. The syrhlig’ is
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generally used to indicate how many elements éons) are there in
case of a finite population. An infinite populatiathat population
in which it is theoretically impossible to obsera# the items. That
Is, we cannot have an idea about the total numbetems. You

should remember that no infinite population of pbgkobjects does
actually exist in spite of the fact that many otlsupopulations
appear to be very large. From a practical consimerayou then use
the term infinite population for a population thatnnot be
enumerated in a reasonable period of time.

SELF ASSESSMENT EXERCISE

I Differentiate between universe and population.
. Give more examples on finite and infinite populatigsing animal
science research as a case study.

2. Sampling frame

The elementary units or the group or cluster ohsuits may form
the basis of sampling process in which case theyalted sampling
units. A list containing all such sampling unitkigown as sampling
frame. Thus sampling frame consists of a list eimis from which
the sample is to be drawn. If the population istdéimand item frame
Is in the present or past, then it is possible tfer frame to be
identical with the population. As such this frame either
constructed by a researcher for the purpose ofstudy or may
consist of some existing list of the population.

3. Sampling design
A sample design is a definite plan for obtainingaanple from the
sampling frame. It refers to the technique or tmecedure the
researcher would adopt in selecting some sampliitg trom which
inferences about the population is drawn. Sampldegign is
determined before data are collected.

4, Statistic(s) and parameters

A statistic is a characteristic of a sample, wharparameter is a
characteristic of a population. Thus, when we work certain
measures such as mean, median, mode or the like fyoen
samples, then they are called statistic(s) becthese describe the
characteristics of a sample. But when such measigssribe the
characteristics of population, they are known aspeter(s). For
instance, the population megr) (s a parameter, whereas the sample
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mean ) is statistic. To obtain the estimate of a paramétom a
statistic constitutes the prime objective of sangknalysis.

5. Sampling error
Sample surveys do imply the study of a small partaf the
population and as such there would naturally bertam amount of
inaccuracy in the information collected. This ina@xy may be
termed sampling error or error variance. In otherds, sampling
errors are those errors which arise on accounawipéng and they
generally happen to be random variations (in caseaaodom
sampling) in the sample estimates around the topelption values.
Sampling error is inversely related to size ofshenple i.e. sampling
error decreases as the sample size increases aadrersa. A
measure of the random sampling error can be caézlufar a given
sample design and size and this measure is oftksa ¢he precision
of the sampling plan. Sampling error is usually keal out as the
product of the critical value at a certain levelsajnificance and the
standard error.

As opposed to sampling errors, we may have non lsagnprrors
which may creep in during the process of collectiagtual
information and such errors occur in all agricudtisurveys whether
census or sample.

6. Precision

Precision is the range within which the populatamerage (or other
parameter) will lie in accordance with the religiispecified in the
confidence level as a percentage of the estintate as a numerical
guantity. For instance, if the estimate is Rs 486840 the precision
desired is+4%, then the true value will be no less than RO384d

no more than Rs 4160. This is the range (Rs 38&Rst4160) within

which the true answer should lie. But if desiredttthe estimate
should not deviate from the actual value by morntiRs 200 in
either direction, in that case, the range wouldRbe3800 to Rs 4200.

[llustration

Actualvalu e = 4000- 200 = 3800— lower lim it
Actualvalte = 4000+ 200= 4200~ upperlimit
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7. Confidence level and significance level

The confidence level or reliability is the expectpdrcentage of
times that the actual value will fall within theastd precision limits.
Precision is the range within which the answer wey and still be

acceptable; confidence level indicates the likadth¢hat the answer
will fall within that range, and the significancevkl indicates the
likelihood that the answer will fall outside thatnge. You can
always remember that if the confidence level is 95%en the

significance level will be (100-95) i.e. 5%; if tlcenfidence level is
99%, the significance level is (100-99) i.e., 1% ap on.

8. Sampling distribution
We are often concerned with sampling distribution sampling
analysis. If we take certain number of samples fane&ach sample
compute various statistical measures such as metmdard
deviation, etc then we can find that each samplg gmze its own
value for statistic under consideration. All suctues of a particular
statistic, say mean, together with their relativeqtiencies will
constitute the sampling distribution of the pari@custatistic, say
mean. Accordingly, we can have sampling distributocd mean, or
the sampling distribution of standard deviation tbe sampling
distribution of any other statistical measure. khynbe noted that
each item in a sampling distribution is a particuséatistic of a
sample. The sampling distribution tends to be qultesse to the
normal distribution if the number of samples isglar The
significance of sampling distribution follows frothe fact that the
mean of a sampling distribution is the same asniean of the
universe. Thus, the mean of sampling distributian lbe taken as the
mean of the universe.

SELF-ASSESSMENT EXERCISE

I What is the difference between confidence level amphificance
level?
. What is sampling distribution?

4.0 CONCLUSION

In conclusion, you must bear in mind that sampleugh be truly
representative of population characteristics withemy bias so that it may
give a valid and reliable results. You should bmif@ar with fundamentals
in sampling.
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5.0 SUMMARY

In this unit, you have learnt the important of séingpand fundamentals or
key words in sampling and their applications.

6.0 TUTOR-MARKED ASSIGNMENT

1. From your understanding, give the importance sampling in
agricultural research.

2. What do you understand by non-sampling error?

3. Explain the term ‘population’ with examples ta finite and infinite
forms.

4. Differentiate between statistics and parameter.

7.0 REFERENCE/FURTHER READING

Keehi, R.O. (1999).Design of Experiment: Satistical Principles of
Research Design and Analysis. New York: Dexbury Press,
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UNIT 2 SAMPLING DISTRIBUTION
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1.0 INTRODUCTION

Sampling distribution is the process that involgesbability of all possible

means, proportions, t, f and chi-square distribubball random samples of
a given size that is taken from a population. Tgiges insight into the

behaviour of the population parameters you are ingriwith whether they

are normally distributed or not.

2.0 OBJECTIVE

At the end of this unit, you should be able to dsscthe application of
different sampling distribution.

3.0 MAIN CONTENT

3.1 Importance of Sampling Distributions in Agriculural
Research

Some important sampling distributions are as foiow

1. Sampling distribution of Mean
Sampling distribution of mean refers to the probgbdistribution
of all the possible means of random samples ofvangsize that we
take from a population. If samples are taken fromnamal
population, N g g, ), the sampling distribution of mean would be

normal with meamw; = u and standard deviatiomz;\/ﬁ, whereyu is
the mean of the populatiom,, is the standard deviation of the
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population and n means the number of items in gpkarBut when
sampling is from a population which is not normahay be

positively or negatively skewed), even then, astpercentral limit
theorem, the sampling distribution of mean tendgeqeloser to the
normal distribution, provided the number of samipdens is larger
l.e. more than 30. In case you want to reduce thepsng

distribution of mean to unit normal distributioe.iN (0, 1), we can
write the normal variant as:

X— U
(Up/\/z)
for the sampling distribution of mean. This chaeaistic of the

sampling distribution of mean is very useful in el decision
situations for accepting or rejection of hypothesis

zZ

2. Sampling Distribution of Proportion

Like sampling distribution of mean, we can as viraVe a sampling
distribution of proportion. This happens in case spétistics of
attributes. Assume that we have worked out the qutagn of
defective parts in large number of samples, eath say 100 items
(animals), that have been taken from an infinitpydation and plot
a probability distribution of the said proportiorvge obtain what is
known as the sampling distribution of proportionsudlly the
statistics of attributes correspond to the cond#i@f a binomial
distribution that tends to become normal distribatas n becomes
larger and larger. If p represents the proportibdedectives i.e. of
successes and g of the proportion of non-defeciieesf failures
(or g = 1-p) and if p is treated as a random vésiakhen the
sampling distribution of proportion of successes aamean = p with
standard deviation.
— [P4

n
Where n is the sample size. Presuming the binodigtibution
approximates the normal distribution for large he hormal variant

of the sampling distribution of proportion 722 , Wherep

J@.g)/n

(pronounced as p-hat) is the sample proportioruo€essses, can be
used for testing of hypothesis.
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3. Student’s t-distribution
When population standard deviation,) is not known and the
sample is of a small size (i.e.<h30), we use t distribution for the
sampling distribution of mean and work out t valeass:
X—U

where

l.e. the sample standard deviation, t-distribui®lso symmetrical
and is very close to the distribution of standacdnmal variant, z,
except for small values of n. The variable t défdrom z in the
sense that we use sample standard deviatigning the calculation
of z. there is a different t distribution for thegitees of freedom for a
sample of size n is n-1. ;/Abecomes approximately equal to the
normal distribution. In fact for sample sizes ofmmahan 30, the t
distribution is so close to the normal distributtbiat we can use the
normal to approximate the t-distribution.

But when n is small, the t-distribution is far framrmal but when,
t-distribution is identical with normal distributio The t-distribution
tables are available which give the critical valoéd for different

degrees of freedom at various levels of signifiearihe table value
at a certain level of significance is compared wiitle calculated
value of t from the sample data, and if the laigegither equal to or
exceeds, we infer the null hypothesis cannot beged.

4.  F distribution
If (c,) and(c,,)* are the variances of two independent samples of
size n and n respectively taken from two independent normal
population, having the same varianc(e,pl)2 = (apz)z, the ratio

(x1i—x 1)
nl

2
F= (apl)z where (o, )’ =X,

(0'32)
n;-1 and -1 degrees of freedom. F ratio is computed in a thay
the larger variance is always in the numerator.l@alhave been
prepared for F distribution that gives critical wa$ of F for various
values of degrees of freedom for larger as welraaller variances.
The calculated value of F from sample data is cosgavith the

— 1 has an F distribution with
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corresponding table value of F and if the formecemds the later,
then we infer that the null hypothesis of the vaces being equal
cannot be accepted. We shall make use of the & irathe context
of hypothesis testing and also in the context of AN\ technique.

5.  Chi-square (X) distribution
Chi-square distribution is encountered when we ddl collections
of values that involve adding up squares. VarianoEsamples
require us to add a collection of squared quastiéiad thus have
distributions that are related to chi-square dstion. If we take
each one of a collection of sample variances, ditliem by the
known population variance and multiply these quuaseby (n-1),
where n means the number of items in the sampleshak obtain a

2
chi-square distribution. Thus[%zj would have the same

p
distribution as chi-square distribution with (ndggrees of freedom.
Chi-square distribution is not symmetrical and thik values are
positive. One must know the degrees of freedonus$ang chi-square
distribution. This distribution may also be used fadging the
significance of difference between observed distidns depending
upon the d.f. ang’ value is worked out as shown below:
Where;
O. - E,

2 — 1 ]
X E,
0, = observed frequency of the cell in tHaow and ' column

E, = expected frequency of the cell in therow and §' column

Tables are there that give the valuegofor a given d.f. which may
be used with calculated valuegffor relevant d.f. at a desired level
of significance for testing hypothesis.

SELF-ASSESSMENT EXERCISE

Explain the student’s t-distribution for large asmhall sample size with
formulae.

4.0 CONCLUSION

You must have observed that for every samplingitigion there is a table
of distribution for each and can be used for tgstwpothesis either for
accepting or rejecting the hypothesis.
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5.0 SUMMARY

In this unit, you have learnt some important sangphlistribution and their
application for small or large population.

6.0 TUTOR-MARKED ASSIGNMENT

Explain different forms of sampling distributionsdetails.

7.0 REFERENCE/FURTHER READING

Leonard, S. & Anselm, L. (1973Field Research. New Jersey: Prentice
Hall Inc.

68



AGR 501 MODULE 5
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1.0 INTRODUCTION

In this unit, you should know that sampling theayonly applicable to

random sample. It is also a study of relationstepmMeen population and
samples drawn from the population when samplingrasn a normal

population, the means of samples drawn from sucpopulation are

themselves normally distributed. But when samplsgot from a normal

population, the size of the sample plays a criticéé. The significance of
statistical theory is that it allows us to use skmgtatistics to make
inferences about population parameters withoustiape of the frequency
distribution.

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

. delineate between sampling and central limit thewore
o list and explain different types of sampling distiion.

3.0 MAIN CONTENT

3.1 Central Limit Theorem

When n is small, the shape of the distribution w#jpend largely on the
shape of the parent population, but as n gets lgrge0), the shape of the
sampling distribution will become more like a notmdistribution,
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irrespective of the shape of the parent populatibime theorem which
explains this sort of relationship is known as ¢katral limit theorem. This
theorem is by far the most important theorem iristteal inference. It
assures that the sampling distribution of the mapproaches normal
distribution as the sample size increases. In foterans, we may say that
the central limit theorem states that “the disttidno of means of random
samples taken from a population having me@aand finite variances?

2
approaches the normal distribution with Mgaand variancé’; as n goes
to infinity”.

“The significance of the central limit theorem liesthe fact that it permits
us to use sample statistics to make inferencest gdopulation parameters
without knowing anything about the shape of thedency distribution of
that population other than what we can get fromstaple”.

SELF-ASSESSMENT EXERCISE
State the central limit theorem.

3.2 Sampling Theory

Sampling theory is the study of relationship erigtbetween a population
and samples drawn from the population. Samplingrihes applicable only
to random samples. For this purpose the populaifoa universe may be
defined as an aggregate of items about which kragees sought. The
universe may be hypothetical or existent. In thenkr case the universe in
fact does not exist and we can only imagine thensteconstituting it.
Tossing a coin or throwing a dice is an exampléygdothetical universe.
Existent universe is a universe of concrete objeetsthe universe where
the items constituting it really exist. Samplingadiy is designed to attain
one or more of the following objectives.

I Statistical estimation

Sampling theory helps in estimating unknown popoiteparameters
from the knowledge of statistical measures basedsample of
parameter from statistic is the main objectivestlod sampling
theory. The estimate can either be a point estiaié may be an
interval estimate. Point estimate is a single estinexpressed in the
form of a single figure, but interval estimate ha® limits viz, the
upper limit and the lower limit within which the q@aneter value
may lie. Interval estimates are often used instiasl induction.
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. Testing of hypothesis
The second objective of sampling theory is to emald to decide
whether to accept or reject hypothesis; the samggheory helps in
determining whether observed differences are dgtdak to chance
or whether they are really significant.

iii. Statistical inference
Sampling theory in making generalization about the
population/universe from the studies based on sssnfstbm it. It
also helps in determining the accuracy of such igdization.

The theory of sampling can be studied under twalde&, the sampling of
attributes and the sampling of variables and thatih the context of large
and small samples. When we study some qualitatiagacteristics of the
items in a population, we obtain statistics ofibttires in the form of two
attribute, present and the other class consistihgteons wherein the
attribute is absent.

I The parameter value may be given and it is ¢dolpe tested if an
observed ‘statistics’ is its estimate.

. The parameter value is not known and we havestomate it from
the sample.

iii. Examination of the reliability of the estimaies. the problem of
finding out how far the estimate is expected toialevirom the true
value for the population.

All the above stated problems are studied usingatheropriate standard
errors and the tests of significance. The theorgavhpling can be applied
in the context of statistics of variables (i.e. adatelating to some
characteristics concerning population which can beasured or
enumerated with the help of some well-defined stiaal unit in which case
the objective happens to be:

I To compare the observed and expected valuestariohd if the
difference can be ascribed to the fluctuationsaofiging.

. To estimate population parameters from the damp

iii.  To find out the degree of reliability of thestanate

The sampling theory for large samples is not apple in some samples
because when samples are small, we cannot asswahehth sampling
distribution is approximately normal. As such weuie a new technique
for handling small samples, particularly when pagpioh parameters are
unknown. Sir William S. Gosset (Pen name studerdgyebbped a
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significance test, known as student’'s t-test, based distribution and
through it made significant contribution in theethy of sampling
applicable in case of small samples. Student'sstt-te used when two
conditions are fulfilled viz, the sample size is @0less and the population
variance is not known.

While using t-test we assume that the populatiomtuch sample has been
taken is normal or approximately normal, sampleaisandom sample,

observation is independent, there is no measuresrent and that in the

case of two samples when equality of the two pdmmria means is to be
tested, we assume that the population variancesaual. For applying t-

test, we work out the value of test statistics (L'® and then compare with

the table value of t (based on ‘t’ distribution)cattain level of significance
for given degree of freedom. If the calculated eahi‘'t’ exceeds the table
value, we infer that the difference is significamty if calculated value of t

Is less than or equal to the concerning table vafug the difference is not

treated as significant. The following are formulaemmonly used to

calculate the t value

I To test the significance of the mean of a randample
t =k
Ox
wherex = mean of the sample
u= mean of the population

oz = standard error of mean worked out as under
2(x — x)z/
o= _ [ n—1
X \/H \/H

and the degrees of freedom = (n-1)

. To test the difference between the means ofsamples
X1 — X

t =
O—x—l_

X7

where

X1 = mean of sample one

x2 = mean of sample two

Ox1-x2

= standard error of dif ference between two samples mean worked

_ 2(xy; — %)% + X(xg; — %,)2 1 1
Og, — X2 = X |[—4+ —
n,+n, —2 n, ny

And the d.f=n; + n, — 2
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To test the significance of the coefficientsimple correlation

_ r — __ 1r|n-1
t—mX\/n lort= /1_r2

where r = the coefficient of simple correlation ahd d.f. = (n-2)
To test the significance of the coefficientpafrtial correlation

n—=k
t = XvVn —k ort=rmn|—-m
1—7‘p2 1_rp

where p is any partial coefficient of correlatiamdahe d.f. = (n-k), n
being the number of pairs of observations and kd#ie number of
variables involved.

To test the difference in case of paired oraated samples data (in
which case t test is often described as differeasg

D — D—0
KD mort= Jn

Op Op

t =

where
Hypothesized mean differences,] is taken as zero (0)
D = mean of the differences of correlated samplaste
op = standard deviation of differences worked outirder
307 -2

n—1

Di = Dif ferences (i.e.Di = (Xi — Yi)

n= number of pairs in two samples and the d.f.-£)(n
n = number of pairs in two samples and the d.h-%)

O—D=

SELF ASSESSMENT EXERCISE

State the three (3) types of problems in caseropsag of attributes.

3.3 Concept of Standard Error

The utility of the concept of standard error intistecal induction is on the
account of the following reasons:

1.

The standard error helps in testing whetherdifference between
observed and expected frequencies could ariseadalkance. Thus,
the standard error is an important measure in feggmice tests or in
examining hypotheses. If the estimated parameférslifrom the
calculated statistics by more than 1.96 times tlie, $he difference
Is taken as significant at 5 per cent level of gigance. This, in
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other words, means that the difference is outgiddimits i.e. it lays

in the 5 per cent area (2.5 per cent on both siogsjde the 95 per
cent area of the sampling distribution.

The standard error gives an idea about thebibfyaand precision of
a sample. The smaller the standard error the grdeeiniformity of

sampling distribution and hence, greater is thaléity of sample.

Conversely, the greater the standard error gresitdre difference
between observed and expected frequencies. Inawuation the
unreliability of the sample is greater.

The size of standard error depends upon the sasigeeto a great
extent and it varies inversely with the size of saenple. If double
reliability is required in other words reducingrsard error to ¥z of
its existing magnitude, the sample size should noeeased four-
field.

The standard error enables us to specify thislimithin which the

parameters of the population are expected to lign ai specified
degree of confidence. Such an interval is usualhown as

confidence interval.

Important feature for computing the standard erroogsicerning

various measures based on samples are as indilted:

a. In case of sampling of attributes:

I Standard error of number of successgﬁ;p. q
where n = number of events in each sample
p = probability of success in each event,
g = probability of failure in each event

ii.  Standard error of proportion of succes#é%lq—)

iii. Standard error of the difference between prtipas of two
samples.

1 1
op1 — P, = [pq (n_+n_>
1 M

Where p= best estimate of proportion in the poputaand is

worked out as under:
P+ P,

ny +n,
q=1-p _
n,;= number of events in sample one
n, = number of events in sample two
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Note: Instead of the above formula, we use theoWalg
formula:

When samples are drawn from two heterogeneous aomulwhere

we cannot have the best estimate of proportioheruniverse on the
basis of given sample data. Such a situation dteses in study of
association of attributes.

In case of sampling of variable (large samples)

Stand error of mean when population standardiadien is known
Op
Oy = —F—

Vn
where

g, = standard deviation of population

n = number of items in the sample

Note: This formula is used when n is 30 or less

Standard error of mean when population standdediation is

unknown:
0'5
Gf = —

Vn
where

o, = standard deviation of the sample and is workede

Standard error of standard deviation when yapon standard
deviation IS known:

Standard error of standard deviation when pafgoh standard
deviation is unknown:

Where

n = number of items in the sample
Standard error of the coefficient of simple etation
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1—12
0. =
4 V2n

Where r = coefficient of simple correlation

n= number of items in the sample

Vi. Standard error of difference between meansvofsamples:
a. When two samples are drawn from the same populat

_ \/ <(UP1)2 (UP2)2>
Ox1 — X2 = -
ny n,

(If oy, and a,, are not known, then in their placeg and o, respectively
may be substituted)

C. In case of sampling of variables (small samples)
I Standard error of mean whep is unknown”

— [n1(051)2+ n3(052) 2+ Ny (X1 =F1 2) 2+ Ny (X=X )2
Os1.2 —J ntn,
Where
ny (%)% + ny(,)?
ny +n,
Note: All these formulae apply in case of infinite pogida. But in
case of finite population where sampling is donethaut
replacement and the sample is more than 5% of dpelation, we
must as well use the finite population multiplieraur standard error
formulae. For instance, S.E.in case of finite population will be as
under:

X12 =

O—P N_n
SEJZ=_.
Vi JN-=-1

It may be remembered that in cases in which theiptipn is very
large in relation to the size of the sample, thatdi population
multiplier is close to one and has little effect v calculation of
S.E. As such when sampling fraction is less thas €he finite
population multiplier is generally not used.

US\/W

Oy = —F—

vn'o Wn
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i, Standard error or difference between two sammpéans whew,, is
unknown

g — % = ny (% — X12)% + 1y (%, — %1.5)° (i i)
¥ T2 ny +ny, — 2 "\n; n,

SELF ASSESSMENT EXERCISE

Explain one of the reasons for utility of standador in statistical
inductions.

4.0 CONCLUSION

In statistical theories, you must have observetttiecentral limit theorem
in statistical inference assures that as the sagplistribution of the mean
approaches normal distribution the sample sizeeas®s. While, sampling
theory is only applicable to random samples, stahearor is considered
the key to sampling theory.

5.0 SUMMARY
In this unit, you have learnt about statisticaldtes (central limit theorem,

sampling theory and standard error), their impagann statistical
induction and their application in agricultural @asch.

6.0 TUTOR-MARKED ASSIGNMENT
What is the significance of the central limi¢tinem?
Define the central limit theorem.

1
2.
3. What is the difference between hypothetical @xadtent universe?
4 What are the objectives of sampling theory?

7.0 REFERENCE/FURTHER READING

Kothori, C.R. (1984) Quantitative Techniques. (2nd), New Delhi: Vikas
Publishing House Itd.
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MODULE 6 STATISTICAL METHODS

Unit 1 Guidelines and Explanations of Statistig@thods
Unit 2 Approaches to Data Compilations and Analysi
Unit 3 Computational Techniques of Experimentasige

UNIT 1 GUIDELINES  AND EXPLANATIONS OF
STATISTICAL METHODS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Basic Procedures of Statistical Methods
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

Statistical methods are regarded as taskforceatitstal inference whose
charge was to elucidate or map out designs forrsplistatistical problems
such as significance testing and its alternatiVess widely known that
methods appropriate in one area may be in apptepiaanother area.
Choosing the right design is a key to accuratelt®su

2.0 OBJECTIVES

At the end of this unit, you should be able to;

. discuss the characteristics of different statisticathods
o explain Guidelines for application of the differerstatistical
methods.
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3.0 MAIN CONTENT

3.1 Basic Procedures of Statistical Methods

The under listed factors are the principal comptnehstatistical methods

I. Design

. Population

iii. Sample

\Y2 Assignment
V. Measurement
Design

In setting out your layout, ensure you make clédha outset what type of
study you are doing. Do not cloak a study in onseto try to give it the

assumed reputation of another. For studies tha hautiple goals, be sure
to define and prioritize those goals. There are ynfmmms of empirical

studies in agricultural science, including case oreyp controlled

experiments, quasi-experiments, statistical simaiat  surveys,

observational studies and studies of studies (iBeddyses). Some are
hypothesis testing. It is always assumed by rebesscthat some of the
forms yield information that is more valuable ordible than others.
Occasionally proponents of some form of researale his own strength,
weakness and standards of practice.

Population

The interpretation of the results of any study deiseon characteristics of
the population intended for analysis. Define th@ulation (participants,

stimuli or studies) clearly. If control or compamns groups are part of the
design, you need to present how they are definadn@ science students
sometimes think that a statistical population s #mimal race. They also
have difficulty distinguishing a class of objectersus a statistical
population. Populations may be sets of potentiaeolation on people,
animals, objects or even research articles.

Sample

In sampling you have to describe the procedures emghasise any
inclusion or exclusion criteria. If the sample isatified (e.g. by location or
sex) describe fully the method and rationale ane tive proposed sample
size for each subgroup. Interval estimates for tehesl and stratified
random samples differ from those for simple randgamples. Statistical
software such as statistical package for sociadnea (SPSS), general
statistics (GENSTAT) and statistical analysis systéSAS) are now
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becoming available for these purposes. If you a®gia convenience
sample whose member are not selected at randomurgeto make the
procedures clearer to your audience. Using a coamea sample in animal
science does not automatically disqualify a studynf publication, but it
harms your objectivity to try to conceal this bypiying that you used a
random sample. Sometimes convenience sampling dmeildtrengthened
by explicitly comparing sample characteristics withose of defined
population across a wide range of variables. Sandglsigns could be
classified based on non-probability sampling arabpbility sampling. Non
probability sampling is that sampling procedurescitdoes not afford any
basis for estimation of probability that each itenthe population has of
being included in the sample. In this type of samplthe researchers of
the inquiry purposively choose the particular uoft the universe for
constituting a sample on the basis that the smadisnthat they so select out
of huge one will be typical or representative c# thhole; for instance, if
the milk yield of Friesian cattle in Nigeria is b@ purposively selected for
intensive study on the principle that they candp@esentative, also known
as random sampling or chance sampling under tmplgag, every Friesian
cattle in Nigeria has an equal chance of inclusrothe sample. Random
sampling ensures the law of statistical regulanibych states that if on the
average the sample chosen is a random one, thdesaifihave the same
composition and characteristics as the universés iEhthe reason why
random sampling is considered as the best techn@uselecting a
representative sample.

Assignment

This could be classified as random and nonrandsig@msent. Random
assignment should not be confused with random t&hebecause it allows
for the strongest possible causal inferences ffextoaneous assumptions.
It is a sensitive and robust method of controllinigs and lurking of
variables. Random does not mean “haphazard”. Raizdtion is a fragile
condition, easily corrupted deliberately, as we wben a skilled magician
flips a fair coin repeatedly to heads. In the fialfl agriculture, self-
randomization is incapable of producing a randootess; it is best not to
trust the random behavior of a physical device $81gou are an expert in
the matter. It is safer to use the pseudorandomeseg from a well-
designed computer generator or from published satl@andom numbers.
In the case of non-random assignment, for somearesguestions, random
assignment is not feasible. In such cases, we te@dnimize effects of
variables that affect the observed relationshipvbeh a causal variable and
an outcome. Such variables are commonly calledoconfs or covariates.
The researcher needs to attempt to determine tlexard covariates,
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measure them adequately and adjust for their sffgither by design or by
analysis. Example, in animal nutrition experimenig;ing the feeding trial,
we always try to randomly balance the initial weighthe animals through
averaging the treatment effect so that there wellsimilarity within the
treatments or we use initial weight as a covarimeour model, if
peradventure there is significant difference amibregdietary treatments.

Measurement Variables

Defining the variables in the study, show how tlaeg related to the goals
of the study, and explain how they are measuredhrfable is a method for
assigning to a set of observations a value froratafpossible outcomes.
If we declare the range of an association betweely measurements to be
positive real numbers and the domain of the obsens is 1000, then, a
value of 1000 is not illegal, it is an outlier.

Instrument

It is the most frequently used term in questiomn&irm of data collection.
It also summarizes the biometric properties of st®res with specific
regard to the way the instrument is used in a dmi. Biometric
properties include measures of validity, reliapilgnd any other qualities
affecting conclusion. If a physical apparatus iedjsprovide enough
information (brand, model and design specificatjotes allow another
experimenter to replicate your measurement procébsre are many
methods for constructing instruments and biomdtyicaalidating scores
from such measures. Traditional true score theow ilem-response test
theory provide appropriate frameworks for assesgatigbility and internal
validity. Signal detection theory and various coxeéint of association can
be used to assess external validity. The instrumerts to be tested for
reliability. Reliability is a property of the sca®n a test for a particular
population. Also, another rule of thumb is that ihetrument does not
correlate with other key constructs. It is justiraportant to establish that a
measure does not measure what it should not measutés to show that it
does measure what it should.

Procedures
The major steps or guidelines in statistical meshaxe listed below.

I Describe any anticipated sources of attrition duedncompliance,
drop out, death or other factors. This will indeediow such attrition
may affect the generalizability of the results.

. Clearly describe the conditions under which measerd are taken
(e.g. animal id, date of birth, sex, personnel wblbected the data)
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iii. Describe the specific methods used to deal witreemgental bias,
especially if you collected the data yourself.

Power and Sample Size

This provides information on sample size and tloegss that led to sample
size decisions. Document the effect of size, samgpind measurement
assumptions, as well as analytical procedures us@dwer calculations,

because power computations are most meaningful wlbee before data
are collected and examined. It is also importargitow how effect —seize
estimates have been derived from previous researditheory in order to

dispel suspicions that they might have been takem fdata used in the
study constructed to justify a particular sampleesiOnce the study is
analysed, confidence intervals replace calculatediep in describing

results.

SELF-ASSESSMENT EXERCISE

Mention the major steps in constructing the gurtkdi for statistical
methods.

4.0 CONCLUSION

In this unit, we have looked at the factors that principal in statistical
methods for effective research delivery in resear@thodology. These
factors provide a template in construction of stdtthe art research.

5.0 SUMMARY

This unit provided a synopsis for research laysaimpling selection and
statistical framework for effective research datywe

6.0 TUTOR-MARKED ASSIGNMENT

1. Briefly explain statistical method in experimendaisign.
2. Differentiate between probabilistic and non-probatic sampling.

7.0 REFERENCE/FURTHER READING

Lastrucci, C. (1967).The Scientific Approach; Basic Principle of the
Scientific Method. Cambridge, Mass; Schentam Publishing Co. Inc.
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UNIT 2 APPROACHES TO DATA COMPILATIONS AND
ANALYSIS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Data Computation and Analysis
3.2 How to Analyse Data Using SPSS, SAS and JMP
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 Reference/Further Reading

1.0 INTRODUCTION

This unit introduces you to data compilation/congpioins and analysis.
Before presenting your results, there is a needhck if there is no
missing data, attrition and non-response. Also kingc for further
techniques to ensure that the data analysed arprodticed by anomalies
in the data (e.qg., outliers, points of high inflaennonrandom missing data,
selection bias and attrition problems). This malapon should be a
standard component of all analyses.

2.0 Objectives

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

. screen and clean your data before analysis
. choose the right statistical tool and computer mog for data
analysis.

3.0 MAIN CONTENT

3.1 Data Computations and Analysis

The enormous variety of modern quantitative methodsagricultural

science leaves researchers with the nontrivial ¢hskatching analysis and
design to the research question. It should be nttatl the underlying
assumptions required for the analysis and reasenghlen the data.
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Examine residuals carefully. Do not use distribogiotests and statistical
indexes of shape (e.g. skewness, kurtosis) as stitsii® for examining
your residuals graphically. Using a statistical t®sdiagnose problems in
model fitting has several shortcomings. First, d@gjic significance tests
based on summary statistic (such as tests for hensty of variance) are
often impractically sensitive; our statistical tesf models are often more
robust than our statistical test of assumptiongofaly, statistics such as
skewness and kurtosis often fail to detect distrdmal irregularities in the
residuals. Lastly, statistical tests depend on $asipe, and as sample size
increases the tests often will reject innocuous@gs$ions. In general, there
IS no substitute for graphical analysis of assuomptiModern statistical
packages SPSS, SAS, GENSTAT and R offer graphi@gndstics for
helping to determine whether a model appear teafia appropriately. Most
users are familiar with residual plots for lineagression modeling. Fewer
analyst are aware that John Tukey’'s paradigmat@tan, data = fit +
residual, applies to a more general class of models and braad
implications for graphical analysis of assumptidsem and leaf plots, box
plots, histograms, dot plots, auto and cross caticel plots all serve at
various time for displaying residuals, whether tlagise from analysis of
variance (ANOVA), nonlinear modeling, factor anadyslatent variable
modeling, multidimensional scaling, hierarchicalelar modeling, or other
procedures.

3.2 How to Analyze Data Using SPSS, SAS and JMP

Most of the new computer software has an inbugtpbical user interface
which make data analysis simpler through “point @hdk” mode. Data
collected from the field has to be fed into a spsteet for data
manipulation and cleaning. Cleaned data are novoiteg to the statistical
package interface.

In the computer or statistical package interfaceréhare a lot of inbuilt
menu depending on the software you are using far yanalysis. IBM
SPSS version 20, several icons such as file, edity, data, transform,
analyze, direct marketing, graphs, utilities, add;ovindow and help menu
exist. In SAS, icons such as file, edit, view, &aiun, solutions, window
and help menu exist. In JMP, you find icons suclilastables, design of
experiment, analyse, graph, tools, view, window hetb-menu. Click on
the yellow folder or envelope to import your datéithe interface. In SAS
interface, click solutions- analysis —analyst-stais-then you choose the
appropriate statistic based on your design (whene gan define your
variables as dependent, independent, fixed or rahddastly you click on
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run to display your statistical output. In SPSS medick analyze, the
interface will display different kinds of statisticdesigns, then click the
design that fit into your experimental layout tofide your criteria for

analysis such as your independent, dependent,iatasrfixed and random
variables. Lastly you will click ok to print out yo statistical output.

In JMP statistical package, after importation otadanto the analysis
interface, click analyse and choose the type ofgdefor your variable
selection and definition. Lastly click ok.

SELF-ASSESSMENT EXERCISE

List the modern statistical packages that are masted in the field of
agriculture.

4.0 CONCLUSION

In this unit, you have learnt how to compute andlyse data in different
statistical software.

5.0 SUMMARY

This unit revealed the major steps in data maniulaand analysis using
different sophisticated statistical software.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the major steps in testing for outliers.
2. Write the full meaning of SPSS, SAS and GENESTAT.

7.0 REFERENCE/FURTHER READING
Hoshmand, R. (1994)Experimental Research Design and Analysis. A

Practical Approach for the Agricultural and Natural Sciences.
London: CRC Press.
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UNIT 3 COMPUTATIONAL TECHNIQUES OF
EXPERIMENTAL DESIGN

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 t-and z-test
3.2  ANOVA for Completely Randomised Design
3.3 ANOVA for Randomised Complete Block Design
3.4  Factorial Experiment
3.5 Hierarchical or Nested Design

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 Reference/Further Reading

1.0 INTRODUCTION

This unit is structured to solve basic examplesatmgl to statistical
methods. Since the theoretical examples has bélectesl in the previous
modules. It is important to note that differenttistecal designs have
different models as a unique characteristics aufea. This will also build
our skills in the computation of various designs.

2.0 OBJECTIVES

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

o explain the mathematical steps involved in thewdaton of t-test,
. analysis variance (f-test), change over designofed and nested
design.

3.0 MAIN CONTENT
3.1 t-test (When Sample Size is Less than 30)

Ten South-African Jersey dairy cows are in lactatio Sebore farms. The
arithmetic mean of the sample is 4000kg and theuladipn mean is
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4200kg with standard deviation of 500kg. Test whethe sample mean is
significantly different from the population mean.

Solutions

The hypothetical mean is g 4200kg

Ho: 1 = 4200kg

Ha. 1 = 4200kg

Sample mean iy = 4000kg

Sample standard deviation is s = 500kg

7 ="

The calculated value of the t-statistics is

Y~ #, _4000-4200 _

s/n 50%\/%

To calculate the critical value z:t=-2.26. Then take a decision rule. Since
the calculated t=-1.26 is less than the criticdueat,»,=-2.26, Ho is not
rejected withan 0=0.05 level of significance. This implies that tsemple
mean is not significantly different from 4200kg.

t= -126

3.1.1 z-test (When the Sample Size is more than 30)

Example: Two groups of 40 broiler chickens were tefierent dietary
rations (A and B) to determine the best group thlitperform optimally
under Zaria conditions. At the end of the finispease at 8 weeks of age
the following sample mean and variances were catledlin kg.

Treatment A Treatment B
Mean ) 3.20 4.50
Variance (9 0.25 0.36
Size (n) 40 40

The hypotheses for a two-sided test are:

Ho:ps —p2 =0
Hui g — pp #0

The pooled standard error or the estimate:
2. [ o

SO — V2 =
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The calculated value of z static is:

z=Nn"Y2 _ 320- 4'50:—1057Since the Z value = -10.57 is more than
S(Yr)’z) 012
the critical value @«/, = —zgo25 = —1.96), the null hypothesis is

rejected suggesting that ration B was able to agtymmprove the growth
performance of broiler chickens.

3.2  Anova for Completely Randomised Design

lllustration : An experiment was conducted to test the nutritreéue of

roselle seed cake as a replacement for groundhkatatadifferent inclusion
levels in the dietary treatments on the bodywemwfhbroiler chickens at
starter phase.

The model:

Yij =u+T &

Y, = Observation in the"itreatment

1 =Overall mean

T. = The effect of 'treatment

&; =Random error ¢,c?)

TR1 TR2 TR3

(0%) (10%) | (20%)

370 390 390

400 350 440

380 380 330

380 390 300

370 380 300

TOTAL

y' [ 1900 1890 1760 5550
N|5 5 5 15
y | 380 372 352 370

For computations of sum of squares
1) YiYjYij = (370+400+...... +300)=5550
2) correction for the mean
_(XiYjYij)? _ (5550)% _ 30802500
C.F= > =0 -

= 2053500
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3) Total (corrected) sum of squares:
SSI'OT: (ZlZJYlJZ -C.T
= 2072700-2053500
=19200
4) Treatment sum of square
_ v &jYij?
SSmr=3 =~ C

19002 = 18902 = 17602
= + +

5 5 5
= 722000 + 714420 + 619520 — C
= 2055940 — 2053500
= 2440
5) Residual sum of square:
SSRES: SS{OT' SS’RT: 19200-2440
= 16760

ANOVA Table
Source SS Df ms F

Treatment | 2440 3-2=2 1220 0.87
Residual 16760 | 15-3=12 | 1396.67
Total 19200 | 14

_ MSrpr _ 1220 _ 0.87
MSgps 1396.67
The power of test is calculated asgbs » 1.= 3.89. The calculated F
statistics (0.87) is less than the critical valu289), supporting the
conclusion that dietary treatments are similar.

3.3 Anova for Randomised Complete Block Design
Example: An experiment was conducted to test the effecthodd
dietary treatments on bodyweight of lactating Fae<attle.

Treatment| | 1 11 \Y 2 Treatment
average
T1 826.00 | 865.02| 795.000 850.0( 3336/02 834.00
T2 827.05 | 871.99| 720.97] 860.0( 3280/05 820.00
T3 753.00 | 803.99| 737.000 821.9% 3116/00 779.00

Block 2406.05| 2540.99 2253.00 2532.00 973100

‘-’DW\J\J

Block 802.00 | 847.00 | 751.00, 844.0(
average

811

lllustration: RCBD Layout

Blocks
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Treatment | 1 1 \Y
Tl Y11 Y12 Y13 Y14
T2 Y21 YZZ Y23 Y24
T3 Y31 Y32 Y33 Y34
The model:

Yi=u+T +B;, +¢

Y, = Observation in the"itreatment
1 =Overall mean

T. = The effect of ' treatment

B, = Effect of the ' block

¢; =Random error ¢,c?)

Mathematical Computations of Sum of Squares

1. Total sum of squares
> 2. Y, =(82600+86502+——-82198)
=973199
2. Correction for the mean
3y 2
ot =z v f _(073199F __oene
(x) (y)
3. Total (correct) sum of squares
SSior =%, 3, Y, 7 —CT = (826007 +865.02° +...—- 82198 ) 7892636
=7921058-7892636
= 28422
4. Block sum of square
Y
Sssmck = Zj % -CT
2 2
_ 2402.05 . 254;)99 . 225;3.002 L, 253200° oo nn
=7910913 7892636=1827726
The ANOVA table
Source SS df ms
f
Block 18277.26 3 6092.42 10.51
Treatment 6667.36 2 3333.68 5.75
Residual 3477.38 6 579.56
Total 28422 11
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The critical value of F for testing treatments 2oand 6 degrees of freedom
and the level of significanfF,,, ,, = 514) Since the calculate@ = 575 is

greater than the critical value, this implies tlthétary treatment has
different effect on body weight.

3.4 Factorial Experiment
An experiment was conducted to determining the ceffef enzyme

additions supplementation in feed on feed convergiatio of broiler
chickens.

Allzyme 0.01 0.02

Roxazyme 0 10 0 10
0.6 0.6 0.5 0.7
0.5 0.5 0.5 0.7
0.5 0.6 0.9 0.9
0.5 0.5 0.5 0.7
0.5 0.6 0.5 0.7

Sum 2.6 2.8 2.9 3.7

Average 0.52 0.56 0.58 074

Model for factorial experiment

The model:

Yij =u+A+B, +(AB)ij + Eij

Y, = Observation of k in thé"itreatment

1 =Overall mean

A =The effect of level i of factor A

B, = The effect of level j of factor B

(AB), = Interaction of factor A and B with levels ij
¢, =Random error ¢,c?)

The mathematical sum of squares are calculated

Total Sum of squares

> 2 %Y, =(06+05....+07)=12

Correction for the mean

Erzonf @r )
rXc 20

Total sum of squares

S = zi zj zk(Yi,j)Z -CT

=06°+05°+...+07°-72

CT=
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=752-72
= 032

Sum of squares for Allzyme
(=2, %S
nr
_(26+28f .\ (29+37)

10 10
=29+44
=73-72=010
Sum of squares for Roxazyme

IDIPIRTY

SSA||zyme =2, -CT

72

$Roxazyme = Z:j nc
_(26+29f .\ (28+377 cT
10 10 '

=3.025+ 423-72
=7.255-72= 006
Sum of squares for interaction

SS

al

2 2 2 2
(26) .\ (25) .\ (29) .\ (37)
5 5 5 5

= 734—- 010- 006-7.2
= 002
Residual sum of squares

Ssresidual = SSFOT - SSalzme - Sa?oxazyme - SSaIerox

= 032- 010- 006- 002
=014

ANOVA Table
Source

STATISTICSAND RESEARCH METHODOLOGY

Izmex Roxazyme — Z:i Z:j (Z:k%k)z - SSA - SSB -CT

SS

df

ms f
Alzyme
11.11
Roxazyme
6.67
Alzymex Roxazyme
2.22
Residual

92

0.10

0.06

0.02

0.14

16

0.10

0.06

0.02

0.009
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Total 0.32 19 0.02
The critical value for value foex = 005isF ;116 = 449. The computed F
value is 2.22 from the interactions. The calculdtedalue is less than the
critical value. So this implies that there is ngrsficant difference between
the two enzyme types.

3.5 Hierarchical or Nested Design

An experiment was conducted to determine the effettsire and dam on
variability of daily gain of their offspring in Japese quail.

Sire Dam Offspring daily Total gain  rByer sire
Sum per Dam
1 1 1 1.2
1 1 2 1.2
2.4
1 2 3 1.2
1 2 4 1.3
1 3 5 1.1
2.5
1 3 6 1.2 7.2
2.3
2 4 7 1.2
2 4 8 1.2
2.4
2 5 9 1.1
2 5 10 1.2
2.3
2 6 11 1.2
2 6 12 1.1 7.0
2.3
3 7 13 1.2
2.4
3 7 14 1.2
3 8 15 1.3
2.6
3 8 16 1.3
3 9 17 1.2 7.4
2.4
3 9 18 1.2
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4 10 19 1.3
2.6

4 10 20 1.3

4 11 21 1.4
2.8

4 11 22 1.4

4 12 23 1.3

4 12 24 1.3 29.6 8.0
2.6

Sum 29.6 29.6 29.6
29.6

Solutions

The structure of the design is that a sire matesetgeral dams and each
dam producing several offspring.

x =number of sire =4

y = humber of dam per sire =3

n= number of chicks per dam

Mathematical computations

1. Total sum

> 2 Y, =(12+12+412+..+13)= 296
2. Correction total

Y,
CT= =32, “)2 (206) =3651
Xyn 24

Xyn=4x3x2=24

3. Sum of squares for sires
220 Y,
S, =3, = zjnzk uf ~-CT % [(7.2)2 ot (8)2]—3651
X

= 009

4. Sum of squares for dam within sires

S5, (dam) = zz(ZY“)z Sy

1[24 (25F +..+ (26)]- 009-3651

= 004
5. Total sum of squares
SS‘rOT = Zi zj zk(Yi,j)z_C'T
=(12f +(12f +..+(1L3F -CT
= 015
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6. Sum of squares for sire within dam

$calves(darn) = $TOT - $S’re - $dam(s- re)

= 015- 009- 004
= 002

ANOVA Table
Source SS df ms

f
Sire 0.09 3 0.03
6.22
Dam within sire 0.04 8 0.005
3.00
Chicks within dam 0.02 12 0.002
Total 0.15 23
The estimation of variance components are presentide following table.
Source E (Ms) Variance
Component Percent
Sil’es O'2+20'2dams+60'281r$ 0004

56.63
Dams within sires o2 + 26-%sams 0.002

21.69
Chicks within Dams>? 0.002

21.69
Total 0.008

100.00

The basic assumption is that the effects of sinresdaams are random. The
random error for sire is the mean square for dantkirwsire, and the
random error for dams is the mean square for chiakisin dams. The
critical value for sire if,,, 38= 407, and the critical valve for dams within

sires ik, 812= 285.since the calculated F values are greater than the

critical valves and thus the effects of sires aathgl are significant on the
daily gain of Japanese quail chicks.

SELF —ASSESSMENT EXERCISE

Under what conditions do you usend z tests?
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4.0 CONCLUSION
In this unit, you have learnt the mathematical cotapon of statistical

methods through sequential steps of resolving gaur of squares which is
finally processed in your ANOVA table.

50 SUMMARY
This unit revealed the mathematical computationglifferent statistical

layout. For you to apply a particular statisticakthod several conditions
surrounding the utilisation of such method hasdariet.

6.0 TUTOR-MARKED ASSIGNMENT
Twenty one crossbred Holstein X Bunaji cows of aiint genetic
constitution are in lactations. The arithmetic meathe sample, 5200kg is

significantly different from 3600kg. The sample retard deviation is
1200kg. Test the hypothesis at 95% confidencevater

7.0 REFERENCE/FURTHER READING

Little, R.; Stroup, W. & Wolfinger, R. D. (1996)Agricultural
Experimentation. New York: John Wiley and Sons.
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MODULE 7 PRESENTATION OF RESEARCH FINDINGS
IN NARRATIVE, TABULAR AND
GRAPHICAL FORMS

Unit 1 Results through Tabular Form
Unit 2 Results Presentation through Graphical Form
UNIT 1 RESULTS PRESENTATION THROUGH

TABULAR FORM
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Guidelines for Construction of Tables
3.1.1 Advantage and Disadvantage of Tables
3.2 Types of Tables
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

In this unit, you will be acquainted with guidelsdor construction of
tables and its interpretation. The unit will expl@he introductory part and
will briefly take you through the classification t#bles. Go through all the

sections carefully, as they are designed to makeuwwlerstand the course
better. For instance, pay due attention to youf-assdessment exercises;

this will enhance your understanding of the contd@nthe unit, so that the
stated objectives for the unit can be achieved.

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

o differentiate between table types
. itemise the guidelines for construction of tables.
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3.0 MAIN CONTENT

3.1 Guidelines for Construction of Tables

o

The title of the table should be self-explanatond aeflect the
content of the table.

Tables should follow table format presentation.

Remember to mention the units .e.qg. yielding.

In table heading, use singular form not plural.

Data presentation should be done in rows and caumn

Long rows and columns should be divided into subimegs.

Use subtotals where applicable.

Tables are used to show exact values.

Data should be presented with a few decimal pojetg. 2 to 3
decimal places) for ease of calculation; data aesgnted in tables.

~S@—meoowT

3.1.1 Advantage of Tabular Presentation

I It allows the process of summarisation of complatad
. It allow the interaction of data.
iii. It allows for process of essential information gaihg.

3.2 Types of Tables

Tables are classified into one-way, two-way, amédhway. This helps to
bring out the features and interactions under study

I One-way Table It consists of serial numbers. Example, 1, 2, X, ...
Y...t. Information from this type of table is only ane direction.

. Two-way Table It involves two set of data. Example, Age and
breed of rabbits. The two-way table classificatigiles a more
straight forward idea of the interaction (i.e. htive effect of one
influences the other)

B, B, B, Total
A X X3 X ZAZ
Az X3 X X ZA3
Total
Z B, Z B, Z B, Z A;B;
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iii. Three-way Table It gives the effect of two variables on the third
variable. Thus, it is called second order intemattBeyond the three
way classification, the statistical classificatigncalled a many fold
case. It is not important anymore because of tingpbexities.

C, Co Total
B: B, B: B,
Aq X1 X2 X3 X4 YAl
A, Xz X3 X2 X3 X A2
Az X3 X4 X1 X2 X A3
Ay X4 X1 X4 X1 Y A4

Total ZC]_B]_ ZC]_BZ ZCzBl ZCzBl ZAiCin

Disadvantage of Table Presentation

I It is less attractive to reader eyes

. It lacks ability for detecting serious compromisesiata integrity
iii. It does not have the capacity to detect outliers

SELF ASSESSMENT EXERCISE

Highlight the various guidelines you need to pubioonsideration in table
presentation.

4.0 CONCLUSION
Looking at the basic guide in constructing yourléap you must have

observed that in order to enhance the clarity otirywalues, table
presentation should follow an acceptable globah&dr

5.0 SUMMARY

In this unit, you learnt about basic guide for damstion of tables and their
advantages and disadvantages.

6.0 TUTOR-MARKED ASSIGNMENT

1. List sequentially the guidelines for constructaf tables.
2. Briefly explain different types of tables.
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7.0 REFERENCE/FURTHER READING

Iman, R.L. (1994). A Data Based Approach to Stasst California:
Duxbery Press, Belmont.
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UNIT 2 RESULTS PRESENTATION THROUGH
GRAPHICAL FORM

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Graphical or Diagrammatic Representation daDa
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit introduces the reader to several attvacfeatures of figures.
Figures make our result presentation more simplexi aasy to
comprehend. Always bear in mind, that charts mader york to look

colorful. Note that in all figures, you should inode graphical
representation of interval estimates.

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

. present your data using figures
o determine the features of different graphs.

3.0 MAIN CONTENT

3.1 Graphical or Diagrammatical Representation of @&ta

Data when represented in the form of a graph agrdia becomes easier to
conceive, memorise and compare. Graphs are linasnge dependent and
independent variables. The relationship of twoalalas can be graphed in
the form of positive and negative variations.
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Advantages of graphs

Graphs are frequently useful in interpreting sigaift interactions

» +
<

<<

More than one variable, A, B, C, can be represeimexhe graph for easy
comparison. Three variables can be representedergph if two of them
are related to the third.

T Protein

€1 Content

Feed
Scattered Diagrams -Used when studying bivariate population
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»
»

Regression line

Dependent

Independent

Here, the average representative points fall onrégeession line. Other
forms of graphs can be in the form of linear regegprguadratic, cubic,

guartic or quintile response. Higher degrees ofpwase are too
complicated.

Histograms
Histograms are variables represented in the forsold bars.

A

Yield

» Protein in diet
Frequency polygonsare obtained by joining the mid-point of the bizesn

the top. For smaller intervals, the polygon ishe form of a curve called
frequency curve
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v

v

When more than one variable are used in a histqgtlaenbars could be
distinguished by using different shades.
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™~

A (e]6)
x 00

bS S
A EIRNERS

%

v

Two variables can be represented on both sidegdh.

< »Gain
Loss < BER HEE g

Sometimes, frequency curves are drawn from claskiftable. The
frequency polygon or curve obtained is calsgimoid curve because it is
S-shaped. It is also calleoh ogive An example of this is the growth curve
in animals.
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Wt(Kg)

v

Age (yrs)

NB: In drawing histograms of discrete data, linestead of bars are used
and frequency polygons are not drawn from it.

v

Continuous data

v
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Pie Chart
In Pie Chart the proportion of various componeiats lse seen at a glance.

-0
CRSSE
0

-0

0
—0
0 -0

\7+
0 >0
0 30

Pictograms
This makes use of sketches or shapes to repreastent d

= 1,000 animals

SELF ASSESSMENT EXERCISE

List and explain the basic features of a graph.
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4.0 CONCLUSION

In this unit, you have learnt how to use differgmaphs for your data
representation.

5.0 SUMMARY

In this unit, you have learnt the major importanmfe figures such as
attracting the reader’s eye and help convey glodzllts.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the advantages and disadvantages of figures
2. Draw and list five figure types.

7.0 REFERENCE/FURTHER READING

McClave, J. R. & Dietrich, F.H. (1987). Statisti¢3rd), Boston M.A.:
Duxbury Press.
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