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INTRODUCTION

»

v

-

$

]

\ | o

| Introductory Statistics is a second semester, fwo credit, basic course

gl designed for students with no previous knowledge of statistics. It is
[ intended to initiate students to the subject at an mtroductor}' stage so that
| they acquire fundamental concepts required in gaining deeper

understanding of social, health and related issues.

[ The course consists of twenty units divided into four Modules of content

1 of five units each. It involves basic principles in collection, compilation,

B analysis, presentation of data and the drawing of conclusions from :
¥ statistical analysis. The material has drawn on several practical

| examples from the local environment so that the relevance of theory to

L the practical situation may be appreciated. Extensive use of the media

, and several case studies in the social and health sectors from

% information collection agencies and government data support the !
! student's study.

Since computers are being used to an increasing extent in the hospital
services, and in view of the fact that they, are ideal for performing
statistical calculations and analyses, the student is advised to be
computer literate. However, the need to write one's computer :

programmes does not arise since they already exist for almost all aspects
of statistics. The student requires no pre-requisites for the course.

GENERAL OBJECTIVE .

The general objective of Introductory Statistics is to introduce the
student to the basic principles and applications of statistics in nursing
practice and research. During the course, the student will learn several
statistical concepts and techniques and how to employ them in making
generalisations and decisions on social, health and related issues.

In this course, the student will acquire many well-organised statistical
procedures that will endow him with strategies needed in solvmg
positively many medical probicms.

COURSE AIMS

The aim of the course is to introduce the student to the statistical process
and methods in common use.
It will be achieved by:

. Introducing you to fundamental statistical concepts and
procedures. Illustrating how these principles can be applied to

issues in nursing practice and research.
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. Explaining to you how data and case studies from information-
collection agencies and government sources may be employed to
solve current health problems.

B Giving you the grounding in the ability to generalise and decide
positively on situations arising in the health sector.

COURSE OBJECTIVES
At the end of this course, you should be able to attain the following:

Collect adequate and reliable statistical information.
. Present the data in forms in which the main characteristics are
easily understood.
Organise and summarise the information collected.
Treat the data scientifically i.e. analyze the main features of
the data.
. Deduce meaningful conclusions or relationships from the
statistical analysis. '
@ Measure the reliability of the conclusions about a population based
on information of the population.

WORKING THROUGH THE COURSE

You are required to read the study units, set books and other materials
provided by the National Open University to complete the course. You
will also need to work through practical and self-assessed exercises and
submit assignments for assessment purposes. The course will take you
about 60 hours to complete at the end of which you will write a final
examination.

COURSE MATERIALS

Major components of the course are:

Course Guide

Study Units

Text Books .
Assignment File

Presentation Schedule

T
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STUDY UNITS

 This course consists of the following rwenty study units:

s
Lr

Module 1

Unit 1 Aims of the Statistical Method

Unit 2 Collection of Data: Sampling

Unit 3 Collection of Data: Bias

Unit 4 Collection of Data: Forms of Record
Unit 5 Presentation of Data

Module 2

Unit 1 Frequency Distribution

Unit 2 Cumulative Distribution

Unit 3 Measures of Location

Unit 4 Measures of Dispersion

Unit 5 Correlation

Module 3

Unit 1 Regression

Unit 2 Simple Concepts of Probability

Unit 3 Relationship between Population and Sample

Unit 4 Normal Distribution

Unit 5 Sampling Distribution of the Mean and the Cential Limit
Theorem

Module 4

Unit 1 Mean Estimation

Unit 2 Fundamentals of Hypothesis Test

Unit 3 Hypothesis Test for one Population Mean when Standard
Deviation is Known

Unit 4 Classical Approach vs P-Value Approach to Hypothesis
Testing

Unit 5 Measures of Morbidity

The first fourteen units deal with fundamental principles of statistics
while the last six units involve application of these principles. Each
study unit will take about four weeks work. It involves specific
objectives, how to study the reading materials, references to sét books
and other related sources and summaries of vital points and ideas. The
units direct you to work on exercises related to the required reading and
to carry out practical computer exercises where appropriate. A number

vi
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of self-tests are associated with each unit. These tests give you an
indication of your progress. The exercises as well as the futor-marked
assignments will help you in achiéving the stated learning objectives
of each unit and of the course.

SET TEXTBOOKS
You should purchase at least two of the following set books:

Jefferies, P.M. (1995) Mathematics in Nursing, 4th edn, Bailliere Tindall,
London: Cassell and Collier, Macmillan Publishers Ltd.

Hill, A.B. and Hill, LD. (1991). Principles of Medical Statistics, 12th
Edn., E. Amold, London.

Adamu, S.0. and Johnson, T.L. (1988). Statistics for Beginners, 3rd edn.
SAAL Publications, Ibadan, Nigeria. Weiss, A.L. (1996) Elementary
Statistics, 3rd edn., Addison- Wesley Publishing Co. Inc.

Knapp, R.G. (1985). Basic Statistics for Nurses, 2nd edn., Delmar
Publishers Inc. N.Y.

Computer Software (Optional)

You are expected to purchase your copy of the statistical package
locally so as to undertake a number of practical exercises. Many high-
quality statistical software packages are available and you may choose
Minitab.

ASSIGNMENT FILE

The Assignment File will be sent in due course. All the details of the
work you must submit to your tutor for marking will be found in this
file. The marks you obtain for these assignments will count towards the
final mark you obtain for this course. Additional informatipn on
assignments is available in the Assignment File and in this Course
Guide in the section on Assessment.

The ten assignments in this course will cover:

(i) Aim of the statistical method, collection of data: sampling
(Units 1 and 2)

(ii) Collection of data: bias, forms of record (Units 3 and 4)

(iii) Presentation of data, frequency distribution (Units 5 and 6)

(iv) Cumulative distribution, measures of location (Units 7 -and
8)

vii
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(v) Measures of dispersion, correlation (Units 9 and 10)
(vi) . Regression, simple concepts of probability (Units 11 and
, 12)
(vii)  Probability distributiony normal distribution (Units 13 and
14)

(viii)  Sampling distribution of the mean and the central limit theorem,
: mean estimation (Units 15 and 16)
(ix) Simple significance tests, measures of morbidity (Units 17
and 18)
(x) Tests based on large and small samples (Units 19 and 20)

PRESENTATION SCHEDULE

The Presentation Schedule included in your course materials gives you
the important dates for this year for the completion of tutor-marked
assignments and relevant tutorials. You are required to submit all your
assignments by the due date. You should keep abreast of the schedule.

‘ ASSESSMENT

The assessment of the course consists of two aspects, namely -the futor-
marked assignments and a written examination.

In working through the assignments, you will need to apply
information, knowledge and techniques gained during the course. You
are required to submit the assignments to your tutor for formal assessment
in accordance with the deadlines stated in the Presentation Schedule
and the Assignment File. 50% of your total course mark will be from
the work submitted to your tutor for assessment.

The final examination, which you will sit for at the end of the course,
will count for 50% of your total course mark.

TUTOR-MARKED ASSIGNMENTS (TMAS)

You need to submit eight of the ten tutor-marked assignments in this*
course. Each assignment counts for 6.25% of your total course work.

In this course, assignment questions for the units are contained in the
Assignment File. The information and the materials contained in your
set books, reading and the study units will assist you in completing the
assignments. It is desirable that by your ability to read and research
widely you will demonstrate a standard compatible with a degree level
education. Other references will broaden your outlook and will enhance
your understanding of the subject.

wiii
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Each completed assignment together with a TMA (Tutor-Marked
Assignment) form should be sent to your tutor. You should ensure that
each assignment reaches your tutor on or before the deadline stated in the
Presentation Schedule and Assignment File. If for any reason, you
fail to complete your work on time, contact your tutor before the
assignment is due, to discuss the possibility of an extension. After the
due date for submission, extensions will not be granted unless there
are exceptional circumstances.

FINAL EXAMINATION AND GRADING

The final examination for Introductory Statistics will be of three hours
duration and count for a value of 50% of the total course grade. The
examination will consist of questions which reflect the types of
Self-testing, practice exercises and tutor-marked problems you have
previously encountered. Assessment involves all areas of the course.

You should use the time between finishing the last unit and sifting the
examination to revise the entire course. It is worthwhile for you to
review your self-tests, tutor-marked assignments and comments on
them before the examination. Information from all parts of the course
is covered in the final examination.

COURSE MARKING SCHEME
Assessment Marks
Assignments 1-10 count Ten assignments, best eight marks
Fmal of the ten @ 6.25% each = 50% of
examination course marks
Total 50% of overall course marks
100% of course marks

Table 1: Course marking scheme

COURSE OVERVIEW

This table is a composition of the units, the number of weeks you
will take to complete them and the accompanying assignments.
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l:mpﬂl’-lhl BB i e s

Weeks Assessment
| Aims of the Statistical Mcthod 3 .
2 | Collectionof data: sampling : Ay |
3 Collection of data. bias _
4 Collection of data’ forms of record 3 N
: 3
of data
: Presentation B . Assigament 3
v Cumulative distribution ‘ E M
p : st losstion : Assignmeni
TO ;‘::H o 3 Assignment 3
’ 4
11 Regression . &
1”2 Simple concepts of probabil ity E Afsghment
13 | Probability distribution 2 it
14 | Normal disteibution : ASgpmm~L
15 Sampling distribution of the Mean CLT 5 P
" e 4 Assignment
i1 | Fundementals of Hypotheses Tests 4
18 Hypothesis Test for One Population Mean =
ion & Enown 3 Assignment 9
19 | Classical Approach vs P -Vaiue apprasch to
e 3
Hypothesis Testing .
20 | Measuresof Morbidity 3 o s
Woisey 60

Table 2: Course organiser
HOW TO GET THE MOST FROM THIS COURSE

Oneofﬂlegreatadmesofdistancelemnmgisﬂmthesmdyunim
replace the university lecturer. You can read and work through specially
prepmdsmdymatmialsatyourownpacc,timcandptacethatsuityou
beat.YoureadthelecminstcadofﬁsteningtoaleCMermdﬂ:cmtdy
unitsinsu'uctsyouonwhentoreadsetbmksorothﬁmmeﬁalsand
when to undertake computer exercises. Study units also provide
exercises for you to do at appropriate points.

Each study unit follows a common setting. The first item introduces
the subject matter of the unit and integrates a particular unit with the
oﬂ:&rmitsandﬂ:ccmasawhole.ﬁsetoflﬂmingohiecﬁmism
stated. These objectives tell you what you should be able to do by the
time you have completed the unit.

These objectives are guides to your study. At the end of a unit you
should find out whether you have achieved the objectives.

Tl:md'ﬂ:ellmtgmdes)mﬂrwghﬂaemadm&un
othamceslhyuwsﬂbmhnrfmmdhﬂmdinngou
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wall be directed and guided through tasks you must do if a unit requires
computer practical work. Computing work enhances your
snderstanding of the material in the unit. It will also gwe you practical
experience of using programimes you could encounter in your work
outside your studies.

. Self-tests occur throughout the units and answers are given at the end of

| umits. You will need to work through these tests so that you can achieve
e objectives of the unit and prepare for the assignments and the
examination. Numerous examples are given in the study units and you
will need to work through them.

The following practical strategies help you to work through the course.
When you need help get in touch with your tutor.

i Read this Course Guide thoroughly
n Organise a study schedule referring to the Course Overview
for details
. Ask your tutor for assistance if you get into difficulties with
your study schedule.
tv.  Turn to Unit 1 and read the introduction and the objectives for
the unit.
V. Assemble the study materials and you will notice that the
information about what you need for a unit is given in the'
Overview' at the beginning of each unit. You will need both the
study unit you are working on and one of the set books
simultaneously.
vi  The content of the unit has been arranged in a sequence for you to
: follow and you will be instructed on relevant sections of set
| books and other articles as you work through the unit.
} vi.. You will learn a lot by doing the assignments carefully and
\ submit all of them not later than the due date.
wiii. Review the objectives of each study to confirm that you have
achieved them. Start on the next unit
f ix. after you have achieved the objectives of a previous unit.
Work through the course unit by unit and keep yourself on
schedule.
x Do not wait for the return of a submitted assignment before
starting on the next unit. Pay attention to
Xl your tutor's comments on assignments returned. Consult him
on questions and problems you may have.
xii.  On completion of the last unit, review the course and prepare for
the final examination. Tutors

Xi
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TUTORS AND TUTORIALS

40 hours (twenty 2-hour sessions) are provided in support of this course.
You will be informed of the dates; location of these tutorials, name and
phone number of your tufor as soon as you are located to a tutorial

group.

Your tutor will mark and comment on your assignments. He monitors
your progress and renders assistance to you during the course. Mail
your tutor- marked assignments to your tutor at least two working
days before the due date. They will be marked and sent back to you
as soon as possible.

If you need help, contact your tutor by telephone, e-mail or
discussion board. Circumstances in which you will need your tutor's
assistance include:

3 You do not understand any part of the study unit or the
assigned readings.

. You have difficulty with the Self-tests and exercises.

. You have difficulties with an assignment, with your tutor's
comments on an assignment or with the grading of an
assignment.

Attendance at tutorials is essential because this is the only opportunity
for you to have a fact-to-face contact with your tutor. Prepare a question
list before attending tutorials. You will learn a lot from participating in
discussions actively.

SUMMARY

Introductory Statistics is designed to facilitate the increasing complexity
of the nurse's work which includes the ability to compile, summarise and
interpret a wide range of figures. On completion of this course, you will
be equipped with basic knowledge of statistical procedures and
applications in nursing practice.

L

You will be able to answer questions with statistical implications. You
will also be ultimately capable of evaluating critically 'some relevant
studies so as to be able to determine the necessity of incorporating new
procedures into nursing care plan.
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MODULE 1
B Uaicl Aims of the Statistical Method
Unit 2 Collection of Data: Sampling
Umit 3 Collection of Data: Bias
Unit 4 Collection of Data: Forms of Record
Unit 5 Presentation of Data

. UNIT1 AIMS OF THE STATISTICAL METHOD
CONTENT

10 Introduction
20 Objectives
30 Main Content
3.1 Definition of Statistics
3.2 Decision-Making
3.3 Population and Sample
3.4 Vanable and Observation
40 Conclusion
50 Summary
6.0  Tutor-Marked Assignment (TMA)s
7.0 Reference/Further Reading

1.0 INTRODUCTION

This unit focuses mainly on the aims and application of the statistical
method in nursing education and practice. It gives definitions of basic
statistical concepts and states salient reasons why information or data
relating to health issues require statistical treatment. We thus have to
look at what you have to learn in this unit in the objectives stated
hereunder:

20 OBJECTIVES '

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

« understand the aims of statistical techniques in nursing
education and practice
» define and employ basic statistical terms.
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3.0 MAIN CONTENT
3.1 Definition of Statistics
&

Statistics is the science that deals with collecting and summarizing facts
which are expressible in numerical form. It also involves the
measurement and comparison of facts ultimately leading to the discovery
of the existence of significant relationships between them. This is
helpful in revealing trends so that important estimates or forecasts may
be carried out.

You, will therefore observe from the above definition of Statistics that
we often ask so many questions that tend to have statistical implications.
For example: What is the average height of ten year-old girls in Nigeria?
How many Nigerian mothers wean their babies at nine months old?
What is the life expectancy of a Nigerian woman? You often engage in
such discussions locally or at your work-place. There is a variety of
opinions on such subject yet no tangible information results except
reliable data are available.

However, these questions are not only of grave consequence to the well-
being of individuals and groups of people but have economic, political
: and health implications for the country. You will therefore notice its
. relevance and importance in the next section and the course in general.

32 Decision-Making

Let us reflect over the questions raised in the previous section of the unit
and several other everyday actions we engage in. You will notice that
we tend to make several decisions in our daily life. Some of these
decisions may be simple while others are consequential and involve
some degree of uncertainty. You will further notice that decisions are
usually made with regard to available information given or assumed.

3 Quite reasonably then, numerical information is preferable since it

presupposes an assessment of consequences. Sianstwsmyﬂ:ﬁefo:ehe
generally defined as that part of decision making which relates to numerical
E information. Therefore, there is the need for you to be conversant with
4 some basic concepts and terminologies presented in the remaining part of
this unit.

33 Populations and Sample

quhnmmamﬂechonofallmdwmzals,nmormm
consideration in a statistical study.
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¥ou can employ the term to refer to a collection of:
e
(i)  Citizens of a country.
@) Students in a school of nursing;
‘fau) Patients in a hospital ward;
{=) Animals in a zoo; and
v Inanimate objects e.g. cars, houses, dogs.

A population may be finite, infinite countable or uncountable. All the unit of
&= population may not be reached at times, we then refer to that part of
e population from which information is collected as a sample.

A sample may be random or purposive according as each sample is equally
Ek=ly 10 be selected or not. For example, a random sample is obtained by
wssing a coin, throwing a die or drawing slips from a box.

¥ou also need to be conversant with the following terms:
34 Variable and Observation

A characteristic possessed by the members of a population is said to be a
wariable. A variable may take integral or real values. For instance, age,
weight and height are variables. Variables may be referred to as discrete or
comtinuous depending on whether they take specific values or not.

The size of a family is a discrete variable whereas the heights of twenty-
five students of the National Open University form a set of continuous
wariables. Finally, we define an observation as a variable for a member of

2 population.
40 CONCLUSION

In this unit, you have been able to identify the aims of the statistical
method. You should also be able to define, recognise some basic
statistical terms, and be able to relate these concepts to some case
studies occurring in nursing practice and other cognate areas.

50 SUMMARY

What you have been able to learn in this unit deals with the extent
statistical method is required in the analysis and interpretation of
figures relating to health issues. You also learned that the analysis and
mierpretation of figures are influenced by factors which include for
mstance variability of human beings in their illnesses, their reactions to
them and ultimately in the treatment of these illnesses.
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--lr: ,},‘ ' You also understood that the requirement of a large number of data is not
T 111 essential in most. cases since a maller number of data may furnish vital
| ' information on the issue under study. The study units that follow build

bt ' upon this introduction.

- g e 1

l:g : Exercise (SAE) Self-Assessment Exercise

\
M | I [ . Construct a table indicating the number and ages of the following category
1 of staff in your hospital or unit:

LN (i)  Nursing officers and above
' (ii)  Ward sisters and charge nurses
(iii) Staff nurses
(iv) Student and pupil nurses
(v)  Unqualified staff e.g. ward orderlies and nursing assistants.

6.0 TUTOR-MARKED ASSIGNMENT

1. State what you understand by the following terms:
a. Population
b Sample
B Observation
d Random and continuous variables

Illustrate your answers with suitable examples from the hospital
environment.

ii. The following is a list of the daily cost of keepmg a patient in ten
respective hospitals located in an urban area in Nigeria. :
14150, 14200, N250, 14300, N400, N450, 14500, N600,
N700,14800.
Write down (a)  The smallest cost
(b)  The highest cost
(c)  The sum of all the costs.

7.0 REFERENCE/FURTHER READING

Jefteries, P.M. (1995). Mathematics in Nursing, 4th edition, Bailliere,
Tindall, London: Cassell and Collier, Macmillan Publishers Ltd.

Knapp, R.G. (1985). Basic Statistics for Nurses, 2nd edition, Delmar
Publishers Inc. N. Y.

Hill, AB. and Hill, LD. (1991). Principles of Medical Statistics, 12th
edition, E Amold, London
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UNIT2 COLLECTION OF DATA: SAMPLING

CONTENT » il
Introduction
Objectives
Main Content
3.1 Is a Statistical Study Necessary?
3.2 Simple Random Sampling
3.3  Systematic Random Sampling
3.4  Cluster Sampling
3.5  Stratified Sampling
3.6 Multistage Sampling and Observation
Conclusion
Summary
Tutor-Marked Assignment (TMA)s
Reference/Further Reading

INTRODUCTION

This unit is concerned not only with how to plan and conduct a
statistical study but with the methods of gathering adequate and reliable
amount of information which needs to be treated scientifically.

& examines critically various methods for acquiring information which
reflect as closely as possible the relevant characteristics of the population
uender consideration. The unit further guides you on how to ascertain
sources of information so as to be able to determine what the study is -
amempting to portray. Let us look at what you should learn in this unit as
stated in the objectives below:

20 OBJECTIVES

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

. plan and conduct a statistical study involving health issues

. employ an adequate or reliable method of sampling in your
statistical study
determine vital sources of information for your study
distinguish between random and non-random sampling schemes by
discussing the meaning, advantages and disadvantages of each.
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3.0 MAIN CONTENT
3.1 Is a Statistical Study Necessary?
£ =

Often, it is necessary to obfdin information about a subject of interest.
This is usually conducted through a statistical study whose purpose is to
.investigate the existence of relationships between two variables or
characteristics. For example, medical researchers may require
information on the relationships between smoking habits and lung cancer
in one situation or vasectomies and incidence of prostate cancer in
another case. Both cases require statistical methodology.

Statistical methodology is divided into two main branches — descriptive
and inferential statistics. In its own case, descriptive statistics is concerned
with the organisation, presentation and summarisation of data. Techniques
of descriptive statistics usually entail the presentation of data in tables and
graphs as well as summarisation of a collection of data by means of
numerical values like the average, median, range and variance.

Inferential statistics on the other hand involves procedures employed to
draw conclusions about a large body of data called a population. The
population in a collection of data is usually based on a smaller set of data
referred to as a sample. We shall discuss the techniques of both descriptive
and inferential statistics in subsequent study units.

To obtain infonnation on any subject of statistical interest, you will therefore
have to conduct and plan a study. If information required is not already
available from a previous study, you will plan a new study by acquiring
information through selection of a sample or census taking. 2

Sampling is the more commonplace method to gather information. If you
consider sampling suitable, you then decide on what sample of the population
is the most representative. In the remaining part of this study unit, you will
learn various sampling techniques.

3.2 Simple Random Sampling '

A simple random sampling process is one for which each possible sample is
equally likely to be selected. A sample obtained by simple random sampling
is said to be a simple random sample.

You should note that there are two types of simple random sampling. One is
simple random sampling with replacement, where a member of ‘the
population is selected more than once. The other is simple random sampling
without replacement, where a member of the population is selected at
most once.
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You should also note that obtaining a simple random sample by picking
slips of paper out of a container is not practical, especially when the
population being sampled is large. Séveral practical processes for getting
simple random samples exist”A table of random numbers is one common
method. You should also note that computers can be employed to obtain a
_simple random sample from a population.

A good choice of a computer package to obtain a simple random sample
from a population is Minitab. The appropriate command for doirdg this is
referred to as Sample.

Although the simple random sampling is the easiest to understand, yet it has
some shortcomings. These include its failure to provide sufficient coverage
when information about sub-populations is required. Another drawback is its
mmpracticality when the members of the population are not contiguous. In the
remaining part of the unit, we will examine some other commonly employed
sampling processes that are more suitable than simple random sampling.

3.3 Systematic Random Sampling

Systematic Random Sampling is easier to implement than simple random
sampling. The process consists of the following three steps:

@  The population size is divided by the sample size and the result is
rounded up to the nearest whole number k say,

(=  Obtain a number a, say, from a random number table ( or from a
simple device)

(=) A must lie between / and n.

(i) Select for the sample a, a+k, a+2k, which are members of the population.

You will observe from the explanation above (i.e. in 2.4) that systematic
ramdom sampling provides comparable results with simple random sampling
except that listing of the members of the population has a cyclical pattern (
e.2. male, female, male,

34 Cluster Sampling

Thss method is useful in the case when members of the population under
consideration are widely scattered geographically.

Claster sampling can be executed in the following three steps:

¢4 The population is divided into groups (clusters);

t=) A simple random sample of the clusters is obtained; and

t=) The sample is then taken as all of the members of the clusters
obtained in (ii). Cluster sampling has an advantage in that each

7
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cluster does not mirror the entire population. Members of a cluster
are frequently more homogeneous than the members of the
population as a whole.

e

35  Stratified Sampling

Thic sampling method is often more reliable than cluster sampling. It is
implemented by dividing the population into sub-populations (or strata)
and then sampling is done from each stratum. Stratified sampling has the
advantage that each stratum should be homogeneous related to the
characteristic under consideration.

‘Let us now consider the last method of sampling in this course.

3.6 Multistage Sampling

Multistage sampling (as its name suggests) is a combination of the earlier
mentioned sampling processes. It is frequently used by government
agencies. For example, multistage sampling may be conducted by the
Federal Ministry of Health on the population to acquire information on
illnesses, injuries, mortality rate and other health issues.

Let us now consider examples to illustrate some of the sampling
procedures discussed.

Example 23.1

The annual salaries for five Government Officials are shown in Table
2.3.1 below. These are in millions of Naira, rounded up to the nearest
million.

Official Salary
Govemor (G)

5

Deputy Governor 4
Secretary to the State Govt. (S§SG) |3
2

1

Head of Service (H)
Permanent Secretary (P)

Table 23.1: Annual Salaries for five Government Officials.

(1)  List the possible samples (without replacement) of two salaries that
can be obtained from the population of  five salaries.

{5} Descobe 2 method for obtaining a simple random sample of two
salanes from the population of five salaries.

{5} See S chances that any particular sample of two salaries will
B B ome selected for the sampling ies  procedure described in
=
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Answer

()  You will observe that there ‘are ‘ten possible samples of two
salaries from the population of five salaries. The listing in the
table below is done using the letters in parentheses to represent

the officials.

Officials Selected Sample Omained |

G, DG 54

G, S5G 53

G.H 52

G P 5.1

DG, 55G 43

DG, H 42

DG, p 41

S5G, H 12

S5G, P 3l

HP 2.1

Table 23.2: Possible samples of two salaries from the population offive

samples.

()  Write each letter corresponding to the five officials on separate
pieces of paper. Place the five slips of paper in a box and shake
the box. You will have to pick two of the slips of paper while
blindfolded.

(i)  You will notice that the procedure used in (ii) is a simple random
sampling. You will also notice that each of the possible samples of
two salaries is equally likely to be selected. There are ten possible
samples and the chances of selecting any particular sample are
1/10(1 in 10).

Example 2.3.2

A study conducted by a health inspector required the determination of
- the extent of vaccination against polymylytis amongst first year primary
school pupils in a Nigerian city. He obtained a list of all currently
enrolled first year pupils with their names being listed consecutively. A
set of 1000 random numbers was obtained from a table of random
numbers. Pupils on the list whose numbers corresponded to the random
numbers obtained from the table were selected for inclusion ia the study.
Determine what type of sample selection scheme was used? Generalise
the findings to a larger group.

Answer

You will notice that a simple random sampling process was used. You
will also observe that the use of this process was possible because a
histing of all pupils in the city was possible. Investigator-induced bias
was impossible since the names of the pupils in the study were chosen
through the use of a random number table.
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It is not possible to generalise to a larger group of pupils in the nation
because this is not statistically justifiable and subjective arguments
about the bias of the population sanpied come to play.

"
Eximple 2.3.3
+ Is the use of cluster sampling possible in Example 2.3.2? If so explain how
this may be employed.
Answer

This is possible. The health inspector would select a simple random
sample of schools from a list of all Primary schools in the Nigerian city.
He would then visit only schools included in the study sampled where
he should either interview all first year pupils or a simple random sample
of first year pupils. You will notice that the cluster or primary sampling
unit is the Primary School while the pupil is the Second sampling unit.

Example 2.3.4

A Nigerian town has 25 major homesteads with each divided into 150
houses. A health inspector wishes to carry out a survey on the attitudes
of the two dwellers toward HIV. Discuss possible sampling schemes for

carrying out the survey.
Answer

(i) A simple random sample of names drawn from a list of all town
dwellers is not practicable since such list does not exist or is not
up- to-date.

(i) A simple random sample of homesteads from among the 25
homesteads is taken.

Next, a simple random sample of houses is then selected. The health
inspector now takes a random selection of even or odd-numbered houses.
You will notice that this sample selection procedure involves methods of
simple random sampling, cluster sampling and systematic ss:mpl.ing.

40 CONCLUSION

In this unit, you have learned that nursing practice and research involves
the conduct of statistical surveys dealing with observations on humans.
This type of research or praciice is non-experimental in nature because it
is not always possible to manipulate the study environment.

10
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You also learned that statistical surveys in nursing practice and research
fall under three categories, namely, the eross-sectional study, retrospective
study and the prospective .You learned that in general, these studies are
often conducted for the purpose of establishing associations between
two disease states and presence of a risk factor.

You also leamed that the nature of these surveys determines the
procedure of collection of data or information required for them.
Furthermore, you learned the various procedures for the collection of
data and what particular sampling process is suitable for conducting any
of the surveys.

50 SUMMARY
What you have learned in this unit are the following critical concepts:

- the purpose of sampling is to obtain study classes that are
representative of the population of interest

- the fundamental sampling techniques are simple random, systematic
random, cluster, stratified and multistage random sampling

- the use of a random sample eliminates investigator-induced bias
in the sample selection process

- random sampling schemes are often costly, time-consuming,
difficult or impossible to carry out

. it may not be statistically justifiable to generalise conclusions from a
non-random sample to a study population.

Exercise 2.10.1 (SAE)

A mew nursing care procedure for hospitalised diabetic patients was
mstituted using diabetic patients from hospitals randomly selected among
all hospitals in a Nigerian city. Discuss the type of sampling scheme
used and to what extent can the results be generalized.

60 TUTOR-MARKED ASSIGNMENT (TMA)
Exercise 2.10.2

&= an investigation to determine the effect of different arm positions on
Blood pressure determinations, fwenty-five patients were available on a
g=neral clinical research unit. One group had their blood pressures taken
wsing the standard arm position; the second group held their arms to their
sades while blood pressure readings were made. Discuss what type of
sampling scheme would be used to ensure proportionate representation
for both groups of patients.

11
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1.0 INTRODUCTION

In the previous unit, attention was devoted mainly to the situations in
which a sample of observations could be deliberately drawn for study
from some known population. You further saw that the fundamental
issues were then to define and determine a means of drawing a random

sample from the population.

You need to be aware however, that in medicine or nursing practice, the
situation is different. This is because medical practitioners, nurses and
professionals in allied disciplines have to accept whatever sample of
observations that present itself in the natural cause of daily events.

In this case, you will notice that professionals-in the health sector myst
consider very carefully whether the sample is representative of all
patients and not in any way biased. .

You will learn in this unit how bias may be introduced into any
statistical survey conducted in the health sector.

13
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2.0 OBJECTIVES These
At the end of this unit, you should be able to:

e =
. identify bias in any statistical survey
. recognise sources of bias in a statistical survey

N describe and recognise a sample which is representative of the
population to which it belongs.

3.0 MAIN CONTENT
3.1 What is Bias?

In a statistical survey, a sample drawn from a population of observation is
said to be biased if the sample is not representative of the parent
population of which it is part.

Bias may be investigator-induced, that is, when it is deliberate or it may
be unforeseen or unrealised. In the case when it is deliberate there exists
a lack of comparability between the sample and the population. For
example, if the treatment of malaria by therapeutic means were confined
to those patients who cough, then it is clear that these patients are not
representative of the sample of all patients who suffer from malaria.

To compare their subsequent times of recovery with that of all patients is
statistically unjustifiable. However, if the bias is unrealised or unforeseen,
it is impossible for the sample to be representative and the bias could
have resulted from the method of collection of the observations or to the
limited field in which the survey was conducted.

In either case, interpretation of the statistical procedures will be faulty.
You need to be aware that a series of examples in medicine, nursing
practice and research contribute to bias of samples of observations. We
will consider several sources of this bias in the remaining part of the
unit.

L]

3.2 Examples of bias

In medicine as well as in nursing practice, it is seldom possible to draw a
sample of observations for study from some known population. The
situation is such that a sample of observations has to be accepted from
sources that present themselves in the natural courses of daily events.

14
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These sources are guided by so many unavoidable factors whose possible
presence cannot be too carefully remembered or taken into account in the
eventual interpretation of all the statistics. We now mention some of
these sources. o

3.2.1 Sex Ratio at Birth

You will find out that the frequency with which male and female births
are recorded in the hospitals and local government councils is unlikely
to be representative of the births in the country as a whole. This
mmportant information is distorted by scanty records in the rural areas or
by cultural preferences like proud parents who are likely to record only
the births of their sons.

Whatever the reasons, sex ratio at birth may not be easily available and
as such one cannot generalise from such a sample of births about the
population of the whole country without entertaining some degree of
bias.

3.2.2 Hospital Statistics

Another factor contributing to bias in statistical survey in medicine and
nursing practice is hospital statistics. For example, hospital statistics of a
disease can very rarely be regarded as representative of all cases of that
disease. This is because patients are often drawn from certain areas which
may have differing populations in age, sex and ethnicity. They may also
come from particular social classes. It is also observed that in many
diseases only those patients who are seriously ill are likely to be taken to

hospital.

You will then observe from the above points that it is obvious that it is
not possible to generalise the fatality rate or success of treatment of
some diseases with any approach to accuracy of samples of the
population of hospital statistics without incorporating a measure of bias.

[

2.2.3 Treatment Day

One other source of statistical difficulty with the value of some form of
treatment of diseases is the treatment day. For instance, the level of
fatality rate or success of treatment of a disease at different stages is
likely to be seriously biased.

This is because not all patients suffering from a particular disease go to
the hospital at the same stage of the disease. Some may go to the
hospital at the onset of the disease, others may be taken to hospital when
their condition has become serious or at the point of death.
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3.2.4 Statistics Relating to Post-Mortem

In 2 attempt to obtain more accurate data, emphasis is frequently
plac=d upon gpost-mortem statistics. However, increased accuracy is

' gaired at the expense of employing material that may be highly
selective.

It is rather unlikely that every death would be subjected to autopsy
while those chosen may not be chosen randomly.

You should notice from the above points that any feature observed at
death is most unlikely to be representative of the living population. '

3.2.5 Patients Follow-up Studies

Incomplete follow-up studies of patients.are frequently subject to -
selective influences. If you base your conclusions upon patients who are
successfully followed up after hospital admission or otherwise by
assuming that the results recorded for such a group are unchanged if
lost-to-sight patients are not added, then your results are biased.

You need to make the follow-up comprehensive to avoid bias of your
results.

3.2.6 Infant Feeding

Statistical comparisons of breast or artificial feeding of infants are
likely to be influenced by selective factors. This is due to what measure
of the degree of its advantages is considered.

Other factors include how random is the sample of the population
considered and at what stage is the mode of feeding introduced. You
will need to consider these factors very closely before interpreting your
results.

3.2.7 Use of Questionnaires

Here we look at another source of bias in a sample of population in
medical or nursing practice. This involves inquiries carried out by
means of questionnaires. You should be able to recognise that such
inquiries, replies to the questions put are received Emm only a proportion
of the individuals to whom the form is sent, .

There can never be the slightest guarantee that the individuals who
decide to reply are representative of the sample of all the individuals
aprroached. You may correct the situation by stating the number of missing

16
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questionnaires or items and take this into consideration in your
mterpretation of your results. & %

&

40 CONCLUSION

‘In this unit, you have leamed that a statistical study may be influenced by
some degree of bias. You have also learned some sources of this bias in
medical and nursing practice. In addition you also learned the various
ways in which these sources of bias could be avoided or corrected.

50 SUMMARY

In this unit, you learned that if you wish to generalise from some sample
group of observations, you must determine a sample which is
representative of the population to which it belongs.

If you select or accept samples deliberately, you should realise that bias
may occur through the operation of several factors leading to a sample
which is not representative of the total population. Self-selection of
members of a group, absence of some of the required records e.g. by
mndividuals who do not reply to a questionnaire are common forms of
bias.

When you generalise from a sample or make comparisons, you should
be aware of the possible presence of such bias.

Exercise 3.6.1 (SAE)

Define and give five examples or sources of bias in medical or nursing
practice.

6.0 TUTOR-MARKED ASSIGNMENT (TMAs)
Exercise 3.6.2 '

Describe in detail how sources of bias can be maximally reduced in a
statistical investigation based on nursing practice.

Exercises 3.6.3

How does patient follow-up studies influence a statistical investigation?
What steps would you take to annul such influences?

17
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Exercise 3.6.4

What negative effect does the use of questionnaires have on statistical
investigation? P - .
47
Exercise 3.6.5
Describe a statistical investigation conducted in nursing practice that

ensures that a sample selected is representative of the population to
| which it belongs.
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INTRODUCTION

&= this unit, we will discuss the last factor that influences the collection of
&=ta when conducting a statistical survey. This deals with forms of
secord.

¥ou should be aware that in all scientific work, we are involved in
ang questions. In nursing practice and research, for instance, you may
‘wash to determine the effects of a specific treatment employed upon
sents suffering from a specific disease. Whatever mode of inquiry you
aSopt, you are often asking questions.

& i therefore desirable that you need a form of record of these questions
‘and their associated answers. In doing so, you need to construct the form
= such a way as to include clear and definite questions. You should also

. mmnicipate what answers would be given and how the answers can be
amalysed and set into a statistical table at the end of the survey. We now
Jook at the objectives of this study unit.

OBJECTIVES

A2 the end of this unit, you should be able to:

- construct forms of record for collection of data

: identify and present unambiguous questions in a form of record
for collection of data
set up a statistical table from a form of record.
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3.0 MAIN CONTENT
3.1 Questions and Answers

To formulate questions orfieadings for inclusion on a form of record, you
need to bear in mind the following important principles:

(i)  Consider if there is any ambiguity in the questions and
consequently in the responses received. -

For example, you need to construct the form in such a way that age last
birthday is required. You will be aware that date of birth may even be
preferable to the age last birth since data of birth is constant while age
can be calculated from it from time to time.

(i)  You need to ensure that every question in the form is self-
explanatory; Respondents need not consult a separate sheet of
instructions to answer question_On the form of record.

(i) You should ensure that every question requires some answers.
This guarantees that the respondent offers useful information or
possesses a characteristic sought for.

(iv) Youshauldspeciryﬂledcgreeufm-acyrequimdinanswing
every question. For example, if body temperatures are to be taken
orally or per rectum.

(v)  You need to ensure that any form of record which must be
completed by many people should be worded simply and
logically.

il You should ask questions that vary widely on circumstances.
You should distribute a large number of questions over
different samples.

. You should be aware that a shorter form with questions may
promote greater accuracy of reply and also reduce the amount of
non-response.

3.2  Design of Form of Computer Use A

Nowadays almost all that are transferred to computer files are usually by
typing the information in by hand from the completed questionnaires.
You should ensure that the form be designed so as to facilitate this
transfer.

40 CONCLUSION

In this unit, you have learned the fundamental principles of constructing
forms of record involved in conducting statistical surveys.

20
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50 SUMMARY

One of the most decisive and difficult tasks in any you leamed that
gquestions posed should be clear answer and entail a standard of accuracy.

You also learned that the forms need be designed so inquiry is the
construction of a suitable form of record and unambiguous. Each
question should require some as to facilitate transfer of information to a
computer file.

Exercise 4.6.1 (SAE)

State five fundamental principles required in formulating questions or
Beadings for inclusion on a form of record.

60 TUTOR-MARKED ASSIGNMENT (TMA)
Exercise 4.6.2

Construct a form of record for collection of data in a hypothetical case
mvolving the treatment of patients suffering from tuberculosis.

. Exercise 4.63

- Saggest the design of a form of record for a statistical survey of the
=eatment of children (ages 7 -10 years) suffering from a type of dental
. decay.
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1.0 INTRODUCTION
This unit is concerned with the meaningful mammer = which raw data
(which are usually in the form of large

sets of unorganised numerical values) are summansed and interpreted so
that important features and trends may be identfied

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

tabulate and organise raw data;

3.0 MAIN CONTENT
3.1 Tabulation

The purpose of classifying and tabulating a set of raw data is to simplify
and facilitate the interpretation between trends and features arising from
the statistical investigation. This is done by of tables which are of
three types namely, source ( or reference) tables, working and summary

22
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tables. Further analysis is based on the source table while a working
table is one on which initial calculations are carried out. A summary
table in its own case, is usuallyfound in books so as to facilitate
reference. &

You need to be aware that a statistical table should have the following
characteristics:

(i) a general title indicating the purpose of the table;

(ii) a column title indicating the order of classification along the
columns;

(iii)  arow title indicating the order of classification along a row;

(ivy  source of information contained in the table usually indicated at
the bottom; and

(v)  units of data in the table.

32 Diagrams, Charts and Graphs

After tabulating a collection of data, pictorial and diagrammatic description
is camried out. This is to convey information and you will learn the
simplest of these methods in the next part of the unit.

3.3 Pictograms

The simplest method of presentation of information is through pictorial
figures. These are commonly used in advertisements and in the print
media. They convey broad relationships involving two or more variables.
Let us now discuss and illustrate each type of such figures in the
following part of this study unit:

Example 5.3.1

Construct a diagram to feature the number of nurses in General Hospitals
in the country in 1990/91 and 2000/2001 using the following data:

Time No. of Nurses (in thousand) in General Hospitals
1990/1991 20 .

2000/2001 45

Answer

The pictogram is drawn using a related picture of a human being since
the data collected are population.
One picture stands for ten thousand nurses, hence

23
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20 thousand have 2.0 pictures
45 thousand have 4.5 pictures

1990/1991 % 5’: &

w253 %3

Figure S.1 Number of Nurses in General Hospitals in 1990/1991 and
2000/2001

3.4 Block and Bar Diagrams

A bar diagram or chart consists of a line, bar or columns of equal
thickness but variable lengths. The bars may be vertical or horizontal.
You will understand this concept from the example given below:
Example 5.3.2

Admission of students into a nursing school in Nigeria for ten
successive years is given in the table below:

Year No. of Students (in hundreds)
1990 400
1991 700
1992 750
1993 800
1994 650
1995 600
1996 1 000
1997 1200
1998 1300
1999 1 400

Table 5.1 Construct a bar chart for the data

L™
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Number of stwdents in hundreds.

9% 9 92 B M 95 % 97 % 9
Figure 5.2: Bar diagram: Admission of Nursing Students in Nigeria 1990-1999

§.3.3 Pie Chart

A piechartisa..  divided into pie-shaped pieces proportional to its relative size. We shall use the nex
example to describe the steps involved in constructing 2 pie chart,

Exemple §.3.3
Attitude scores of 5 newly admitted nursing students toward alcoholic patients are given as follows:
The scores are determined by
(1= very negative, 2= slightly negative, 3 = slightly positive, 4 = positive, 5 = very positive )
523,14
Use a pie chart 1o convey the information.
Answer
5 033 330 19
4 027 270 97
i 0.20 200 7
2 0.13 130 4
| 0.07 10 35
Total 15 1.0 100.0 360
Step I You will calculate the percentage that each attitude score s of the total. These are shown in the
table above. g .
Step 2 You will find the size in degrees of each proportion in Step 1. The total is 360 which is the angle in

acircle.
Step 3 You will draw a circle of reasonable size and mark the angles obtained in Step 2
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Figure 5.3: Pie chart: Attitude score of 5 newly admited mers g sudewts b Soonsl REews

534 Graphs

Agraphis a pictorial representation which shows the relationsisp henween & wariie of mies: \dependent
variable) and that on which this variable of interes! depends ( independent waruiie: & good gt Souid
possess a clear layout and indicate the following:

(i) title,

(ii) unit of measure,

(iii) scale,

{iv) source of data.

The following example will teach you how fo construct # good Eaph:

Example 5.3.4

Construct a good graph for the data presented in Example 332

The scale should usually start from Zero. You need 1o note Sat e postion of 3 pomton e gaph = locsed
by the coordinates of the point, for exampie, the position of the mumier of sudiens admited = 1998 pve
2 1400 is located by moving along the x-axis until 1999 and 2 s powt you will mewe gpwands o Be
scale until you get 1o the value 1400 s shown in Figure 5.2 whes vou hewe lncued ol She o @ S vy,
then join them in the order presented in the table by means of fmes.

O N R -
19 91 92 93 % 9% % 9 W *

Figure 5.4 A line graph: Admission of Nursimg Seadenes in Nigerss 19901955

5.4 Conclusion
hﬂaisuit.yuulmmdlwwuwdaummmiﬂ_ﬂuFuhh-tp—hﬁu

Number of studenis in hundreds
(-]
1
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40 CONCLUSION

In this unit, you learned how raw data are summarized and interpreted.
In this wise, you saw that for a comprehension of a series of figures
tabulation is essential.

Furthermore, you saw that data may also be presented as graphical
representations and charts. There is need for these representations to
be simple, perfectly clear and self-explanatory. You need to know that
conclusions could be drawn from graphs only after careful
consideration of the scales adopted.

50 SUMMARY

The following critical concepts learned in this unit are:

. the raw data resulting from a sample survey or a census are
usually in the form of unorganised values
. a set of data must be organised and summarised so that

important features are apparent
. a set of data may be described pictorially by means of diagrams,
bar charts and graphs.

6.0 TUTOR-MARKED ASSIGNMENT (TMA)
Exercise 5.6.1

Of 100 patients in an orthopaedic hospital who were asked for their
room preferences, 50 wanted private rooms, 40 wanted semi-private
and 10 would make do with any room. Present this data by means of a
bar graph.

Exercise 5.6.2

Of 400 nursing students at a teaching hospital, 152 planned to go
mnto a psychiatric speciality, 120 into paedictric, 80 into public heaﬁh
and 48 into orthopaedic nursing. Represent this information on a pie
chart.

Exercise 5.6.3

Construct a diagram to feature the number of psychiatric patients in a
hospital in the country in 1990/91, 1991/92, 1992/93, 1993/94,
1994/95 using the following data: '

27
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Time No. of Patients (in hundreds) in a
1990/91 1
1991/92 3
1992/93 3.5
1993/94 45
1 1994/95 B
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1.0  INTRODUCTION

In this unit, you will leam one of the most significant and fundamental
process in which raw and un-organised data are displayed. This involves
tabulating the number of times each score in a collection of data occurs in
the sample. This number is referred to as the frequency of each score and
the table associated with this display is called the frequency distribution,

You will learn how this table can be constructed for discrete and continuous
data. You will also learn how to compare the frequency distributions of two
different sets of data in this study unit. This comparison for ease of
interpretation is usually done through the proportion or percentage of the total
mnnhu'ofobservm:sfallmgmtoeachmtervalandlskmwnasﬂ:e
relative frequency i.e.
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Absolute frequency relative frequency = 100% ¢
Total number of observations

. 8 1
You will also study graphical representations of either frequency or relative
frequency tables and histograms. The concluding portion of the unit
discusses another important graphical representation of a frequency table.
"This is the frequency polygon. We will first examine what you will learn in
this unit in the objectives stated hereunder:

20 OBJECTIVES

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

. define the following terms
a. frequency distribution; and
b.  relative frequency

construct absolute and relative frequency tables;

present a frequency table by means of a histogram;
identity shapes of frequency distribution as symmetric or non-
symmetric.

3.0 MAIN CONTENT

h 3.1 Frequency Distributions and Frequency Tables Using
Discrete Data

This concept will be explained using the attitude score of 20 cancer patients
to nursing care. The patients were required to indicate their feeling about

nursing care in respect of alleviation of their discomfort. The attitude score
range from 1 to 10.

The responses are stated as follows:

TR .16 |5 T2 14 16 15 P

2 06 le |2 YE 0T 16 I3 e ;
You will tabulate the number of times each score appears in the sample

and display the result as given below:
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Table 6.1: Frequency Distribution of Attitude Scores of Cancer Patients

to Nursing Care
T a8
Score Frequency

1
2 3
3 1
4 2
5 2
6 8
7 1
8 3
9 0
10 0

Total 20

The table you have obtained is called a frequency table and it displays the
frequency distribution of the 20 attitude scores.

This is the simplest form of a frequency distribution. In the course of the
unit you will leamn how this concept may be expanded to involve the use
of intervals of data instead of individual scores.

We will construct another frequency table to illustrate the concept more
concisely. This is done using examination results of 40 nursing students
in the final degree examination at a local university. The scores are as
follows:

40 42 |40
60 60 |65
42 48

40 25 30 30 40 40 41
40 40 42 42 50 52 33
40 61 62 60 72 60 40
70 67 65 40 42 42 40
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Table 6.2: Froquency Distribution of Examination Resuits of 40 Narsieg Sowdesss

Scare Frequency
P 5 |

30 2

4 14

41 |

D g 7

i !

50 |

52 !

55 !

60 4 o

61 !

62 i

65 2

67 |

70 1

n i

Total -

Itis also possible o represent the data in Tables 6.1 20d 6.2 b moans of Froguoncs @i 2x duown helow,
You will obscrve that in this diagram. frequency s gives on e vomcal ms w ik e coliection of data is
given on the horizomtal axis, The height of cach bar stamds for the foguency of sccmencs of each score.

=
.
6
54

Frequency

MR

k=l g
1 2 M 8 E W

Scores of Nersing Cafe
Figiere 6.1 Frequency line graph of Attitude Scores of cncer petienis io Nursimg (are.
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Freguency
o =

Scores in Examination
Figure 6.2: Line graph of Scores in Exam and frequency o
One other important feature you will study is a frequency diagram or the shape of distribution of a collection
of data, Let us consider the examples shown in Figure 6.3 below.

Frequency
Fregquency

|l”||l

Frequency

(iii)
Figure 6.3 Symmetric and Non-symmetric Frequency Distribulion
You will observe that in (i) and (ii) in Figure 6.3; the frequencies are almost equal on either side of a cenire
mﬁmhuadwhmdhdmﬂhﬁ:nmémﬁm.ﬂnhdu
hand, m(lh}mltw)-hmkwnnm[uu&wmﬁammm;
distribution of data values with this shape is said to be nom-symmerric.
6.2.1 Frequency Tables Using Class Intervals
When the m&hvﬁusmdlunqﬁnmdhﬁwuwmw
score in the sample. However, m-wm&ma*mumam
samplc data may be 100 large 10 be meaningful.

N E“llh,




—

PDF Compressor Free Version

 atthg, right choice of number of suitable intervals by sl and e

MTH 102 INTRODUCTORY STATISTICS

i
4
E& In this case, you will divide the data values into groups (classes or intervals) and thes you will record the
lmhﬂofdm which fall into these intervals. To illustrate this iecheigee. let o5 consider the data

mhug :ghtmpoundsqﬂﬂmpumugmhhr

AT

625 62.6 628 629 654
64.7 62.8 704 ns S
64.1 634 708 ns ar

68.7 675 | 664 6659 ns
804 79.6 2 s 3

B T B ot st T s

E'i‘u will notice that many of the data values occur once or twice = e sanpie. Sowce. Sbwising e

ihqnmcy of occurrence of each m&koﬁmgﬂﬂm-h

. alone.

?. lfmmmﬂulmfmmmmeﬁnsuhum

- groups or intervals and determine the frequency with which fhe acomd fme s Sl 0 oxch of e
Let us see how to construct the frequency distribution = & ase. Frx sl @ segs =

ascending order of magnitude,

Tabe .3: Weight (in pounds) Arranged in Ascending Orer of Migmnaie

A 62.5 634 615 ¥ s
62.6 64.1 687 ni n
628 64.5 n3 ns "3
628 64.7 703 ns L
62.9 664 4 s L=
63.4 66.9 ns o3 | =

You will next determine the intervals of weight values. These 5 a0 st o iy e sl
'hwwmhmuhnﬁﬂnwhw

You siould note that 100 few intervals resuts = loss of vaisbie s S S S
of the data while too many intervals does not convey amy meanngiy e g will e

!uMmMyxﬂnh'ﬂM
 frequency tables: :
(1) Choose five to rwenty intervals.

(i) Intervals should have equal width.

(iii) You should not allow the end points of the itervals B vl
(iv) You should include the total number of cbservasions = e wibie.
) :;Mi:limhuiufmuﬂ
Going back 10 the illustration with e weights of 3 ce e
class limits) of disance 1.9 10 construct the fregecacy mbie below.
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Table 6.4: Frequency Distribution of Weights of 30 Cancer patients

MODULE 2

_ showing the class intervals of distance 1.9

e

Weight (Pounds) Frequency ) Relative frequency (%)
61.0—62.9 5 16.7
63.0 —64.9 5 16.7
65.0 — 66.9 2 6.7
67.0— 68.9 2 6.7
69.0 —70.9 7 23.3
71.0—729 2 6.7
73.0—749 0 0.0
75.0— 76.9 0 0.0
77.0—789 4 13.3
79.0 — 80.9 3 10.0
Total 30 100.1

3.2 Relative Frequency

You will discover that it is of interest most times to compare the
frequency distributions of two different collections of data. Let us
look at a situation where we compare frequency tables showing
distribution of ages of 100 girls suffering from Vesico Vaginal
Fistula (VVF) with a frequency table of ages for 1000 normal girls
selected at random from the population of normal girls.

Suppose you need to compare 5- girls suffering from VVF and of
ages 10-12 years with 100 normal girls of the same age group.
Then, the proportion of 50 girls with VVF in the age range 10-12
years is much greater than that for the normal.

To facilitate interpretation and comparison, frequency tables have to
include a column on relative frequency. This is given by

Relative frequency = Absolute frequency

Total number of observations

We shall illustrate this concept with the frequency table of weights
of 30 cancer patients.
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Table 6.5: Frequency Distribution of Weights of 30 Cancer Patients

Weight (Pounds) v+ Frequency Relative frequency (%)
.
61.0-62.9 5 16.7
63.0-649 5 167
65.0 - 66.9 2 6.7
67.0-68.9 2 6.7
69.0-709 7 33
71.0-729 2 6.7
73.0-74.9 0 00
750-769 0 090
77.0-78.9 ks " 133
79.0-809 3 100
Total 30 100.1
3.3 Histogram

Histograms are graphical representations of either frequency or relative
frequency tables.

To construct histograms, you will place the true class intervals on the
hoﬁzontalscaleandtheﬁequcnciesorﬂ:cmhﬁwﬁeqlnﬁcsmﬂ}e
verﬁcalscaleensuringﬂutﬂieheightofﬂchhuisecpnltoﬂnﬁeqmcy
(or relative frequency) of each interval.

You must ensure that the following two points are noted in the
construction of a histogram: These are that:

)] A histogram must be self-explanatory, and have a title so that
relevant aspects of the data could be identified.

(i) The axes should be clearly labelled to reflect the scale of
measurement. f

Let us see how to construct a histogram using the data in Table 6.6

below:
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Table 66 Frequency Distibutionof Rights for 0 Cancer Pt

| Mo Pousd) | Py | Retoe Fregengy (%)

055-0%5 ; 47
.56 ; 47
G455-695 ) 6
665505 ) 6
55159 ] %3
1%5-19% 2 %
551495 u 00
95695 ) 0
1695195 | 13
s | 09

To 3 T
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Frequency

6095 095 6195 6% 895 B 715 NE B 0 5
Weights (in pounds)
Figure 6.4: Histogram of Weights (in Pounds) of 30 Cancer Patients

6.4 Frequency Polygon

A frequency polygon like a histogram is a graphical representation of & freguency table. To construct 2
frequency polygon, you place class intervals and the frequency (or relative fraguency) on the horizontal and
vertical axes respectively. The frequency corresponding with each iterval & imdicated by 2 dot placed
above the mid-point of the inferval.

You next join the dots by straight lines. You should be aware that frequency pobygoms or relative frequency
polygons are useful when comparing the frequency distribations of two o mare sefs of data.

Frequency
-r

6095 G205 6495 665 6895 W 7295 7495 7695 8095

Weights in (Pounds)
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4.0

CONCLUSION

In this unit, you have studied several’ graphical representations of data.
These representations are used in interpreting features of data. They are
descriptive in nature and we shall build up on these tabular presentations in
the next part of the course.

5.0 SUMMARY

You learned the following concepts in this unit.

The raw data resulting from a sample survey or census are
usually unorganized

A collection of data must be organized and summarized so as to
reveal the significant features.

A collection of data may be described by frequency tables,
histograms and frequency polygons.

A frequency distribution consists of a series of pre-determined
values or intervals and the frequency with which these values
occur.

A symmetric (non-symmetric) distribution is one in which the
frequencies are equal or almost equal 80.95 (unequal) on
either side of a center point.

Relative frequency is the proportion or percent of the total number
of observations falling into each interval in a frequency table.

A histogram is a graphical representation of either a frequency
or a relative frequency table.

Exercise 6.5.1 (SAE)

In a study of age distribution of patients in an orthopaedic hospital, the
following ages were recorded:

51 35 45 52 53 32 31 44 47 35
52 36 44 45 44 32 48 4 44 "33
53 4 4 47 4 4 4 5 4 34
54 44 45 48 32 4 47 58 S50 37
44 47 50 4 38 57 49 40 51 38

Arrange the data above in a frequency table
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6.0 TUTOR-MARKED ASSIGNMENT

- )

' o
L For the table in Exercise 6.5.1, complete the relative frequency

column.

2. Draw and completely label the histogram for the frequency table
in Exercise 6.5.1. 3
K Draw the frequency polygon for the data in Exercise 6.5.1.

4. In a study of the annual death rate per 1000 at ages 20-64 i each
of 88 occupational groups, the following data were recorded

7.5 97| 103| 1061 7.7 46 68| 93
82| 11.6 [ 10.1 91| 128 | 140 25l 89
62| 126] 10.0 97| 8.7 8.1 66| 101
8.9 50.1 111 93] S5S5| 114 88] 39
, 78] 10.2 6.5 62! 86| 106 £8 60
i 54 92| 125] 103] 96| 116! W07 69

04| 1294 78 66| 119| 104, 108| 90

99| 9.9 6.5 74| 104 8.1 60| 94
10.9 7.3 8.7 86| 1718 46 79| 88
10.8 7.3 9.3 77| 76 66 73] 114

7.4 84| 124 94| 121 | 128] 193] 109

Construct a frequency distribution for the data Determune the mtervals
within which majority of the death rates lic. Indicate withan imtervals this
majority of death rates is symmetrically spread sround

7.0 REFERENCES/FURTHER READING
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Publishing Co. Inc. Knapp, RG. (1985), Basic Sissistics for
Nurses, 2nd edition, Delmar Publishers Inc NY.

Jefferies, PM. (1995), Mathematics in Norsing 48 odton. Bailber
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UNIT 2 CUMULATIVE FREQUENCY
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1.0 INTRODUCTION

This unit concerns another significant and fundamental way in which raw data
are displayed. This involves summing the frequencies of all classes
representing values of data less than the specified class limit

You will learn how this concept is displayed in a table and as a graph. You
will also leam how an associated concept (relative cumulative frequency) is
obtained as well as the interpretation of both of them.

2.0 OBJECTIVES

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

. define the following terms:
& cumulative frequency; and
b. relative cumulative frequency

. construct cumulative frequency and relative cumulative
frequency tables for a set of raw data ;

. interpret a cumulative frequency curve (or ogive).
3.0 MAIN CONTENT
3.1 Class Boundaries

You will observe that this concept was discussed and used in the previous unit.
It is a method of showing the classes on the horizontal axis of a histogram.
Recall that the lower class boundary of a class is the number halfway
between the lower class limit of the class and the upper class limit of the next
lower class; the upper class boundary of a class is the number halfway

41
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between the upper class limit of the class and the lower class it of the next
higher class.

For instance, considef the classes 40-49, 50-59 and 59-60 of the ages of 40
cancer patients given below (see Table 7.1). We have that

lAges of patients  |Frequency (No. of patients) Lﬂv frequency
30-39 3 0.075
40-49 1 0.025
50-59 8 0200
60-69 10 0250
70-79 7 0.175
Eg-sg' 7 0.175
-99 4 0.100
|40 1.000
Lower class boundary = 49+50 = 5=
2
Upper class boundary = 59+60 = b, b
2
Table 7.1: Frequency and relative freguemcy dissribusions for the ages
of cancer patients

You will need to apply the class It or class boumdary m plotting
cumulative frequency curves.

3.2 Cumulative Frequency

A cumulative frequency is obtaimed by summing the freguencies of all
classes representing values less than the speciied class it Refernng
to Table 7.1, we can find the cumulative Soguency of the sumber of
cancer patients whose ages are less than 50 years. You will sec that the
Cumulative frequency is 3 + 1 = 4 This means that fowr of the patients
are younger than 50 years. i

You will also notice that the number of cancer patients whose ages are less
than 80 is given by the Cumulative frequency 3+ 1 <8+ 10+7=29
In the next part of the unit, we will discuss 2 relsted concept.

3.3 Cumulative Relative Frequency

We find a cumulative relative frequency by dividing the corresponding
cumulative frequency by the total number of pieces of data You will

42
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notice from Table 7.1 that the cumulative relative frequency of the
number of cancer patients whose ages are less than 50 is obtained as
follows: e '

* Cumulative relative frequency is 4 = 0.10

40
You may interpret this information by saying that 10% of the cancer
patients are less than 50 years.
3.4 Ogive

A graph of the cumulative frequency distribution for any collection of
data is called cumulative frequency curve or ogive.

Using Tables 7.1 and 7.2, we can construct an ogive for the ages of the
cancer patients data. You need to be aware that a point is plotted above
each class limit at a height equal to the cumulative frequency or cumulative
relative frequency. Then you will join all the points with connecting
lines. The ogive you will obtain is displayed in the figure below.
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__ 1.2: Cumulative frequency and Cumulative relative disvibutions for the apes of comcer patients

F} St C I. II-

ients | (No. of patients) frequency
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reistve frequency
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7.1: Cumndative frequency curve or ogive of the ages of cancer patients

g this unit, you have leamed the procedure for displayine cumulative frequency or cumulative relative

| g:lmydistﬁbutionasagraph, You also leamed hiow 1o interpret 2 collection of data through this concept.

g.'? Summary :

_r. have leaned the procedures for presenting and summarising raw and unorganised set of data. You also

how to interpret these data meaningfully in terms of zraphs

-
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Exercise 7.8.1(SAE)

Using the data in Exercise 6,54, determine the cumulative frequency and
the relative cumulative frequency for the given data.

‘6.0 TUTOR-MARKED ASSIGNMENT
l. Construct an ogive from your result in Exercise 7.8.1
7.0 REFERENCE/FURTHER READING

Hill, AB. and Hill, LD. (1991), Principles of Medical Statistics, 12th |
edition, E. Amold, London.

Knapp, R.G. (1985), Basic Statistics for Nurses, 2nd edition, Delmar |
Publishers Inc. N .Y.
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1.0 INTRODUCTION

21

: Fzos
cumulative distributions. Yuﬂh-iﬂﬁth:hi@esm
useﬁuinshowingmhpu_&_d‘hh

collection ofhhu-d’-*—:ﬁmiswhich
play crucial roles in the miereoral semanon of & population.

At the end of this unit, vou showlé be i

OBJECTIVES

undﬁstmdﬂduh!_'mhm:- DL
&ﬁmﬂmhhm‘ﬁmy

a Mean:
b. Median; and
c. Mode.

mhh“dt-ﬁ#’mﬂ
tendency.
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3.0 MAIN CONTENT
3.1 Measures of Location and Céntral Tendency

One important descriptive characteristic related to a collection of

-numerical data is the middlemost value about which other values cluster.
These central values are used to locate the centre of the frequency
distribution and are called measures of location or central tendency. They
are the mean, median and mode.

We shall discuss their advantages and situations when each one can be
used. You will also learn how to define and compute each of the terms.
Let us now look at a brief description of one of the most commonly used
arithmetic operations in statistics.

3.2 Using the Summation Operator

Here we will look at the most commonly used arithmetic operator in
statistics. It is used in summing a set of values. The summing operator is
denoted by the Greek letter / (sigma). Let us introduce some useful
terminologies related to the use of E.

The characteristic or variable of interest in statistics is denoted by x, v,
z etc. A subscript is added to the
corresponding symbol denoting a vanable of interest; i.e. x; or y; (or (z,),
For instance, if the weight loss in
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pounds of five patients suffering from tuberculosis is /0. /2. & 7. 5 fhew, you can designate Shese data by x,
X, X, X, X, respectively where 1, refers o the i-th value in the collection of day.
Now if you wish 1o takefthe sum of all the weight losses, you wrte

n
L
i=l

The symbol above means that you have taken the sum of e x values suring fom =i =2 with  being

the number of observations.
If you apply this arithmetic manipulation to the weight losses. vou b Sur fhe sum of fhe weight osses s
given by
52 = 10412484745 = 55 txdx 4z
)
" i

We will now look at the following examples which illestraes e commes s of e summanion operation’
Example 8.2.1.1

The ratings of the quality of nursing care in ¢ bospeal enit sl of memg = om0 0) by sx patients are
3,2,4,1,6,7. Using these data, compute the following ssg L somsion:

0 Lx-
(i) E:’i-
[

W) Lx-2) =

Answers to Example 8.2.1.1 '
() LZx = 342444146+7 = B

(i) Ls' = FePegepeger

=9+4+6+ ]+ M-8
=15

3 .
i) (&) = (3+2+444]46+7F = ‘%r
4

. »
16

. e .-
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@) LZ(x-2) = (0-2+@2)+@-0+{1-2+(E-2 #7-2)
= |+04+2-1+4+5
=]

122 Mean

’qu’majmawmmwm of central tendency. It is the arithmetic average
ithe collection of data i . the sum of the collection of data divided by the number of data. It is represeated
Ix

i=z=—

n

Where £ read x bar” denotes the mean, I, s the sum of a the x values and  is the number of data i the
ction. An illustration of how to find the mean is given below:
3221

The number o geiarc patieats in five urban hospialsin Nigernis 25, 21, 28, 30, 35
Find the mean of the data for the five hospitals.
pe 2%
n
Mo, g = DSHITH2+30435
5
=2
mean of the data is 29 patients.
8222

-1 = (25-29)+(27-29) + (28-29) + (30-29) + (35-29)

=_4=-2-1+1+6
= ‘o d
You will notice that if the mean is subtracted from all the sample values, the sum of these differences is 2ero.
The difference between a sample value and the mean is said 1o be a deviation. We shall discuss the importance
Vofthis property of the mean in the next study unit.
?‘ ple 8223

0s¢ in Example 8.2.2.1, the number of patients in the fifth urban hospital is now 50. What is its effect

on the mean of the data?

§
E
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e B |
Foom——a 25427408+ 30+50
o 2 ; |
160

You will observe that bcause of one large data value, the mcan s comsiderably increased. This ilkestrates |
one disadh antage of the mean in that it is affected by exreme valoes. pamicalarty for small sember of |
observations n a sample.

823 Median
The wnecdican of w collection of data is the midkiieasot measrene

ize. If the number of ohservations is odd. the median & e
obscryation i ¢von, the median is the mean of fhe e middic sbsemas.
We dall illustrate this concept with the foliow mg cxamples:

In a rescarch unit of a hospital, the hospi s
Determine the median hospital sy for ese pomems.
Answer

You will first arrange the data m onder of &
EB

- i . — -

F | : —
ghenthe v £.5.7.6.8.5.5.98

i
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Example 8.2.4.1

Find the mode for the following collection of data:
15, 15, 15, 12, 13, 14, 16, 12, 13

* Answer

The mode is 15 since this is the most frequently occurring score or value
in the collection of observations.

3.6 Choice of a Measure of Central Tendency

Our choice of a measure of central tendency depends on our intention of
its use. However, the median is the most preferable when the data have
the possibility of extreme values. But as the size of the sample increases,
'the mean becomes more useful as a descriptive measure. In addition, and
for purposes of statistical analysis and inferences, the mean is most useful
because it is more amenable to arithmetic manipulations.

When description of qualitative data is required, the mode is more useful.
Let us consider types of requests made to a nurse by patients in an
orthopaedic unit. The model request in such a case is that which occurs

most frequently.

You should be aware that the mode is scarcely used as a single measure
of the central tendency of a collection of data. It is of benefit to use two or
three of the measures of central tendency to describe a sample under
consideration.

4.0 CONCLUSION

In this unit, you have learned how to define and compute measures of
central tendency for a set of data. You have also been able to summarise
and describe data qualitatively using these measures. Furthermore you
have been able to subject data under consideration to statistical analysis.

50 SUMMARY

You have been able to learn in this unit that the general position of a
frequency distribution on some scale is measured by an average. You
also learned that there are three averages or numerical summaries in
common use. These are '

(i) the arithmetic mean;
(ii) the median; and
(iii) the mode.
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Exercise 8.5.1 (SAE)

27 35 4 0 24 25 30

j 6.0 TUTOR-MARKED Amm-.-

:’ 1 In a study on patient "-:‘qcn,l’ﬂmts
were osen at and reguested to

-' ery Satisfactory (vs) 12
(S) 5
Ex satisfactory (NS)
12 10 9 h &
5 8 3 5
5 7 10 |
3 12 12 |
10 5 11
11 8 10

52




[ PDF Compressor Free V

MTH 102

MODULE 2

2 In a study of efficiency of tﬁ‘r’o different emergency rooms, the
waiting time (in minutes) before receiving attention was recorded for

each of 20 patients as follows:
'Room 1 [70 55 [0 [75 100 0 5 bo
0 B 60 65 [75 B0 [120 B0 |85 k0
Room2 PO P5 100 |150 75 80 fo 0
100 1120 PO P5 PO 75 5 g(,
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1.0 INTRODUCTION

Recall that in the study of unit on presentation of data, you leamed that
pictorial representations and frequency distribution can describe a collection
oﬁmorganiseddata.!nmisunit,)ouwiuhnﬂﬂmﬁmlpmﬁdinga
mental image of the frequency distribution of 2 set of data, there is a
means of calculating a measure that reflect the degree of spread of the
observed values above the centre point.

: T‘hemnﬁwﬁelymedmufq:uﬂamﬂiﬁynﬂrmﬂw
i variance and standard deviation. Other measares are percentage, percentiles,
rates and ratios. Before discussing these concepts, you need to examine the
following objectives of the unit.

20 OBJECTIVES

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

| . define and compute the following measures of spread;
! a.Range
b. Variance
| c. Standard deviation
. select suitable descriptive measure for summarising data by

means of percents, percentiles
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3.0 MAIN CONTENT
3.1  Measures of Dispersion ..

In the previous unit, the only sets of descriptive measures or numerical
measures discussed are namely, the mean, the median and the mode. You
saw that these descriptive measures indicate where the centre or most
typical values of a set of data lies.

However, it is possible for two data sets to have the same mean, the same
median or the same mode and yet be quite different in other respects. For
example, let us consider two sets of measurements in (a) and (b) below
that are centred around the same mean value but do not have the same
frequency distribution. You will observe that the diagrams reflect that a
greater number of data values are well-scattered about the mean in (a)
than in (b).
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Figure 9.1: Tiwo histograms with equal mean value but different spread values abowt the mean

We will discuss the most common measures of this spread or scatter in the remaining parts of the unit. These

are the range, variance and standard deviation,

9.2.1 Range

For a set of data, the range i the difference between the largest and smallest scores in the sample. !

Let us consider the following collection of data: '
30 40 50 60 70 80

Here the range is 80-30 = 50

You can observe that the range is very simple to calculate but it does not reflect a correct impression of the

spread or variability of the data. Let us consider next the spread of points about the centre of the following

two frequency distributions given in Table 9.2 below:

o - P ———

a
§ E
. 2 u 3 =
k| 3
: : |
mzﬂauwsummaum' 10 20 30 40 5060 70 80
(a) (b)

Figure 9.2: lllustrating Two Histograms of Equal Range .
From the diagrams, you will notice that the range for both () and (b) is 90- 10 = 80, but there is a remarkable
difference between the spread of the points about the centre of the two freqiiency distributions. The majority
of scores clusters about 30 and 80 in (a) while the scores in (b) spread between 20 and 70 more evenly.
You can therefore observe that though the ranges for (a) and (b) are the same yet the scores in (b) have
greater spread or variability than in (a). 3
Another disadvantage of the range as you can observe is that it is affected by extreme.scores in a collection
of data. This means that the presence of one or more extreme scores result in 2 very large value for the range
and this gives a misleading impression of the true spread of the data. Let us now consider the following
examples:
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fanxiety of patients towards operation recorded ona scale of scores between 0-10, the following
ollected: &
' Lide® 480 9 10, 7, 8

and smallest scores are 10 and | respectively. Hence the range is 10~ 1 =9,
3z -

ng set of data are ages (in years) of 10 recipients of nursing scholarships:

E 25, 21, 22, 20, 19, 30, 27, 28, 32, 18

nd the  range of data values for the above set.

and smallest scores are 32 and 18 respectively. Range is 32-18 = 14,

tice from Examples (9.2.1.1) and (9.2.1.2) that the range provides a misleading idea of the true
variability of a collection of data. This is because only two numbers are used in calculating the
need to be aware that by making use of all the measurements in a set as well as their deviations
itre point of a distribution, a more valid measure of variability of the measurements is obtained.
 define a deviation as the distance between  measurement in the set and the mean value for the set,
 Jook at the illustration of this term using the data in Example 9.2.1.2. Deviations from the mean of the
are given in the third column of Table 9. 1 below.

: Ages of Recipients of Nursing Scholarships: Deviation from the Mean

Ages in Years Deviation
X X-X) x-Xf
18 (18-242)=-62 3844
19 (19-242)=-52 27.04
20 (20-242)=-42 1764
21 (21-242)=-32 1024
> 3 @2-U2)=-21 4M
2 (25-242)=08 0.64
27 @Q7-:42)=28 8
28 (28-242)=18 1444 '
30 (30-242)=58 33.64
3 (32-242)=178 60.84
Bx, =242
o
=;‘1= %% Ix~%)=0 Iz -3 Y= 21560
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From Table 9.1, you will observe that the deviations of the individual measurements from the mean give an
indication of how spread out the: measurements are. You should be aware that the larger the deviations,
mmtdispm&dﬂauﬁkummnum&mﬂmmmoﬁhcdishih:ﬁm(drmn},

You are now in a position to determine a measure of variability that takes into consideration the size of all
the deviations. You might wish to simply average the ten deviations and deduce that a set of data having af
large average deviation would be more variable than one having a small average deviation. This attempt
does not work since the sum of the average deviation is always zero. You will see that the most suitable
solution is to square all the deviations and then use the square root of what is obtained to request thel
“average” deviation. This is called the standard deviation of the measurements.

We denote the average squared deviation by

S(x-%)*

n-1 .
where §%'s called the variance of a set of measurements. You should observe that (n-1) is used instead of  inf
the formula since for reasonably large measurements there is little difference between n and (n -1).

You should note that the most widely used measure of vanability is the standard deviation (5) while the!

variance §' is also a very significant indicator of measure of spread of data values. We now illustrate th
concepts with the example of the data in Table 9.1:

Here the square of the deviations of the (variance (s)) ages of recipients of nursing scholarships from the
mean is 215.60.

The standard deviation, § = OF = |S(x - 2

n-1

e = |z:s.m » (0396=44895
10-1

You have now given a suitable description of the location of the center (the mean) of a collection of datall
as well as how the measurements are spread about the center (the standard deviation).

We now go on to illustrate these concepts with another set of examples:

Example 92.2.1 |
hnmdyd&tdfmydm&ugsﬁmsudmuﬁuuhmmhmmum(mdm)w
recorded for 2 number of patients whose ages were between 25-50 years. The mean and standard deviatio
were reported as follows:

i

Drug | Dreg 2 ‘
Mean( ¥ ) 100 180
Standard deviation (5) 50 70

Which of the drugs would you say is the most efficacious based on the above information?
Answer

Dri 2 has thelower mean of number of atiots an it has  larger spread of values above the mean. Thi
implies that for this collection of data there are some very short healing times as well as very long ones. |
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hand, Drug | has most of ts values clustered more closely about the mean 100, showing that
ing times do not change appreciably in either direction from the mean (100). It therefore follows that
the absence of very long healing times, Drug | Is adjudged the most efficacious.

9222 &

ne the mean and standard deviation in study done on survival times for 10 patients following a
it of cancer. The survival times (in months) are:

_ 24,8,12,3,20, 18,24, 19,27, 25

: You construct the table below,

9.2: Survival times: Deviation from the Mean

Survival Deviation
In months X-1 X-xr
] 3-18=-15 225
8 &-18=-10 100
12 12-18=-6 36
18 18-18=0 0
19 19-18=1 1
20 20-18=2 4
24 24-18=6 36
24 24-18=6 36
25 25-18=17 49
27 27-18=9 63
Zx. =180
zxi
3=F= 18 Iz -7)=0 Ir.-z) =550
i (z)=18
he standard deviation
550 .
= 15 ='s
= 74162
Erample 9.2.2.2
fathers of premature babics were observed during the initial knowledge of the nature of the births of
e babi - The observer rated the fathers reaction on a scale from 10 = very despondent to 10 = not
oS were
T
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Find the

() Mean

(i) Median,

(iii) Mode,
(iv) Range,

(v) Variance and
(vi) Standard deviation

Answer

TR T4 TISTICS

&%

You will construct the following tzble whess Se deswed concepts are
easily observed:

Table 9.3: Attitude offal hers to premanee s Des—msmation of Mean,
Median, Mode, Range, Varance and Standand Deviaton.

Score (X)) Frequency ‘l;fl— ==y
i~ K

2 2 @ =-225

3 1 (3425)=- 125 | 2(5.0625)

4 1 (4425)=-025 | 1.5625

5 1 (5-425)=175 |0.0625

8 1 (8425)=3.75 |3.0625
=25 6 14.0625

= B
=N 6 I(*.-x)'=28875
=425

(i) The mean is 4.25
@  To obtain the median, we arrange the scores in ascending order of
magnitude as follows: 2,2,3,4,5,8

Since there are an even number of scores in the set (n = 6), Mnrthns
the average of the third and fourth values i.e.

3+4 i

2 =3.5 3 o

() Semce e g

b
-
IR e

-
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) The variance is

$ = IX-x) =28.8750
n-1 5 3 2
= 5.7770 ;

(vi)  The standard deviation
8 =  NF = X-X)* =V57770 = 2.4083
3.5 Percentiles

In the previous parts of the study unit, you have seen how data may be
summarized by tables, graphs and by means of numerical summaries like
the mean and the standard deviation. You will now see how data may be
summarized by another measure like the percentiles. This measure
involves the representation of data inrelative form. This representation |
called the percentile facilitates the comparison between two sets of data. |
A percentile shows the relative position of any individual score with
respect to all scores in the collection. As an example, let us compare the
performance of nurse X with those of other nurses in a qualifying
examination. If you wish to determine X's score in terms of percentile, the
number of scores below X's score is first determined.

You then divide this number by the total number of scores in the
collection and multiply by 100 to convert to percent i.e.

Percentile = Number of scores less than given score x 100
Total number of scores

If 80 nurses took the qualifying examination and 16 nurses scored lower
than nurse X, percentile score of X is given by

16 x 100 =20%
80

On the other hand if 64 nurses had scores lower than X's, X's percentile
would be

64 x 100 = 80%
80

This means that a percentile score of 80 shows that X is in the tQp 20%
of the group.

Vi

By this example you should be aware that the percentile is a numerical
means which facilitates the comparison of two scores or sets of scores.
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40 CONCLUSION

In this unit, you saw that certain numerical wvalees are pecessary as
desaipﬁonsoflhe&eq?xym:-da“‘h

You learned that the most important of these are wswally the mean and
the standard deviation. In addition, you leamed that the mean alone is
rarely used. Rather, apart from taking imto comsideration the center of a
frequency distribution, the measure of spread (or varisbility) it displays
about the center is significant. In essence, you should be aware of not
only the average of a collection of data but the spread of data around it.

5.0 SUMMARY
The critical concepts you learned in this unit are:

. Numerical measures are used to describe a set of data.

. Numerical summaries locate the center of distribution of a
collection of data and the spread of data about this location.

. The most common measures of vanability are the range,
variance and standard deviation.

. A percentile shows the relative position of any individual score with
respect to all measurements in the collection.

SELF-ASSESSMENT EXERCISE

An investigation was conducted in comparing two techniques for measuring
blood pressure. Twenty patients underwent both Method X and Method Y
For the groups, the mean blood pressures were equal, while the standard
deviation for the measurements using Y was twice as large as for those
using Method X. State the more efficient Method and the reasons for your
choice.

6.0 TUTOR-MARKED ASSIGNMENT (TMA)

1. Inastudymmvalmfuwpu_w-
treatment for AIDS. The time in months was

.
-y

19 24 12 8 2 3 W
21 10 9 zizsﬂqf
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(iii) Mode
(iv) Range
(v) Variance e
(vi) Standard deviation

o A A study revealed the weekly administration of injections on
patients by 20 nursing officers as follows:

[25 41 27 32 43
66 35 31 15 5
30 38 30 20 21
34 26 32 38 16

Use the most efficient numerical summary to draw a conclusion on
which assignment is less than 24 hours, 30 hours and 48 hours.

7.0 REFERENCES/FURTHER READING
Knapp, R.G. (1985). Basic Statistics for Nurses, 2nd edition , Delmar

Publishers Inc. New York. Hill, A.B. and Hill, LD. (1991).
Principles of Medical Statistics, 12th edition, E. Amold, London.
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INTRODUCTION

A problem frequently faced in statistics is how to describe a relationship
between two or more variables. For instance, is there a relationship between
scores in a nursing qualifying examination and scores in a general
examination. You need to determine if and how these variables are related.
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3.0. MAIN CONTENT
3.1 Correlation: Meaning and interpretatiau

You may have noticed from the Introduction that there are several
correlation procedures available. They provide the same type of
information on the direction and the magnitude of the relationship between
vanables.

You should be aware that several correlation procedures are needed
because different investigations involve different types of variables with
the use of different measuring scales. In addition, you need to be aware that
despite the number of different techniques, the same meaning and
interpretation are obtained.

We will now give a general discussion on the meaning, interpretation and
limitations of correlation.

3.2 Data Arrangement

In a correlation study, data are usually arranged in pairs (Xi, Y1). For
example, let us see how to represent the following information as data
layout for correlation study.

A test considered the measurement of the aptitude of some applicants for
admission to a nursing school.
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Estimation of the reliability over time of the process involved 10 applicants and was given twice witt
two-week period. The scores for the applicants are now set out in the following layout:

Table 10.1 Data Layout for Correlatian Study
Scares
Applicant Week 1 Week 2
| 80 75
2 40 50
3 75 70
4 50 50
5 30 35
6 50 45
7 5 80
] 60 65
9 65 &5
10 80 5]

1022 The Scatter Diagram

The initial step in the investigation of a relationship between varisbles is 2 graphical display of
This display is referred to as a scatter diagram and this gives you 2 visual image of the relationshy
studied.

You plot each of the n pairs of points {X,, ¥') on the graph with the X's and s being plotted on the bor
and vertical axes respectively. You should try to obtain the scater diagram showing the showe ¢
measurements in Table 10.1 as given in Figure 10.1 below:

85
*

o .
™
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jationship between X and T
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where no relationship exists between the variables X'and 1.

laes of X corresponding to large or small values of Y. You need to be aware that there is a positive linear

fou should also be aware that in a scatter diagrafif the rcla!mshlp between X and Y could be negative linear
¢ eurvilinear as shown respectively in figures 10.2, 10.3 and 10.4 below. It is possible that you obtain the

—

L ]
E
L " 3 ]
<
] ' e
' ’ E t.-'. ] .l
L ] o to L] .
' e ' " 3
1 1 1 L | - I 1 L 1 i 1
Measurement on X Farighle X
Figure 10.2: Figure 10.3:
lHquLmMm‘m‘upbmmndel’ Curvilinear relationship between X and ¥
¥ -
* *
g ¥
. ¥
v % % ¥
+ L *
L] L]
" ¢ [ ] L] ‘ L .
* ', L v ¥
* 4 ¥ t
i | L 1 Lt | |
Variable X
Figure 10.4:
Curvilinear relationship between X and ¥

Numerical Representation of Relationship between Variables

from the study of relationships through the scatter diagrams, you need to be aware that a numerical
entation of such relationships exists. This is called the correlation coefficient which is the magninide

ar strengih of the relationship between variables
.Smeoef the most widely used correlation coefficients include the Pearson 'stﬂaMamememn

e mpmﬂfthnsstudy unit.

1024 Pearson’s Moment of Correlation Coefficient ()

b uﬁtmﬂwhwhmmumﬂnlmumhmﬂtmbﬂwmﬂuwﬂmmwnhhnmmm
gith values ranging from -/ to + /.
 You should be aware that a correlation of value 0 is an indicator that no relationship exists between the

67
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positive linear relationship. In addition Yyou should note that comeiaticns ke usually in the range -1 10+ |
with perfect correlations rarely obtained.

 Product Moment correlation coefficient is computed gsing the e ey formaiy
& S

By
.5,

\t'l'nercS” = E}'Ll[}:_-h’

Su " z’p‘m}"
n

S, = Lir-(Zoen

Let us illustrate this computation using the following examgie-
Example 10.2.4.1
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5, = SP-(SY) = 30.10- 144
i i 7

= 3010-206 = 45

5. = SXY~(SXKSY) = 15-425
: 'R 7

=75-60.7 = 143

|

5 143
B8 s 080x94

LB |

r =038

e sl method of interpreting comelation is by squaring the correlation coefficient which indicates the
centag of variation in one variable that is deduced from the variation of the other variable.

Example 10.2.4.1, the square of the correlation is (0.88)" = 0.7744. This implies that 77.44% of the
ariability in the personality scores is attributable to variability in the student’s GPA. Another interpretation
§ that, given a student’s GPA, 77.44% information is available in predicting his persomality score.

You bowever need 1o be aware o the following drawbacks of the corrlation coefficiet:

) A comelation must be greater than 0.7 before 70% of the variation in one variable may be attributed to
~ 2 variation in the other variable.

(i) Extremely high corelations (e.g. 0.95) suggest the likelihood of one quantity being corelated with a

-~ quantity of which the first is a component.

There is the need to accompany the computation of the coefficient of comelation by a level of significance.
er this aspect is delayed until we discuss simple significance tests in Unit 17.

. anat o A e T

J0.26 Precautions in use in the interpretation of correlation
'__'MMbewmoflhemhmnﬂudwpmhnofmh&m.ﬂwm

1. Correlation does not mean causation ie. corelation studies do not prove: that one variable causes
* another. For example, X comelared with ¥ implies ¥ correlated with X, so you cannot state that X
~ causes Y, neither can you say that ¥ causes X.

"2 Correlation only applies to the range of values observed for the two variables.

Interpretation of correlations is dependent on the particular investigation and the judgement of the
investigator and the consumer. '

i - g

1027 Correlation Ratio (b)

- Anothe: measure of the relationship between continuous variables is the correlation ratio denoted by h. Itis
used when the relationship between two continuous variables is curvilinear. Its value ranges from 1 to + /
'..mmmmmgmiudimimum:degluofmmmmmmmmwes

. You will also need to accompany this relationship by means of a scatier diagram. You simply need to be

r ol L
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103 Spearman’s Rank Mrder Correlation Coefficient

The Spearman’s Rank Order Correlation Coefficient is a non- parametric or distribution-free statistical
technique. It is used when the assumptions underlying the classical techniques fail. It is convenient to use |

this correlation coefficient when data values agassigned ranks.

Let us consider the following exatiple where the Spearman’s rank order correlation coefficient is used: -

In a study involving the quality of clinical performance for six student nurses in which evaluation was |
conducted by two different observers, the ranking of stident performance was from | to 6 by each observer |

Rank

Nurse No. Observer | Observer 2

[- R T R -

B W B bl B e
B oL oon — ua

Ynushouldml!ﬂlntﬂmﬁp:amanskuﬂt&ﬂerﬂmhtlmmeﬁcmﬂuusedmmmﬂuﬂegmeﬂf

relationship between the scoring of the two observers.
The computation formula for the Spearman's Rank Order Correlation Coeficient is given by

I =] - ———

' e -1)

with d being the difference between ranks for each individual and n is the number of pairs of ranks.
To compute this coefficient for the previous example we have that

IF = (P +QF +(-F + P +(<2fF+ 2

= 9+4+449+4+4
= 34
6(Zdy
g = 1 P - ST S
! a(w’ - 1)
600
ST g T 20

= [-097 = 003

The interpretation of the Spearman’s Rank Order Correlation Coefficient is that if takes values from - / to +
1 with zero indicating no linear relationships between the ranks. It is also usual that this coefficient is
subjected to some hypothesis testing.

[ W Y R 7 G | GHE— w— -

6L

-

B_b

A
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you saw that the correlation coefficient is a useful measure of the degree of association between
more) variables bt this is valid only when a straight line adequately describes this relationship.
slearned that the error of this estifflstion may be large even when the correlation is high. You also
evidence of association is not necessarily that of causation and that influence of other factors needs
into consideration 50 as to significantly interpret correlation cocfficients.

mmary
the following concepts were presented:
8 correlation study, the initial step isthe display of a scatter diagram.
| scatter dingram involves plotting each pair of observations {Xi, 1) as a single point on a graph.
points seem to fall almost on a straight line and the X and I values increase or decrease
espondingly the relationship is positive linear. If X values increase as v values decrease, the
jonship ismveliw.
"the points appear 1o lie on a curve, the relationship is curvilinear .
X values increase or decrease as y values is unchanged no relationship exists.
elation coeficient measures the magnitude of the relationship between X and Y.
elation coefficients are index numbers whose values range from -1 to + 1. Zero indicates no
ionship between variables.
he square of the correlation coefficient measures what knowledge of the first variable gives information
the second. It is the percentage of variation in one variable, which is explained, by the variation
e other.
lation does not imply causation.
Pearson’s Product Mament Correlation Coefficient () measures the linear relationship between two
nuous variables.
) Spearman’s Rank Order Correlation Coefficient measures the degree of association between two
bles that have been ranked.

reise 10.6.1 (SAE)
following data represent systolic blood pressure readings (in mmHg) on six patients read by two nurses

Patient Nurse 1 (X) Nurse 2 (T)
1 130 125
2 140 135
3 136 135
4 150 160
E | s 120 160
E | 6 165 125 ’

Displey the data graphically on ascatier disgram and determine the magnitade of the associstion between
thet o sets of scores using n.
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106 Tutor-Marked Assignment (TMA)
Exampl 1062 =
I tudy ofthe eltionship Bétween amphetamine metabolism and amphetamine psychosis, five chroni
amphetamine users were given a psychosisinfensity scores. Plasma amphetam:ne levels (ng/nl) were als
determined for these patients: ;
!_
Pien | Puchosisiy | oo i
Sae Anpheanine (g
1 5 150 |
) ) 20
3 4 100
4 50 30
3 30 pAl

72

Plota scatter diagram,
(1) What type ofrelaionshi i sugaested !

(i) Firddnwlﬂtﬁmmﬂ'mimt.[sli:isnlucsignifmt[m:a=05]?
(i) Whﬂmhuhmnymdmahﬂ&w%ﬁiphﬁmm%iﬂmﬂywzﬂ

amphetamine evel?

10.7 Further Reading and Other Resources
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MODULE 3

Unit | Regression

Unit 2 Simple Concepts of Probability

Unit 3 Relationship between Population and Sample

Unit 4 Normal Distribution

Unit 5 Sampling Distribution of the Mean and the Central Limit
Theorem

UNIT 1 REGRESSION
CONTENTS
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32  Intercept and Slope
3.3  Graphical Interpretation of Slope
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3.5  Precaution on the Use of Linear Regression
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0  Reference/Further Reading

1.0 INTRODUCTION

In the previous study unit, you learned one of the most commonly used
-methods for examining the relationship between two or more variables.

This unit is concerned with a topic closely related to the one discussed in
the previous unit. Here you will learn the statistical technique of or

predicting the value of one variable given the value of a second variable. ,

This technique is referred to as regression analysis.

In regression analysis, the relationship between two variables (or more)
entails fitting a line or a curve to pairs of data points. You will therefore
need to review some mathematical concepts inva]ving a straight line.
However before proceeding in that direction let us examine what you w1|l
learn in this unit as stated in the objectives hereunder:
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2.0 OBJECTIVES

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

o i e - i "
. describe in words the use of regression analysis
- discuss precautions in the use of regression
® carry out a simple linear regression analysis.

3.0 MAIN CONTENT

3.1 Linear Equation with One Independent Variable

You will need to review linear equations with one independent variable in
order to understand linear regression.

The first step in this direction is for you to observe that the general form
of a linear equation with one independent variable is given by
=bh.+ b,x )

where b and b, are constants (or fixed numbers), x and y are respectively
the independent and dependent variables.

The next step i1s to see that when the graph of a linear equation is
displayed, you will obtain a straight line.
We draw the graphs of the following three linear equations (see Figure
11.1 below) to illustrate this concept:

y=x+4
y=—2x+3
y= 3x-1
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Youneed to obtain table of values for each equation as follows:
g 7 =T

I |[-4 |3 2| -l 0 i 2 3 J

y 0 1 2 3 4 5 6 7 8

x |-4 |3 | <2 |-l 0 1 2 3 4

y |- [0 ]2« |12 ]s |s |n |

y=3x-1 —10|—

Figure 11.1: Straight line graphs of three linear equations

1121 Interceptand Slope _

For a lincar equation y = b +byx, the numbers 5 and b, have geometric interpretation. b, is the y-value at
which the straight-line graph of the equation cuts the y-axis. This number b, is said 1o be the intercept of the
graph on the y- axis.

i
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es how much the y-value on the straight line increases (or decreases) when the x-value increases by
is called the slope of the graph. We illustrate these terms using the following examples:
e 11.2.1.1
equation y = 25+20x -l
d the y intercept and slope of the urﬂ’iion.
erpre the y— intercept and slope in terms of the graph of the equation.

.;-inim;ept b, =25 and the slope &, = 20
¢ y intercept b, = 25 is the y-value at which the straight line y =25+20x cuts the x-axis.
b,= 20 indicates that the y-value increases by 20 units for every increase in x of / unit.

y=25+20x

¥ 25 45 65 85 105 125

)
oa

ed to know that a straight line is determined by any two distinct points that i on the line. An
ofﬂ:isisﬂiﬂymneodtoud:stiﬂmmdirferentx-ulunittotbeequuimtogﬂmdiﬂinﬂ
oints a d then you connect those two points with a straight line.
fhe point you need to notice is that the straight line graph of the linear equation y = 5, + b slopes
if b> 0, slopes downward if b, <0 and is horizontal if b, = 0 as shown in Figure 11 .3 below.

by Ay

y /;; \\
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11.3 Regression Equation

Regression analysis usually starts with a plot of the data orf  scatter diagram. You then observe if some of
the data points fall almost on a straight line®f not. This indicates that the relationship could be linear of not.
The next step is to determine the equation of the line.

Since you could draw many different straight lines through the cluster of data points, you need a method
to choose the best- fitting line. The statistical procedure for finding this line of best it is called the
of least squares and the line so obtained is called the regression line. The equation of the line is referred 10
as regression equation. The formal procedure for deriving the method of least squares is beyond the scope
this course.

However, we will employ the result in the following problem to illustrate the principles involved.

IX)IY)'
Srr e ZXY - —ﬂ'—
B (ZY)y
L Iy - -
(ZXy
§, = IP - -~

Example 11.3.1.1

Amﬂymmdmwummmmiﬂmdpminfnsbuedmﬂﬁrquinwﬂ:ﬁ
following observations were collected on 10 infants.

Infant Age (in weeks) Weight (in pounds)
! 6 6.0
2 . 25
3 2 20
4 2 20
5 1 20
6 3 3.0
7 4 40
8 5 45
9 7 6.5
10 4 15
=37 IY=360
Ir=169.0 IXY=160.5 Lr=1440

Determine the equation of the line relating weights of premature infants to age (in weeks),
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| A
. The simplc regression line is given by
b f] i - Vo
j'!= h_+?:rt 4
with the least square estimates I'Eing 5 i
. b =5, :b,=y-b*
|I. "
" From the data above we comput
! y ﬂ' u :}i: 36
n {1}
T = SX =£' 3.7
" 10
5, = S -(SYY = 144-30" = 144 - 1296
“n 10
=144
$S. = S - (SXY = 169 - 37 = 169 - 1369
T 10
= 321
5, = SXY - (SX)(SP) = 1605 - 133.2
n 10
=213
We now have
i}
b, =213 = 085
321
u
b =36-213037) = 36-085(37
3Ll = 16-115
i = (0450
y = 045 + 085

i ‘hﬂlﬂmﬁmlh:mnﬂcdm%ﬂmbiﬂtcmudmﬁmmtyﬁsmmmhn
| 4]

y = b+dx

because x s used to predict or explain the values of the response variabic. '

’ yidﬂ&tmmﬁ:&whh:huhﬁwuhﬂhyra:ﬁmmwaﬂﬁsk
I
1'

1132 Precautions on the use of Linear Regression

astraight hine.
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| Youhave scen that the concept behind finding a regression line is based on the assumption that the data points
e scattered about a straight line. But in some cases, data points may be scantered about a curve instead of
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In such cases, techniques are available for fitting curves to data points
showirng a curved pattern. These techniques involve curvilinear regression.

You need to be aware also that'a measure of scatter or variation of the
observed points (y) about the regression line may be estimated by the
following formula:

Szuz 3. (Yi—ﬁ)z

where 7 is the number of pairs (x;, y, is the observed values of y and p. is the
value of y predicted by the regression line.

The positive square root of s* , is referred to as the standard error of the
estimate. It is a measure oft average deviation of the observed values (y)
from the values (y) predicted by the regression line.

In conclusion, there is the need for you to evaluate the sample regression
line so as to determine if adequately describes the relationship between the
variables X and Y.

You will accomplish this through tests of hypothesis on the true slope of
the line. Again, this discuss' is delayed until, we discuss some basic
elements of inferential statistics in later units. We mention here passing that
other types of regression exists e.g. multiple linear regression.

40 CONCLUSION

In this unit, one other significant and useful measure of the degree of
association between two characteristic of a population was discussed. You
have leamned that this relationship is valid only when it is adequate described
by a straight line.

You also learned that the equation to this line is called the regression
equation and that the equation allows the value of one characteristic to
be estimated when the value of other characteristic is known.

You also saw that in many situations particularly in medicine and nursing
practice associations between the prevalence of disease, mortality and
environmental factors are not uncommon. These examples of the relationships
between two or more characteristics of observation lead to procedures of
multiple linear or curvilinear regression.
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5.0 SUMMARY

In this unit the summary of critical concepts learned involve regressional
anz ysis which is a statistical technique for predicting the value of one
variable, given the value of asecond variable.

SELF-ASSESSMENT EXERCISE

The admissions panel of a school of nursing wished to formulate an
equation for predicting a student clinical performance based on a set of
personality -IQ tests given to students on application for admission the
school. Scores on the personality -IQ) test along with grade point average for
clinical performance we obtained for a random sample of 8 nursing
students. The data recorded are as follows:

Student | Personality — I(Q Test Score | Clinical Grade
Point Average

1 48 2.6

2 45 24

3 60 34

4 55 3.0

5 40 2.1

6 25 1.5

7 38 1.9

8 30 1.7

(i) Plot the scatter diagram.

(ii)  Determine the equation of the line relating clinical grade point
average to scores on the personality-1Q test.

(iii) Test the hypothesis that there is a significant linear relationship
between clinical grade point average and scores on the
personality-1Q test (use the 1% level of significance) .

6.0 TUTOR-MARKED ASSIGNMENT

1. The table below displays data on length of stay (in days) of 10
patients and the cost (in Naira) in a particular

Patient | Length of stay | Cost (in Naira)
 (in days)

1 15 1,000

2 L7 2,500

3 18 3,000

4 20 3,800
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5 22 4,000

6 25 4,500

7 26 5,400

8 30 6,000

9 40 6,500

10 42 7,000

(1) Determine the regression equation for the data.

(i)  Graph the regression equation and the data points.

(i) ~ Describe the apparent relationship between the length of stay
and cost.

(iv) Use the regression equation to predict the minimum cost of
staying in hospital for 100 days.

7.0 RERENCES/FURTHER READING

Knapp, R.G. (1985). Basic Statistics for Nurses, 2nd edition, Delmar
Publishers Inc. N.Y.

Hill, A.B. LD. (1991), Principles of Medical Statistics, 12th edition, E.
Armold, London.
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1.0 INTRODUCTION

Up to this point and in the previous study units, we have been dwelling in
the realm of descriptive statistics. This concerns mainly the techniques of
organizing and summarizing data.

In this unit, we shall be building up the fundamentals of inferential
statistics. This involves methods of drawing conclusions about a
population having regard to the information obtained from a sample of the
population. '

Since inferential statistics concemns employing information obtained from a
part of a population in drawing, conclusions about the whole population,
there exists a measure of uncertainty in such techniques. It is therefore
essential to be conversant with uncertainty in the understanding,
development and application of techniques of inferential statistics.

The science that deals with uncertainty is probability theory. In this unit,
simple concepts of probability theory are discussed. Let us first look at
what you will learn in this unit as stated in the objectives hereunder.
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2.0 OBJECTIVES
At fhe end of this unit, you should be.able to:

define terms relating to probability

identify events

apply basic rules of probability

recognize and explain some simple concepts of probability.

3.0 MAIN CONTENT
3.1 Classical Probability

You should be aware that although most applications of probability
theory to statistical inference deal with large populations yet the simple
concepts of probability are best illustrated and explained with small
populations and games of chance.

You will gradually leam how to apply the basic principles of probability
theory to solve problems in inferential statistics in later units with the
foundation developed in this unit. We will now give a more lucid
definition of probability in the next part of the study unit.

3.2 Meaning of Probability

One basic term here is an event. You need to understand that an event is
some specified result, which has the likelihood of occurrence or not in an
experiment. For instance, when you toss a coin, the occurrence of a
head or tail is likely to occur or not.

You should then note that the probability of an event is defined as a
measure of its likelihood of occurrence. You now need to note that a
probability very close to zero is an indicator of an event unlikely to occur,
whereas a probability of 1 (or 100%) indicates that the event is very
likely to occur.

r

33 Equal-Likelihood Model

Our discussion of classical probability entails the equal- likelihood

model. This is the application of the model whereby possible outcomes of

an experiment are equally likely to occur.
An illustration of this model goes thus:

Let N equally likely outcomes for an experiment be possible. You wﬂ] then
notice that the probability that a specified event occurs is the number of
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ways that the event can occur, divided by the total number N of possible
outcomes L.e.

Probability of anevent = f
N

Let us illustrate this concept with the following example:
Example 12.2.2.1

Suppose it is desired to select a very brilliant nursing student from a class
of 40 students; the selection being done such that the chosen student is 20
years old. Suppose further that there are only sever 20 year old in the whole
class. Answer

The event that the student chosen is 20 years old can occur in seven ways
because there are only 7 students in. the class who are 20 years old, hence
S =T for the event. Therefore, the probability that the student is 20 years
oldis

=l =7 =0.175
" Al

3.4 Probabilities and Percentages ' ‘

If an experiment consists of choosing one member at random from a finite
population, it follows that the probability that a specified event occurs is
equal to the relative frequency (percentage) of members of the population y l

that satisfy the conditions prescribed by the event.
3.5 Basic Properties of Probabilities

There are some simple and fundamental properties of probabilities you
" have to note. These are as follows:

i. Probability of an event lies between 0 and 1 inclusive.
ii. Probability of an event not occurring is zero (i.e. an impossible
event). .

iii.  Probability of an event occurring is 1 (i.e. a certain event).

You need to note that the procedure you have learned for computing
probabilities is applicable to experiments with possible outcomes
equally likely to occur. If this is not the case, you must use other
methods to determine probabilities.

You will learn these Iétber methods later.
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3.5.1 Events

You have learned to use the word-event rather intuitively. The precise
definition in probability is"that an event consists of a collection of
outcomes.

" For example, a deck of playing cards consists of 52 cards. If you
randomly select a card from the pack, exactly one of these 52 cards is
obtained. A collection of possible outcomes (i.e. 52 cards) is said to be a
sample space of the selection.

You will notice that several and distinct events can be attached to this
card-selection process. 12.3.1 Notation and Graphical Displays for
Events

You should notice that the conventional method of representing events
involves the use of the letters 4, B, C, D, Visual representation of events
and relationships between them is done by means of Venn Diagrams.

The sample space is shown as a rectangle and the various events are
drawn as disks in the rectangle. We have in the diagram below the event
E in a sample space.

Figure 12.2: Venn diagram for Event E.

3.5.2 Relationships among Events

You should observe that to each event E there exists another event E'
(complement of E) which is the likelihood of E not oocumng In
addition, you need to be aware that with any two events 4 and B, the
likelihood of 4 and B occurring (i.e. (4 n B) and the likelihood of either
A or B occurring (i.e. A L.) B) exist.

These three new events arising from events, 4 and B can be zllusirated
by the following Venn Diagrams:
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| 2 2 e e B S T

OF
AnB AuB

(¥ (i) (iii)

Figure 12.2: Venn diagrams for E AnB and A ¢ / B. 12.3.3 Mutually
Exclusive Events

Two or more events are said to be mutually exclusive if the two of them
cannot together occur when an experiment is performed.

We illustrate this concept with the card selection experiment. Suppose

A is the event that the card selected is 8.
B is the event that the card selected is 10.

Then, A and B are mutually exclusive since the selection of 8 is not an
outcome common to that of

3.5.3 Some Rules of Probability

In this section, you will learn several rules of probability. Before
beginning, you need to be conversant with a significant notation of
probability.

Let us consider a balanced die which is thrown once, six equally likely
outcomes are possible. If the die comes up even, then this event can occur
in three ways i.e. if 2, 4, 6 are rolled. You can apply the equal-likelihood
model to obtain L = 3 = 0.5 as the probability of the event that the die
comes up even.

N6
A notation P(A) is used to represent the probability that the event (4) that
the die comes up even i.e. you can
ad P(A) = 0.5 as the probability of event 4 occurring is 0.5.
In summary, if E is an event, then P(E) stands for the probability that
event E occurs.

3.5.4 Special Addition Rule

If event A and event B are mutually exclusive, we have that
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P(A or B)=P(A)+P(B)
In gmﬂml, ifevents A, B, Gare mt_tpally €xclusive, then
P(AorBorCor..)=P(A)+PB)+P(C) +........
“:’c now illustrate this principle with the following example:

Example 124.1.1

A compilation of information about five distinct diseases in a general
hospital revealed a relative-frequency distribution presented in the table

below

L Relative frequency
Fvent

isease

ancer - 0.087 A
uberculosis 0.156

espiratory 0.457

opaedic 0.184
sychiatric 0.116

Table 12.1: Common diseases in a general hospital

Answer
As you can observe from Table 12.1, the event of treatment of Cancer in

this hospital can be represented by A. Events A, B, and C are mutually
exclusive and so by the special addition rule we have

P(AorBorC) =P(A) + P(B) + P(C)
=0.087 + 0.156 + 0.457 = 0.700

You may interpret this rule as follows: '
70% of diseases treated in the hospital consist of cancer, tuberculosis
and respiratory problems.

3.6 Complementation Rule

The second rule of probability you will leamn is the complementation rule
which states that the probability that an event occurs equals 1 minus the
probability that it does not occur. This may be expressed as the formula

P(E) = 1 — P(not E)
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for any event E.
You can see the validity of this rule using the Venn diagram below:

Not E

Figure 12.3: An event and its complement.

You find out that the complementation rule is significant in the sense
that for an event E, it is sometimes easier to compute the probability that
E does not occur than the probability that it does occur.

3.7 General Addition Rule

The special addition rule is valid only for events that are mutually
exclusive. In the case of events that are not mutually exclusive you will
need to use a different rule. This is the general addition rule, which states
that:

If A and B are any two events, then
P(A or B)=P(A)+P(B)—P(A and B)

i.e. the probability that either event 4 or event B occurs equals the
probability that event 4 occurs plus the probability that event B occurs
minus the probability that both occur. We will illustrate this rule with the

following example:
Example 12.4.3.1

Data on admission of patients into a general hospital revealed that in
1999, 82% were male, 21% were under 18 and 10% were males under 18.
If a patient admitted in 1999 is randomly selected, find the probability
that the patient is either male or under 18. 2
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Answer
Suppose -

N= event the patient admitted is male.
E = event the patient admitted is under 18.

The event that the patient admitted is either male or under 18 can be
represented by (N or E). We wish to find (N and E)

P(N)=0.82, P(E)=0.21
P(N and E)= 0.10

By the general addition rule.
P(NorE)= P(N)+P(E)—P(NandE)
= 0.82+0.21-0.10
= 093
i.e. 93% of those admitted in 1999 were either male or under 18.

3.8 Conditional Probabilities

We now introduce the concept of conditional probability. This is defined
as that probability that the event occur under the assumption that another
event has cccurred.

You may also understand this concept in the following manner: Let 4 and
B be events, then the probability that B occurs given that 4 has occurred
is said to be a conditional probability. It is denoted by P(B / A).

We may illustrate the concept with the following example.
" Example 12.5.1

If a balanced dice is thrown once, six equally likely outcomes are
possible. Suppose K = event a 3 is thrown
L = event the die comes odd. '

Determine the following probabilities:

(i) P(K), the probability that a 3 is thrown

(i)  P(K/L), the conditional probability that a 3 is rolled given
that the die comes up odd

(ii)  P(L/not ), the conditional probability that the die comes up
odd given that a 3 is not thrown.

89




PDF Compressor Free Version
MTH 102 MODULE 3

P(A 1} =_4£= 0.4
100
P(A;)=80=0.8 =
100
P(A, IA,) = 20=0.25
80
In summary, if 4 and B are any two events, then
P(B/A4) =P(Aand B)
P(A)

This rule states that the conditional probability that event B occurs given that
event A has occurred is equal to the joint probability of events A and B divided
by the probability of event A.

3.8.2 Multiplication Rule

Inﬂicprewmspanofﬂ:jsmmymsawﬂmmecondiﬁmalpmhabﬂjty'r}lkis
used for computing conditional probabilities in terms of unconditional
probabilities i.e.

P(B/A) = P(A and B);
P(A)

(if both sides of this formula is multiplied by P(A), you will obtain a formula
for computing joint probabilities in terms of marginal and conditional
probabilities i.e.

P(A and B) = P(4) .P(B/ A)
for any two events A and B.

This formula is referred to as the general multiplication rule. It states that
the probability that both event 4 and event B occur equals the probability
that event 4 occurs times the probability that event B occurs given that
event A has occurred.

3.8.3 Statistical Independence

Two events are said to be statistically independent if the occurrence (or non-
occurrence) of one of the events does not affect the probability of the
other event.

You need to be aware of the following formal definition of the concept:
Event B is said to be statistically independent of event A if the occurrence of event
A does not affect the probability that event B occurs. Symbolically, we have
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P(B/ 4)=P(B)
We now illustrate this concept with the following example:,
Example 12.5.2.1

In the experiment of randomly selecting a card from a deck of 52
playing cards, let

A = event a face card is selected.
B = event a King is selected.

Determine whether event B is independent of A.

Answer

You should observe that the unconditional probability that event B
occurs equals

P(B) =F = 4 =1

N 5213
To determine whether event B is independent of event 4, you need to

compute P(BI A) and then compare it with P(B). If P(BI 4)= P(B), then
event B is independent of event A.

P(B/4)=F=4_
N 12

Now P(BIA)#P(B), so the occurrence of event A affects the probability that
B occurs. This means that event B is not independent of A.

4.0 CONCLUSION

In this unit, you have learned the simple concepts of probability theory.
This is the foundation of future study of inferential statistics.
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5.0 SUMMARY
In this unit, the critical cancepts]hﬂt you studied included

Classical probability which utilizes the equal- likelihood model
Basic properties of probabilities

Definition of an event

Relationships among events

Mutually exclusive and statistically independent events

Several rules of probability
Conditional and unconditional probability.

1. The ages of nursing students in a Teaching Hospital are displayed in the
Table below. Suppose one of the students is selected at random, meaning
that each student is equally likely to be selected. Find the probability that the
student selected is 20 year old.

Table 12.2: Grouped data table for the ages of nursing students in a
Teaching Hospital

Age (yrs) Frequency)
17

18
19
20
21
22
23
24
25
Total

w f—| s |w |l ||~

6.0 TUTGOGR-MARKED ASSIGNMENT

v

Exercise 12.8.2

Using the data in Exercise 12.8.1, find the probability that the student
selected at random is younger than 21.

Exercise 12.8.3

Data on patients admitted for treatment in a hospital in 1991 revealed
that 81.3% were male, 16.3% were under 18 and 12.6% were males
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under 18. If a person admitted in 1991 is selected at random, find the
probability that the person is either male or under 18.

Exercise 12.8.4 .

-
-‘.|'

A census compiled revealed the fnlluwmg data on the marital status of
nursing officers in a particular hospital.

Marital Status
Single Married | Widowed | Divorced | PS,
Male M, M, M; M,
Female 0.166 0.319 0.012 0.028 0.475
P(M)) 0.093 0.325 0.066 0.041 0.525
0.209 0.644 0.078 0.069 1.000

If a nursing officer is selected at random

(i) Determine the probability that the nursing officer selected is
divorced given that he/she isa male.

(i) ~ Determine the probability that the nursing officer selected is a
male given that he is divorced.

7.0 REFERENCE/FURTHER READING

Knapp, R.G. (1985). Basic Statistics for Nurses, 2nd edition, Delmar
Publishers Inc. N .Y.

Hill, A.B. and Hill, LD. ( 1991). Principles of Medical Statistics, 12th
edition, E. Amold, London.
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1.0 INTRODUCTION

In the earlier part of this course, you came across some numerical
measures that are usually employed in descriptive statistics. You will
now recall that the concepts of probability learned in the last unit are
said to be fundamental to the second aspect of statistics (i.e. methods of
inferential statistics) which we are about to begin in this unit.

/This branch of statistics is concerned with making statements about a
population based on information in a sample.

In essence, it is necessary that you understand first the relationship
between population and samples so as to be able to apply the methods of
inferential statistics. Before discussing these points let us look at the
objectives stated hereunder:

2.0 OBJECTIVES

. define population and sample and state the relationship
between them. d

. describe the relationship between parameters and statistics and
give examples of each.

: state the difference between theoretical and empirical
distribution.
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3.0 MAIN CONTENT

3.1 Discussion on Pnpulanon and Sample

On= cornerstone of statistics is the mterplay between population and
sample. You should be aware that those numerical quantities (especially,
. the mean and the standard deviation) which you calculated from a
sample in earlier units not only describe the sample but furnish a basis for
making inferences about the characteristics of the whole population.

You therefore need to be aware that a population is a set of all measurements
of interest whereas a sample is a part of the population. For instance, a
population may be the ages of all nurses in a Teaching Hospital or the
number of University students.

It therefore follows that in the conduct of a statistical investigation, your
initial step is to specify the common characteristics that define the
population under study. You then distinguish between a target
population i.e. population to be investigated) and population sampled (that
population about which conclusions are drawn).

You will understand these terms more suitably with the following
illustration:

Example 13.2.1

An investigation is to determine the nutritional habits of persons over 50
years in the low-density areas of Nigerian cities. 400 persons over 50
years old who live in low-density areas of Lagos were interviewed.

In this example, the target population is all residents of low- density
areas in Nigerian cities who are 50 years old. The population sampled is
all resident of low-density areas of Lagos who are 50 years old.

After the distinction between the two types of population, your next step
is to generalise your results on the population sampled to the target
population. You need to be cautious at this stage because the gmerallzauon
may be open to controversy.

In view of this, you must be assured that the characteristics of both the
population sampled and the target populations are identical. Recall that in
a previous study unit it was mentioned that a statistical study of an entire
population is usually impossible because of the following reasons:
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(i)  size of the entire population makes the study impractical;
(i) cost of such study is prohibitive;
(iii) all members of the population may not be observable;

You will also recall from Units 2 and 3 that the aim of selecting a
sample is to ensure that the observations are unbiased. This is done
through random sampling. Remember that we have defined and examined
these procedures in the afore- mentioned study units.

We next define useful terms employed in inferential statistics.

3.2 Parameters and Statistics

A process by which you draw conclusions about a population given the
information contained in a sample is referred to as statistical inference.

You will recall that most common population values for which
information is required are the mean and the standard deviation. It
therefore follows that these measures are usually computed from the entire
population and are called parameters while when computed from a set of
sample measurements, they are referred to as statistics

You need to associate the parameter p to the mean of a population and
the statistics X to the mean of a sample. Similarly, you associate the
parameter a to the population standard deviation and the statistics to the
sample standard deviation.

Another important point you have to note in the conduct of a research is,
that the value of the population parameters is virtually unknown since a
part of the population is observed.

- Hence the sample statistic is employed in estimating the population
parameter.

Let us illustrate the relationship between population parameter and
sample statistic with the following example. "

A statistical investigation is to determine the mean age-of nursing
students in psychiatric hospitals. A random sample of 100 nursing
students in these hospitals was selected and their mean age computed.
Here, the parameter of interest is the mean age () of all nursing students
in psychiatric hospitals. The statistic computed from a sample of 100
nursing students is the sample mean (X).x estimates the true mean "
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Recall that sample statistics estimate population parameters and as
such the two sets of values are not exactly equal. This introduces
s mpling errors which are significant in statistical decision-making
p.ocess.

3.3 Types of Distribution

Distributions may be classified into two general patterns. An empirical
distribution is one obtained from tabulating a frequency distribution
from a set of sample measurements.

On the other hand, the frequency for all the measurements in an entire
population is said to be a theoretical distribution. Again, a theoretical
distribution is rarely obtainable in practice because it is impractical to
measure all elements in the population. Hence an empirical frequency
distribution for the sample measurements approximates the theoretical
frequency distribution of all population measurements.

You should be aware that knowledge of the properties of the theoretical
distribution of population measurements is of crucial importance only in
making inferences about a population based on sample measurements.
One significant characteristic of a theoretical frequency distribution is then
the nature of the variable of interest in a study (i.e. is it discrete or
continuous?)

In the next unit, you will learn the properties of one of the most frequently
used continuous theoretical frequency distributions.

4.0 CONCLUSION

In this unit, you have learned about the relationship between populations
and samples. You also leamed that in drawing conclusions about a
population, it is usual to make inferences on information based on a
sample of the population.

Towards this direction measures computed for a sample are used to
estimate by those for the whole population. This process introduces
sampling error, which plays an important role in decision-making.

You also learned that there is a distinction between empirical and
theoretical distributions. The former is only essential for descriptive
purposes whereas the latter has several implications for statistical
inference. One of the most significant theoretical distributions is that
which is continuous.
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5.0

SUMMAE}/

The critical concepts you learned in this unitare:

Numerical measures calculated for a sample

a. may describe the sample itself

b. may furnish inferences about the characteristics of the
population based on information collected from the sample.
Target population is that about which inferences are made.
Population sampled is that from which the sample was taken.
Generalisation about the population sampled to the target
population is subjective except characteristics of the two being
identical is assured.

Empirical distribution is necessary for descriptive statistics
whereas theoretical distribution is essential in inferential
statistics.

Parameter is a numerical quantity calculated from the entire
population e.g. population mean is denoted by p while
population standard deviation is denoted by a: They are rarely
obtainable in practice.

Statistics is a numerical quantity calculated from a set of sample
measurements.

X denotes sample mean; and
S denotes sample standard deviation.

These quantities estimate the corresponding population parameter e.g.
X estimates u and s estimates o.

SELF-ASSESSMENT EXERCISE

What do you understand by the following terms?

0]
(i)

population
sample

What is the relationship between parameters and statistics?

6.0 TUTOR-MARKED ASSIGNMENT
1. State the difference between theoretical and empirical
distribution. :




PDF Compressor Free Version

Tx ODUCTORY STATISTICS

& An investigator studied anxiety in Iﬂ‘?'tl,Q -
children for the first time. Each of 20 randg, ‘s who visited their sick
given a standardized anxiety exam immCdi&tQIlY selected mothers was

child and the mean score was determined. ,¥ before she visited her
statistic of interest. » dicate the parameter /

3.  In a study to determine the effect Of )
process of fracture of the femur, 40 patients ill!he POP on the healing

hosgital were interviewed to assess the hgalinan or?hopacdic unit of a
healing periods were computed for the 40 Dat-g pt:rlods. t’I'he l;v;erage
ients. What would you

regard as the parameter / statistic of interest?
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UNIT4 NORMAL DISTRIBUTION
CONTENTS

1.0 Introduction
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3.0 Main Content
3.1 Discussion on the Normal Curve
3.2  Properties of the Normal Curve
3.3  Standard Normal Curve
3.4 Using the Standard Normal Table
3.5 Find areas under Normal Curve using the Standard

Normal Table
4.0 Conclusion
5.0 Summary

6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

In this unit, you will learn the use of properties and applications of the most
important continuous probability distribution. This is the so-called bell-
shaped curve or the normal distribution.

It arises quite frequently in theory and practice. For instance, many
physical measurements have distributions that are bell-shaped and thus it
is often suitable to employ the normal distribution as that of a population
or random variable.

The normal distribution is equally useful in making inferences about the
mean and standard deviation of a population.

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

e list the properties of the normal distribution
state the standard probabilities associated with thc normal
curve

* determine the probabilities associated with the normal curve using
the standard normal table.
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3.0 MAIN CONTENT

3.1° Discussion on the Normal Curve

You should observe that a variety of populations and random variables
around us are intrinsically different. However, some like height, weight
blood pressure etc share an important characteristic. This is that the
probabilities associated with them are at least approximately equal to
areas under a normal curve.

From previous units, you can recall that the centre points or location of a
normal curve depends on the value of the mean and the variability of
observations depends on the value of the standard deviation. You will
now acquaint yourself with other properties of the normal curve as stated
in the next part of the unit as well in the accompanying diagrams.
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143" Properties of the Normal Curve ‘
Lt s consider the characteristics of the normakicurve drawn below.

e

Relutive frequency
L

0Y8 298 195 695 195 10.95 1295 1495 1695 1895

Birth weights fin Pownds)
Figure 14.1: Frequency Disiribution or Rirth Weights or Infimts with Genetic Disorder
You can obscrve from Figure 14,1 that the curve is bell-shaped about its centre point i.¢. the mean, You con
also observe that values that are very Large or very small in relation to the mean occur infrequently. Rather
the closer the values are to the mean the more frequently they occur .

You will also notic that the centre point of a normal curve depends om the value of the mean and that the
variability of the values depends on the value of the standard deviation. For distributions of meassrements
with a small standard deviation. the curve:is tall and thin while for distributions with large standard deviations
the curve is short and fat (see Figuee 14.2 he_lmvli

¥
|
1
'
1
|
|
I
|
{
I
i
t
I
[
I
]

)
=

(b)

Figure 14.2: Hlcstration of Normal Curves with small andHarge stardard deviation _
You will also obscrve that the normal curves of two populations with the same mean but different standacd
deviations have differcnt shapes as shown in Figure 14.3. :
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i
Figure 14.3: [llustration of Normal Curves with the same Mean But Different Standard Deviations.
You need to be aware that for a population of measurements which is normally distributed, the frequency
distribution or normal curve can be easily drawn. In addition, you should be aware that for this population
frequency distribution, the area under the smooth curve between two points is the probability that an
observation from the population will fall in the interval specified by the two paints.

Such areas of the smooth curve are obtainable from a table of normal distribution values given at the end
of this study unit. The procedure will be illustrated in the next part of this unit.

144  Standard Nermal Curve

There are infinitely many normal curves. One particular normal curve is the standard normal curve or =-

curve. The areas under normal curves can be found once we know how to determine areas under the standard

normal curve.

The horizontal axis under the standard normal curve is labelled with the letter z. The standard normal curve

is shown in Figure 14.4 and some of its more important properties are:

(i) The total area under the standard normal curve is equal to 1.

(ii) Thestandard normal curve extends indefinitely in both directions, approaching but never touching the
harizontal axis.

(iii) The standard normal curve is symmetric about 0,

(iv) Most of the areas under the standard normal curve lies between -3 and 3.

Figure 14.4: The Siandard Normal Curve

104

N




PDF Compressor Free Version

MTH 102 MODULE 3

144.1 Using the Standard Normal Table

Tables of areas under the Standard normal curves have.been constructed because of the imporance. This
table is at the end of this unit and it consists @ four-decimal place numbers in the body of the table. These
numbers give the area under the standard normal curve that lies tothe left of a given value of 2. The left page
of the table is for negative values of 2, while the right page is for positive values of z.

‘The following example explains its use:

Example 14.4.1.1

Find the area under the standard normal curve that lies to the left of 1.32
Answer

=132 =132

Figure 14.5; Determining the area under the standard normal curve 1o the left of 1.32

From the table on the right (1.32 is positive) you goto the left hand column labelied z 1 1.3, Then from there

g0 across that row until you are under 0.02 in the top row. The number in the body of the table there is

(.9066. This is the area (shaded in the diagram) under the standard normal curve that lies to the left of 1.32.
You have just seen one use of the Standard Normal Table. Two other important uses of that table are

finding the area to the right of a given value of z and finding the area between two given values of . We

illustrate these other uses of the table in the following examples:

Example 1.44.1.2

Find the area under the standard normal curve that lies to the right of 0.85.

2y 8 =] o-1~|
£=085

Figure 14.6: Determining the area under the standard normal curve to the right of 0.85

Since the total area under the standard normal curve is |, the area to the right of 0.85 equals | minus the area
tothe left of 0.85. You will go down the left-hand column labelled 2 to 0.8. Next, go across that row until you
are under 0.05 in the top row. The number in the body of the table there is 0.8023. This is the area under the
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standard normal curve that lies to the left of 0.85. Hence the area under the standard normal curve that lies
to the right of 0.85 is 1 - 0.8023 = 0.1977.

Example 14.4.13
Find the area under the standard normal cur:‘;that lies between — 0.57 and 1.63.
A . -

Area= 0.6641

(28]
s

-1 =130 1

I I
Z=-05T7 2=1.63 Z=_037 £=186]

Figure 14.7: Determining the area under the standard normal curve that lies between — 0.57 and 1.63

The area under the standard normal curve that lies between — 0.57 and 1.63 equals the area to the left of 1.63
minus the area to the left of —0.57. The area to the Jeft of 1,63 is 0.9484 and that to the left of - 0.57 15 0.2843
(vou will obtain this area from the left page of the table since—0.57 is negative). The area under the standard
normal curve that lies between ~ 0.57 and |.63 is 0.9484 - 0.2843 = 0.6641.

You can also find the z-value(s) corresponding to a specified area under the standard normal curve by simply
reversing the steps taken in Examples 14.

1442 Finding areas under Normal Curves Using the Standard Normal Table
It is important to be able to obtain areas under normal curves since these areas correspond 1o probabilities
for many populations and random variables. You will recall that each normal curve is defined by two
parameters namely 4 and @ 4 s an indicator of the centre point of the normal curve while o indicates its
shape or spread.

You will also recall that two normal curves that have the same 4 parameter are centred at the same place
while two normal curves that have the same g parameter will have the same shape.

We now look at some of the most important properties of the normal curve. They are as follows:

(i) The total area under & normal curve is 1.

(if) The normal curve extends indefinitely in both directions approaching but never touching the horizontal
axis.

(iii) The normal curve with parameters #and a is symmetric about 4.

(iv) Most of the ares under the normal curve with parameters g and o lies between u-3oand y +3a

We now proceed with how to find areas under the normal curves.

Example 144..1

Determine the area under the normal curve with parameters 4= 5 and o=2 that lies (ijto right of 6;
(ii) between 2 and 7. E
Answer

(i) The first step is for you to sketch the normal curve with parameters, 4= 5 and o =2 and shade the area
tothe right of 6. You will label the horizontal axis for the normal curve as x and that for the standard normal
curve as 2. :
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. Standard normal curve
|
|
I
|
| 2
|

F-3 L 3§

(b) 2=0s

Figure 148
(a)  Area under the normal curve with parameters , i = 5 and o = 2 that lies to the right of 6

(b) Area under the siandard normal curve that lies o the right of 0.5

You will now obtain the area under the normal curve by converting x-values to z-values by first subtracting
Hand dividing by o This conversion process is referred to as standardizing. You then obtain in (1)
6-3
9.

Al L

ot e 2

i.e. areas in the shaded portion in 14.8(a) and 14.8(b) are equal. The area shaded in Figure 14.8(b) is

1 - 6915 =0.3085, Hence the area shaded in 14.8(a) is also 0.3085. This is the area under the normal curve
with parameters 4= 5 and o=2 that lies to the right of 6 is 0.3085.

(i) ~Inthis case you need to find the area under the normal curve with parameter 11 = 5 and o =2 that lies
between 2 and 7 as shown in Figure 14.9(a).

Normal curve
w=50=2) Standard normal curve

Figure 14.9
(a)  Area under the normal curve with parameters =5 and =2 that lies between 2 and 7.

(b)  Area under the normal curve with parameters ¢ = 5 and =2 that lies between x = 2andx = 7is
equal to the arca under the standard normal curve that lies between.
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x—-H _2—5 _ _Xx—p =7- =
£ = a5 =-15 and 3————0_ = T 1.0

Using the table, the shaded area in Fig. 14.9 (b) equals 0.8413 - 0.0668 =
0.7745. .
In summary, you will determine the area under the normal curve with
_parameters u and o that lies between a and b as being equal to the area
under the standard normal curve that lies between

(b—u) (b—p)

o and o

Also you will find the area under the normal curve with parameters .u
and o'that lies to the right (or left) of a particular y-value by first
converting to the z-score and then using the Standard Normal table to
find the area under the standard normal curve that lies to the right (or
left) of the z- score.

4.0 CONCLUSION

In this unit, you learned that frequency distributions may be continuous or
discontinuous, symmetrical or skew. Also you learned that a particular
shape of continuous symmetric distribution is known as the normal
distribution which has very important properties for statistical analysis.
Other shapes of distribution can often be transformed mathematically to
appropriate normality.

5.0 SUMMARY

In this unit, the critical concepts learned include the following:

. Normal distribution
(a) s a continuous theoretical frequency distribution and has
the following characteristics:

(i) It is bell-shaped;
(i) It has continuous measurements; and :
(iii) It is symmetric around its mean (u)
(b) It has its location of centre determined by u and spread by
[y

(i) For small values of o curve is tall and thin;
(i)  For large values of o curve is short and fat.

° To determine probabilities associated with the normal curve, the
raw scores x are first converted to standard scores z by the
formula
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' a

Areas under standard normal curve are found in tables.

SELF-ASSESSMENT EXERCISE
List five important properties of a normal distribution.

6.0

1.

0

(i)

TUTOR-MARKED ASSIGNMENT

In a hypertensive screening programme, health workers
determined that the mean systolic blood pressures
in a social class is 142 mm/Hg with a standard deviation a of 10
mm / Hg. A decision was taken that any individual in this class
who had a systolic blood pressure 4 standard deviations above
the mean normal systolic pressure would be considered hypertensive. A
female from this group was tested and found to have a systolic blood pressure
of 172 nunvHg. How would she be classified ?

Suppose a climically accepted value for mean systolic blood pressure in
males aged 20-24 is or =20 mm/Hg.

If a 22-year-old is selected at random from the population, what is the
probability that this systolic blood pressure is equal to or less than 150
mm/Hg?

Between what two blood pressure readings will 95% of all systolic blood
pressure readings for 20 to 24-year-old males hie?

An investigation of the blood pressures of 100 nursing students was conducted.
is normally distributed with mean // = 120 mmHg and standard deviation
a= 20 mmHg. The mean systolic blood pressure for the 100 students was
126 mmHg.

th:sﬂxe;mtnbﬂﬂyﬂmﬁtaum@sysmlmbhndmofasmwpleof

= 100 nursing students will be equal to or greater than 126 mm/Hg?

7.0
-

REFERENCE/FURTHER READING

Hill, A.B. and Hill,. 1.D. (1991). Principles of Medical Statistics, 12th edition, E.

Amold, London. Knapp, R.G. (1985). Basic Statistics for Nurses, 2nd
edition, Delmar Publishers, Inc. N .Y .
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1.0 INTRODUCTION

In the preceding units, you have studied sampling, descriptive statistics,
probability, random variables and the normal distribution. Now you will
need to learn that these diverse topics can be integrated to serve as a
foundation for inferential statistics.

You will first understand why sampling distribution of the mean is of
unique importance in statistics. Next, you will learn the properties of
derived distribution, an example of which is the sampling distribution of
the mean.

One of these properties iead on to the Central Limit Theorem. Before
discussing these concepts, let us look at the objectives of this study unit
stated hereunder:

2.0 OBJECTIVES

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

describe in words the meaning of sampling error
explain concisely the meaning of a derived distribution

explain the steps required to generate a sampling distribution
state the Central Limit Theorem.

3.0 MAIN CONTENT
110
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3.1 -Sampling Error: The need for Sampling Distribution

Recall that using a sample to dcquire information about a population is
often preferable to taking a census, in which data for the entire
population are collected.

However you are aware that since a sample from a population provides
data for only a portion of the entire population, it is unlikely the sample
yields perfectly accurate information about the population.

Hence you need to anticipate an amount of error in the sampling
procedure. This error is called sampling error In order to answer
questions about the accuracy of estimating a population mean by a
sample mean, there is the need to know the distribution of all possible
sample means that could be obtained.

This is a derived distribution from the original parent distribution and it is
called the sampling distribution of the mean. In the succeeding parts of
this unit, we will discuss how to generate a sampling distribution and
study its properties.

3.2 Derived Distribution-Generation

The sampling distribution of the mean is of unique importance in
statistics. So as to gain insight into its meaning and usefulness, let us
consider how to generate the distribution of sample means for a given
sample of size n.

You need to note that a sampling distribution is rarely generated in
practice rather you only need to have knowledge of its properties so as
to be able to make statistical inferences.

To generate a sampling distribution of Y's you proceed as follows:

(i) Construct a population by recording population values on slips of
paper and placing the slips in a container:

(i) Compute the mean Y of a sample of size n selccted from the
population.

(iii) Replace these n observations in the population.

(iv)  Repeat steps 2 and 3 until a large number of samples of size n
have been drawn.

(v  The resulting frequency distribution of each of the X’.s'

approximates the distribution of the sample mean values or the
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sampling distribution of means for a given n.

You should note that the process of generating a complete sampling
distribution is an impossible task for parent populations with few
observations. We now state the yrﬂpahewof the sampling distribution of
the means.

3.3 Properties of the Distribution of Sample Means (or
Sampling Distribution of the Mean)

These are stated as follows:

1. The mean, X of the distribution is equal to y, the mean of the
parent population from which the samples are drawn.

3 The standard deviation, o, of the sampling distribution of X is
equal tog_ the standard deviation of the parent population
n
divided by the square root of the number in each sample. The
standard deviation of X is called the standard error of the mean
and is given in terms of the standard deviation of the individual
values of the parent distribution.

It allows the computation of an estimate of the standard deviation of
mean values from a single sample of individual observations.

3. When sampling is from a parent population whose distribution is
normal, the shape of the sampling distribution is that of the normal
curve. The sampling distribution is approximately normal when
sampling is from non-normal parent population. Approximation to
normality becomes closer and closer as the sample size increases.

3.4 Central Limit Theorem

The third property of the sampling distribution of the mean (X) is an
extra-ordinary fact called the Central Limit Theorem. It states that: For
any given population, not necessarily normally distributed and having
mean u and standard deviation o the sampling distribution for fixed n
which is generated from this population will be approximately normally
distributed with mean u and standard deviation o/in

You should note that this assumption of normality for the distribution of
is the cornerstone of statistical inference. We now illustrate the use of the
Central Limit Theorem with the following example:

Example 15.2.3.1

112




r— — .- A I—— w S a———

PDF Compressor Free Version

MTH 102 MODULE 3

In a hypertensive survey, it was determined that the mean systolic blood
pressure for normal males in social class is 120 mm/Hg with standard
deviation of 10 mm/Hg. Deseribe the frequency distribution of all
possible sample means of size 625 from the given population of systolic
blood pressure measurements.

Answer

The parent population of systolic blood pressure measurements has a
mean equal to 120 mm/Hg and a standard deviation o equal to 10
mm/Hg. Applying the properties of sampling distributions and the Central
Limit Theorem, the population of sample means (X) of size n = 625 that
could be drawn from this parent population is normally distributed with
mean u, equal to the mean of the parent population and standard
deviation o; to the standard deviation o of the parent population
divided by the square root of the sample size.

Therefore,
Hz = p = 120mm / Hg

o 10 10
O3 = ﬁl‘t = 1’525 25_—04mmﬂg

4.0 CONCLUSION

In this unit, you studied one of the most important groundwork of statistical
inference., This is the sampling distribution of the mean. Its properties were
suitably explained to you of which the third which results in the Central
Limit Theorem was applied to a problem.

5.0 SUMMARY

The following critical concepts were studied in this unit:

. Sampling error is the failure of a statistic X to be exactly equal to its
corresponding population parameter.

® If many samples are drawn from a parent population and the statistic
X computed for each sample, the values of X will cluster around
the true value of the parameter, p.

° TthentralLumtTheoremstatesﬂmtforarelauwlyla:gcsample
size, the random variable, X is approximately normally distributed
hasmeanplandstandarddewanon °, = oAn regardless of the
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population’s distribution. The approximations becomes better and
better with increasing sample size

The standard deviation of the population of X is 6/Aln’s the standard
error of the mean. -

e

Exercise 155.1 (SAE)

* Let the population of interest consists of the heights of five nursing
students in a hospital unit. If the heights
(in inches) are 76, 78, 79, 81, 86

@
(i)

(iii)

6.0

7.0

Determine the sampling distribution of the mean for random
samples of two heights from the  population of five heights. e
Indicate your observations about sampling error when the mean, X
of a random sample of two heights is used to estimate the
population mean, p.

Employ the sampling distribution of the mean obtained in (i) to
find the probability that the sampling error made in estimating the
population mean g, by the mean, ¥ of a random sample of two
heights will be at most 1 inch; that is, for a random sample of
size two, determine the probability that % will be within 1 inch of
.

TUTOR-MARKED ASSIGNMENT

Repeat question (i), (ii) and (iii) in Exercise 5.6.1 for random
samples of four heights from the population of five heights.

REFERENCE/FURTHER READING

Hill, A.B. and Hill, ID. (1991). Principles of Medical Statistics 12th edition, E.
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1.0 INTRODUCTION

In this unit, you will begin the study of inferential statistics. This consists of
a set of procedures used to draw conclusions about a large body of data
called a population based on a subset of data from the population i.e. a
sample.

There are two main areas of statistical inference namely estimation and
testing of hypothesis. In this unit you will examine methods for
estimating the mean of a population.

From intuition, you will expect that the sample mean (X) is used to
estimate a population mean, (4). You will also sense that there is need to
furnish information about the accuracy of such estimate. This intuition
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leads us to the discussion of what are known as confidence intervals.

You will study two procedures for obtaining confidence intervals for the
mean of a population. The other aspect of statistical inference i.c.,
hypothesis testing will be discussed in the succeeding study unit. Before
you begin the present study, read through the objectives stated below:

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

- calculate and interpret confidence intervals on a single
population mean m for
(i) a population with known standard deviation o,
(i)  a population with unknown standard deviation o, and

. calculate and interpret confidence intervals on the difference in
two population means, y; -,u; for
(i)  population standard deviation known;
(i)  population standard deviation unknown; and

“ calculate and interpret confidence intervals on the true mean
difference D in a paired experiment.

3.0 MAIN CONTENT
3.1 Estimating a Population Mean

A common problem in statistics is that of estimating a population mean
p- For instance, we might want to know

(i) The mean petrol kilometre of a new-model car;

(i) The mean weight gain for patients suffering from a certain
debilitating disease who are on a diet.

(iii) The mean tar content of a certain brand of cigarette.

For a small population, you can ordinarily determine u exactly by
census-taking and then calculating 4 from the population data. But fof a
large population, census taking is impractical, very expensive or
impossible. r

Nonetheless, you can obtain fairly accurate information about, x4 by
taking a sample from the population.

You may recall the estimation of the mean of the number of genalnc
patients in five urban hospitals in Nigeria in Example 8.2.2.1. The mean
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obtained is
145

= 5 =29

£-3

:=|_,><

-

An estimate of this kind, which is based on the sample data is, called a
point estimate for, 4 because it consists of a single point.

You need to recall from the last study unit that it is unreasonable to
expect that a sample mean 7 will exactly equal the population mean .
You should anticipate some sampling error. It is therefore necessary that
in addition to reporting a point estimate of x you need to furnish
information on the accuracy of the estimate.

You can do this by providing a confidence-interval estimate for u.
When you furnish a confidence-interval estimate for 4, you then use the
mean of the sample to construct an interval of numbers and express how
confident you are that 4 lies in that interval.

Before seeing how to obtain such confidence intervals, let us formally
define the new terminologies, which incidentally apply to other
numerical sumnmaries apart from the mean (e.g. the standard deviation).

A confidence interval estimate for a parameter comprises of an interval of
numbers obtained from a point estimate of the parameter together with a
percentage that specifies how confident we are that the parameter lies in
the intervals. The confidence percentage is referred to as the confidence
level.

You will now learn a technique for obtaining a confidence interval for a
population means. Before proceeding, you will need to recall the
. . following Key Facts:

(i) The Central Limit Theorem;

(ii) The Sampling Distribution of the Mean for General
Populations; and

(iii) The empirical rule for normally distributed random variables
which states as follows: For any normally distributed
random variable y: - ’

Property I:  The probability is 0.6826 that an observed value of y will
lie within one standard deviation to either side of the
mean;

Plig- 0, <x <, +a) = 06826
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Property 2: The probability is 0.9544 that an observed value of x will
: lie within two standard deviations to either side of the
mean; ) -
Pl-20,<x<u +20)=0954
Property 3: The probability is 0.9974 that an observed value of x will
lie within three standard deviations to either side of the
mean
P (-3 0, <x<p 3a)=09974

Let us look at an example:

Example 16.2.1.1

Let a random sample of size n be taken from a population with mean u
and standard deviations ¢. In addition, let either the population be
normally distributed or the sample size be large (n> 30).

Determine (i) the probability that the interval from

X-2c0toX+2 o
n

will contain the population mean u.
(iii) Interpret the result in (i) using percentages.
Answer.

X is normally distributed since it is assumed that the population is
normally distributed or sample size is large. Hence by Property 2 earlier
mentioned, the probability is 0.9544 that an observed value of i lies
within two standard deviations to either side of the mean:

1.6 P(px-20x <f<px+20x = 0.9544
But

pr =pando~= o
Vn

the last equation can be rewritten as

P(p-20<y¥<u+2a)=0.9544
\n n
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Stated in words, the last equation means that the probability is 0.9544 that
¥ will lie within 2.g°of . It also means that u will lie within Z.Trg_fx._

- n
Hence the last can be rewritten as: =

B0y <% 2 <y<f+2\F_} =0.9544
.J_

from whence we have that the probability that the interval from

x—2.0 g
Vi to X+2. Vn
will contain y is 0.9544

You need to realise that the random variable is’y" not 4 In addition, you
should note that the population mean y is a fixed number, although it may
be unknown; the sample mean ¥ is a random variable and its value
depends on chance i.e. on which the sample is obtained.

(iii)  One interpretation is that about 95.44 % of all samples of size n

g
have the property that the interval with endpoints y + 2Vn contains
the population mean x. Another interpretation is that if you take a
large number of random samples of size n, then about 95.44% of
the samples obtained will possess the property that the interval
with endpoints x ﬂﬁ_oontains the population mean y
n

3.2 Interpretation of Confidence Intervals on p.

Confidence intervals may be interpreted in two ways. One of the
ways is theoretical in nature and its consideration is long term. For
instance, if a series of samples were obtained with a construction of
95% confidence intervals for each sample on the true mean y, then
ultimately, the relative frequency with which the calculated intervals
actually cover u is 95%. ;

The second interpretation specifies 95% confidence in the interval x ¥ 1.96

oAln for a particular sample of the true population mean .
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3.2.1 Confidence Interval for one Population Mean when ¢ is
Unknown

In the preceding sections of this study unit, you leamed how to determine
the confidence interval for a population mean x when the standard
deviation ¢ is known.

The procedure is based on this fact:
If whenever the population being sampled is normally distributed or the
sample size is large, then the random variableY is normally distributed (or

approximately so) and has mean u;= u with standard deviation.
o=

The standardised random variable Z= 7-

has the standard normal distribution.

But in practice, the population standard deviation is unknown and as such
you cannot base your confidence-interval procedure on y (and thus z).
However, since the sample standard deviation s is a point estimate of the
population standard deviation, ¢ by s in

-

and base your confidence-interval method on the resulting random variable.
Your next task is to identify the probability distribution of this new

‘random variable i.e.

t= -
s/\n

In carrying out this task, you will assume that the population being
sampled is normally distributed. The obvious problem with the
substitution of s for ¢ is that in addition to the variability of ¥, s now varies
with each sample. This additional variability in s is taken into account by
use of the Student ¢-distribution.

This distribution is symmetric, bell-shaped and centered on a mean of O.
Furthermore, the exact shape of the #-distribution depends on a value called
degrees of freedom. Degrees of freedom for the t-distribution is defined to be n-
1 for the case of estimating a single population mean j.
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You need to know that the concept of degrees of freedom is used for the -
distribution in obtaining the confidence coefficient from the table of -
values.

The rationale, procedure and interpretation of confidence intervals are
the same for both the ¢- and z- distributions. For a confidence interval
. on 4 using f, the estimate s is substituted for ¢ and an appropriate value
for ¢ is obtained from a table of 7 values. The formula is
X £t (S/vVn)
Let us illustrate a use oft-table with the following example.
Example 16.2.2.1

For t-curve with 13 degrees of freedom, determine tg s i.e. find the -value
having area 0.02 to its right.

Answer

To find the #-value in question we use the Table whose portion has been

repeated here for reference:

Table 16 Value of t,

df Yo toos to s toor to,005 df
12 1.356 1.782 2.179 2.681 | 3.055 12
13 1.350 1.771 2.160 2.650 |3.012 13
14 1.345 1.761 2.145 2.624 | 2977 14
15 - - - - - -

To locate typs with df= 13, you will go down the outside column
labelled df to 13 and then go across that row until we are under the
column headed ty055. The number in the body of this table is 2.160 which

is the required value.
3.2.2 Obtaining Confidence Intervals for a Population Mean
when o is Unknown '

Having discussed t-distributions and ¢-curves, you can now see how to
develop a method to obtain a confidence interval for a population mean,
when a population being sampled is normally distributed and the
population standard deviation is unknown. The procedure is as follows:
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Let a random sample of size n be taken from a normally distributed
population with mean x. Then the random variable.

g Ay

— =

T

has the r-distribution with (n-1) degrees of freedom i.e. probabilities for
that random variable are equal to areas under the t-curve with df = n-1.
Therefore,

P(tpx<X-—p<tp)=l-a
s/\n

This equation may be rewritten as
P(i-tm'i%<#<i+t.a-\’:s}= l-a

From whence you have that once the sample is taken, the interval from
i-t.q.vﬁtofﬂ.,z. N’f

Will be a (1- a) - level confidence interval for p.

Example 16.2.3.1

To estimate the mean gestation period of domestic dogs, 15 randomly

selected dogs are observed during pregnancy. Their gestation periods (in
days) are:

62.0 61.4 59.8 62.2 60.3
60.4 59.4 60.2 60.4 60.8
61.8 59.2 61.1 60.4 60.9

Obtain a 95% confidence interval for the mean gestation period u of the
domestic dog. [This example is taken from Elementary Statistics by ,
N.A. Weiss).

Answer
The sample size is moderate, a normal probability plot shows no outliers
and falls roughly in a straight line.

For a confidence level of /- a, you will use the r-table to find t,, with df
= n -1 where n is the sample size.
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The specified confidence level is 0.95, so @ = 0.05. Since n= 15, we have
df=n -1 =15- 1 = 14. The t-table shows that for df = 14

tar = to sz = togos = 2.145 =

The confidence interval for 4 is from
N-tz.StOX+tyr.5
Vn Vi

n n

ty2 = 2.145. Find  and s from the data in the usual way we have ¥ =
60.69 and s = 0.90. Hence, a 95% confidence interval for u is from

(0.90)
60.67 - 2.145 VY15 to

(93@.)
60.69 +2.145 V15

or 60.19 to 61.18

You can then be 95% confident that the mean gestation period u of the
domestic dog is somewhere between 60.19 to 61.18 days.

33 Confidence Intervals on the Difference in Two Population
Means: Population Standard Deviations Known

In the previous section of the study unit, you saw the rationale and the
method ascribed to a confidence interval on a single population mean .
In medical and nursing practice, it is usual to estimate the true difference
in two population means u,- 4, where u; and u, are the respectively true
means for the first and second populations.

Here, you will have that y, - 4, is the population parameter of interest
while the difference in sample means X; - X,;) Serves as a point
estimate of the population difference p; - u,

You need to be aware that without a rigorous proof, it can be assumed
that if possible samples of size n, are drawn from the firstpopulation of
size N, and all possible samples of size n, are drawn from the - cond
population of size N, such that from these samples all possible | (¢ ‘nces
X, -X, are computed, then the frequency distribution of these differ nces
is that of the normal distribution with mean y; - 4, and standard devi. ion

V(oi" Iny) + (02" Iny)

124




PDF Compressor Free Version

MTH 162 MODULE 4

A formal statement of this fact is that the sampling distribution of the
differences X, - X, of independently drawn samples is normally
distributed with mean p, - i, and standard deviation.

Y(o© Iny + (03 ° IE;}

You should note that if the two sampled populations are not normally
distributed or if the form of the frequency distributions of the
populations is unknown, the sampling distribution of the differences, X,
- X, is at least approximately normally distributed with mean y;—u; and
standard deviation V(o;” In)) + (o, In,) for large sample sizes n; and n,.

It therefore follows from the general form of a confidence interval on a
population parameter i.e.

(Estimate of parameter) + (Confidence Coefficient) x (Standard error of
estimate) that the 95% and 99% confidence intervals on the true
population difference y; - u, are

n nz

RXi-X3) =256 Vo, +o,”
n nm

where Vo,” + o is the standard error of the estimate (X; — Xz
n nz

When interpreted, you may be 95% (or 99%) confident that the interval
spans the true difference in population means y; - 4,

4.0 CONCLUSION

In this unit, you learned that having observed a mean, or any other
numerical summary that may be computed from a sample of observations,
it is possible to give limits within which the corresponding value in the
population lies, with a known degree of confidence.

You need to know that it is conventional to employ 95% confidence limits
but other degrees of confidence may be used if desired.
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5.0 SUMMARY
The critical concepts learned in this study unit are as follows:

. There are two aspects of statistical inference namely: estimation
and hypothesis testing

= A method of estimating population parameters using information in
the sample is the confidence interval procedure.

. A confidence interval maybe interpreted in two ways:

(1) If a series of samples were obtained and 95% confidence intervals
on the true parameter constructed for each sample, then ultimately,
the relative frequency with which the computed intervals actually
cover the true parameter is 95%.

(i)  Using a 95% confidence interval for the single sample obtained in
practice, you are 95% confident that the confidence interval
computed for that particular sample covers the true population
parameter.

. The general form of a confidence interval is as follows:
(Estimate of parameter) + (Confidence coefficient) x (Standard
error of estimate)

. A confidence interval on the true population mean u when the
population standard deviation is known

a0
8 +Z(p) Nn

where z, the confidence coefficient is a standard normal table value.
. A confidence interval on the true population mean y when the

population standard deviation o is not known is v
X+t (Vn)
where f the confidence coefficient is a value from the t-

distribution.
B A confidence interval on the true difference in population means y;
4z when the population standard deviation o, and o, are known

15
(Xi-X)+ZVo . 0,
m m

Exercise 16.5.1 (SAE)

A nurse midwife wished to compare the mean age of women who
retained intrauterine devices (IUD's) and the mean age of those who
expelled the devices. Fifteen subjects were randomly selected from
among a group who had retained IUD's and 10 subjects from among
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those who had expelled IUD's. The data are as follows:

Expelled ~ Retained
Xg =28 Xz =33
Se =10 Sp=12
Ng =10 Ng = 15

Place a 95% confidence interval on the true difference in mean ages for
the group who expelled IUD's and the group who retained IUD's for the
populations studied. Interpret the interval.

6.0 TUTOR-MARKED ASSIGNMENT (TMA)

In a study to estimate the effect on infants who are held by their parents
immediately after birth, a nurse record rectal temperatures of 100
infants immediately after they had been held for five minutes by their
parents. The mean rectal temperature for the sample was found to be
98.02°F and the standard deviation was found to be 0.9°F. Place a 95%
confidence interval on the true mean rectal temperature of the population
of infants studied. Interpret the interval.

7.0 REFERENCES/FURTHER READING
Hill, AB. and Hill, 1. D. (1985). Principles of Medical Statistics. 12th
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1.0 INTRODUCTION

In the preceding study unit, we studied one aspect of inferential statistics.
These involved methods of obtaining confidence intervals for one
population mean.

This study unit and the two succeeding units will focus on how you can
employ the sample means ¥. to make decisions about the hypothesized
values of a population mean, x. For instance, you might wish to use the
mean success of treatment of tuberculosis for a sample of people to
penultimate year to generalize for all such people last year. Such
statistical inferences lie in the realm of hypothesis tests.

This study unit will discuss the fundamentals of hypothesis tests while you
will learn standard procedures employing in hypothesis testing in the next
two study units. You will need to examine the objectives for this unit
stated hereunder.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

. List the elements of a statistical test and describe in words
what is meant by
(i) Null hypothesis;
(ii) Test statistic:
(iii) Level of significance;
(iv) Rejection region; and
(v) Decision or conclusion.
= Recognize these elements in a given research situation.

3.0 MAIN CONTENT
3.1 Nature of Hypothesis Testing

Statistical inference is employed in making decisions or passing judgments
about the value of a parameter, particularly the population mean.

One of the widely employed methods in this decision making process is
a hypothesis test. This is simply a statement that something is true. You
need to be aware that a hypothesis test involves two mutually exclusive
hypotheses referred to as the null and the alternative hypotheses.

You should be aware that the problem in a hypothesis test is to decide
whether or not the null hypothesis should be rejected in favour of the
alternative hypothesis.

3.2 Choosing the Hypotheses

Your first step in a hypothesis test is to decide on the null and the
alternative hypothesis. Suppose your hypothesis tests is specifically for
one population mean y..

¥

Then you should state the null hypothesis in the form

H,:u=yu,
The choice of your alternative hypothesis depends on and must reflect
the purpose of the hypothesis test. Your choices of altematm:
hypothesis could be any of the three forms:

(1) H,:p#p, referredto asa two-tailed test
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(1) H, :< y, referredto as a lefi-tailed test
(m) H, :> p, referred to as a right-tailed test

A right or left-tailed hypothesis test is said to be one-tailed. Let us
illustrate these terms with the following examples.

‘Example 17.2.1.1

Suppose a clinical investigator wishes to determine whether infants with
Disorder X have the same mean birth weight as normal infants. The
mean birth weight of all normal infants is 7 pounds. For a random
sample of 25 infants, suppose the mean birth weight is calculated to be
6.2 pounds.

(1)  Determine the null hypothesis for the hypothesis test.

(ii  Determine the alternative hypothesis for the hypothesis test.

(iii) Classify the hypothesis test as two-tailed, left-tailed or right-
taiied.

Answer

(1)  Let u denote the mean birth weight of normal infants. The
null hypothesis is H,:u#7

(ii) The alternative hypothesis is H,:u#7

(iii) The hypothesis test is two-tailed

3.3 Logic of Hypothesis Testing

You have learned how to choose suitable null and alternative hypotheses
for a hypothesis test. The next step is how to decide on acceptance or
rejection of the null hypothesis in favour of the alternative hypothesis.

To do this you need to take a random sample from the population and
determine the consistency or otherwise of the sample data with the null
hypothesis. If the sample data are consistent with the null hypothesis, the
null hypothesis is accepted. On the other hand, if the sample data ‘are
inconsistent with the null hypothesis, the null hypothesis is rejected in
favour of the alternative hypothesis.

The next example gives a precise criterion for deciding whether or not to
reject the mull hypothesis
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Example 17.2.2.1

MODULE 4

To check whether the instrument measuring the systolic blood pressures
measurement of 25 patients. the recording for these patients are as
follows (normal stystolic blood pressure measurement is 140 mm/Hg and

the population standard deviation is known to be 10 mm/Hg.

140 180 130 160 120
160 150 120 140 140
180 170 150 130 160
140 180 180 180 170
160 150 140 150 180

(i)  State the null and alternative hypotheses.

(ii)  Obtain a precise criterion for deciding whether or not to reject
the null hypothesis in favour of the altenative hypothesis.
(iii)  State the conclusion.

Answer
(i) H,: u= 140
H,: u 140
Test Statistic
X = zx,*
n
7 =

%_y_

=3 860 = 154.4
25

= 154.4 -140
10/N425

Where X=3 860, u =140, n =25, 6 = 25

'{i) The sample mean is 7.2 standard deviations above the null
assumption that the random

hypothesis mean of 140. (The
variable X is normally distributed has been made).
(i) We conclude that the null hypothesis be rejected in favour of

the alternative hypothesis u #140.

3.3.1 Terms, Errors and Hypothesis

In order to fully understand the nature of hypothesis testing, you will
need to learn more additional notions.

These notions are defined and discussed so as to be able to interpret I'.he

possible conclusions of a hypothesis test in terms of them.
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Recall the basis employed in Example 17.2.2.1 for deciding whether to

reject the null hypothesis. You will remember that we used the random
variable

-

Z = X-u P
a/Nn

Fhis is called the fest statistic for the hypothesis test. The following graph

portrays the criterion used to decide on the rejection or otherwise of the
null hypothesis:

Reject H, Do not reject H, Reject H,

(= o
5
+
]
a

140 - 20

Fig 171

The set of values for the test statistic that leads to rejection of the null
hypothesis is called the rejection region.

In this case, the rejection region consists of all z-values that lie either to
the left of 140 — 2o or to the right of 140 + 2 o'that part of the horizontal
axis under the shaded area in Figure 17.1.

The set of values for the test statistic that does not lead to the rejection
of the null hypothesis is called the non-rejection or acceptance region.
The values of the test statistic that separate the rejection and non-
rejection region are called the critical values. In the Example, the cnhcal
values are z =+ (140 — 20), as shown in Figure 17.2 below:
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RejectH | j | Rej
cject H, | Do not reject H_ | Reject H,

[ l .
I J
[ U
|
|

140 - 20 “S——- ~ 140+ 20

Non-reject region T

Critical value /
\ Rejection region /

Figure 17.2
You need to be aware that for

(i) a two-tailed test, the null hypothesis will be rejected if the test
statistic is either too small or too large. It therefore follows that the
rejection region for such a test consists of two parts, one on the left
and one on the right.

(i) A left-tailed test, the null hypothesis will be rejected only if the
test statistic is too small. Thus, the rejection region for such a test
consists of that part on the left.

(iii) A right-tailed test, the null hypothesis will be rejected only if the
test statistic is too large. Thus, the rejection region for such a test

consists of that part on the right.
2 - Tailed  |Left-Tailed |Right—Tailed
Sign of H, % < >
IRejection region [Both sides [Left side ight side ;

Table 17.1 Rejection region

3.3.2 Type land Type II Errors

One important point you need to note is that whenever statistical
inference procedures are employed, it is possible to reach incorrect
results. This is because a subset of the parent population is used to draw
conclusions.
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In view of this, four possible outcomes arise from hypothesis testing. You
need to be aware that two of the possible outcomes lead to incorrect
decisions. The outcomes are portrayed in Table 17.2 below:

Ho is:

True False
ccept H, Correct Decision Type II error
Reject H, Type I error [Correct Decision

Table 17.2: Possible outcomes of a Hypothesis Test.

You need to notice that Type I error results from rejecting the null
hypothesis when it is in fact true; while Type II error results from not
rejecting the null hypothesis when it is in fact false.

Another point you must also observe is that the null and alternative
hypotheses in a hypothesis test are exhaustive. That is, if the null
hypothesis is false, the alternative hypothesis is true and vice versa.

3.3.3 Probabilities of Type land Type II Errors

From the points raised in 17.3.1, you will notice that the probability of
making Type I error is that of rejecting a true null hypothesis, that is, the
probability that the test statistic will be in the rejecting region if indeed
the null hypothesis is true.

The probability of making a Type 1 error is said to be the significance
level of the hypothesis test. It is denoted by a. On the other hand, you
should note that the probability of making a Type II error is that of not
rejecting a false null hypothesis.

It is important that you equate this probability to that of the test statistic
being in the non-rejection region if indeed the null hypothesis is false
This is denoted by fl and it depends on the true value of the population
mean u. o

In making a choice for @, you need to establish a relation between the
two error probabilities. This is that, for a fixed sample size, the smaller
the Type I error probability, a, of rejecting a true null hypothesis, the
larger the Type II error probability, B, of not rejecting a false null
hypothesis and vice versa.
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3.3.1 Possible Conclusions for a Hypothesis Test
It is important that you note the following'points that

(i) If the null hypothesis is rejected, you can conclude that the

) alternative hypothesis is true.

(i)  If the null hypothesis is not rejected, you can conclude that the
data do not provide sufficient evidence to support the alternative
hypothesis.

Rejection of the null hypothesis in a test performed at the significant
level a is usually expressed by saying that the test results are statistically
significant at the a-level.

On the contrary, non-rejection of the null hypothesis in a test performed at
the significant level a is usually expressed by saying that the test results
are not statistically significant at the a-level.

4.0 CONCLUSION

In this unit, you have been acquainted with fundamentals of hypothesis
testing. You learned the logic behind carrying out a hypothesis test and
the precise criterion of drawing conclusions from the test results.

5.0 SUMMARY
The critical concepts learned in this study units include the following:

Statistical inference

Hypothesis testing

Test statistic

Null and alternative hypotheses

Rejection and non-rejection region

Critical values

Level of significance '
Type I and Il errors

00 1 O Lh b W B

It is essential you note that significance tests may be used if it is desired
to test whether a population mean (or other numerical summary) differs
from a pre-assigned hypothetical value. This test concems weighing
probabilities and amounts to no proof. It cannot give information on the
origin of a disparity beyond reliance on some measure of uncertainty or
not.
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In nursing and medical practice, however, statistical significance cannot be
equated with clinical importance.

Exercise 17.6.1 (SAE)

-

Explain the meaning of the '_-term hypothesis as used in statistical
inference.

6.0

(1)
(ii)

(1)
(ii)
(iii)

(i)
(i)

136

TUTOR-MARKED

The Ministry of Health's Food and Drug Agency states that the
recommended daily allowance (RDA) of iron for adult females
under the age of 50 is 18mg. A hypothesis test is to be performed
to decide whether adult females under the age of 50 are, on the
average, getting less than the RDA of 18mg of iron.

Determine the null and alternative hypothesis for the
hypothesis test.

Classify the hypothesis test as two-tailed, left-tailed, or right-
tailed.

Use the information in Exercise 17.6.2 to explain what each of
the following would mean:

Type I error
Type II error
Correct decision.

Decide whether each of the following statements is true or false.
Explain your answer.

If it is important not to reject a true null hypothesis, then, the
hypothesis test should be performed at a small significance level.
For a fixed sample size, a decrease in the significance level of a
hypothesis test results in an increase in the probability of making
Type Il error.
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1.0 INTRODUCTION

In this study unit, you will learn a simple method for performing a
hypothesis test for a population mean g, when the standard deviation of
the population, o, is known.

2.0 OBJECTIVES

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

. carry out a test of hypothesis for a population mean given the
standard deviation of the population.

3.0 MAIN CONTENT
3.1 Discussion

You need to be acquainted with how to obtain the critical value(s) for 4
hypothesis test when the significance level, a, is specified a priori.

You will recall that the significance level, a, of a hypothesis test is the
probability of making a Type 1 error which is the same as the
prubahility of rejecting a true null hypothesis. An equivalent statement is
that a is the probability of the test statistic lying in the rejection regmn
if indeed, the null hypothesis is true.

138




PDF Compressor Free Version

MTH 102 MODULE 4

It therefore follows that this is the key to determine the critical values for
a specified significance level, which you will learn in what follows.

3.2 Obtaining the Critical FVa.-l:ue(s) for a Specified
Significance Level

You will learn this procedure starting from the following key point:

If a hypothesis test is to be carried out at a significance level, @, then the
critical values are chosen such that for a true null hypothesis, the
probability equals a so that the test statistic lies in the rejection region.

Let us consider a hypothesis test in terms of this key point for a population
mean in the case where the population standard deviation is known. The
population is assumed normally distributed or the sample size is taken as

large.

Null hypothesis for the test in regard to one population mean, u, is of the
form
H,: p = u, (1ois a number)

The statistic for the test is =
Z=X-
AN

The random variable X is assumed normally distributed and u= 4, the
standard deviation 6~ o/vn

If H, : y, is true, then the statistic has standard normal distribution. This
implies that if the null hypothesis is true, then probabilities for that test
statistic are equal to areas under the standard normal curve.

For a specified significance level, @, you need to choose the critical
value(s) such that the area under the standard normal curve that lies above
the rejection region equal a. The following example will acquaint you
with this procedure. 4

Example 18.2.1.1

If a hypothesis test be performed for a population mean, y, with null
hypothesis H, : u = py known standard deviation and such that the
population is either normally distributed or for a large sample size.
Suppose further that the test is performed at the 5% significance level.
Determine the critical value(s) for a (i) two-tailed test (ii) left-tailed test

139




e

PDF Compressor Free Version

MTH 102 INTRODUCTORY STATISTICS

(iii) right tailed test.

Answer

For a = 0.05, you will choose Ehé critical value(s), with the area under the
standard normal curve lying above the rejection region equal to 0.05,

(i) The rejection region for a two-tailed test is on both the left and
right. Hence, for a test with a = 0.05, the z- values that
divide the area under the standard normal curve into a middle
0.95 area and two outside areas of 0.025 are the required
critical values. These are + z;,5 which we find from the tables to
be £1.96

(i)  For a left-tailed test, the rejection region is on the left. Hence
for a test with a = 0.05, - g 505 = - 1.645 from the tables.

(iii)  For a right-tailed test, the rejection region is on the right. Thus,
for a test with a = 0.05, - zy 595 = - 1.645from the tables.

These regions are depicted below in Fig 18.1.

These regions are depicted below in Fig 18.1.

Reject | D°"°' | Reject Do nat reject H
H, | tsH, |y | G Do not reject H, | Reject H,

| - | |

ff’ | .,f\\ &

0.025 I\o.025 - /,I \ //f }\ T
-1.96 0 1.96 _%—a— —_.l_@

0 1.645
(i) Two —tailed (ii) Left-tailed (iii) Right-tailed

Figure 18.1: Critical Value(s) of Hypothesis Test

In summary, if a two-tailed, lefi-tailed or right-tailed test is respectively
performed at a specified significance level, a, the critical values are

t2Zyn;-2z,and z, '
You need to note that the most frequently used significanee levels are
0.10, 0.05 and 0.01. You will now learn the procedure for performing a

hypothesis test for a population mean when the population standard
deviation is specified.
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183  Procedure for a Hypothesis Test for a Population Mean when o is Known
The assumptions are that
(i) normal population or large sample po
(W) @ is specified :
Step 1: State the null and aliernative hypotheses.
Stép 2: Speify the significance level @
Step 3: Critical value{s)

(1) two-taiked test, + 2 .

(ii) left-tailed test. - &,

(iif) right-tailed test. 2
Find values from the Tables of Arcas under standard normal curve
Step 4: Caleulate the test statistic .

Z = —

=
alvm

==

Step 3: If value of test statistic lies in the rejection region, reject |1 - otherwise do not reject H .
Step 6: State the conclusion n words.
The following example illustrates the procedure outlined:
Example 18.3.1
A nutritionist thinks the average person with an income below the poverty level pets less than the recommended
daily allowance (RDA) of B05mg of calcium. To test the conjecture, he obtains the daily intakes of calcium
for a random sample of 18 people with incomes below the poverty level. The sample data are given in Table
18.1 below. At the 5% significance level, do the data provide sufficient cvidence to conclude that the mean
calcium intake of all people with incomes below the poverty level is less than the RDA of B00mg? Assume
a=19img
Answer
Sample size n = 1B is moderate. A normal probability phot (not shown) for the data reveals no outhiers and
falls approximately in a straight line.
Step | State the null and aliernative hypotheses,
| ¢t s denote the mean calcium intake (per day) of all people with incomes below the poverty level.
Ho: g = 805mg
0o u < 8305mg
(Note that the hypothesis test is lefi-tailed).
Step 2: Describe on the significance level a = 0.05.
Step 3: The critical value for a kefi-tailed test is - 2,
Since @ = 0.05, the critical value is - 2 . From the standard normal curve tables, 2 = 1.645. So the critical
value - £, =~ | 645
Step 4: Compute the value of the test statistic

3 X-u, 7414-805
o 193NT8

=-127
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Step 5: If the value of the test statistic falls in the rejection region, reject
The value of the test statistic does not fall in the rejection region and so
we do not reject H,,.

Step 6: State the Conclusion.

" The test result are not statistically significant at the 5% level. i.e. at the
5% significant level, the sample of 18 calcium intakes does not provide
sufficient evidence to conclude that the mean calcium intake, p of all
people with incomes below the poverty level is less than the RDA of
800mg.

I

| Z
1.645 0

Figure 18.1. Criterion for decision

4.0 CONCLUSION
In this unit, you have learned the simple procedure for performing

hypothesis test for a population mean when the population standard
deviation is known.
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5.0

SUMMARY

The following concepts were presented: = =

Observe a sample of measurements from the population of interest

. and compute the sample statistic corresponding to the hypothetized

parameter.

Rejection of a null hypothesis at an a level of significance
implying that the investigator is willing to risk an a chance of
error in so rejecting H,.

The choice of a significance level is arbitrary and depends on the
implications of making an incorrect decision. The frequently used
values of a are 0.05 and 0.01.

A Type I error is committed when H, is rejected given that H,
is true

Pr(Type I error) = a

A Type II error is committed when H, is not rejected when in
fact it is false.

Pr(Type 1I error) = B

Procedure for performing a hypothesis test for a population mean,
1, when the population standard deviation, a, is known.

SELF-ASSESSMENT EXERCISE

The Food and Agency Department of the Ministry of Health gives the
recommended daily allowance (RDA) of iron for adult females under 50
as 18mg. The following iron intakes, in milligrams, during a 24-hour
period were obtained for 45 randomly selected adult females under the

age of 50.
15.0 18.1 14.4 146 | 109 18.1 | 18.2 | 18.3 | 15.0
16.0 12.6 16.6 20.7 | 19.8 11.6 | 12.8| 156 | 11.0
15.319.4 19.5 183 | 145 166 | 11.5]| 164 | 12.5
14.6 11.9 12.5 186 | 13.1 1211 10.7] 17.3] 124
17.0 | 6.3 16.8 12.5 16.3 |14.7 |12.7 |16.3 |11.5"

At 1 % significant level, do the data suggest that adult females under 50
are on the average, getting less than the RDA of 18mg of iron? You may
assume the population standard deviation of 4.2mg (Note that = 14.68

mg).
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6.0 TUTOR-MARKED ASSIGNMENT

1. A Ministry of Health survey of room charges in hospitals reports
that the mean daily gharge for a semiprivate room in Nigerian
hospitals in 2000 was N253. A similar survey that year was
obtained for the daily semi-private room charges for a sample of
30 Lagos hospitals. A hypothesis test was then carried out to
decide whether the mean daily semi-private room charge in
Lagos hospitals exceeded the national mean. The null and
alternative hypotheses for the test performed are

H,: u=¥253
Hy: p>MN253

Where y is the 2000 mean daily semi-private room charge in Lagos
Hospitals. Explain what each of the following would mean:

@ Type I error (ii) Type Il error (iii) Correct decision.
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1.0 INTRODUCTION

This study unit concludes the discussion on hypothesis testing within the
scope of this course. It examines the limitations of the classical approach
and introduces the p-value approach to hypothesis testing.

Let us first look at the objectives stated hereunder:

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

apply the p-value approach to hypothesis testing
interpret the results of a hypothesis test suitably.

3.0 MAIN CONTENT

3.1 Classical Approach

You will recall the procedure used in performing a hypothesis test for a
populatwn standard deviation, a is
given. This statistical inference though specific to a particular
example, but it is important that you are aware of the elements common
to all hypothesis-testing procedures that are based on the classical -
approach. These elements are presented as follows:
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Step 1: You will state the null and alternative hypothesis.

Step 2: You next decide on the significance level, a.

Step 3: You will determine the critical value(s).

Step 4. You will next compute.the value of the test statistic.

Step 5: If the value of the test statistic falls in the rejection region, then
reject H,,.

-Step 6: You will finally state the conclusion of the test in words.

Before discussing the limitations of the classical approach to hypothesis
testing, you are to examine two other notions related to the subject.

3.2 Statistical Significance Versus Practical Significance

You will recall that the results of a hypothesis test are said to be
statistically significant if the null hypothesis is rejected at the chosen
level of a. The implication of this statement is that the data provided
evidence to conclude that the truth is different from that stated in the null
hypothesis.

You need to note that this does not necessarily mean that the difference
is important in any practical respect. Im other words, statistically
significance does not imply practical or clinical significance.

However, the decision as to whether a difference is of practical or
clinical importance is not a statistical one. Rather the decision lies with
those with expertise in the subject area being investigated.

3.2.1 Relation between Hypothesis Test and Confidence
Intervals

You need to be aware that there is a close relationship between
hypothesis tests and confidence intervals.

If you consider a two-tailed hypothesis test for a population mean at the

signiﬁcance level a, the null hypothesis will be rejected if and only if the

value m, given for the mean in the null hypothesis lies outside the (1 - m)
- level confidence interval for in.

3.2.2 P-values

The classical approach to hypothesis testing has the following

limitations:

(i) It does not permit readers having access only to the conclusion of
the test to make their evaluation (i.e. select their own significance
level).
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(i) It does not provide them with the information necessary to assess
precisely the strength of the evidence against the null hypothesis.

These shortcomings are taken care of by including the P-value of the
hypothesis test in the results.

The P-value of a hypothesis test is defined as the probability of observing
a value of the test statistic as inconsistent (or more) with the null
hypothesis as the value of the test statistic actually observed.

You will therefore notice that the smaller the P-value, the stronger the
evidence against the null hypothesis. You also need to note that the p-
value can be referred to as the observed significance level or the
probability value.

3.23 P-value Approach to Hypothesis Testing

The elements of the p-value approach to hypothesis-testing are as
follows:

Step 1: You will state the null and alternative hypotheses.
Step 2: You- next decide on the significance level, a.

Step 3. You will compute the value of the test statistic.
Step 4: You will determine the p-value.

Step 5: If P < a, then reject H.; otherwise do not reject H,.
Step6: You will state the conclusion of the test in words.

This procedure is illustrated with the following example:
Example 19.3.1.1

A dietician believes that an average person with an income below the

poverty level gets less than the recommended daily allowance (RDA) of
800mg of calcium. When testing his guess, he obtained the following daily

intakes of calcium for a random sample of 10 people with incomes,
below the poverty level:

686 994 740 648 1110
992 430 772 670 690

At the 5% significance level, do the data provide sufficient evidence to
conclude that the mean calcium intake of all persons with incomes
below the poverty level is less than the RDA of 800mg? Assume s =
180mg.

147




f

PDF Compressor Free Version

MTH 102 INTRODUCTORY STATISTICS
Answer
Let i denote the mean calcium intake (per day) of all peaple with incomes below the poverty level.
Stepl: H :u=3800mg -
H, : 4 <800mg _J

Step 2: The test is to be performed at 5% significance level. So a=0.03
Step 3 Test statistic is
T-4
_3 = —Fn

aivn

4, =800, 0=180,n= 10

from the data,
v Lx o 192 _ 2
4 S
;=710.z-w0 oy
180110
=-052

Step 4: Since the test is left-tailed, the p-value is the probability of observing a value of & of - 0.524 or less,
P(Z <~ 0.524), if the null hypothesis is true. That probability equals the shaded area in Fig 19.1 which by the

standard normal curve tables is 0.3015,
P-value
L
£=-052 P z
Figure 19.1: Value of the test statistic and the p-value
Thus P=0.3015.
Step5:  From Step 4, P = 0.3015. But this value exceeds the significance level of &= 0.05, you do not
Njﬁt]'l'. B

Step 6:  Thetest results are not statistically significant at the 5% level that is at the 5% significance level,
the sample of 10 calcium intakes does not provide sufficient evidence to conclude that the mean
calcium intake, g of all people with incomes below the poverty level is less than the RDA of
$00me.

194 Conclusion

In this study unit, you leamed a second procedure of hypotfesis testing. You also studied the shortcomings

of the classical approach, the relationship between confidence intervals and hypotheses tests and the distinction

between statistical and practical significance.
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5.0 SUMMARY

The critical concepts presented are

(i) p—value of hypothesis fési; and
(i)  a difference, although significant may not necessarily be
clinically important.

SELF-ASSESSMENT EXERCISE

A Nursing Council Committee places the mean monthly income of nursing
officers as N25, 000. If a random sample of 100 nursing officers is taken
and a mean monthly income of N30,000 is found and if the population
'standard deviation is N10,000, at the 1% significance level, do the data
provide sufficient evidence to conclude that the mean monthly income of
nursing officers is 1425,000?

6.0 TUTOR-MARKED ASSIGNMENT (TMA)

1 State two reasons why it is prudent to include the p-value when
reporting the results of a hypothesis test.
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1.0 INTRODUCTION

This unit involves factors that influence the incidence of illness of different
kinds and steps that are likely to contribute to their prevention and cure.

This is possible by means of highly developed vital statistical systems. In
the past, the death rate from all causes or from specific causes had been
the only significant measure of health progress or lack of it.

In the not distant past, the increase in sickness not necessarily ending in
fatality has called for investigation and preventive measures. In this
regard. statistics of sickness present substantial problems. Hence, in
medical and nursing practice there is need for the development of a
system of morbidity statistics.

2.0 OBIJECTIVES

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

. recognise the need for morbidity statistics

. identify measures of morbidity '
. set up statistical investigation of morbidity

. identify sources of morbidity statistics

. estimate rates of morbidity.
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3.0 MAIN CONTENT
3.1 Significant Problems of Merbidity Statistics

You need to be aware that statistics of sickness present very substantial
problems in comparison to statistics of death. This is because death is a
unique event, which occurs at a point in time whereas the occurrence of
illness may be repeated in the same person from same or different
causes, and its occurrence is for a period of time.

You also realise that death is precisely defined in contrast to illness,
which varies in its severity ranging from negligible effects to disabling
conditions. Therefore, you need to take these aspects into consideration
in the measurements of morbidity.

Its therefore important in your evaluation of the amount of morbidity in a
given period that you consider, the following points.

Whether you should add the number of persons ill or the
illnesses or both to the amount of morbidity.

* 4 Whether the number of new illnesses that arise in a given period
or number that were extent in that period be known.

3. What you intend to count as morbidity in any given circumstances.
Is a sickness congenital, acquired effects, injuries, impairment or
incipient diseases revealed by test e.g. tuberculosis or diabetes?

4. You need to know about carriers of a disease.

3.2 Sources of Morbidity Statistics

You need to know the frequent sources of morbidity statistics and the
significant problems arising in each. These are as follows:

1. The survey of sickness with a representative sample of a population
keeping a diary or being interviewed so as to reveal the details of
the sickness suffered over a defined preceding interval of time.

2. Statistics of a general practitioner of patients attending surgery

or visited at home.

Hospital in-patient statistics provide a firm diagnosis.

Sickness absence records.

Notifications of diseases are frequently limited to infectious

diseases.

6. Registration of all cases of a disease provides information by
which sickness in population may be identified and measured:

D

It is important that you know that a combination of all these sources of
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data have meaningful value that contributes to administration research
and knowledge.

3.3 Rates of Morbidity Statistics -

Your decision on appropriate rates of morbidity has to classify the

-llnesses existing in a population in a time frame as follows:

(i) illnesses that begin and end during the interval.

(i)  illnesses that begin during the interval and still exists at the
end of the interval.

(iii)  illnesses that exist before the beginning of the interval and
ending during the interval.

(iv)  illnesses that exists before the beginning of the interval and still
existing at the end of the interval.

You will decide for each of these classes on the measure of the number
of persons sick or the number of spells of illnesses that occur. The most
meaningful morbidity rates in the total population or at specific ages will
then turn out to be:

1. The incidence rate, which is the number of illnesses beginning
within a specified period of time and related to the average number
of persons exposed to risk during that period e.g. how many
persons fell sick with typhoid fever in the sixth week of the year?

2. The period prevalence rate which is the number of illnesses
existing at any time within a specified period and related to the
average number of persons exposed to risk during that period e.g.
how many persons were sick with malaria during the month of
December?

3. The point prevalence rate which is the number of illnesses existing
at a specified period of time and related to the number of persons
exposed to risk at that point of time e.g. how many persons were
sick » with cholera on 24 December.

4, The average duration of sickness (and the frequency distribution
on which it is based).

4.0 CONCLUSION

In this unit, you learned how to conduct a statistical study of morbidity.
To do this, you learned that the crucial aspects of this study include
significant problems, sources and rates of morbidity.
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5.0 SUMMARY

In this unit, statistics of morbidity was discussed as a supplement of

statistics of mortality. This enhances present day principal measure of

health progress of a country.

Although the statistics of morbidity present very substantial problems, yet

in research work or statistical survey, the method of collection of data

and details of analysis need be supplied. 1

The most usual measures of morbidity are the incidence and prevalence
rates. i

Exercise 20.7.1 (SAE) ‘
State with cogent reasons the need for morbidity statistics
6.0 TUTOR-MARKED ASSIGNMENT {

Identify five measures of morbidity statistics.

% Indicate three significant problems arising from morbidity
statistics.

7. 3 Mention six sources of morbidity statistics and identify the
significant problems arising from each. ! l

s e S

4, What steps would you take in deciding upon appropriate rates of f
morbidity?
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