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IMPORTANT INFORMATION:

Please activate your myUnisa and myLife emails addresses and ensure that you
have regular access to the myUnisa module site IOP2601/16/S1 or IOP2601/16/S2,
depending on which semester you are registered in, as well as your group site.

Note: This is an online module; therefore your module is available on myUnisa.

However, in order to support you with your studies, you will also receive certain study
material in printed format.
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Dear Student

You are receiving this document to provide you with insight as to what information is
being presented in myUnisa, the official learning management system of the university. If
at all possible, we would like to encourage you to set up your myLife account at
https://my.unisa.ac.za/portal and join the online learning environment.
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Other information in this document includes:

e The Getting Started letter p4

e The welcome message on the home page p10
¢ Overview, outcomes and assessment criteria pl2
e The frequently asked questions (FAQS) pl6
e The discussion forums and discussion topics p22
e Learning units p24
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Getting started letter

Welcome to the module on Organisational Research Methods (IOP2601).

We trust that you will find this module interesting and informative; and that it will also be
of practical value to you in your work situation.

This letter contains important information to get you started.

GOING ONLINE

USING THE NAVIGATION BAR AND myUnisa TOOLS

PLANNING AND MANAGING YOUR TIME

PARTICIPATING IN THE ONLINE LEARNING COMMUNITY

CLOSING REMARKS

Going online

As a registered Unisa student you will have access to the myUnisa electronic portal.
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From here you can access various online resources to assist you in your studies. Please
ensure that you have activated your myLife e-mail and familiarise yourself with the my
Studies @ Unisa brochure and other guidelines.

You might also find it helpful to access the following links relating to studying online:

e my Studies @ Unisa (1)
http://www.youtube.com/watch?v=|6QZrRF2iVU&feature=related

e my Studies @ Unisa (2): What does it mean to be an ODL student at Unisa?
http://www.youtube.com/watch?v=fgO NcxduGg&feature=related

e Get connected before you start to register on myUnisa
http://www.youtube.com/watch?v=MAGvmgdSkEk&feature=related

Once you have registered and have your myUnisa login details, you will have access to
the module sites of all the modules you have registered for.

Using the navigation bar and myUnisa tools

You can use various navigation options to navigate the module sites you have enrolled
for. These options are displayed on the left-hand side of the screen on all the sites. Click
on the specific navigation option, and it will open the page containing the information you
are looking for. The first page you will see when opening any site is the home page.

Announcements (v

There are currently no anr
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Research
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EXAMPLE 2: HOME page of module site

Remember, from the IOP2601 home page, your lecturers are just a click away! A weekly
schedule (similar to the module-specific study plan provided in Tutorial Letter 101/3/2016)
indicating what needs to be done for a specific week will be followed, and the home page
will be updated regularly to show the focus of the week.

The following is an alphabetical list and accompanying explanation of the other myUnisa
tools that we will use for this module:
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myUnisa tools

Explanation

Additional Resources

This tool allows you to access the different types of resource
relevant to your studies. The Additional Resources tool contains a
number of folders with files, such as the Assignment answer sheet,
a list of formulas in Word, a workbook with additional activities,
among other things. These additional resources will support your
learning, and new resources may be uploaded during the semester.

Announcements

From time to time an announcement will alert you to important
information. You will sometimes also receive an e-mail notification
in this regard. The most recent announcements will also be
displayed on the home page.

Assignments

This tool allows you to submit assignments and monitor your
assessment results. We will provide clear guidelines on the
submission of assignments.

Discussions/Discussion
Forums

This tool is used mainly for interactive discussions and activities
relating to the various topics and themes associated with the
module. The forums and learning activities are created to assist you
in mastering the learning outcomes. Participating in the discussions
will also help you to be better prepared for the assignments and
exams.

The module site contains a variety of discussion forums. These
forums allow you to meet and chat with your fellow students (Forum
1: Student Lounge) and ask your lecturers questions (Forum 6:
Questions to my lecturer).

In Forum 1: Student Lounge, you will be able to create your own
discussions should you wish to do so. To find out more about how
to create your own discussions, consult the category “Technical
issues” under the tool: FAQs (frequently asked questions).

FAQs (frequently asked
questions)

The FAQs tool provides questions and answers relating to the
module. These are grouped into various categories ranging from
assessment matters to technical issues. If you have any queries
about the module, start by consulting the FAQs. Should you not find
an lanswer to your question, you are most welcome to contact us.

Learning Units

This tool is the one that you will use most often. Here you will find
content supporting the learning outcomes. The Learning Units tool
also provides information on the learning activities, assessments
and links to other valuable resources. Please note that you should
use this tool in conjunction with your prescribed book.

Official Study Material

This tool allows you to access and download the official study
material such as the tutorial letters.

Prescribed books

This tool is used in all the modules to display the prescribed books
for the module.

Schedule

This tool displays the dates of the compulsory assignments and
examinations. The calendar on the home page also displays all the
dates of the various learning activities captured in the schedule. To
access the information on scheduled events, click on the date in the
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myUnisa tools Explanation

calendar (which will be highlighted and underlined if activities are
scheduled for that day), or click on the schedule tool in the
navigation bar, which gives you the option to view the calendar by
week, month or year. You can also use the schedule tool to help
you plan and manage your time so that you can keep up with the
various learning activities for this module. Unfortunately, you will not
be able to add or change schedule entries.

Planning and managing your time

Everybody gets 24 hours in a day — the challenge is how you manage the ever-increasing
and competing demands that need your attention. In order to balance study, work, family
life and extracurricular activities, you need to plan an appropriate schedule that will suit
your individual needs and circumstances. Apart from the suggested study timetable
(which you can access by selecting the learning units tool — Overview), and the due dates
for assignments (which you can access by clicking on the schedule tool), we do not
prescribe a study timetable. However, here are some recommendations. Given the time
constraints, you may want to follow some of these recommendations.

Browse through Take time to browse through the module site and familiarise yourself with
the module site the requirements and demands of the module. This will enable you to see
the “big picture” of the whole module. The FAQs tool (on the navigation
bar of the module site) is a valuable resource and could be a useful
starting point. Evaluate the demands, opportunities and challenges of
your personal circumstances and determine how they relate to the
assignment due dates and the other relevant learning activities you need
to attend to. It may be a good idea to enter these dates in your personal
diary immediately.

Compile a Decide on strategies for planning ahead and compile your personal study
personal study timetable. We recommend being disciplined in keeping to your
timetable schedule. Perhaps you could start with some preliminary reading of

Tutorial Letter 101 and exploring the module site to familiarise yourself
with the different tools. The amount of information presented on the
module site and the number of assignments to be completed may seem
overwhelming at first, but don’t be disheartened!

Approach your Work your way systematically through the various learning activities and
studies the reflective questions, as well as the assignments based on
systematically them. Make sure that you meet all the requirements for the learning

activities. Use the learning outcomes and the assessment criteria, the
supporting material and the learning activities (stipulated in the Learning
Units tool) to give you a foundation for the knowledge and skills you need
to develop. To help you approach your studies with confidence, you may
find it helpful to start by browsing through the module site and
acquainting yourself with the learning outcomes, assessment criteria,
additional resources and learning units. The learning units are designed
and developed in the form of manageable “chunks” to help you achieve
the learning outcomes logically and systematically.
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Contact your Do not hesitate to contact us, your lecturers, if you experience any
lecturers difficulties with any aspects of the module. You can contact us either by
e-mail, telephone or the discussions tool. Our contact details are
available on the home page of the module site. Remember, help is just a

click away.
Contact your Please make regular contact with your peers (via the student lounge and
peers other forums accessible through the Discussions tool). Engage with your

fellow students to clarify and broaden your understanding of challenging
concepts and themes. You will find that by participating in discussions
and continuously reflecting on your learning you will expand your
knowledge base and develop new skills that you can apply in the
workplace. Most students find these discussions with their lecturers or
fellow students extremely useful when preparing their assignments.

Participating in the online learning community

If you have taken online courses before, you may well be familiar with how to participate
in online environments. However, if this is the first time you are taking an online course,
you may be interested in learning how to go about communicating in cyberspace. An
important issue of online communities is how people relate to each other. As you may
know, the internet — cyberspace — has its own culture and accompanying conventions for
e-mails, social networks and more formal online environments such as myUnisa, our
educational learning management system.

When communicating electronically, people often forget that the person on the receiving
end is someone with feelings, facial expressions, gestures and a unique tone of
voice. Without being able to observe these communication cues it is quite possible to
misinterpret participants’ meaning — in the case of online communication, meaning is
usually conveyed by written words only. Because online communication tends to be less
personal, it would be a good idea to familiarise yourself with guidelines on netiguette
(social codes/etiquette for the internet — available at http://www.albion.com/netiquette/
corerules.html). These guidelines will give you useful information about participating in
online discussions, such as how to address one another and making sure that you “know
what you're talking about and make sense” (see rule 5).

Please note that when patrticipating in the online discussions, we strongly recommend
that you direct your responses to your lecturers and fellow students by addressing them
at the opening of your response. Also, when you end your contribution, sign off by using
your name (or title and surname). This will serve as an indication of how you would like
your lecturers and fellow students to address you.

We urge you to make an effort and commit to following these guidelines to ensure that
your communication and actions online are respectful.

Now, to get started, please access Forum 1: Student Lounge and introduce yourselves
to each other (Discussion 1).
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Closing remarks

Familiarise yourself with the online environment before the module commences in
January/July 2016.

We look forward to witnessing your progress at both a personal and a professional level
during the semester.

It is truly a pleasure having you as a student, and we would like to take this opportunity to
wish you every success with your studies.

Your lecturer

Ms Nomfusi Bekwa
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Welcome message on the home page

l Edit Message Options.

Announcements (viewing announcements from the last 10 days:
There are currently no announcements at this location

Industrial Psychology
Research

I0P2601

Welcome to the module Organisational Research Methods (IOP2601). We hope that you
will find this module interesting, meaningful and enriching.

Time waits for no one ...

IOP2601 takes you through the basic applications of research analysis techniques —
calculations and interpretation of research information.

Very often, students are found to be a bit reluctant, even fearful of anything with numbers.
This module is set up in such a way that it provides a step-by-step guide for the journey
ahead.

This webpage is dedicated to supporting your learning for this module. If you make a
regular habit of checking your module webpages, you can take full advantage of these
features:

1. Go to Official Study Material and you should find PDF files for your tutorial letters
and MOOQO01 Letter. A number of previous exam papers have also been uploaded to
give you an idea of how the final assessment is carried out. Any other documents
provided will be available in the Additional Resources tool.

2.  Goto Prescribed Textbooks to see prescribed book for this module.

3. Go to the Discussion Forum — this is a space where you can talk to your fellow
students and your lecturers about this module. We may include other Topics and
Forums for you as the semester progresses.

4.  Go to the Schedule and check your official assignment due dates.

We will use this MOOOL1 to guide you through the content of this module. Apart from the
hard copy, there is also an electronic version available under the Additional Resources
tool in myUnisa. Please familiarise yourself with our module site and we recommend that
you consult the Getting Started Letter first.

10
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Please visit the module site regularly to keep up to date with all the learning activities.
You might also find it helpful to access the following links related to studying online:

e my Studies @Unisa (1)
http://www.youtube.com/watch?v=j6QZrRF2iVU&feature=related

e my Studies @ Unisa (2): What does it mean to be an ODL student at Unisa?
http://www.youtube.com/watch?v=fgO_NcxduGg&feature=related

e Get connected before you start to register on myUnisa
http://www.youtube.com/watch?v=MAGvmgdSkEk&feature=related

Don't hesitate to contact us by means of Discussion Forum 6: Questions to my lecturer,
by e-mail or by paying us a visit at our offices at the Muckleneuk Campus in Pretoria.
Should you wish to visit us on campus, please remember to arrange an appointment
beforehand (office hours: 08:30-16:00)

Contact details are:

Ms Nomfusi Bekwa

Office number: AJH van der Walt Building 3-91

Telephone number:+27 (0)12 429 8054 or 8033

E-mail address: deptiop@unisa.ac.za

Please indicate ACADEMIC INQUIRY or ADMINISTRATIVE INQUIRY

The next step

Please select the Discussion Forums tool (in the menu bar on the left), go to Forum 1:
Student Lounge and introduce yourself to your fellow students under Discussion 1.

It is truly a pleasure having you as a student, and we would like to take this opportunity to
wish you every success with your studies!

Ms Nomfusi Bekwa

11
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Overview, outcomes and assessment criteria

The 10P2601 module is offered by the Department of Industrial and Organisational
Psychology and is intended for students pursuing a career in the field of Industrial and
Organisational Psychology, including practitioners in the field of Human Resources. It is a
semester module that carries 12 credits towards your qualification.

The focus of this module is mainly on the data analysis step of the research process. In
this module you will learn about the techniques that can be used to make sense of any
guantitative data that are collected, as well as how to draw deductions and make
meaningful conclusions. The purpose of learning in this module is to enable students to
develop a solid knowledge base and sound understanding of how to calculate and
interpret basic descriptive and inferential statistics as part of a research project in an
organisational context. You should also be able to effectively select and apply appropriate
descriptive and inferential statistical techniques that are commonly used in industrial and
organisational psychology. You are expected to apply your knowledge base in dealing
with unfamiliar but well-defined quantitative research problems in the workplace, following
correct procedures and giving appropriate evidence. You are further expected to present
and communicate information related to the specific learning outcomes clearly and
reliably. You are required to accurately assess yourself and identify and address your
own learning needs that stem from the learning acquired in this module.

The module is presented in four parts:

Background

Application

1. Introduction to research and statistics

16. Data analysis: a fictitious organisation 2. The language of statistics

3. Basic mathematical calculation used in
statistics

Data Processing:
Descriptive

Data Processing: Inferential

9. Basic concepts of probability 4. Displaying data

5. Measures of central
tendency

10. The normal distribution

11. Sampling distributions and hypothesis testing
6. Measures of variability

12. Hypothesis tests applied to means: t-tests

7. Correlation

13. Hypothesis tests applied to means: one-way
analysis of variance

8. Regression

14. The chi-square test

15. Power

12
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Outcomes Assessment criteria

Explain the basic The characteristics of the scientific approach to research are
principles and concepts | explained.

of scientific research of
a quantitative nature
and the process of
conducting research A variable is defined, a distinction is made between discrete and
continuous variables, as well as independent and dependent variables,
and examples of each in a quantitative study are provided.

The quantitative research process followed in a research project is
described.

Nominal, ordinal, interval and ratio scales are distinguished and
examples are provided of each.

Various concepts of quantitative data such as descriptive versus
inferential statistics, population versus sample, parameters versus
statistics and measurement data versus categorical data are defined
and distinguished and examples are provided of each.

Describe a dataset by
using descriptive
statistics

A frequency table is compiled, a frequency polygon and a histogram
drawn and described in terms of the characteristics of skewness and
kurtosis. The graphic representation in terms of type and
characteristics on computer printouts are also identified.

Range statement: Compiling a frequency table and drawing a
frequency polygon and a histogram include grouped and ungrouped
data. Skewness includes symmetrical, bimodal, unimodal, negatively
skewed and positively skewed distributions. Kurtosis includes
platykurtic, leptokurtic and mesokurtic distributions.

The measures of central tendency (mode, median and mean) are
described and computed, mention is made of the advantages and
disadvantages of each of the three measures of central tendency, and
each measure for the various types of distribution (normal, bimodal,
positive and negative distributions) are identified. The mean value on
computer printouts is identified and interpreted.

Variability is described, the three measures of variability (range,
variance and standard deviation) are defined, computed and
interpreted, and variance and standard deviation are identified and
interpreted on a computer printout.

The concept correlation and the factors that influence correlation are
described.

Range statement: Pearson's product moment correlation coefficient is
computed and interpreted in terms of strength (using the correlation
interpretation scale), nature (using the correlation interpretation scale),
the deductions that can be made and the proportion and percentage of
common variance as well as the effect size. The correlation between
two specific variables is identified correctly from a correlation matrix
and interpreted from a computer printout. The data set of the variables
is plotted on a scatter diagram and the relationship displayed on the
graph is interpreted in terms of the correlation between the variables.
Regression is described and the way in which accuracy of prediction is
linked with correlation is explained.

13
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Outcomes

Assessment criteria

Range statement: The general regression equation is identified, the b-
value (slope) and the a-value (intercept) are computed, Y-values are
predicted by substituting a, b, and given X-values in the equation and a
graphical representation of this regression line is given. The slope (b),
intercept (a) and regression coefficient on a computer printout are
identified and interpreted correctly.

Explain basic concepts
of inferential statistics

Range statement: The basic concepts of inferential statistics include
the standard normal distribution, probability and sampling distributions.

The normal distribution as well as the standard normal distribution is
described. The importance of the standard normal distribution is
explained and illustrated graphically.

The linear transformation of computing z-values is performed,
proportions are identified from the relevant table and interpreted in
terms of percentages and number of cases.

Limits of confidence for observations are calculated and interpreted.
The terms and laws of probability are explained.

Range statement: Terms of probability include an event, an
independent event, mutual exclusiveness and exhaustiveness. Laws of
probability include the additive and multiplicative laws.

The terms “joint”, “conditional” and *“unconditional probability” are
described and distinguished and probability is computed.

Random sampling, sampling distribution and sampling error are
described and a sampling distribution is illustrated with a diagram.

Conduct hypothesis
testing using inferential
statistics

Range statement: The steps in hypothesis testing include, but are not
limited to, formulating a null hypothesis, formulating the alternative
hypothesis, determining whether the test is one-tailed or two-tailed,
determining the level of significance, computing the test statistic,
determining the degrees of freedom, determining the critical value,
rejecting or not rejecting the null hypothesis and interpreting the
findings.

The term “hypothesis” is described, where hypotheses fit into the
research process is explained and the steps in the process of
hypothesis testing are discussed in detail.

The correct test statistic is identified to be used to answer a specific
research question based on quantitative data.

Range statement: Types of research question are limited to including
two related samples, two independent samples, three or more
independent samples and categorical data.

The steps in statistical hypothesis testing are applied for a t-test for two
related samples, a t-test for two independent samples and a one-way
ANOVA.

Range statement. The application of test statistics (two related
samples, two independent samples and three or more independent
samples) is restricted to normally distributed measurement

14
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Outcomes Assessment criteria

(quantitative) data. The test statistic for three or more independent
samples is restricted to those with one independent variable (one-way
ANOVA).

The applicable non-parametric equivalents of a t-test for two related
samples, a t-test for two independent samples and a one-way ANOVA
are listed.

A computer printout of the results of a t-test for two related samples, a
t-test for two independent samples and a one-way ANOVA is
interpreted.

The correct test statistic for categorical (frequency) data (“goodness-of-
fit” test and two-way table) is identified from a problem statement.

The chi-square test statistic is applied within the process of hypothesis
testing and interpreted from a computer printout.

Range statement: The chi-square test statistic is restricted to normally
distributed categorical (frequency) data and includes the “goodness-of-
fit" test for one classification variable and a two-way table for two
classification variables.

15
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Frequently asked questions (FAQS)

Category

Questions and answers

Tutorial letters

Question 1: What information do the tutorial letters contain?

Answer:

The tutorial letters contain important information about the scheme of
work, resources and assignments for this module. We urge you to read
them carefully and to keep them at hand when working through the
study material, preparing the assignments, preparing for the
examination and addressing questions to your lecturers.

More specifically, in Tutorial Letter IOP2601/101/3/2016, you will find
the assignments and assessment criteria as well as instructions on the
preparation and submission of the assignments. This tutorial letter also
provides all the information you need with regard to the study material,
other resources and how to obtain them.

Tutorial Letter IOP2601 201/1/2016 or I0P2601 201/2/2016 contains
feedback on Assignments 01, 02 and 03, while Tutorial Letter
IOPALLA/301/2016 contains important information which applies to all
students registered in the Department of Industrial and Organisational
Psychology.

Right from the start, we would like to point out that you must read all
the tutorial letters you receive during the semester, as they always
contain important and, sometimes, urgent information.

Please make sure that you work through the tutorial letters before you
embark on any work in the module.

Question 2: Will | receive all my tutorial matter when | register?

Answer:

Please note that sometimes not all of your tutorial matter will be
available when you register. Tutorial matter that is not available when
you register will be posted to you as soon as possible.

Please note: It is not possible to fax outstanding tutorial letters to
students. It is, however, possible to download them from the module
site under the tools Official Study material and Additional
Resources.

It is therefore to your benefit to register as an online student so that
you can access and obtain your study material immediately.

Student support
services

Question 1: Who should | contact regarding administrative
qgueries?

Answer:
All administrative enquiries in the Department of Industrial and
Organisational Psychology should be directed to the departmental
helpdesk:

E-mail address: DeptlOP@unisa.ac.za
Tel: +27 (0)12 4298033 or +27 (0)12 4298054

16
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Category Questions and answers

Question 2: Who should | contact regarding academic queries?

Answer:
All queries about the content of this module (IOP2601) should be
directed to the help desk, clearly marked with the module code.

Telephone calls should be made during office hours (08:30-16:00).
Lengthy problems should rather be dealt with by e-mail.

You are welcome to visit your lecturers at their offices on the
Muckleneuk Campus, but please make sure that you have made an
appointment beforehand. Appointments should be made at least three
days in advance. The lecturers cannot guarantee that they will be able
to attend to you if you arrive at the Department of Industrial and
Organisational Psychology without an appointment.

The contact details of your lecturer are:

Ms Nomfusi Bekwa

Office number: AJH van der Walt Building 3-91

Telephone number:+27(0)12 429 8054 or 8033

E-mail address: deptiop@unisa.ac.za

Please indicate ACADEMIC INQUIRY or ADMINISTRATIVE INQUIRY

Question 3: What support can | expect from my lecturers?

Answer:

Your lecturers will use the home page to post regular messages to
guide you through the semester. You will also receive regular
announcements to draw your attention to important learning events
and assessment tasks. We have also prepared supporting learning
resources and various discussion forums and topics which you will be
able to access through myUnisa. You can thus expect regular
communication from us (your lecturers). Remember, help is just a click
away.

Question 4: What resources will | be able to access via myUnisa?

Answer:

We realise that, as a distance education student, you cannot always
visit the library when you are searching for information. Therefore we
have included online resources on our module site which you can
access at any time.

On this site, you will find the following material:

e electronic copies of the this document (MO001) and tutorial letters
(under Official Study Material)

e articles and/or newspaper articles related to customer services in
tourism (under Additional Resources)

e adirect link to the Unisa library (from the menu bar on the left of
your module site)

¢ summaries of discussion forums (in the relevant forums)

Please note: There are no prescribed books or books reserved via the
electronic e-reserves system.

17
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Category

Questions and answers

Question 5: What other support services are available regarding
general student matters?

Answer:

If you need to contact the university about matters not related to the
content of this module, please consult the publication my Studies @
Unisa that you received with your study material. This booklet contains
information on how to contact the University (e.g. to whom you can
write for different queries, important telephone and fax numbers,
addresses and details of the times certain facilities are open).

Always provide your name, student number and module code when
you contact the university.

Question 6: Are there any study groups for this module?

Answer:

There are no official study groups for this module. However, we
strongly recommend that you form your own study groups with fellow
students living in your area.

To form study groups, you can share your contact details with your
fellow students inthe Student Lounge forum in Topic 2: Fellow
student contact detail. Contact students who live near to you and
invite them to form a study group.

Online learning

Question 1: Is it easier to learn online than through print-based
material?

Answer:

No. The course content of an online class is usually identical to that of
a print-based distance learning course on the same topic. Compared to
regular face-to-face classes, some people think the workload is even
more demanding, because you have to be a self-directed learner
and stay motivated to keep on top of your work.

The most successful online students tend to share the following
characteristics. They

e are self-motivated and are self-starters

e have good organisational and time-management skills

o are fairly familiar with computers and the internet

e are resourceful and actively seek answers and solutions to
questions and problems

Question 2: What are the benefits of learning online?

Answer:

In the online world you can study anytime, anywhere and at a pace that
suits your individual learning style. Remember, though, that you will still
have to meet the required deadlines for assignment submissions.
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Category Questions and answers

Question 3: What internet skills would be useful for online
learning?

Answer:
The most successful students tend to have the following skills:

o familiarity with their web browser

o familiarity with an e-mail program (including attaching documents
and reading attachments)

e some familiarity with web-based interactions — e-mail, social
networks, learning management systems

o familiarity with word processing (MS Word)

e experience in successful internet searches, using a variety of
browsers and search engines

Question 4: How important is attitude to achieve success in my
studies and in an online learning environment?

Answer:
Your attitude is very important to ensure success.

We want to encourage you to develop a positive attitude towards
your studies and the online learning environment. To achieve this,
there are a number of things to bear in mind.

TIME is important for a distance education student. You must be in
control of your time and manage it effectively. Draw up a study
programme at the beginning of the semester. This requires discipline,
but will ensure that you

e have sufficient time to work through all the relevant study material

e are able to submit the relevant tasks and assignments on the due
dates

e have sufficient time for revision and preparing for the assignments
and examination

We would like to encourage you to follow the guidelines below:

Do NOT fall behind in your planning.

Work regularly and consistently.

Make sure that you understand the work as you go along.

Do NOT give up on difficult work; rather seek help as soon as
possible.

We hope that this information will make your studies easier, and that
you will do well.

Question 5: How should | approach my online learning?

Answer:

We all have different learning styles and preferences. However,
consider the following pointers/guidelines:

e Allocate time to work through each learning unit and do the
activities.
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Category

Questions and answers

e Allow extra time for work that seems difficult or with which you
know you have a problem.

e When you compile a study plan, allow time for personal
responsibilities (e.g. family responsibilities, work obligations, social
obligations, leave).

e Make use of your most productive time for study (e.g. late evening
after the children have gone to bed or early morning before the
rest of the family wake up).

e Remember that it is more effective to study for one hour on a
regular basis (e.g. every day) than for ten consecutive hours every
two weeks. Decide now how many hours you are going to spend
on your studies per week. We recommend that you put one to two
hours aside each day.

o Keep a record of your progress. It will be gratifying to see what you
have accomplished, and it will inspire you if you fall behind. Be
prepared for disruptions to your study programme due to
unforeseen circumstances. You should therefore monitor your
progress so that you can catch up immediately if you fall behind.
Remember that it is easier to catch up one week's lost hours than
an entire month's.

Technical issues
related to myUnisa

Question 1: How do | create a new topic, using the Discussion
Forum tool?

Answer:
To create a new topic in a forum, you need to do the following:

e Select and access the Student Lounge forum from the list of
forums in the discussion forums tool.

e Now, at the top of the page select the option Add a New Topic.

e Give your topic a descriptive name in the Topic Title box.

¢ Inthe Message box, write down the instructions for the discussion.

e Click on the Submit button to create your topic for discussion.

Question 2: What is expected of me when | participate in
discussion forums?

Answer:

Remember, online discussion forums are not the same as e-mail
messages, or a letter to the lecturer, or a chat room. Therefore, the
myUnisa discussion forums must not be used for personal messages
to your lecturers or to one another. You are, however, welcome to use
the forum marked Student Lounge to introduce yourself to your fellow
students, to form study groups and to create your own topics.

In this module, we will be using the online discussion forum for
academic purposes. For this reason, the discussions will be based on
topics related to the module outcomes, the assessments and the
supporting content.

Online discussion forums are more like class discussions in a face-to-
face classroom, where the lecturers raise discussion points and ask
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Category Questions and answers

guestions. All the students can then respond to the lecturer's questions
as well as to one another's responses. The lecturer can then clarify
uncertainties and perhaps provide a summary at the end of a
discussion.

Participating in discussion forums provides you with opportunities to:

e discuss and clarify issues in the subject area

e share experiences and ideas with peers and lecturers

e solve problems collaboratively

e debate topical issues

e raise gquestions about the topic under discussion

¢ introduce the most recent developments in the subject area

e receive immediate feedback on assignments

e have access to additional resources related to relevant topics in
this subject/discipline
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The discussion forums and discussion topics

Forums

Topics

Forum 1: Student
Lounge

Use this forum to discuss
general matters amongst
yourselves

Discussion 1: Introduce yourself

Dear Student

Use this space to get to know your fellow students.

Tell each other about your current work situation, professional
background and anything else you would like to share (x 250 words).
Discussion 2: Fellow student contact details

Dear Student

Use this space to share your contact details with your fellow students
and to form study groups.

Forum 2: General
subject related
discussions

Use this forum to raise
general queries
regarding the content of
the module

Discussion 1: General discussion
Dear Student

Use this space for general discussions about the subject.

Forum 3: Online
activity related to
content

Use this forum to engage
students in online
activities regarding the
module content

Discussion 1: Online activities

Dear Student

Use this space for discussing online activities.

Forum 4: Assignment
Queries

Use this forum to discuss
Assignment 01 and 02

Discussion 1: Assignment 01 queries

Dear Student

Use this space for clarifications and general questions on Assignment
01.

Discussion 2: Assignment 02 queries

Dear Student

Use this space for clarifications and general questions on Assignment
02.

Forum 5: Exam
Information

Use this forum to discuss
examination matters

Discussion 1: Exam information

Dear Student

This space will be used for discussing the exam outline and important
matters regarding the examination
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Forums

Topics

Forum 6: Questions to
your lecturers

Use this forum to direct
questions to your
lecturers

Discussion 1: Queries to your lecturers

Dear Student

Use this space to share any questions or concerns that you may have
about the topics covered in this forum or the relevant study material
with your lecturers.
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Learning units
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Icons and their meanings

Launch of our research project

Learning units

w
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BACKGROUND

Introduction to research and statistics
The language of statistics
Basic mathematical calculations used in statistics

DATA PROCESSING: DESCRIPTIVE
Displaying data
Measures of central tendency
Measures of variability
Correlation
Regression

DATA PROCESSING: INFERENTIAL
Basic concepts of probability
The normal distribution
Sampling distributions and hypothesis testing
Hypothesis tests applied to means: t-tests

Hypothesis tests applied to means: one-way analysis of
variance

The chi-square test
Power

APPLICATION
Data analysis: a fictitious organisation
REFERENCES
APPENDIX: List of formulas
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Icons and their meanings

If you page through the study material you will see that there are different icons
identifying different kinds of text. Below are examples of these icons and a brief

explanation of what they mean.

ACTIVITY: This icon indicates that you have to do
something, for example reformulate a definition, answer
questions or make computations. An activity includes
feedback from us to help you understand the work.
Please do the activities — we created them especially
for you.

First, such activities will help you to find out whether
you know and understand the work that has been
discussed.

Second, you may regard them as micro-experiences of
assignments or examination questions.

HINT: A hint contains valuable information that will help
you with certain facts and computations. Take careful
note of all hints.

TYPICAL COMPUTER PRINTOUT: This refers to a
section in the prescribed book by Tredoux and
Durrheim (2013) or our own example of a typical
computer output of a statistical package.

WHAT SHOULD | BE ABLE TO DO NOW?: At the end
of each learning unit we provide a check list. Evaluate
yourself to make sure that you have reached the
objectives that we set for that learning unit.

Statistical formulas

Here is some good news: You need not memorise any statistical formulas! You
only need to know when to use these formulas and how to apply them correctly.

In the examination you will be given a list of all the formulas you have learnt about — like
the one in the appendix at the end of this MOOOl1. We provide the entire formula,
including the symbol to the left of the “=*. All you need to know is what the symbols to the
left of the “="in all the formulas mean.
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Research methodology and computers

Computers have become indispensable for statistical data processing. We discuss
this topic under the following two headings:

e typical computer printouts
e the internet/World Wide Web

Typical computer printouts

We decided to add typical computer printouts to the study material in order to give you an
idea of the role that software for statistical data analysis packages play in data processing
on a personal computer.

When you are provided with new information in the form of a data set, you have to know
which statistical computations to perform — that is, which statistics to compute and how to
do it, and how to extract information from the data set in order to understand it. The
exercises and assignments give you practice in this regard (what and how) by presenting
small data sets and simple statistics. However, in a work situation you will be usually
dealing with large data sets and more complex statistics. Then it is no longer feasible to
do the computations yourself with the aid of a pocket calculator — you will DEFINITELY
need a computer. One goal of this module is to give you some practice in how to read
output from a software program (even if you do not have access to a computer).

The prescribed textbook provides material showing you how to use SPSS for particular
statistical analysis, but you could also use software like STATISTICA which has extensive
support material on the accompanying CD. You will also find Microsoft Excel examples in
the prescribed textbook. Remember that the aim of the computer printouts is to give you
an opportunity to read the outputs and to identify and interpret the different statistical
concepts they contain. Those of you who do not have access to computers will have
examples of the most important computer printouts — which you should be able to identify
— in the different learning units.

If you want to see what the output of a computer program looks like, you can page
through the prescribed textbook for examples. Outputs of computer programs appear on
pages 175 to 179 in Tredoux and Durrheim (2013), for instance. At this stage you may
not understand the outputs, since the concepts have not yet been explained. We merely
want you to see how the output of a program is presented.

The internet/World Wide Web (www)

Read the last four lines of the preface in Tredoux and Durrheim (2013) about the use of
the internet.
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If you have access to the internet, use it to enrich your study of research methods. Visit
websites that demonstrate statistical concepts and techniques in an interactive manner.
We can really recommend them!

If you can browse the Web, work through the additional chapter on the CD about internet
resources and uses.
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Launch of our research project

‘NEW STARS

Imagine yourself to be part of a select research team that is to participate in a
revolutionary and exciting research project. This research project promises to be
newsworthy and the biggest to hit the entertainment world this year! You have seen Big
Brother, you have seen Idols and you have seen The Apprentice but you have never
seen a reality show that combines all three of them!! You are invited to form part of a
research team that will be monitoring, investigating and evaluating this new and exciting
reality show, New Stars, which is being launched this year. We will now tell you more
about it. The following advertisement has been placed in all the major newspapers:

NEW STARS

Do you dream of becoming a star? Introducing the most exciting reality show yet! The
presenters of the new reality show, New Stars, is looking for stars in the making who
have what it takes to stand the heat of the limelight and make their mark on showbiz!

The rules of New Stars are as follows:

e Before anyone can enter the New Stars singing competition, they need to undergo a
gruelling three-week apprenticeship programme.

e The entire three-week apprenticeship programme will be filmed 24 hours a day and —
wait for it! — broadcast live on television as well as being transmitted on the internet.
The New Stars website will transmit live footage of the contestants as they go
through the apprenticeship programme.

e The apprenticeship programme will require the contestants to live in a luxury
guesthouse with all the other contestants while preparing for the life of a celebrity.

e Preparation activities will include the following:

— afullimage makeover

— psychological assessments

— acting classes

— Vvoice training sessions

— courses on how to behave while being interviewed
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— training on how to handle attention from fans and the media

Ten contestants will be chosen to participate in the New Stars apprenticeship
programme, but only five of them will be selected to enter the final New Stars singing
competition.

The winner of New Stars will receive the following prizes:

— aninternational recording contract

— acash prize of R1 000000

— A three-month contract as lead singer of the show the Lion King on Broadway in
New York

During the three-week apprenticeship programme, viewers will be able to vote for
their favourite star-in-the-making and they will also be able to interact with them
through a social networking tool available on the New Stars website. All
communication and participation in this social networking tool will be monitored
closely by administrators, New Stars judges and ethics committee members.

Not only that — viewers will be able to vote off some of the judges as well!

How will the voting work?

Viewers will be able to vote and rate participants on their communication skills and
interaction with other participants, participation in the process, star quality and talent
and their chances of winning the competition.

Rating and voting will take place twice a week on Mondays and Fridays.

Participants and judges who are voted off will be informed on Tuesdays and
Saturdays. To eliminate double votes, only the audience that is present at the live
television broadcast of the New Stars final will be allowed to vote.

Contestants are invited to apply by submitting a taped audition and a copy of their
CV. The CV should include their age, gender, race, education, occupation, current
income and expenditure, career aspirations, previous acting and singing experience,
as well as a motivation for why they believe themselves to be capable of being the
first New Stars winner.

Meet the 10 New Stars finalists who have been chosen to participate in the three-
week 24/7 New Stars apprenticeship programme:
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Vuyo K

— Black female

— 20 years of age

— Single

— Third-year Drama and Arts student at Creative Art College

— Sees herself as the “next best thing” in the music industry

— Very ambitious and outgoing, and believes she is ready for fame and fortune.
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Lebo

Black male

20 years of age

Single but unavailable as he likes to introduce himself

IT administrator

Believes he has talent and sees this competition as something new to try out as
he thinks it will challenge him out of his “nerdy self”.

Sasha

White female

19 years of age

Second-year BCom student in Industrial Psychology with Unisa

She describes herself as a “little bombshell” because of her petite frame and her
big voice

She is looking forward to experiencing the “bright city lights” that go with a
performing career.

Susan

Black female

Single

27 years of age

Very ambitious and wants to be much more than merely a performer (“star”)
Sees herself as an entrepreneur who wants to run her own large recording
studio one day — currently works as an administrator for a public relations
company

Somewhat calculating in her interpersonal skills — tends to work on relationships
with those who can assist her or be of some advantage to her in the long run
Very impatient with people showing any personal shortcomings or vulnerability
Very focused and demanding when working with others — may be difficult in a
group.

David

White male

25 years of age

Single

Young IT expert who runs a small business from home with friends as a stop-
gap while dreaming of becoming a performer

Very into lifestyle and having fun — not very ambitious — thinks the life of a
performer is an easy one where the money will just roll in!

Looking for the big opportunity that will launch his singing career big time — his
motivation for applying in the first place!
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Tshepo

Black male

26 years of age

Single

Technical background — sound engineering

Wants to build a career in the recording industry, but first wants to enter the field
to make a name for himself as a performer

He has a few contacts in the music industry and believes that their names will
help him make progress rapidly in his career.

Indresan

Indian male

25 years of age

Engaged to his girlfriend of five years

He has been inspired by Bollywood since he was a little boy — but works as a
flight attendant until he gets his big break.

He has passion and dedication — wants to start a South African Bollywood
production company of his own.

He has been known to push the limits, ignoring advice from others.

He can best be described as dramatic and self-promoting.

Shelly

Coloured female

28 years of age

She was crowned Miss Langebaan four years ago.

She interrupted her modelling career to finish her Communications and
Marketing degree at the University of the Western Cape.

She now wants to resume her life in the public eye and believes she has a lot to
offer.

What she lacks in singing talent, her looks and attitude will make up for.

Cameron

Coloured male

23 years old

Studying Politics and Social Sciences fulltime at Wits.

He would like to have a “serious” career one day, but does not see any harm in
having some fun while he is still young.

He strongly values public acknowledgement of his actions and achievements.

Kerry

Indian female
21 years old
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— Through the encouragement of her father, she is currently enrolled for her
degree in Accounting at the University of KwaZulu-Natal.

— She has loved dancing, singing and acting since kindergarten and is currently
one of the Sharks girls who dance on the field at rugby matches.

— She is very extroverted and thrives on social interaction.

— She is seeking a lifestyle of entertainment and excitement.

And the judges are:
e Stella Debark

—  White female

— b3 years of age

—  Child star who did not do so well in adulthood

— Sings in jazz night clubs and has not recorded any albums in almost two
decades

— Has two children who are also in the music industry

— Thinks the show will give her a chance to promote herself back to fame.

— Although very encouraging of young talent, she can be quite insensitive in her
critiques if she thinks a person doesn’t have what it takes.

e Ricco Milan

— 37-year-old single male

— Fashion designer and DJ
Loves music and is passionate about fashion, believes both are required to
ensure success in the entertainment industry

— Sees this as an opportunity to promote himself

— Very energetic, sweet and encouraging, always sees the positive in people.

e Zolisa Mafupha aka Zee M

— Successful black musician

— 31 years of age

— Has a number of award-winning hits

— Single

— Very down to earth and eager to discover young and fresh talent

— Excited to have been chosen as a judge as she sees this as an opportunity to
groom young talent.

e Angie Motseneka

— Black female

— 35 years of age

— MBA student currently in a management position in a retail company
— Married and has two teenage children

— Somewhat highly strung — might react emotionally under stress
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— Personal development very important to her
— Quite critical of people not taking responsibility for the consequences of their
decisions — will also display that towards the participants.

Brian Mahlangu

— Practising lawyer

— 37 years of age

— Single and shows keen interest in single young women — might be biased
towards them

— Has been working in the legal field for seven years

— Good interpersonal skills

— Good at managing pressure.

And now for the research project:

Since this is the first time a reality show of this nature will be attempted, you, as part of a
group of researchers, have been invited to investigate a number of aspects of the
entrants, contestants, judges and viewers throughout the launch and first season of this
reality show.

Some of the research questions you are asked to investigate and report on are the
following:

34

How many contestants of the different race groups entered the competition?

What is the income distribution of all the applicants?

What are the biographical characteristics of all the applicants, contestants, television
viewers and internet participants respectively?

What is the relationship between the scores of the internet interaction on the social
networking website and the voting for the 10 contestants?

Is there a relationship between the amount of time that viewers spend watching the
programme and the frequency with which they vote for participants?

Can the viewers’ years of education predict the number of hours they watch the show
or view the site?

What are the proportion, percentage and number of viewers taking part in the social
networking site?

Is there a difference in the happiness levels of contestants before and after the
apprenticeship programme?

Is there a difference between the male and female contestants and their ability to
handle media attention?

Do male voters give higher scores to pretty young female participants than to male
participants?

Is there a difference in the emotional intelligence of applicants, contestants on the
apprenticeship programme and contestants taking part in the final New Stars singing
competition?

Is there a difference between viewers’ ratings of contestants based on contestants’
hair colour (blond, red or brown hair)?
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Can you think of other questions that you would like to have answered from this project?
List them here:

This research project will be used as the basis for our practical illustrations for the rest of
the module.

We now invite you to join us in this exciting journey in learning more about research and
specifically statistics within the research process.
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Application

16. Data analysis: a fictitious organisation

Data Processing: Inferential

9. Basic concepts of probability
10. The normal distribution
11. Sampling distributions and hypothesis testing

12. Hypothesis tests applied to means: t-tests

13. Hypothesis tests applied to Means: one-way
analysis of variance

14. The chi-square test

15. Power

Background
1. Introduction to research and statistics
2. The language of statistics

3. Basic mathematical calculation used in
statistics

Data Processing:
Descriptive

4. Displaying data

5. Measures of central
tendency

6. Measures of variability
7. Correlation

8. Regression
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Background

1. Introduction to research and statistics
2. The language of statistics

3. Basic mathematical calculation used in statistics
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LEARNING UNIT 1: Introduction to research and statistics

Students often wonder why the training of prospective industrial psychologists has to include
a module in research. In order to answer this question, we first have to know what research is
all about. This learning unit introduces you to research, how industrial psychologists use
research and the basic research process. We will also outline the specific focus of this
module in terms of the broader research process.

What is research?

The word “research” is often used in everyday speech and has many different meanings. As
a result, various misconceptions exist about the actual meaning of the term. For example,
research is often regarded as an activity that is somehow exclusive and removed from
everyday life; or researchers are viewed as aloof individuals in white coats who hide away in
laboratories conducting experiments with rats (Leedy & Ormrod, 2010)!

In actual fact, research is simply a process for answering questions. It is a systematic process
that involves collecting, analysing and interpreting information (or “data” as it is termed in
research) in order to increase our understanding of things that we are interested in or
concerned about (Leedy & Ormrod 2010).

Another definition of research is that it is a systematic study or investigation of phenomena
according to scientific principles. What does it mean to do a systematic study according to
scientific principles? Although it sounds complicated, it actually means that you collect
information in such a way that you will have evidence to show that the claims you make are
indeed true. In other words, you use specific strategies and methods to gather information so
that it will be reliable and valid. Using this process, you will be able to show that the
information you present is indeed an accurate reflection of reality. Therefore, research helps
us to gather information in such a way that we can discover the truth or even new knowledge.

However, you may still be wondering where research actually fits into the field of Industrial
Psychology.
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Research in Industrial Psychology

As mentioned above, research is about answering questions or solving problems. Consider
the following questions:

¢ How does generation Y feel about unions in organisations?

e When is the best time to advertise female hair care products on television?

e s it fair to use personality characteristics as predictors of job performance?

¢ What is the optimal number of people to include in a global virtual work team?
e What do universities do to prepare students for the world of work?

e What are the ethics involved in using computerised testing?

All of these questions fall within the scope of Industrial Psychology. Figure 1 illustrates how
each of these questions is applicable to a number of the fields of Industrial Psychology.

Can you think of some questions you would answered that are applicable to your working
environment or to some of your other modules?

The value of research therefore lies first of all in the fact that knowledge of research will help
you answer questions within your specific field of study or your working environment.

Knowledge of research will also help you to interpret and evaluate the work of others
scientifically. Consider the following scenario: Your organisation is on the verge of spending
R3 million on a new performance appraisal system. The developers of the system make a
number of claims about the usefulness and benefits of their system. With your knowledge of
research, you will be able to determine if these claims are valid before your organisation
invests in the system.

Knowledge of research will therefore equip you with skills that will enable you to solve
problems and answer questions in a way that is scientific and meaningful, and that will have
a positive influence on the bottom line of your organisation. You will not only be able to use
your knowledge of research in your working environment, but also as part of your everyday
life to answer questions or solve problems in your family and your community. | hope this has
given you good reasons for wanting to learn more about research?
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FIGURE 1: Research questions in Industrial Psychology

As we have seen, research starts with a question to be answered or a problem to be solved.
This is the goal of most research projects. Research then becomes the process through
which new knowledge is discovered and the problems that have been identified are solved.
The steps in the research process are discussed below.

The research process

Most research projects follow the same basic process, although there may be some
variations. Figure 2 shows the five-step process that researchers typically undertake when

conducting research.

1. The research process starts with identifying the problem. What is the question that has

to be answered or what is the problem that has to be solved?

2. This step involves the design of the research study in order to answer the research
question. Who is going to be involved in the study and when and how will they be

involved?

3. This step addresses the way in which the information needed to answer the research

guestion is obtained, that is, the way the data will be collected.

4.  This step includes the analysis of the data. In other words, how do you make sense out
of all the information that has been collected?
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5.  The final step entails drawing conclusions from the data analysis in order to answer the
research question.

Research question }::> Research design \’::> Data collection

- =

Conclusions

FIGURE 2: The research process

Throughout this module you will have the opportunity to see how this research process is
applied in practice. We will look at a number of different research questions; briefly consider
how such questions can be investigated (design); mention the way in which data are
collected; discuss the way the data are analysed and, lastly, show how to draw conclusions
regarding the research question on the basis of the data analysis. However, this module
focuses predominantly on the fourth step of the research process, namely, data analysis. It is
aimed at introducing you to the data analysis techniques that are used to make sense of any
data that are collected, as well as teaching you how to draw meaningful conclusions from
such analysis. These techniques are collectively referred to as statistics.

Statistics

The word “statistics” often elicits a strong emotional reaction from students. Some students
are excited to learn more about statistics, others may feel a little wary, while some may even
approach the subject with fear and trepidation!

At this stage, you may be quite unfamiliar with the field of statistics. Statistics, like any other
specialist field, has some unique terminology and a language of its own. Learning unit 2 will
introduce you to the basic terms and important concepts that are used in this field.

Research has shown (e.g. Onwuegbuzie, 2000; Schau, 2003) that students’ attitudes to
statistics are influenced by a number of factors. The first of these is the degree to which
students regard themselves as competent in mathematics. Interestingly, it is not the number
of mathematics courses that students have completed or how well they did in these courses
that determines their attitude to statistics, but rather a very subjective view of how competent
they believe themselves to be in mathematics.

| would like to put your mind at rest here: although you do need to know some basic
algebraic principles, this is not a course in mathematics. Doing calculations is only a small
part of the actual subject content. Even for students who have never had exposure to
mathematics, this does not need be an insurmountable problem in passing this module. In
learning unit 3 the basic algebraic calculations that will be used throughout this module will
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be reviewed. After working through this learning unit carefully, you will be able to approach
the rest of this module with confidence.

What is also important to know, is that statistics is best learnt by doing it. You will therefore
have to participate actively throughout the rest of the learning units to master the techniques
that you will be learning. As | have just mentioned, in this module you will have the
opportunity to see how the research process is applied in practice. We will therefore use the
New Stars project as a practical illustration for the rest of MOO0O1.

Having completed this learning unit you should be able to

. define the term “research” in your own words
° describe the basic research process
. identify a research question
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LEARNING UNIT 2: The language of statistics

Now that you have a clear picture of why you need to study research methodology, and how
industrial psychologists do research, we would like to introduce you to the language of
statistics.

We shall introduce you to

e (uantitative methods and why we use them in the social sciences
¢ the classification of statistical techniques
e important concepts that are basic to any statistical analysis of data

Quantitative methods

As you will have gathered from the discussion so far, you will be working with numbers in this
module. It is possible to describe any information or data in the form of numbers. The
following is a simple example of this: If we were to ask all the applicants for New Stars how
confident they felt that they would be selected as one of the 10 finalists, we could have asked
them to rate their feelings on a scale of 1 to 10, where 1 would mean “| feel that | have no
chance at all”, 5 would mean “I feel | have a 50/50 chance” and 10 would mean I feel that |
will definitely be selected”.

When one translates data into numbers, like we have done in the example above, then one is
quantifying the information. Quantitative methods are about expressing data in the form of
numbers. What is the value of this? Why is it useful to translate data into numbers? First of
all, numbers are a part of our everyday life.

Think about the rates that you are charged for using your cellphone and how much money
you need to get through the month. When next you go shopping, think of how highly
quantified shops’ activities are. Think about the money that you pay for an item, the amount
of profit the shop makes on it, payments that have to be made for tax, shop rental and
salaries, to mention just a few items. On this basis we can make the assumption that
guantification and quantitative thinking are inescapable in everyday life.
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The use of quantitative methods has specific advantages. Quantitative methods are
especially useful to us because they

o are efficient in communicating information
¢ allow for the re-modelling of real-world phenomena
e are part of a well-designed and powerful disciplinary language

Based on the above discussion on quantitative research methods, give one example of your
own to illustrate each of the three advantages of quantitative methods mentioned above.

In this learning unit, we start with the first chapter of Tredoux and Durrheim (2013). Compare
your examples to the following three examples which are described in detail on pages 3 to 7
of Tredoux and Durrheim (2013) in the section “The advantages of quantitative methods”.

1. Efficiency: to communicate numbers, for example the South African national census.

2.  Approximation/modelling: to study phenomena in the world, for example a spatial model
for understanding human similarity judgements in regard to faces.

3. A powerful language: for example, a weather forecast map.

Quantification can support two general types of function. It can serve an infrastructural or
administrative function and it aids arguments and reasoning. In the social sciences we are
particularly interested in using the evidence that quantitative methods make available to
support our arguments. We tend to use probabilistic methods, rather than the deterministic
methods of some sciences.

Read the discussion on the functions of quantification on pages 3 to 7 in Tredoux and
Durrheim (2013). Give your own example of a claim or proposition that is deterministic, and
one which is probabilistic.
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Compare your examples to the following:

1. A deterministic claim. Very strict early childhood rearing patterns result in an
authoritarian personality.

Be sure to test the deterministic claim for a necessity or sufficiency condition. In other
words, the claim must be that the presence of A necessarily leads to B.

2. A probabilistic claim, on the other hand, should allow for the possibility that the
presence of A might not lead to B and, whether or not it leads to B, can be explained on
the basis of chance expectation. Thus, the claim that exposure to carcinogens in
cigarette smoke leads to cancer is not that such exposure will definitely lead to cancer,
but that it will lead to cancer in more cases than we would expect in the case of non-
exposure.

Classification of statistical techniques for this module
Statistical methods and techniques can be classified into the following broad categories:

Descriptive statistics — a technique for organising, summarising and describing data. This is
the descriptive research approach described in learning unit 1.

Inferential statistics — a technique applied to samples in order to make inferences about
populations. This is also known as the experimental research approach, which is discussed in
learning unit 1.

Basic concepts

Before you launch into the study of descriptive and inferential statistics in earnest, you must
have a clear grasp of some important concepts that are basic to any statistical analysis of
data. These include terms like the following:

e variables and constants
e measurement scales
e samples, populations, statistics and parameters

Variables

This is your first step in the use of a quantitative language and it entails converting objects or
entities into symbols and concepts of the language. The most basic concept is a variable. In
research, the features or characteristics that we are studying are called variables. For
example, when we measure length we talk about length as a variable and the symbol for it is
X. Temperature and weight are also examples of variables.
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Let us look at an example of a variable in our New Stars show. The show has been launched
officially through a widespread media campaign, inviting entries from the public. Thousands
of entries have been received. Are you also curious to know who has entered? Would you
have liked to enter? We can assume that not everyone likes the limelight, or would like to
work in the entertainment industry. It might be interesting to know the main personality traits
that our entrants possess. These personality traits are an example of a variable that can be
investigated.

Taylor and Meyer (2009) found that would-be reality show contestants exhibit some of the
following personality traits:

e They tend to be extraverted and thrive on social interaction.

e They are flexible and open to change, but also impulsive and fail to think through the
consequences of their actions.

e They have a strong need for fun and excitement.

e They can be dramatic, self-promoting and attention-seeking.

e They are often looking for a lifestyle organised around good food, good drink and
entertainment.

There is much more to the study of Taylor and Meyer (2009), and we might look at more of
their results later on. For now, let us go back to the discussion on variables.

Variables are usually identified by the letters X or Y. Sometimes
you will be working with two or more variables, like X and Y.

1.  Study the section “Variables and constants” on pages 9 to 13 in Tredoux and Durrheim
(2013). Take a look at the definitions below, and then insert the right term from the
following list in each definition:

Concepts

variables

constants

discrete variable
continuous variable
independent variable
dependent variable
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Definitions

1.1 The variable which is controlled by the experimenter/researcher is called the ...
1.2 Properties of observations that can assume different values are called ...

1.3 A variable that can assume any value is a ...

1.4 The variable which is being measured (data or scores) is a ...

1.5 A variable which can assume a limited number of values is a ...

1.6 A gquantity that does not change and always has the same value is a ...

2. Do Activity 1.5 on page 10 in Tredoux and Durrheim (2013).

1. The point to remember is that variables can assume different values, depending on what
experiment the researcher is conducting.

1.1  independent variable
1.2  variables

1.3 continuous variable
1.4  dependent variable
1.5 discrete variable

1.6 constant

2. You should have no difficulty with (a), (c) and (d), which are a discrete variable, constant
and discrete variable respectively. In the case of (b), we will probably have conceded
that with a sufficiently accurate measure, the weight of the moon will vary continuously
over time. In the case of (e), the number of judges will be a discrete constant for a period
of time (until another is appointed, or resigns, or dies etc).

Measurement scales

The data that you will be collecting as an industrial psychologist in an organisation — whether
they are performance evaluation results, absentee scores or data of any other kind — can be
classified into one of four types of measurement scale. These scales are dealt with on pages
11 to 12 in Tredoux and Durrheim (2013) and you need to know them well. The four scales
are nominal, ordinal, interval and ratio scales.

Distinctive properties of measurement scales

Below we deal in detail with the properties that enable you to distinguish between
measurement scales. This, together with the section on pages 11 to 12 in Tredoux and
Durrheim (2013), should provide a useful framework for distinguishing between the four
measurement scales.
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Magnitude

Magnitude is the property of “moreness”. A scale has the property of magnitude if we can say
that one attribute is more than, less than or equal to another attribute (McCall 1986).

Height, which is an example of the ratio scale, does have the property of magnitude. We can
say that one person is taller or shorter than another, but we cannot say that a soccer player
or a rugby player whose jersey displays a higher number on the back is more important or
does more work than a player with a lower number. The numbers on players’ sportswear are
examples of a nominal scale — the only scale that does not possess the property of
magnitude.

Equal intervals

A scale possesses the property of equal intervals if the difference between all points on that
scale is uniform.

If we take the example of length, this would mean that the difference between 6 and 8
centimetres on a ruler is the same as the difference between 10 and 12 centimetres. In both
instances the difference is exactly 2 centimetres. Psychological measurement scales that
represent the interval scale also have equal intervals. Consider the following example:

Disagree totally Disagree Unsure Agree Agree totally
1 2 3 4 5

In all instances the interval between scores is exactly one. Nominal and ordinal scales do not
possess the property of equal intervals.

Absolute O

Absolute 0 is obtained when there is absolutely nothing of the attribute being measured. If we
take the example of length again, O centimetres means that there is no distance. So length
possesses the property of absolute 0. By the same token, if one is measuring wind velocity
and one gets a 0 reading, one would say that there is no wind blowing at all.

In the case of many human attributes it is extremely difficult, if not impossible, to define an
absolute zero point. For example, if we measure arithmetical ability on a scale of 0 to 10, we
could hardly say that a O score means that the person has no arithmetical aptitude at all.
There could be a level of aptitude that the particular scale does not measure, or there could
be no such thing as 0 aptitude (Kaplan, 1987). In the case of temperature, an example of the
interval scale, we cannot say that 0° C means no temperature at all.

The ratio scale is the only scale to possess this property.
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1. On the basis of the information given above, determine which scale possesses which
property (or properties). Then complete the following synoptic table by writing “Yes” or

“No” in the relevant spaces.

Measurement scales and their properties
Property

Type of scale Magnitude

Nominal
Ordinal
Interval

Ratio

Equal interval

2. Study the two problems that we define below.

Absolute 0

2.1 You want to determine if the years of education of contestants in New Stars (e.g.
matric, undergraduate degree, postgraduate degree) influence their ratings of

popularity by viewers.

2.2 Is there a relationship between the time that viewers spend watching New Stars

and their income?

e Write down the name of the measurement scale applicable to the variables
that are identified in the two definitions and reflect it in the correct column in

the table.

e Determine whether this variable represents the dependent or the independent
variable in the definition and delete the incorrect alternative in the table.

e Also determine whether this variable is continuous or discrete and again
delete the incorrect alternative in the table.

Years of
education
Measurement
scale
Dependent/ Dependent/
independent independent
Discrete/ Discrete/
continuous continuous

Popularity
rating

Dependent/
independent

Discrete/
continuous

Viewing hours

Dependent/
independent

Discrete/
continuous

Income

Dependent/
independent

Discrete/
continuous
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3. Do Activity 1.6 on page 13 in Tredoux and Durrheim (2013).

1. Measurement scales and their properties

Property
Type of scale Magnitude Equal interval Absolute 0
Nominal No No No
Ordinal Yes No No
Interval Yes Yes No
Ratio Yes Yes Yes
2. The following table reflects the correct answers:
Years of Popularity Viewing Income
education rating hours
Measurement Nominal Interval Interval Ratio
scale
Dependent/ Independent Dependent Independent Dependent
Independent
Discrete/ Discrete Continuous Continuous Continuous
Continuous
3. Independent variable (predictor) Dependent variable
(criterion)
(&) Amount of red wine consumed Rate of heart attacks
(b) Those who have pets and those who don’t General happiness
(c) Married/unmarried Suicide rate

Can you see why it is not necessary to express red wine consumption in terms of a per-
population index?

Notice how it is possible to conceptualise a difference between two groups (those who have
pets and those who don't) in terms of dependent and independent variables, as well as the
relationship between two continuous variables.
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Populations, samples, statistics and parameters

When we are working with statistics we use various terms. When it comes to the groups
about which we are collecting information, we distinguish between a population and a
sample. We also distinguish between numerical values summarising population data and
numerical values summarising sample data, which we refer to as parameters and statistics
respectively.

Read the section “Populations, samples, statistics and parameters” on pages 13 to 15 in
Tredoux and Durrheim (2013). Study the parts where terms are explained and make sure you
understand each term so well that you are able to explain it in your own words to somebody
who does not know that term. Below is a list of important terms. In your own words, describe
the meaning of each term and give an example of each from the New Stars show in the

space provided.

Term Description Example

Population
Sample

Parameter

Statistic

See if your answers broadly correspond with the information provided in the table below. Your
own descriptions should contain at least the italicised terms.
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Term Description Example

Population a complete set of events that all applicants to New Stars
interests you

Sample a set of observed scores 20 randomly selected applicants
forming a subset of the to New Stars
population

Parameter numerical values summarising  the average income of all applicants
population data to New Stars

Statistic numerical values summarising  the average income of 20
sample data randomly selected applicants to

New Stars

Do Activity 1.7 on page 14 in Tredoux and Durrheim (2013).

The difficulty with all these questions lies in being clear on what the population of interest is.
Thus, if we decide that the population of interest in all three questions is the entire cohort of
learners in South Africa writing the matriculation examination in that particular year, only (a)
qualifies as a parameter. However, if we decide that for (b) we are only interested in the
population of Platbakkies High School learners, then the average History score referred to
there would be a parameter. A similar case can be made for (c) — it is meaningful to refer to
“the population of Platbakkies High School learners in a particular area on Clifton 4th beach
on 1 January 2001”, even though most people might find that particular collection of people
uninteresting as a population!

Random sampling

The section on “Samples, populations, statistics and parameters” in Tredoux and Durrheim
(2013) explains random sampling and statistical inference. A random sample implies that
every member of a population stands an equal chance of being chosen for a study,
experiment or research project. This is the only valid or acceptable way to generalise sample
results to the population. The act of generalising from sample data to populations is called
statistical inference and is the central goal of statistical methods.

You should now have some idea of what this module in Industrial Psychological Research is

about. To make sure that you have absorbed the most important information in this learning
unit, check through the list given in the next activity.
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2.7

Go through the following list and tick the terms or concepts that you are sure you can define,
distinguish from others and provide your own examples of.

Terms Define Distinguish Example
between

descriptive statistics
versus
inferential statistics

continuous variable
versus
discrete variable

independent variable
versus
dependent variable

population

versus
sample

parameters
versus
statistics

Having completed learning unit 2 you should be able to

e define a variable

e distinguish between descriptive and inferential statistics

e distinguish between the four measurement scales and
give an example of each

e define and distinguish between discrete and continuous
variables, dependent and independent variables,
samples and populations and statistics and parameters.
You should also be able to give an example of each.

Now you are ready to learn the various skills and techniques in the learning units that follow.
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LEARNING UNIT 3: Basic mathematical calculations used
In statistics

Numbers: a part of life

Nowadays, numbers are all around us — think for a moment how much of your day you spend
working with numbers.

Numbers and quantification offer us a very special language which enables us to express
ourselves in exact terms. This special language is called mathematics. Just as you have to
know the basic rules of a language to express yourself in that particular language, for
example English, Zulu or Afrikaans, you need to know the basic rules of mathematics in order
to communicate effectively with figures.

As you will have noticed, this module has a lot to do with numbers. You should have a basic
knowledge of arithmetic — although you do NOT need matric mathematics to pass this
module. So you do not have to be a brilliant mathematician. All you need to know is the basic
principles of arithmetic in order to understand the statistical computations in this module.

In order to fully comprehend a module on statistics you will need to be able to do basic
mathematical calculations. Unfortunately, many students of Psychology (and Industrial
Psychology) experience some discomfort, anxiety and fear when having to deal with anything
mathematical such as formulas, calculations, analysis and yes, of course, statistics!

Pocket calculators: essential for survival

You will need a pocket calculator to help you with statistical analyses this year. If you do not
have a calculator, you will have to purchase one. A small, cheap model will do. To make your
life easier we recommend that your pocket calculator should have at least square root (V) and
memory (M+) facilities.
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Structure of this learning unit

This learning unit contains all the mathematical background information for this module. It
consists of basic work involving numbers, equations, substitutions and summations, as well
as the reading and understanding of graphs. You should be able to perform all the different
arithmetical or mathematical operations (Tutorials 23 and 24) and read and understand the
graphs (Tutorial 25) included in this learning unit in order to perform the statistics of this
module.

The information in this learning unit forms part of your prior learning and some of you may
already have a good grounding in basic work with numbers and arithmetical operations. For
this reason we would like you to complete the self-tests for Tutorials 23 and 24. The self-test
for Tutorial 23 is Self-test 23.1 on page 445, and the self-test for Tutorial 24 is Self-test 24.1
on page 462 in Tredoux and Durrheim (2013). Complete these self-tests so that you can
decide for yourself whether or not you need to study Tutorials 23 and 24. If you decide this is
not necessary, study Tutorial 25 only on the reading and understanding of graphs.

We trust your interest in the specific questions being asked will guide you through any
possible fear of mathematics. The numerical aspect becomes merely a stepping-stone
towards being able to answer interesting questions. In this way you will hopefully forget to be
fearful about numbers, calculations and formulas. If your background in mathematics is not
very strong, you may need to work through Tutorials 23 and 24 of the prescribed book
several times to gain the required confidence and skills. However, your sense of achievement
when you are able to do the required calculations confidently will more than make up for the
effort required to master these skills.

The three tutorials covering the mathematical background and graphs, and which you have to
work through on your own for this learning unit, are

o Tutorial 23: Basic work with numbers
This is an arithmetical review that teaches you how to perform simple algebraic
operations.

Students who don't like or are afraid that they can’t do calculations typically freeze when
they see formulas because it implies calculations! A formula can be broken down into
basic calculations — so if you have worked through the summary exercises in Tutorial 23
of the prescribed textbook you should be able to do any of the calculations that may be
required to solve problems and obtain answers to questions.

o Tutorial 24: Equations, substitution and summation
We also deal with summation notation so that you will understand the meaning of the

various symbols to enable you to do arithmetical computations.

o Tutorial 25: Reading and understanding graphs
This tutorial deals with graphs, which are a way of making numerical information visual.
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Having completed learning unit 3, you should know and be
able to use the following:

e the various standard arithmetical symbols

e addition, subtraction, multiplication and division of
positive and negative numbers

e computations between brackets

o simple algebraic computations

e the notation system used for arithmetical computations

e how to draw, interpret and understand simple line
graphs and category plots
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New Stars... the competition so far

' NEW STARS

Much hype and excitement has been created around this new reality show. Thousands of
applications have been received from all over South Africa. Working through the applications
to select the 10 contestants for the apprenticeship programme is a very daunting exercise.
The research team has also been hard at work and the information they have gathered so far
will be used in the next five learning units.

Learning unit 4 deals with displaying data — how the mass of information can be
summarised, simplified and reported on. Questions such as the following are answered: How
many applications were received from each province? What are the biographical
characteristics (race, gender, marital status) of the contestants and the judges?

Learning unit 5 explains the measures of central tendency. These involve ways of
describing the information by indicating the centre of the data using the mean, mode and
median. Questions such as the following are answered: What is the average score from the
judges for the contestants’ performance in the first week? What is the most frequently given
score by each judge in the first week?

Learning unit 6 discusses the measures of variability, that is, how the information can be
described by looking at the way scores vary from the middle using the range, variance and
the standard deviation.

Learning unit 7 takes the description of the information further by looking at the relationship
between two variables. Questions can be aimed at investigating whether a relationship exists
between the contestants’ score received during their preparation activities and their score for
their performance for that week.

Learning unit 8 makes assumptions based on the relationship between variables in order to
make predictions. For instance, if a strong relationship exists between preparation and
performance, regression analysis can be used to predict a variable based on the calculated
relationship.

So let us start with the way in which the research team can summarise and display the
information.
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LEARNING UNIT 4: Displaying data

It is a known fact that many people remember pictures, symbols and graphic representations
better than written words. Graphic representations are particularly useful for organising and
representing numbers meaningfully.

Graphs also provide a way of simplifying information that could take longer to convey or read
if indicated in words or numbers only. For example, reporting on the applications received for
the New Stars project could take a long time, while the data can be easily displayed in tables
and graphs. That is why this learning unit will teach you to present data in tables by means
of frequency distributions, and in graphs by means of frequency bar charts and histograms.
Once data have been represented graphically, it is more meaningful to describe them in
terms of skewness and kurtosis. In addition to giving us a feel for the data, frequency
displays with cumulative percentage frequencies allow us to compute percentiles and
percentile ranks. We use these to determine the position of scores relative to other scores in
the distribution.

At the outset, an important distinction needs to be made between types of data that require
different kinds of display. Categorical or discrete data (ungrouped data) are displayed in
frequency distribution tables and bar charts, whereas continuous data (grouped data) are
displayed in frequency distribution tables and histograms.

4.1

1. Read the introduction to Tutorial 2 on pages 18 to 19 in Tredoux and Durrheim (2013).
Then do Activity 2.1 on page 19.

2. Consider the tuberculosis (TB) treatment outcomes that are reported in Table 2.1 on

page 20 of Tredoux and Durrheim (2013). What inferences would you make about the
treatment outcomes from just looking at the table?
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1. We have compiled a list of examples of discrete and continuous data. Compare your
examples to the examples in this list.

Discrete data:

1. Movies watched — you would have seen five or six movies, not 6,5 movies.

2. Clients seen in the past month — you might have had 22 or 25 clients but not 23, 25
clients.

3. Cigarettes smoked — you generally only smoke whole cigarettes. If asked how many
you smoked this week, you may answer 13 but not 13,5.

4. The jersey numbers of volleyball players — you are either number 12 or 32 and not

12,56 or 32,45.

Gender — you are either male or female.

Drug dose — you could inject 2,2 ml or 2,211 ml.

Hours slept — you could sleep for 9 hours, 9,5 hours or 9,75 hours.

Caffeine intake — you could have ingested 7 mg of caffeine or 7,1 mg or 7,25 mg.

Salary — you could earn any amount of rands and cents.

10. Watching television — you could watch television for any number of hours and
minutes.

© 0NV

2. Do you agree that the table contains a whole lot of data that, at first glance, make no
sense at all? No meaningful pattern can be identified in these data. In this module you
will mostly have to work with whole data sets like this one, so as a first step in
descriptive statistics you have to learn how to present data meaningfully in order to
make inferences from them.

Plotting data: ungrouped data

In the section “The frequency distribution” on page 19 in Tredoux and Durrheim (2013) you
come across the term "frequency" for the first time. The frequency of a score refers to the
number of times that the given score appears within a data set.

To display ungrouped data we use a table called the frequency distribution table and a
graph called the frequency bar chart.

For the New Stars show, we received 6 645 applications ... that is a lot of paperwork to go
through, and a lot of information to capture and report on.

Just a brief example, let us take the first 20 applications and see what the gender distribution
is (F = female and M = male):

F M M F F F F F F

You would count the number of times F is listed to get the total of females in the group, and
then do the same to determine the number of males in the group.
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Gender Count Frequency
F 1111111111212121 14
M 111111 6

You can take this display further by including the percentages.

Gender Count Frequency Percentage
frequency
F 11111171212111111 14 70
M 111111 6 30
Total (N) 20 100

Did you manage to calculate the percentage frequency? The percentage of each category is
calculated by dividing the frequency for the category by the total number of items or subjects
(N). In the case of the female category: 14 /20 = 0,7; to calculate the percentage the figure is
multiplied by 100 which equals 70%.

To check whether you have taken all data items into
account, sum the numbers in the frequency column. The
answer should equal the total number of items. In our
example there are 20 applications and the sum of the
frequencies also equals 20.

4.2

As was mentioned, 6 645 applications were received. All applications were sorted according
to the South African provinces from which they were received. To report the number of
applications received from each province in South Africa, the frequency distribution table can
be used as shown below. Please complete the table by calculating the percentages.
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Frequency distribution for New Stars applications — provinces

Province Frequency Percentage frequency
Eastern Cape (EC) 907
Free State (FS) 654
Gauteng (GP) 1 506
KwaZulu-Natal (KZN) 1215
Limpopo (L) 413
Mpumalanga (MP) 632
Northern Cape (NC) 321
North West (NW) 211
Western Cape (WC) 786

6 645 100

Compare your calculations with the ones below. If they differ from the calculations below,
double-check your calculations. Calculations are left at two decimal places.

Frequency distribution for New Stars applications — provinces

Province Frequency Percentage frequency
Eastern Cape (EC) 907 13,65
Free State (FS) 654 9,84
Gauteng (GP) 1506 22,66
KwaZulu-Natal (KZN) 1215 18,28
Limpopo (L) 413 6,22
Mpumalanga (MP) 632 9,51
Northern Cape (NC) 321 4,83
North West (NW) 211 3,18
Western Cape (WC) 78 11,83

6 645 100

As you can see from the above example, information is displayed in a simple and easy-to-
read format.

Now that you know how to present ungrouped data by using a frequency distribution table,
we can study the graphical representation of data by using the frequency bar chart. An
example of a frequency bar chart is given in Figure 2.1 on page 21 of Tredoux and Durrheim
(2013). It is a graphic representation of the data set in Tables 2.1 and 2.2 on page 20.
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If we were to use the earlier example of 20 applications, the frequency bar chart would look
like this:

20
g 15 -
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F M
Gender

In a frequency bar chart, each category is designated by a bar placed on the horizontal axis
(X-axis). The bars are separated by blank spaces or gaps which emphasise the discontinuity
between categories.

In this module you will only be required to draw two-dimensional graphic representations.
When you work with frequencies, the frequency (f) is always plotted on the vertical axis and
the score (X) or category on the horizontal axis. The axes must also be named, for example
frequency and gender.

Remember, if the graph is not named or labelled, it provides incomplete information. If the
above graph was not labelled, you would see the bars, but you would not know what the
figures 14 and 6 were representing in the graph. The tables and graphs are a way of
simplifying information; people need to look at the table and know what the frequencies are
for. The same thing applies to graphs. In the graph above, the Y-axis is clearly marked
“Frequency”; the X-axis clearly marked “Gender” and you that know the bars are for female
(F) and male (M).

1. Draw the frequency bar chart based on the data for the New Stars applications —
provinces (see completed frequency distribution table above).

2. In the initial planning stages for the New Stars show, there was much debate about
where to advertise the call for applicants. The management and the producers wanted
to know which marketing channel works best. The following responses were received:
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Frequency distribution marketing/advertising:

Marketing tool Frequency
Newspaper (NP) 399
Television (TV) 2193
Radio (R) 1728
Pampbhlets (P) 1395
Friends/family (F/F) 598
Other (O) 199
No response (NR) 133
6 645
2.1 Complete the frequency distribution table.
2.2 Draw the appropriate frequency bar chart.
1.
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2.1

Frequency distribution marketing/advertising

Marketing tool
Newspaper (NP)
Television (TV)
Radio (R)

Pamphlets (P)

Friends/family (F/F)

Other (O)

No response (NR)

2.2

Frequency

2200
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1 800
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1 000

800
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200
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Frequency Percentage frequency
399 6
2193 33
1728 26
1395 21
598 9
199 3
133 2
6 645 100
[ ]
NP TV R P FIF O NR

MARKETING TOOL

65



IOP2601/MO001/4/2016

Plotting data: ungrouped data

So far we have dealt with hominal or discrete (ungrouped) data and their presentation. Now
we are going to discuss the representation of ordinal, interval and ratio data or continuous
variables (grouped data). Here we want to capture the characteristic that there are no
discrete gaps between the data scores because the data are continuous. In terms of the
graph there will be no gaps or open spaces between the rectangles as there are in the bar
charts.

In practice, you often have to work with data sets that contain really large numbers of items.
This makes it difficult to record the frequency of each event individually. In such cases we use
class intervals and record frequencies for a class interval rather than for individual events.
That is how we group data. Grouped data can be displayed in a table called a grouped
frequency distribution table and can be represented graphically in the form of a histogram.

The most difficult step in constructing a grouped frequency table is deciding how many class
intervals to use. Guidelines for determining the number and the appropriate size of class
intervals are given in Box 2.1 on page 23 of Tredoux and Durrheim (2013).

As you can see, a number of procedures can be used to determine the size of the interval,
but for this module we will always state how big the interval should be.

In the case of grouped data, when we use class intervals the following statistics are
important:

o real lower limit (RLL)
e real upper limit (RUL)

Although in practice class intervals may vary in size, in
order to present data meaningfully for the purpose of your
research you should remember to choose the class
intervals that are equal in size.

For example: 11-20
21-30
31-40

Each of these class intervals equals 10.

If you were to calculate the real lower limit and the real upper limit for this example:

Class intervals Real lower limits Real upper limits
11-20 10,5 20,5
21-30 20,5 30,5
31-40 30,5 40,5
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How did we get these values?

Study the section “Grouped frequency distributions” in Tredoux and Durrheim (2013) on
pages 22 to 25 above Table 2.3. Then do Activity 2.3 on page 25.

The real upper and lower limits are found midway between the apparent limits of
neighbouring class intervals. For Table 2.4, the way to establish the real upper limit (RUL)
and the real lower limit (RLL) would be to take the distance between the apparent upper limit
of an interval and the apparent lower limit of the following class interval. The distance would
then be divided in half to provide the RUL for the first interval. This same figure would
represent the RLL of the following interval. For the first class interval of Table 2.4, the RUL for
the interval 80—89 would be 89,5. The RLL for the interval would be 79,5. The RUL for the
interval 70-79 would be 79,5 and the RLL would be 69,5. Compare the rest of your answers
to what we did for the first two intervals.

We still have to compile a frequency distribution table. If you look at Table 2.4 on page 26 in
Tredoux and Durrheim (2013), you will find two familiar terms: frequency and percentage
frequency. We used these terms when we dealt with ungrouped data. The two new columns
are cumulative frequency and cumulative percentage frequency. Figures in these columns
reflect the frequency or percentage frequency of all cases with scores below the upper limit of
the class interval next to which they appear. Cumulative frequencies and percentage
frequencies for each class interval are computed by summing the frequency or percentage
frequency for that interval with the frequencies or percentage frequencies in all the lower
intervals.

Study the section “Grouped frequency distributions” on pages 25 (last paragraph) to 26 in
Tredoux and Durrheim (2013). Construct a grouped frequency distribution for the following
data:

The New Stars production has also advertised for judges to appear on the show. Out of the

hundreds of applications received from potential judges, 80 were shortlisted and had to
undergo some assessments.
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These are their results.
33 48 45 70 55 57 88 54 44 29

23 43 65 78 39 53 78 67 56 63
25 32 78 65 41 33 66 56 88 68
56 23 66 45 60 61 49 58 45 54
76 34 54 34 80 65 50 69 34 50
78 54 34 55 56 86 45 70 45 50
56 54 67 89 34 50 52 71 61 59

45 55 89 76 52 51 55 87 70 90

In addition to the columns of the table on page 26 of Tredoux and Durrheim (2013), we have
the “real limits” column which shows the RLL and RUL.

Frequency distribution: assessment scores for shortlisted applicant judges

Class Real limits Frequency Cumulative Percentage Cumulative
interval frequency frequency percentage
frequency
81-90 80,5-90,5 7 80 8,75 100
71-80 70,5-80,5 8 73 10 91,25
61-70 60,5-70,5 15 65 18,75 81,25
51-60 50,5-60,5 23 50 28,75 62,5
41-50 40,5-50,5 14 27 17,5 33,75
31-40 30,5-40,5 9 13 11,25 16,25
21-30 20,5-30,5 4 4 5 5
80 100

Histograms are used to represent grouped data (interval or ratio data) graphically. They look
like bar charts but differ in the following ways:

e The bars represent frequencies of cases within class intervals (and not the frequency
of individual data item values of bar charts), which are arranged along the horizontal axis
from left to right in order of increasing magnitude.

¢ No blank spaces are allowed between bars as there are no “gaps” between classes as
in bar charts.

e The bars in the graphical representation are drawn by using the midpoint of each class
interval. You will find the equation for the midpoint of the class interval on page 27 in
Tredoux and Durrheim (2013) (Equation 2.1).
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1.  Study the section “The histogram” on pages 27 to 28 in Tredoux and Durrheim (2013)
and then do Activity 2.6 on page 28.

The following activities relate to all the information about grouped data that you have
studied up to now.

2.  Complete the following sentences:

2.1 The RLL is the ......... value, which can be classified in the specific class
interval.

2.2 The RUL is the ........... value, which can be classified in the specific class
interval.

2.3 The midpoint is the ........... of the upper and lower limits.

2.4 When grouped data are represented graphically in the form of histograms, the
rectangle on either side of the ........... is drawn on the ........... axis of the graph.

3. Determine the RLL, the RUL and the midpoint of the following set of class intervals:

Class intervals Real lower limits  Real upper limits Midpoint
1-4
5-8 6,5
9-12
13-16

17-20

Midpoint = average of the upper and lower limits of the class interval

(8 + 5)/2
6,5

4. Draw a graphical presentation of the assessment scores for the shortlisted applicant
judges.
5. Do Exercises 3 (a) and (b) on page 39 of Tredoux and Durrheim.
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1. We calculated the midpoint of the interval 80—89, which you can use as an example.
Compare your calculation to our calculation and then calculate the other midpoints in
the same way.

Midpoint of class interval = RLL+ (RUL-RLL)
2
Midpoint of class interval 80-89 = 79,5+ ((89,5-79,5)/2)
= 795+5
= 84,5

2. The midpoint for class interval 80-89 is 84,5.

2.1 lowest (smallest)

2.2 highest (biggest)

2.3 averages

2.4 midpoints; horizontal

3. You will observe that the following class intervals are all the same size, namely 4.

Class intervals Real lower limits  Real upper limits Midpoint
1-4 0,5 4,5 2,5
5-8 4,5 8,5 6,5
9-12 8,5 12,5 10,5

13-16 12,5 16,5 14,5
17-20 16,5 20,5 18,5
4.
25
20
~ 15
<
()
>
o
10
LL
5 —]

T T T T T T T
25,5 35,5 455 55,5 65,5 75,5 85,5
ASSESSMENT SCORES
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5(a) Range 46 + 1 = 47, so groupings of 5 would give us 10 class intervals.

This is standard, so although it is a slightly arbitrary decision, a class interval of 5 will be used.

RL — 97,495

RUL  —102,495

Midpoint = 97,495 + (102,495 — 97,495)/2
=100

Table: Frequency distribution table of IQ scores

Class interval Frequency Cumulative % Frequency Cumulative %
frequency frequency
82,5-87,49 5 5 8 8
87,5-92,49 8 13 13 21
92,5-97,49 13 26 22 43
97,5-102,49 11 37 18 61
102,5-107,49 9 46 15 76
107,5-112,49 5 51 8 84
112,5-117,49 2 53 3 87
117,5-122,49 4 57 7 94
122,5-127,49 2 59 3 97
127,5-132,49 1 60 2 100
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5(b) Histogram
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If a score falls exactly on the RUL of a class interval and on the
RLL of the next class interval, for example 14,5, it can be grouped
in either of the two class intervals. The main thing is to be
consistent in the treatment of such borderline cases.

Descriptions of distributions

You can now represent both grouped and ungrouped data in graphic form. The frequency bar
chart and histogram that you draw can be described in order to interpret them meaningfully in
terms of two main characteristics, namely, skewness and peakedness or kurtosis.

e Skewness

Study the section “Describing frequency distributions” on pages 28 to 31 in Tredoux and
Durrheim (2013).

e Kurtosis

We refer to the peakedness of a distribution as the kurtosis of the distribution. Study the
following definition of kurtosis and make sure that you can differentiate graphically between
the different types of kurtosis. We quote the definition and descriptions of the different types
of kurtosis from Howell (1995, pp. 40—42) in the paragraph below. You need to learn these
definitions.
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Kurtosis has a specific mathematical definition, but basically it refers to the relative
concentration of scores in the centre, the upper and lower ends (tails), and the shoulders
(between the centre and the tails) of a distribution. A normal distribution is called mesokurtic.
Its tails are neither too thin nor too thick, and there are neither too many nor too few scores
concentrated in the centre. If you start with a normal distribution and move scores from both
the centre and the tails into the shoulders, the curve becomes flatter and is called
platykurtic. If, on the other hand, you moved scores from the shoulders into both the centre
and the tails, the curve becomes more peaked with thicker tails. Such a curve is called
leptokurtic. In this distribution there are too many scores in the centre and too many scores
in the tails.

In Figure 2.7 on page 30 in Tredoux and Durrheim (2013) you will find examples of a peaked
(leptokurtic) and a flat (platykurtic) distribution.

1. Identify the two main characteristics, with their various types, in terms of which
distributions can be described.
2. Make a free-hand sketch of each type of distribution.

1. Skewness

e symmetrical distribution

e Dbimodal distribution

e unimodal distribution

o negatively skewed distribution (skewed to the left, which means the long tail points
towards the negative or small numbers). You will find an example of this in Tredoux
and Durrheim (2013) on page 30, Figure 2.6 on the right.

e positively skewed distribution (skewed to the right, which means the long tall
points towards the positive or large numbers). You will find an example of this in
Tredoux and Durrheim (2013) on page 30, Figure 2.6 on the left.

Kurtosis

e platykurtic distribution (“flat”, which means the distribution has many high and low
values)

e leptokurtic distribution (“peaked”, which means the distribution has few high and low
values)

e mesokurtic distribution (“normal”)
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2. Normal/Mesokurtic Skewness Kurtosis
Negatively skewed Leptokurtic
Bimodal Positively skewed Platykurtic

Percentile ranks and percentiles

To get an even better understanding of the data, data frequency displays with cumulative
percentage frequencies allow us to compute percentiles and percentile ranks. This enables
us to locate particular values relative to other values in a distribution, to determine the
proportion of scores higher or lower than a specified value, and to determine the proportion of
scores between two values.

It is important to distinguish between the score that an individual achieved on a test and the
percentile rank that this score represents, as well as the percentile, which is the point on
the scale corresponding to a given percentile rank.

You should be able to calculate and interpret the following:

e percentile rank (Equation 2.2 on page 32 of Tredoux and Durrheim [2013])

e percentiles (Equation 2.3 on page 33 of Tredoux and Durrheim [2013])

e percentages or frequencies of scores that lie below or above a particular score, or
between

e two scores (formulas on page 35 of Tredoux and Durrheim [2013])

Percentiles divide a distribution into 100 small intervals, from 1st to 100th percentile.
Distributions can also be divided into halves, quarters and tenths. The 50th percentile is
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called the median and the 25th and 75th percentiles are the 1st and 3rd quartiles. The 1st,
2nd, 3rd deciles are the 10th, 20th and 30th percentiles.

Study the section “Percentile ranks and percentiles” on pages 31 to 38 of Tredoux and
Durrheim (2013), then do the following activities.

1. Do Exercises 3(c), (d) and (e) on page 39 of Tredoux and Durrheim (2013).
You do not have to compile the frequency distribution table for this data set because
you can use the one you have already compiled for Exercises 3(a) and (b) above.

2. Do the following exercises by using the scores from the assessment of shortlisted
judges.

2.1 What score is found at the 35th percentile?
2.2 Determine the percentile rank of 70.

TABLE: ESP scores (n = 30)

7 9 16 6 7 8
4 7 5 11 5 9
4 4 7 5 17 5
8 6 5 4 4 6
6 10 1 12 4 10
1.

3(c)

score — RLL

percentile rank = % below + (interval%)

class interval width

100 — 97,495
=43+ ————— (18)

=52

Approximately 52% of the scores fall at or below a score of 100. This sample has an average
score that is slightly lower than the score for the rest of the population.
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3(d)
PR — % below

=RLL +
score of p interval %

(interval width)

75- 61

= 102,495 +
15

(5)
=107
3(e)

] —RLL
percentile rank = % below + Score

i 0
class interval width (lnterval A))

We know 75% of the distribution lies at or below 107 (see part (d)). We must work out what
percentage falls below a score of 92. Once we know this we can work out what percentage
lies between the two scores.

92 -87,495
percentile rank = 8 + — = (13)

=19,7

So, approximately 20% of the distribution lies at or below 92 and approximately 75% falls at
or below 107.

So 75% - 20% = 55% of the scores fall between a score of 92 and 107.

2.1
PR — % below

= RLL +
score of p interval %

(interval width)

RLL = 50,5 (the real lower limit of the class interval containing the
50th percentile rank score)

PR = 35 (the percentile rank we are interested in)

% below = 33,75 (the cumulative percentage frequency of the class
interval below the one we are interested in)

interval % = 28,75 (the percentage frequency of the class interval that we
are interested in)

score of p =50,5+ 35 — 33,75 (10)

28,75
= 50,93
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percentile rank = % below +

Where:
% below

score

RLL
class int. width
interval %

% below
score

RLL

class int. width
interval %
percentile rank
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score — RLL

[ 0
class interval width (interval%)

= cumulative percentage frequency of the class interval
below the interval in which the score of interest occurs

= the score in respect of which we wish to determine the
percentile rank

= RLL of the interval in which the score of interest occurs
the width of the class interval

= the percentage of the distribution that falls within the
interval of interest

= 62,5

= 70
60,5
10

= 18,75

= 62,5+ 70 - 60,5 (18,75)

10
= 80,31

We would like to give you an example of how data are displayed
on a computer printout. We used SPSS with the data set below
to produce a bar chart. Students who have access to computers
will find this on the CD (which accompanies the book) under the
last heading, “Al Introduction to SPSS”, and then you choose:
“Additional exercises”.

Here are the frequency data giving the ages of various participants in a survey.

Age

10-18 year
18-24 year
24-30 year
30-40 year
40+ years

Frequency Percentage frequency

17 21,3

3 3,8
23 28,8
20 2,5
17 21,3
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30

20 4

Count

10

0 | |

10-18 years 24-30 years 40+ years

18-24 years

30-40 years

Age Category
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Having completed learning unit 4 you should be able to

represent a set of data in tabular form, specifically as a
grouped or ungrouped frequency

draw a distribution table or cumulative frequency
distribution table

draw the following types of graph:

— frequency bar charts
— histograms

distinguish between and draw distributions in terms of
the following two characteristics:

— skewness
—  kurtosis

calculate and understand

— percentile ranks
— percentiles

identify graphic representations in terms of type and
characteristics on computer printouts
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LEARNING UNIT 5: Measures of central tendency

When doing research, we often work with large sets of data. A data set is a collection of all
the scores that were collected during a specific study and which are normally presented in
table format. These data sets, at first glance, would not make any sense to us at all. In
learning unit 4 you learnt that we can summarise or simplify a set of data by displaying it in
visual form. The set of data presented below is based on information collected from the New
Stars activities during the first week. You can have a look at how the contestants have fared
in the first week. When you read their profile at the beginning you may already have taken a
liking or a dislike to one or two of them. The competition is on!

Scores for the preparation activities were allocated using a 10-point scale, with 1 being the
lowest and 10 being the highest. The scores that were obtained for the different activities in
the week are indicated in separate columns in the table below. The last column reflects the
total score obtained by adding the scores for all five activities.

Week 1: Preparation activities scores

Contestants Acting classes Vocal Image Interview Fans & Total scores
for stage training makeover skills media for Week 1
performance course training

1. Vuyo K 8 7 7 8 8 38
2. Lebo 5 6 5 4 4 24
3. Sasha 8 7 8 4 5 32
4. Susan 6 7 6 5 7 31
5. David 6 5 5 6 4 26
6. Tshepo 7 6 5 6 4 28
7. Indresan 8 6 5 6 6 31
8. Shelley 8 7 8 6 8 37
9. Cameron 7 8 6 7 6 34
10. Kerry 9 6 8 7 5 35
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In this learning unit measures of central tendency will be discussed as alternative methods
for describing a data set.

We look at three measures of central tendency: the mean, the mode and the median. These
three measures all indicate the centre of a data set. The diagram below represents the three
measures graphically. As you proceed through the learning unit, you will be expected to fill in
the relevant blocks.

CENTRAL TENDENCY

Study the introduction to this tutorial on pages 40 to 41 in Tredoux and Durrheim (2013),
where a brief introduction to each measure of central tendency is provided.

We shall now proceed to look at each of these in more detail.

What is the mean (X)?

Think back to your school days and your end of year report. You were awarded a mark for
each subject as well as an average mark, on the strength of which you either passed or
failed. Usually the average percentage of the class appeared on your report and your parents
would either be pleased with your performance, or you would have to explain why your mark
was so much below the class average.

This class average is one of the measures of central tendency, and is also called the mean.
Let us now look at a more formal definition of the mean, and then at how to compute it.
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Study pages 41 to 43 in Tredoux and Durrheim (2013). Note how they define the term and
how the formula is used.

On page 43 the authors indicate that one of the limitations of using the mean is that it does
not account for the influence of any outlier scores. You can read their discussion of the
trimmed mean on pages 43 to 44. The trimmed mean compensates for the effect of any
outlier scores in the mean value of a data set.

Although you should take note of the trimmed mean, you are not required to know any detail
for examination purposes.

1.  Give your own definition of a mean.

2.  See if you can compute the means of the following data sets correctly:

(Please note: if you are familiar with the calculation of the mean you don’t need to do
all six exercises, just do two and move on to the next question.)

2.1 The scores for the acting class activity for stage performance for all 10
contestants

2.2 The scores for the vocal training activity for all 10 contestants

2.3 Susan's scores across all five activities

2.4 The scores for the interview skills course activity for all 10 contestants

2.5 The scores for the fans and media training activity for all 10 contestants

2.6 Shelley's scores across all five activities

3. What is the average score for the preparation activities for Week 1 for all 10
contestants?
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1. The mean is the sum of all scores divided by the number of scores.

2.1  Acting classes for stage performance: 8+5+8+6+6+7+8+8+7+9/ 10

=72/10=7,2
2.2 6,5
2.3 6,2
24 59
25 57
26 74
3. 31,6

From what you have learnt above, you should now understand the mean and be able to

o defineit
e compute it

The other two measures of central tendency may be new to you, but with a little common

sense and reflection on how the two words are used in everyday language you should not
find the concepts too difficult.

What is the median?

The second measure of central tendency is the least familiar, but if you think about it carefully
it may be self-evident.

From what word do you think median is derived? What meanings does the word “medium”

have? (Think of the three choices you have if you order a steak in a steak house — well-
done, medium or rare. What would a medium-done steak be like?)

Work through pages 45 to 46 of Tredoux and Durrheim (2013) and make sure that you know
the definition of the term and how to compute the median.
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Remember to always follow the three steps below when
calculating the median:

1. Always use the formula first to compute the median
location.

2. Arrange the data — either from the largest number to
the smallest, or the other way round.

3. Count the positions up to the median position as
computed in step 1; then determine the median.

5.5

Define the term “median” in your own words:

Compute the median for the following data sets:

(Please note: if you are familiar with the calculation of the median you don'’t need to do
all six exercises, just do two and move on to the next question.)

2.1 The scores for the acting class activity for stage performance for all 10
contestants

2.2 The scores for the vocal training activity for all 10 contestants

2.3 Susan’s scores across all five activities

2.4 The scores for the interview skills course activity for all 10 contestants

2.5 The scores for the fans and media training activity for all 10 contestants

2.6 Shelley’s scores across all five activities

What is the median of the total scores of the preparation activities for Week 1 for all 10

contestants?

The median is the score which falls at the exact centre of a distribution if the scores are
arranged in numerical order. This score need not necessarily be present in the original
data set.

Acting classes in stage performance:

N+1

Step1l:  Median location = =

11/2 = 5,5" position
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Step 2: 5;6;6;7,7,8;8;8;,8;,9

Step 3: 7+8/2=17,5 (If the median location falls between scores, add these scores

2.2
2.3
2.4
2.5
2.6

and divide the total by 2. This will give the median.)

You may wonder why you should learn how to calculate another measure of central tendency
if you already know how to calculate the mean. The median differs somewhat from the mean
and can at times be used as an alternative to the mean.

Below is information about the difference between the median and the mean:

The main difference between the mean and the median is that the mean reflects the
value of each score in a distribution, whereas the median is the central point in a
distribution and does not take account of the specific values of many of the scores.

Take a good look at the following table:

Score Mean Median
12345 3 3
123450 12 3

1234100 22 3

Only the last number in each set of scores differs. The mean reflects these differences,
the median does not. The specific values of the extreme scores influence the mean but
not the median.

In summary, if your data set contained a few extreme outlier data points, you could calculate
the median instead of the mean, so that your measure of central tendency would not be
affected by the outlier scores.

You have now worked through the second type of central tendency. You should be able to
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What is the mode?

The mode is the score with the highest frequency in a distribution (the one that occurs most
often).

Study pages 46 to 47 in Tredoux and Durrheim (2013). Make sure you know what the term
“mode” means and how to compute it.

1. Give your own definition of the term “mode™:

2.  See if you can compute the mode for the following data sets correctly: (Please note: if
you are familiar with the calculation of the mode you don't need to do all six exercises,
just do two and move on to the next question.)

2.1 The scores for the acting class activity for stage performance for all 10
contestants

2.2 The scores for the vocal training activity for all 10 contestants

2.3 Susan's scores across all five activities

2.4 The scores for the interview skills course activity for all 10 contestants

2.5 The scores for the fans and media training activity for all 10 contestants

2.6 Shelley's scores across all five activities

3. What is the mode for the total scores of the preparation activities for Week 1 for all 10
contestants?

1. The mode is the score which occurs most often, that is, which has the highest
frequency.

2.1 Acting classes for stage performance: 5; 6; 6; 7; 7; 8; 8; 8; 8; 9, therefore, the mode
equals 8.

2.2 6 and 7 (bimodal)

2.3 6 and 7 (bimodal)

24 6
25 4
26 8
3 31
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This activity will have enabled you to

¢ define the mode
e compute it

What is central tendency?

57

Complete the diagram at the beginning of this learning unit by filling in the three measures of
central tendency in the appropriate squares.

Now that you have completed the diagram, have you considered what central tendency
actually means? Why are industrial psychologists (and other people) interested in measures
of central tendency? Of what use is it, and what are its advantages and disadvantages?

Consider the concept of central tendency. Now try to define central tendency on the basis of

the knowledge that you have acquired in this learning unit so far.

The following figures show the relative positions of the mode, the median and the mean for
different distributions:
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Mean, median and mode for different distributions

Mean

Median

Mode

Mode Mean Mode
Median

Mode 1 Mean
Median

Source: McCall (1986)

Mean T Mode
Median

On page 49, Tredoux and Durrheim (2013) illustrate the way
in which the median, mode and average (or mean) can be
calculated using Microsoft Excel. Although you do not have
to be able to calculate these values in Microsoft Excel for
examination purposes, note how the answers will be
displayed in this software.

After carefully studying this learning unit, you should be able
to

e understand what central tendency is and know that the

most commonly used measures of central tendency are the

mean, median and mode

e define and compute the mean, median and mode of a
data set

e identify some advantages or disadvantages of the
measures of central tendency
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LEARNING UNIT 6: Measures of variability

In the previous learning unit you learnt about the various measures of central tendency: the
mode, the median and the mean. These measures of central tendency tell us where the
midpoint of a group of scores is. Another technique that can be used to describe a group of
scores is to calculate the measures of variability. This method goes beyond just looking at the
midpoint of a group of scores.

Let us look at a short example to explain how measures of variability relate to measures of
central tendency.

6.1

Let us assume that you have taken part in a study conducted in your organisation. In this
study, you measured employees’ levels of stress in four different departments, namely, the
Finance Department, the Human Resources Department, the Marketing Department and the
Customer Services Department.

Take a look at the following four sets of data on the scores for the employee stress levels
measured in the four different departments. All the scores have the same average, namely, 5.

Finance Department:

Human Resources Department:
Services Department:
Marketing Department:

cow>
PN WS
g oo o
© o0~ o
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Let us illustrate this graphically:

D ° O] °
C ° ® ™
B ® ® )
¢—@—Po
A °
% } I } } I I I I I I
0 1 2 3 4 5 6 7 8 9 10

By looking at this plot, you will see that on average, all the employees were found to
experience the same level of stress (you found a mean of 5 out of 10 for all four departments).
But should you look at the rest of the information included in the data sets, you will notice that
each of these data sets are different in terms of how the scores of the employees are
distributed around the mean of 5.

In the other data sets, now draw arrows from the mean to the various data points, as we did
for the Finance Department.

You can see that, from Department A to Department D, the arrows grow longer and longer.
This means that in the Finance Department, more or less all the employees experience an
average level of stress, while in the Marketing Department, some employees experience
extremely low levels of stress, others experience an average level of stress and still others
experience extremely high levels of stress.

And this is what variability indicates. It is an indication of the extent to which individual
observations or scores cluster around their central value or deviate from it, that is, how much
they vary around the central values. In our example, variability increases progressively as we
proceed from the Finance to the Marketing Department.

Study the introduction to Tutorial 4 on pages 52 to 54 in Tredoux and Durrheim (2013). In this
section, two examples are given to explain the concept of variability. Based on this, explain
the purpose of the measures of variability.

The purpose of measures of variability is to show how widely dispersed the scores in a data
set are. In other words, these measures show the spread of the scores around the central
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point. In the example of the stress levels in the various departments, we could see the spread
of stress scores obtained by the employees in the departments.

It is important to note, as Tredoux and Durrheim (2013) also mention, that variation forms the
basis for many other statistical concepts and procedures, especially in terms of understanding
inferential statistics. (Refer to learning unit 2 for a definition of inferential statistics, if
necessary.)

New Stars Week 1

The competition is on! At the end of week 1, the contestants were asked to perform a song
originally sung by any top selling South African artist and were evaluated by the judges. The
performances were scored using a ten-point scale, with 1 being the lowest and 10 being the
highest. The scores allocated to the individual participants by each of the judges are indicated
in separate columns in the table below. The last column reflects a total score where all the
judges’ scores for each contestant are added together.

Week 1: Performance scores

Contestants Stella Debark ;Iif;r? zee M QZ?;Zneka I\B/Igzrangu ;(():z)arles for
Judge 1 Judge 2 Judge 3 Judge 4 Judge 5 Week 1
1. Vuyo K 7 6 6 8 8 35
2. Lebo 8 6 7 6 5 32
3. Sasha 4 7 6 5) 4 26
4. Susan 5 7 8 6 8 34
5. David 8 8 7 6 5 34
6. Tshepo 6 6 7 6 5 30
7. Indresan 4 7 6 5 6 28
8. Shelley 7 6 7 7 6 33
9. Cameron 7 8 8 9 5 37
10. Kerry 6 9 8 7 8 38
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The different measures of variability

Now that we have taken a look at the concept of variability, let us consider the various ways in
which it can be measured, that is to say, the different measures of variability. In this module,
you need to know three of these measures:

e range
e variance
e standard deviation

Range

According to Tredoux and Durrheim (2013), range is the most straightforward measure of
variability. It is the difference between the highest and the lowest scores in a data set. The
formula for calculating the range is as follows:

range = highest score - lowest score

1.  Calculate the range of the scores for the following in the data set of performance scores
in the table above.

(Please note: if you are familiar with the calculation of the range you don’t need to do
all six exercises — just do two and move on to the next question.)

1.1 Judge 2: Ricco Milan’s scores for all 10 contestants

1.2 Sasha's scores from all five judges

1.3 Kerry's scores from all five judges

1.4 Judge 5: Brian Mahlangu’s scores for all 10 contestants
1.5 Vuyo K's scores from all five judges

1.6 Tshepo's scores from all five judges

2.  What is the range of the scores for all the contestants’ performances in Week 1?

1.1 Judge 2: Ricco Milan: Range = highest score - lowest score =9-6=3
1.2
1.3
14
15
1.6

NN DWW
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3. 11

NOTE: Although Tredoux and Durrheim (2013) explain concepts like crude and extended
range and interquartile range, the information you have been given above is all you
need to know about range.

Variance

This second measure of variability is one that you will come across regularly as you proceed
with the module. Variance is integral to most formulas in inferential statistics. So make sure
you understand what variance means, as well as how to calculate and interpret it.

6.4

Study the section on average deviation and variance on pages 56 to 60 in Tredoux and
Durrheim (2013).

Note that you do not need to be able to define or calculate average deviation, but you do
need to work through the section because it will help you understand the concept of variance.
Also note that the exercises for computing the variance will be done once the necessary
sections for calculating the standard deviation have been studied.

Keep the following in mind when you interpret the variance:

e The smaller the variance, the closer the individual scores
will be to the mean.

e The greater the variance, the more widely the individual
scores will be dispersed around the mean.

Standard deviation

The standard deviation is the square root of the variance and is denoted by the symbol o.
Work through the section on standard variation in Tredoux and Durrheim (2013). You can,
however, ignore the part on the coefficient of variation.

Standard deviation is the measure of variability most often used in practice.
You will note that Tredoux and Durrheim (2013) first explain how to calculate the variance and
standard deviation for the population. In this module, we expect you to be able to calculate

the range, variance and standard deviation for a sample only. However, it is valuable to first
understand how to calculate these concepts for a population as well. Work through the
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calculation of the variance and standard deviation in the worked example on page 66 of
Tredoux and Durrheim (2013).

Now work through the section about estimating population parameters from sample data on
pages 61 to 62 in Tredoux and Durrheim (2013).

Choose the correct alternative in the following items:

1.

The symbol for sample variance is

@ X
(2) o
(3) s*

We use (N - 1) in the variance formula because

2.1 it gives a better estimate of population variance
2.2 itis easier to divide by (N - 1)
2.3 it shows the difference between distributions more clearly

Calculate the variance and standard deviation of the scores for the following aspects in
the data sets of performance scores.

(Please note: if you are familiar with the calculation of the variance and standard
deviation you don't need to do all six exercises, just do two and move on to the next
question.)

3.1 Judge 2: Ricco Milan’s scores for all 10 contestants

3.2 Sasha’s scores from all five judges

3.3 Kerry's scores from all five judges

3.4 Judge 5: Brian Mahlangu’s scores for all 10 contestants
3.5 Vuyo K’s scores from all five judges

3.6 Tshepo's scores from all five judges

What is the variance and standard deviation of the scores for the performances of all
the contestants for Week 1?

You now want to determine how these scores are dispersed in terms of the central

values and how they vary around these central values. In order to do this you must
compute the following: mean, mode, median, range, variance and standard deviation.

93



IOP2601/MO001/4/2016

5. Enter the following statistical techniques and notations in the correct blocks in the
synoptic chart below.

Range X

S Variance
Mode Mean
Standard deviation  Median
SZ

Techniques for interpreting data and samples with one variable

Measures of central tendency Measures of variability

1. Alternative (3) is correct. Alternative (2) is the population variance and alternative (1) is
the average of a data set X.

2.  Remember that we always divide by (N - 1) when using the formula for variance
because it provides a better estimate of the population variance.

3.  As mentioned before, it is advisable to complete the following table before you do any
computations.

Contestants Rico Milan (Judge 2) X?

1. Vuyo K 6 36
2. Lebo 6 36
3. Sasha 7 49
4. Susan 7 49
5. David 8 64
6. Tshepo 6 36
7. Indresan 7 49
8. Shelley 6 36
9. Cameron 8 64
10. Kerry 9 81
N =10 IX =70 IX* =500
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3.1 Variance:

2 (%2
2 _ XX N
Sx = N -1
500 — ——(7100)2
xT T 10 - 1
= 500 — 490
9
=111

Standard deviation:

Sy = \/g
= V-l,ll
=1,05
3.2 1,7 1,3
3.3 8,7 2,95
34 272 1,48
35 1,0 1,0
36 05 0,71
4. 12,5 3,54

IOP2601/MO001/4/2016

5. This is a basic summary of the statistical techniques and their notations which you
learnt about in learning unit 5 (Tredoux & Durrheim, 2013, Tutorial 3) and learning unit 6

(Tredoux & Durrheim, 2013, Tutorial 4).
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Techniques for interpreting data and samples with one variable

Measures of central tendency Measures of variability
Mode Median Mean Range Variance Standard
deviation
X s? s

All variances and standard deviations are positive numbers. If
you obtain a negative answer and/or find yourself trying to work
out the square root of a negative number, you have definitely
made a mistake. Check your computation!

As mentioned in previously, various computer programs are
available which can also be used to calculate the statistics
explained to you in this module. Tredoux and Durrheim
(2013) introduce you to some of them, of which Microsoft
Excel is one. At the end of this particular tutorial on pages 66 to 67, Tredoux and Durrheim
(2013) also explain how to use Microsoft Excel to calculate the variance and standard
deviation. Work through this section in your textbook as it will provide you with information on
an alternative way to calculate statistics when you are faced with a situation where your data
set is too large to calculate the statistics by hand or by using a pocket calculator.

You will note from Tredoux and Durrheim (2013) that you simply use the built-in formulas of
the program to do the calculations. When you want to enter these built-in formulas, follow the
steps below:

Put the cursor in the cell in which you want to enter the formula (normally at the end of the
data set).

Click on “Insert” at the top of the screen.
Choose “Function” from the menu.

Click on “Statistical” in the left-hand window.
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Scroll down and highlight the standard deviation or variance for the sample by clicking on it.
Click on “OK”.

Enter the number of the first cell that you want to include in your calculation and the last cell
that should be included, separated by a colon. If it is already correctly entered, click on OK.

The answer should appear automatically in the cell in which you placed your cursor at the
beginning.

Remember that you do not need to know how to use Microsoft Excel for examination
purposes. We explain its use here so that you will be aware of and able to use other
resources for statistical calculations.

In this learning unit we looked at some measures of the extent to which scores are dispersed
around the mean. The most important of these measures are variance and standard
deviation, which will play a major role in your statistical studies in this module.

Having completed learning unit 6 you should be able to

e understand what variability is and know that the most
commonly used measures of variability are the range,
variance and standard deviation

e define, compute and interpret range, variance and standard
deviation
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LEARNING UNIT 7:  Correlation

In learning units 5 and 6 you were introduced to data sets containing one variable. You learnt
to describe this variable by means of statistics such as

e the mean (X)
e the standard deviation (s)

In this learning unit you will be dealing with data sets containing two variables.
You will probably have come across data with two variables, X and Y before, for example:

X —vocal training preparation scores
Y — performance on stage scores

or
X —fans and media training scores
Y — internet interaction scores

If one wanted to take these variables into account, one might ask questions such as the
following: If students did well during the preparation activities for their stage performance, did
they do equally well on stage during the performance? Do contestants who did well in the
preparatory training of handling fans and media do equally well in their internet interactions
with fans and media?

These gquestions imply that one wants to investigate the two variables simultaneously and
also their influence on each other. How will the one variable fluctuate, depending on the other
variable? In other words, we want to determine the relationship or correlation between the
two variables.

What is correlation?

More formally then, a statistic such as correlation answers the questions asked above, or, put
in a different way, it provides the answer to the question: what is the relation between X and
Y? In this learning unit, you will learn how to determine the relationship between two
variables by using a statistic known as correlation which is represented by the symbol r.
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Scatter diagrams

You must be wondering why we should suddenly leap to scatter diagrams when we have just
been discussing correlation. The reason is simple: a scatter diagram is actually a graphic
representation of correlation.

As you know, in the New Stars show the public is also involved — viewers are able to vote for
their favourite “star in the making” and they can also interact with them through a social
networking facility on the New Stars website. In Week 1, the viewers have already started
chatting to and voting for their favourites. These activities have been quantified using a scale
of 1 to 10, with 1 being the lowest and 10 being the highest.

e 1 -10 The contestants
e X: internet interaction score
o Y: voting scores

Contestants Internet interaction scores Voting scores
2
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Now look at the computer-generated scatter diagram of these data:

Voting score

1 I I I I I I I

1 2 3 4 5 6 7 g8 9
Internet interaction scores
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Could you work out how the scatter diagram was plotted?

If you look at the table above, you will see that the data points for Contestants 1 and 2 are as
follows:

Contestant X Y
1
2 3 5

These two data points are indicated by means of black dots on the diagram below.

y
8_
7_
6_

= - °
§5
g 4 7
o
>3_
2 °
1

S s Ry A Y BNV
1 2 3 4 5 6 7 8

Internet interaction score

Can you see that the data point for Contestant 1 is immediately above 2 on the X-axis and to
the right of 2 on the Y-axis?

Enter the correct figures in the blank spaces below:

The data point for Contestant 2 is above .......... on the X axis and to the right of .......... on the
Y axis. (The two figures are 3 and 5.) See if the data point for Contestant 2 is indicated
correctly on the graph. You should now understand how to plot a scatter diagram.

Now use the table with the data of all 10 employees and enter the data points for Contestants
3 to 10 on the graph, even though you have already seen the correctly completed computer-
generated scatter diagram. Your learning objective is to plot it yourself.

When you have completed this, your scatter diagram should look like the completed
computer-generated one on the previous page. Compare it yours with it.
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The correlation coefficient

Now that you are able to plot scatter diagrams we can return to correlation — more
specifically, the correlation coefficient.

Computing the correlation coefficient

Refer to the list of formulas provided. Look for the formula next to the symbol r. This is the
formula that we are going to use to calculate the correlation coefficient. It is called the
Pearson product-moment correlation coefficient, and is the most commonly used formula for
correlation.

Do you remember the various computations and the
summation notation that you learnt in learning unit 3 and
Tutorial 247 If not, take a quick look at them to refresh your
memory. You know what the value of N is, so once you have
calculated the values =X, XY, X% 3Y? XY, IXZY; you
merely need to substitute them in the formula and do the
remaining calculations.

Work through the practical example below. It will show you how to calculate the correlation
coefficient step by step:

Calculate the relationship between scores of the internet interaction (X) in the social network
facility and the voting (Y) for the 10 contestants. (These are the same as the data you used to
plot the scatter diagram earlier on.)

Contestant X Y
1 2 2
2 3 5
3 2 4
4 5 6
5 5 3
6 3 3
7 7 5
8 4 4
9 6 5

10 8 7
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X Y X? Y? XY
2 2 4 4
3 5 25 15
2 4 4 16 8
5 6 25 36 30
5 3 25 9 15
3 3 9 9 9
7 5 49 25 35
4 4 16 16 16
6 5 36 25 30
8 7 64 49 56
>X =45 SY =44 X =241 YY? =214 XY =218

Now that you have completed the table, it is simply a matter of substituting figures for the
notations.

NIXY — IX3Y
JINZXZ2 — (ZX)Z][NZY2 — (ZY)3?]

r =

10(218) — (45)(44)
~ JT10(24) — (45)2][10(214) — (44)7]

2180 — 1980
J[2410 — 2025][2140 — 1936]

200
V78540

B 200
"~ 280,24988

= 0,71365

=0,71
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A correlation coefficient can only have a value between -1 and 1.

So if you get an answer either smaller than (<) -1 or bigger than (>)
1, check your computations! You have definitely miscalculated
somewhere!

F.3

Now try the following exercise yourself:

1. Is there a relationship between the scores the contestants received for the preparation
activities and their performance before the judges at the end of the first week?

Contestants Preparation Performance scores
activities %
X
1 38 35
2 24 32
3 32 26
4 31 34
5 26 34
6 28 30
7 31 28
8 37 33
9 34 37
10 35 38
N =10 2X =316 Y =327

In order to answer the research question above, calculate the product-moment
correlation coefficient for the above data.
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2.  What is the relationship between the contestants’ scores for the interviewing skills
course and the scores for the fans and media handling course?

Contestants Scores for interview skills  Scores for fans and media
course handling course
1 8 8
2 4 4
3 4 5
4 5 7
5 6 4
6 6 4
7 6 6
8 6 8
9 7 6
10 7 5
N =10 2X =59 2Y =57

Calculate the product-moment correlation coefficient for these data.

Remember, you need to start completing the table by doing all the summation notations.
This makes things easier for you when you come to do all the computations later on. Just
substitute the values in this summation table in the different formulas. Make sure you work
accurately and double-check all your calculations to make sure they are correct.

1. 033
2. 042

What do these answers reveal about the relationships between these variables? Reporting a
relationship of 0,33 between preparation activities and performance does not mean much.
Therefore, we need to interpret the correlation coefficient.

Interpretation of the correlation coefficient

We will discuss four ways of interpreting correlation coefficients:

e nature
e strength
e deduction

e common variance
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Nature

In terms of the nature of a correlation coefficient we can say that a correlation is either
negative or positive:

e positive (0,00 to 1,00)
or

e negative (-1,00 to 0,00)

You determine the nature, that is, whether it is positive of negative, by looking at your answer.
If you obtain a positive answer, the relationship is a positive one and vice versa. But what
does a positive or a negative relationship mean?

In the words of Tredoux and Durrheim (2013) in their explanation on page 184 of the
textbook:

An r of -1 means a perfect negative correlation (a perfect inverse relationship, where,
as the value of X rises, so the value of Y falls) and an r of +1 means a perfect positive
correlation (where the value of X and Y rise or fall together).

You can also determine the nature of a correlation by looking at the scatter diagram of the
two variables. If your data set stretches from the bottom left-hand corner to the top right-hand
corner, then it is a positive relationship (as X increases, the values of Y increase as well). If
your data set stretches from the top left-hand corner to the bottom right-hand corner, it is a
negative relationship (as X increases, the values of Y decrease). You can see graphical
representations of these relationships in Figures 10.4 and 10.5 on page 172 of Tredoux and
Durrheim (2013).

Examples of a positive correlation:

o Generally speaking. The more slices of bread a person eats for lunch every day, the
greater the person’s weight will be. This is a positive correlation, because an increase in
one variable (number of slices of bread) correlates with an increase in the other variable
(weight).

e In a job context. The more years of training a person has received, the higher the
person’s salary.

Examples of a negative correlation:

e Generally speaking. The heavier the load that a vehicle carries, the fewer kilometres it
will drive on a tank of petrol. This is a negative correlation because an increase in one
variable (weight of the vehicle) correlates with a decrease in the other variable (number
of kilometres per tank).

e In a job context. The more workdays factory staff are absent, the lower the output of the
factory.
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Look at the scatter diagram that you completed earlier in this learning unit. Does this scatter
diagram illustrate a positive or a negative relationship?

Strength
The strength of a relationship is slightly harder to interpret.

The correlation coefficient is a point on a scale from -1 to 1. An r of 0 means zero correlation,
which means there is no relationship between X and Y. The closer it is to either of these two
figures, the stronger the correlation between the variables.

Here is a scale for interpreting a correlation coefficient. Let's call it the correlation
interpretation scale. You must be able to use it to interpret correlation coefficients.
¢ weak (0,00 to 0,39)
or
¢ moderate (0,40 to 0,79)
or

e strong (0,80 to 1,00)

An illustration of a weak correlation is given in Figure 10.7 on page 172 of Tredoux and
Durrheim (2013).

Interpret the following correlation coefficients:

-0,95
0,35
0,82

-0,70
2,48
0,0

2 o e
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strong negative correlation

weak positive correlation

strong positive correlation

moderate negative correlation

impossible correlation. This value indicates a miscalculation or a printing error! (See the
previous hint.)

no correlation

aprwbd e

o

In summary: you have now learnt about two aspects of correlation: its nature and its
strength.

e The nature of the correlation (positive or negative) is determined by the direction of the
line.

e The strength of the correlation is determined by the concentration of points: the closer
they are to a straight line, the stronger the correlation.

Deduction

You should also be able to use the correlation coefficient to make deductions about the two
variables whose correlation you have computed.

Let’'s say the correlation between measures of job satisfaction and quality of working life is
0,68, which is a moderately positive correlation (according to the correlation interpretation
scale). The deduction would be that people who experience a high degree of job satisfaction
also experience a high quality of working life.

Common Variance

We want to introduce you to the r? interpretation of correlation at this stage (you will learn
about it again in learning unit 9). This is the proportion of variance in X-scores that is
attributable to variance in Y-scores, that is to say, the shared or common variance between X
and Y. Hence

r’: proportion of common variance, calculated by squaring the correlation coefficient (r).
r’ x 100: percentage of common variance r°,

NOTE: Only r* can be converted to a percentage, not r.

A correlation (r) cannot be expressed directly as a percentage.
It is completely wrong to say that a correlation of, for example,
0,75 indicates a correlation of 75% between X and Y.
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F.6

Work through the section under the heading "Correlation coefficients cannot be directly
compared" on pages 191 to 192 in Tredoux and Durrheim (2013).

The following figure is a graphic representation of a number of values of r, r* and r? x 100:

Correlation as common variance

r = 0,00 r = 0,60

r2 =0,00 r2 =0,36

r2x 100 = 0% r2x 100 = 36%

r =0,20 r = 0,80
2 —

r =004 r2 = 0,64

r2x 100 =4% r2x 100 = 64%

r =0,40 r =1,00
r2 =0,16 r2 =1,00
r2x 100 =16% r2x 100 =100%

The above discussion on the nature, strength, deduction and common variance of correlation
explains how to interpret a correlation coefficient. It is essential to make sure your
interpretation of a correlation coefficient is meaningful. In this regard, there are ways in which
the correlation coefficient should NOT be understood or interpreted. We have already
mentioned that a correlation coefficient should not be calculated as a percentage value
directly. Other aspects that should be taken into account are the following:

e Correlations refer to linear relations between two variables.

A linear relation entails that the relationship between the two variables can be shown as a
straight line on a scatter diagram. If the data points of two variables fall into a different pattern
other than a straight line on a scatter diagram, we refer to it as a nonlinear relation. This is
illustrated in Figure 10.8 on page 172 of Tredoux and Durrheim (2013). Also review the
section on page 191 in Tredoux and Durrheim (2013) that explains this further.

e Correlation coefficients should not be averaged.

Review the explanation of this in the section on page 191 in Tredoux and Durrheim (2013).
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e Correlation and causality

Correlation does not imply a cause—effect relation between variables. Note this and
remember it when you have to interpret correlation coefficients. Avoid using words like

“cause”, “influence” and “lead to”.

If r = 0,85 for scores on an assignment and an examination, it means simply that high scores
on one are associated with high scores on the other (or low scores on one are associated
with low scores on the other). It does not mean that good marks in the examination are
caused by good marks in the assignment! (In practical terms, do not think that because you
obtained a good mark for an assignment that you do not have to study for the examination!)
Review the section on page 190 in Tredoux and Durrheim (2013) where they discuss cause
and effect.

Fill in the missing words:

A positive correlation between motivation and productivity means that workers with high
scores on a measure of motivation have .......... scores on a productivity measure, or that
.......... scores on one are associated with low scores on the other. It does not mean that high
Productivity is .........ccccee.... by high worker motivation.

high low caused

Intercorrelation matrices

Do not let this term scare you! In assignments and in the examination we usually ask you to
compute the correlation coefficient between two variables only. However, in research projects
one usually has many variables in a data set and one needs to determine the correlations
between all of them (two at a time). In such cases statistical analysis software usually
presents the answers in the form of a matrix.
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Look at the intercorrelation matrix below and write down the correlations between the relevant
variables:

Variable Overall Teach Exam Knowledge Grade Enrol

Overall 1,0000 0,8039 0,5956 0,6818 0,3008  -0,2396
Teach 0,8039 1,0000 0,7197 0,5263 0,4691  -0,4511
Exam 0,5956 0,7197 1,0000 0,4515 0,6100 -0,5581
Knowledge 0,6818 0,5263 0,4515 1,0000 0,2242  -0,1279
Grade 0,3008 0,4691 0,6100 0,2242 1,0000 -0,3371
Enrol -0,2396 -0,4511 -0,5581 -0,1279 -0,3371 1,0000

Source: Howell (2004)

Overall and Knowledge:
Exam and Teach:

Exam and Grade:
Knowledge and Knowledge:
Teach and Enrol:

Grade and Exam:

ok whE
- = = = = =

= 0,68
= 0,72
= 061
= 1,00 (Remember? A variable's correlation with itself is always 1,00, which
indicates a perfect positive correlation.)
r = 045
= 0,61 (This answer obviously has to be the same as the answer to Question 3
because it does not matter in which sequence the variables are mentioned.)

PoDdPE
-~ = = =

oo
-
[

Factors that may influence correlations
There are many factors that influence correlation. These factors include the following:

e outliers in a data set
¢ the homogeneity of the population

e restrictions in the range of variables

Review these factors on page 185 and pages 192 to 195 in Tredoux and Durrheim (2013).
Make sure you understand these factors well enough to explain them briefly.

Another type of correlation

It is important to know that correlations can also be computed when you have interval data
which has been transformed into a set of figures in rank order, or even if they are only
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available in rank order. (Do you still remember the ordinal scale of measurement in learning
unit 2?) The Spearman coefficient can be used in such a case. You need merely note what is
said about this on pages 186 to 187 in Tredoux and Durrheim (2013) — you need not be able
to do these computations.

Work through Boxes 11.1 and 11.2 on pages 188 and 189 in
Tredoux and Durrheim (2013).

Make sure you can identify the correlation coefficient (r) on
the printouts. Also, remember that only correlations with a

significance value (p-value) of less than 0,05 or 0,01 are statistically significant. Therefore,
one should always look for the p-value (significance value) on the printouts as well.

Time for a spot of revision! Work through the “Summary” on page 198 in Tredoux and
Durrheim (2013) for a revision of the most important aspects of correlation.

1.

11
1.2
1.3

Interpret the correlation coefficient for the following:

0,71 (internet interaction and voting)
0,33 (preparation activities and performance)
0,42 (interview skills course and fans and media-handling course)

2. What is your deduction regarding the relationship between the variables?

2.1
2.2
2.3

3.1
3.2
3.3
2.1
2.2

2.3

Internet interaction and voting
Preparation activities and performance
Interview skills course and fans and media-handling course

Exercise 2 of Tredoux and Durrheim on page 199.

Strong positive correlation
Weak positive correlation
Moderate positive correlation

The greater the internet interaction with contestants, the more likely the contestants are
to get more votes.

The greater the contestants’ score during their preparation activities; the better their
chances of obtaining a higher score for their performance, but only to a slight extent.

As the scores for the interviewing skills course increase, so too will the scores for fans
and media handling increase, but only moderately.

Remember that the correlation coefficient cannot be directly calculated as a percentage
value. Only r* (common variance shared by the two variables) can be interpreted in terms
of a percentage value. This will give you the key to completing the exercise. In other
words, if you divide the percentage value in the right-hand column by 100, you will get
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the answer for r’. You then simply take the square root of r* to provide you with the
answer of r in the left-hand column. In order to complete the right-hand column, take the
value of r provided in the left-hand column, square the value to get the value of r* and
then multiply this answer by 100 to get to the percentage value. When you have done
that, your completed table should look like this:

Correlation Variance shared by

coefficient two variables
1,0 100%
0,85 72%
0,82 68%
0,79 62%
0,63 40%
0,50 25%
0,45 20%
0,36 13%
0,22 5%
0,19 3,6%
0 0%

Having completed this learning unit you should be able to

e define the concept of correlation
e plot a scatter diagram and interpret it in terms of the
correlation between variables

e compute Pearson’s product-moment correlation coefficient
e interpret a correlation coefficient in terms of

strength (using the correlation interpretation scale)
nature (using the correlation interpretation scale)
deductions that can be made

proportion and percentage of common variance

e read the correlation between two specific variables from a
correlation matrix

e understand the factors that influence correlation

o briefly define one other type of correlation — Spearman’s
coefficient

e identify and interpret the correlation coefficient on a
computer printout
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LEARNING UNIT 8: Regression

Let us take a look at the term “regression”. In ordinary speech the word has the negative
meaning of decline or deterioration. For example, we might say that a person is regressing
when her or his physical condition gets worse. In statistics the term “regression” has quite a
different meaning.

What is regression?

Statistically, regression is used to make predictions on the basis of information that one has
obtained. The assumption is that there is a relationship between variables. One traces
previous relations that have been empirically established in order to make predictions about
similar data.

The fact that we use terms like relations or relationships in explaining what the term
“regression” entails should be an indication to you that regression is closely related to and is
also based on correlation.

Prediction is the other key term that can be identified from this explanation of regression. We
use regression analysis to predict a variable based on the calculated relationship with another

variable.

Many things in everyday life are related in a particular way and data on such variables can be
used to make predictions by means of regression.

g1

Work through pages 160 to 162 in Tredoux and Durrheim (2013), where the authors briefly
review the aspect of correlation and also start relating correlation to regression analysis.
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For the computations on regression we shall use the same data set of scores on an internet
interaction website and voting scores that was used in the previous learning unit on
correlation.

For your convenience we reproduce the table below:

Contestants X Y X2 Y? XY
1 2 2 4 4 4
2 3 5 25 15
3 2 4 4 16 8
4 5 6 25 36 30
5 5 3 25 9 15
6 3 3 9 9 9
7 7 5 49 25 35
8 4 4 16 16 16
9 6 5 36 25 30
10 8 7 64 49 56
N=10 IX=45 3Y=44 IX?=241  XY?=214  xXY=218

Mean of the X values: X =45
Mean of the Y values: Y =4,4

In learning unit 7 you plotted the X and Y values on a scatter diagram. The same scatter
diagram has been generated by computer and is reproduced below.

Voting score

1 L i i i i i i i

1 2 3 4 5 6 7 8 9

Internet interaction score
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The regression line

Use a ruler and draw a light dotted line in pencil through the points in the scatter diagram.
Draw the line in such a way that it gives the most accurate indication possible of the spread of
the points. Now read through the section “The best fitting line” on pages 162 to 163 in
Tredoux and Durrheim (2013).

At its simplest level the correlation between two data sets is represented by a straight line.
This straight line merely approximates the data it represents; it can never pass exactly
through every value unless the correlation is perfect. This regression line is therefore what
allows us to make predictions.

In the above activity, you estimated where the best fitting line would fall in the scatter
diagram. However, the position of this line can be calculated scientifically to make sure that
our predictions are as accurate as possible. In order to calculate the position of the regression
line, we use the regression equation.

The regression equation

The formula for the regression line, that is, the regression equation, takes the general form
for straight lines, which is as follows:

~

Y = bX+a
where ¥ = the predicted Y value (value on Y axis)
b = the slope of the line
a = the Y intercept (point where the line intersects the Y axis)
X = the predictor variable (value on X axis)

Read the discussion of the regression coefficient on pages 163 to 164 in Tredoux and
Durrheim (2013). Note that their formula for the regression line looks slightly different in the
sense that a comes first in their formula. This is simply a matter of preference. You can
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regard the formula presented in this study material as the correct one to use in your
assignments and examination.

Computing the values in the regression equation

If you take another look at the regression equation above you will see there is one variable
(Y) on the left-hand side and three variables (b, a and X) on the right-hand side. There is a
formula for computing the values of a and b using the original data set (see the table of
values above).

If a specific value of X is given and the a and b values have already been computed, the
corresponding Y value can also be computed.

The formula for the b value, which gives the slope of the regression line, is given first. If the
computed b value is positive, it indicates a regression line with a positive slope. This line will
run from bottom left to top right. If the computed b value is negative, it indicates a regression
line with a negative slope. This line will run from top left to bottom right. The formula for
computing the b value is

_ NIXY — (ZX)(ZY)
© NIX?2 — (ZX)2

Earlier in this learning unit we provided a table with values. These X and Y values are now
used to compute the values in the regression equation. The table provides all the information
needed to compute the two values.

Use the values in the table and compute the b value, using the formula given above.
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The correct computation for the b value should look like this:

. NZXY — (EX)(ZY)
~ NIX?2 — (ZX)2

10(218) — (45)(44)
= 10(241) — (45)?

2180 — 1980

= 2410 - 2025
200

= 385

= 0,51948

= 0,52

We have now computed the b value in the regression equation ¥ = bX + a and we know that
it represents the slope of the line. The a value in the regression equation gives the Y
intercept, that is, the point where the straight line intersects the Y axis. On the Y-axis all X-
values are equal to 0. So the a value (Y intercept) is the Y value when X equals zero. The
formula for the a value is

a=Y - bX

Y- is the mean of the Y values and X is the mean of the X values given immediately below
the table of data earlier in this learning unit.

Now use the b value that you have computed, together with the means of the X and Y values,
to compute the a value.

a=Y—- bX

=()-C )C)

You have now computed both the b and the a values. Write them down below.

b =
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a=Y - bX
= 4,4 - 0,52 (4,5)
= 4,4 - 0,52 (4,5)

=44 — 2,34
= 2,06

b =0,52

a =2,06

The regression equation for this data set is therefore

Y=bX+a

= 0,52X + 2,06

Computation of values by means of the regression equation

Once we have computed the b and a values of the regression equation for a data set, we can
use the regression equation to make predictions about new data. The regression equation
gives us the relation between the X and Y values, which is represented by a straight-line
formula. We can now compute the Y value corresponding with any new X value by means of
the regression equation, because we have assumed, on the basis of the original data, that all
X and Y values are related according to the same pattern (formula).

Work through the example under the heading “Making predictions” on page 167 in Tredoux
and Durrheim (2013).

Now use the regression equation that you computed above to compute the Y value (voting
score) that corresponds to each of the following X values (internet interaction scores).

Compute the voting score for someone who scored 1 on the internet interaction.

For X = 1: Y=bX+a

( YO+ )
Now compute the anticipated voting score of someone who scored 10 on the internet
interaction.
For X = 10: Y =bX+a
=( )+ )
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For an X value of 10 the corresponding Y value equals 7,26. This means that the pair of
numbers (10; 7,26) will also fall on the regression line.

Remember that once the b and a value have been computed, the regression equation refers
to a specific straight line. Any point (ordered pair of numbers) computed by means of the
equation will be on this line.

It is fairly simple to compute the Y value that corresponds to a given X value by using the
regression equation and substituting the known values. Use the regression equation to
calculate the corresponding Y-value if the X-value is known. The pair of numbers (X; Y)
obtained in this way (by means of: ¥ = bX + a) will always lie on the specific straight line.

For interest’s sake: The coordinate (X; Y) will always lie on the
regression line. By computing the means of the two sets of
values you can already obtain one coordinate which lies on the
regression line.

Two ways of drawing the graph of the regression line

A straight line is characterised by the point at which it intersects the Y axis and the slope of
the line. Any straight line can be drawn in one of two ways. We will show you two ways of
drawing the same straight line.

Method 1:

¢ Here we make use of the fact that any two points that lie on a straight line can be
connected to draw the line.

e Use the same X values (X = 1 and X = 10) that you used in the previous activity to
compute the corresponding Y values. The two pairs of numbers (1; 2,58) and (10; 7,26)
will both lie on the regression line with the regression equation:

Y =0,52X + 2,06

e Use a coloured pen and plot the two points on the scatter diagram that you used earlier
on. Join the two points to form a straight line.
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Method 2:

120

Here we draw the regression line by using the Y intercept (a) of the regression equation
Y=bX+a and any other pair of numbers that will lie on the regression line. The
regression line we are working with is still

Y =0,52X + 2,06

The Y intercept therefore equals 2,06, which means that the line will intersect the Y axis
at the Y value which equals 2,06. (You obtain this Y value when you substitute X = 0 in
the regression equation. On the Y axis X = 0.)

— Now use a differently coloured pen from the one used for method 1 and mark the
value 2,06 on the Y axis. Also mark the pair of numbers representing the two mean
values (X;Y), that is, (4,5; 4,4). (You could also have used any other pair of
numbers on the same line, which you obtained by using the same formula.) Draw a
line through the two points.

When you draw the line according to method 1 by connecting the two points, using a
ruler, you obtain the regression line which graphically represents the formula that you
computed.

If you use method 2 and connect the Y intercept and, for example, the coordinate (X; Y),
you will find that you are still drawing the same line. The new line should coincide exactly
with the first one (provided you have worked accurately and neatly).
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Your graph should look like the one below.

7 — ®(10:7.26)

Voting score

#4544

®7(1;2.58)
L ]
2 a=206

0 1 2 3 4 5 6 7 8 9 10 11

Internet Interaction

Remember to indicate the following information on your graph:

e the names of the variables on the X-axis and Y-axis of the graph, for example X-axis:
internet interaction score and Y-axis: Voting score

 the regression line equation for example, ¥ = 0,52.X + 2,06

e the intercept for example, a = 2,06

e all computed pairs of numbers (X; Y ) e.g. (1; 2,58) and (10; 7,26) and/or the pair of
numbers of the mean values (X; Y) for example, (4,5; 4,4)

Accuracy of prediction

Read the section on the standard error of estimate on pages 168 to 170 in Tredoux and
Durrheim (2013). You need not do any computations in this section, but you must be able to
define the term “accuracy of prediction” or “standard error of estimate”.
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Regression and causality

Work through the section on “A common difficulty with predictions based on regression
models” on page 171 in Tredoux and Durrheim (2013), where it is explained that great
caution should be exercised when making causal inferences from regression analyses.

We will continue with the same data sets of scores as you worked with in learning unit 7. The
complete summation tables are provided:

1.  You would like to predict the contestants’ performance scores.

1.1 Calculate the slope.

1.2 Calculate the intercept.

1.3 Calculate the performance score for contestants with preparation scores of 25
and 30 respectively.

1.4 Give a graphical representation of the regression line by indicating the intercept
(as calculated in (1.2)) and the predicted values (as calculated in (1.3)) on this
regression line.

Contestants Preparation Performance
activities scores

X Y X Y? XY
1 38 35 1444 1225 1330
2 24 32 576 1024 768
3 32 26 1024 676 832
4 31 34 961 1156 1054
5 26 34 676 1156 884
6 28 30 784 900 840
7 31 28 961 784 868
8 37 33 1369 1089 1221
9 34 37 1156 1369 1258
10 35 38 1225 1444 1330

N =10 IX =316 IY =327 IX?=10176 EY?=10823 EIXY =10385
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XY = (316)(327) = 103332
(ZX)? = (316)? = 99856
(ZY)? = (327) = 106929
X = 316/10 = 31,6
Y = 327/10 = 327

You would like to predict the contestants’ scores for handling the fans and the media.

2.1 Calculate the slope.

2.2 Calculate the intercept.

2.3 Calculate the handling of fans and media scores for contestants who obtained
scores of 3 and 9 for the interview skills course.

2.4 Give a graphical representation of the regression line by indicating the intercept
(as calculated in [2.21]) and the predicted values (as calculated in [2.31]) on this
regression line.

Contestants Interview Fans and

skills media
course handling
X Y X? Y? XY
1 8 8 64 64 64
2 4 4 16 16 16
3 4 5 16 25 20
4 5 7 25 49 35
5 6 4 36 16 24
6 6 4 36 16 24
7 6 6 36 36 36
8 6 8 36 64 48
9 7 6 49 36 42
10 7 5 49 25 35
N=10 IX=59 TY=57 TX°=363 TVY?=347 IXY=344
IXTY = (59) (57) = 3363
(ZX)? = (59)? = 3481
(ZY)? = (57)? = 3249
X = 59/10 =59
Y =57/10 =57
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If you have done your calculations correctly, your answers should be:

1.1 0,24
1.2 24,92
1.3 [25:30,91] &[30; 32]

14
g
2
9
2
o
=
S
" 15 +
&
10
5 -
0 T T T T I T T I
5 10 15 20 25 30 35 40
Preparation activities scores
21 0,52
2.2 2,63

2.3 (3;4,19)&(9;7,31)
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1 2 3 4 5 6 7 8 9 10

Scores for interview skills course

Work through Box 10.1 and Box 10.2 on pages 175 to 178 in
Tredoux and Durrheim (2013). Note where the slope (b value)
and the intercept (a value) are shown on the output. Note that
when doing a regression analysis you are also given the
correlation (r).

Having completed this learning unit you should be able to

e explain what regression is and how it is used

e identify and use the general regression equation

¢ know the formula for the b value and compute the b value

e know the formula for the a value and compute the a value

e use given X values to compute the corresponding Y values
by substituting them in the equation

e graphically represent the regression line

e explain the term “standard error of estimate” in the context
of regression analysis
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New Stars ... the success of the show so far

'NEW STARS

The New Stars show has drawn even more media attention than was initially expected. The
number of viewers has exceeded all projections and even the social networking site has more
than 10 000 hits per day since the launch of the show! After the first two weeks of the show,
Vuyo K has been voted the most competitive contestant by her fellow contestants. Although
she performed really well in the preparation activities and received relatively high scores from
the judges, she is not all that popular with the viewers, however. And the viewers’ votes do
count! The biggest disappointment of the show so far has been Sasha’s withdrawal. She was
one of the most popular contestants on the social networking site, but decided after the first
week that her studies at Unisa should take precedence over her aspirations for a performing
career. Angie Motseneka was the first judge to be voted off. The voting was unanimous from
both viewers and contestants!

Part of the reason for the hype created in the media has been the fact that various
stakeholders from society have raised the following concerns: What does this show reveal
about the state of our society at large? What do the contestants reveal about the aspirations
of our youth in South Africa? Inferential statistics can help us answer some of these
questions. Inferential statistics make use of samples in order to make inferences about
populations. The next few learning units will cover a number of themes in inferential statistics.
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Learning unit 9 provides a basic introduction to the concept of probability. This is the
principle that underlies inferential statistics and will form the basis for a number of other
statistical techniques as well.

Learning unit 10 explains the standard normal distribution. This distribution is a means of
determining where an individual score falls in relation to a group of other individual scores.
This can help the New Stars research team to answer questions such as: What is the number
of applicants that score higher than the average extraversion score for the larger population in
South Africa?

Learning unit 11 provides an introduction to hypothesis testing. The research team for New
Stars might have a number of expectations (hypotheses) regarding the interactions and
outcomes of the show. However, this needs to be proven scientifically. This is the process of
hypothesis testing.

Learning unit 12 explains hypothesis testing where two groups are involved. For example, a
comparison can be drawn between males and females or older and younger viewers or
potential contestants of the New Stars show.

Learning unit 13 describes hypothesis testing where more than two groups are involved. For
instance, one may be interested in knowing the difference between the contestants’ attitudes
before, during and after the show.

Learning unit 14 deals with hypothesis testing applied to categorical data (see learning unit 2
for a description of categorical data). For instance, divide the group of contestants into low,
medium and high performers and then identify differences between these three categories in
terms of their flexibility.

Learning unit 15 discusses the concept of power. Power is a tool that can be used to
determine the degree of accuracy of research findings. Since the New Stars show might be
somewhat controversial and receives a lot of media attention, one would like to be sure about
the conclusions drawn by the researchers.
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LEARNING UNIT 9: Basic concepts of probability

Probability is not a foreign concept in our everyday life. Probability has a lot to do with
chance. A typical example of chance is when we toss a coin to decide which team should bat
first in a cricket match. Theoretically there are two possibilities: heads or tails. The two
outcomes are equally possible and each has a chance or probability of one out of two (¥2; 0,5;
or 50%) of happening.

Apart from the everyday use of the concept of probability, it is also widely used and applicable
in statistical calculations. In learning unit 10 you will learn about the normal distribution. Read
through the last paragraph of page 84 and the first paragraph on page 85 in Tredoux and
Durrheim (2013), where they explain how probability relates to the normal distribution. In
learning unit 15 you will learn about the concept of power. A definition of power provided in
learning unit 15 is that it is the probability of deciding correctly to reject a false null hypothesis.
The definition contains many concepts that might be unfamiliar to you at this stage, such as
“reject” and “false null hypothesis”. You do not need to worry about these concepts now.
What you do need to note, however, is that the word “probability” is used in the definition of
power.

These are just some of the areas in statistics where probability plays a crucial role.
Therefore, in order to understand a wide variety of other statistical calculations, you first need
to have a basic understanding of the concept of probability.

There is no simple definition for the concept of probability. It is at times expressed in terms of
the number of favourable instances as opposed to the total number of equally possible
instances. In the case of a coin toss, the probability of a specific outcome is one out of two; in
the case of throwing a dice it is one out of six (0,17 or 17%). Tredoux and Durrheim (2013)
provide a definition on page 74 that describes probability as the number of “successes”
divided by the total number of events”.
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9.1

Study Tredoux and Durrheim (2013) from page 70 to the top of page 74. This section
provides a basic introduction to probability and includes some applications in terms of
frequency and games of chance.

Assuming that you now understand the concept of probability, we can introduce you to simple
calculations of probability.

9.2

Work through the section under the heading of “The multiplication and addition rules of
probability” on pages 74 to 76 in Tredoux and Durrheim (2013).

Your ability to correctly calculate probability will depend directly on how well you understand a
few terms and rules to be applied in doing these calculations. These are discussed in this
section of Tredoux and Durrheim (2013).

1. Test your understanding by explaining the following terms and giving an example of
each.

¢ independent event
o mutually exclusive
e exhaustiveness

2. When do we use each of the following laws?

¢ probability law of disjunctions (additive law)
probability law of conjunctions (multiplicative law)

1.
e Independent event. When the occurrence of an event has no effect on the
probability of the occurrence of another.
e Mutually exclusive: When the occurrence of one event precludes the occurrence of
another.
e Exhaustiveness: A set of events representing all possible outcomes.
2.

o Law of disjunctions (Additive law): When events are mutually exclusive.
e Law of conjunctions (Multiplicative law): When events are independent.
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Discrete and continuous variables

In learning unit 2 we made a distinction between discrete and continuous variables. You will
find that the nature of variables also plays a role in probability theory. A continuous variable,
like height, can assume intermediate values; discrete variables, like the number of children in
a family, can assume only fixed values.

So the distribution curve of a continuous variable will reflect intervals. One would speak of the
chance that a variable will fall into a particular interval, rather than the chance that it will
assume a particular value.

9.3

Study the section on pages 79 to 82 of Tredoux and Durrheim (2013) where they discuss the
binomial distribution. The binomial distribution represents the distribution for discrete
variables. Also read the section on pages 83 to 85 where Tredoux and Durrheim (2013)
discuss the normal distribution, which is the distribution for continuous variables.

To sum up this learning unit, answer the following question:

1. The social networking facility on the New Stars website has launched a competition.
Viewers are invited to guess which contestant is currently studying Industrial
Psychology. Fortunately, you and your friend have picked this up in an interview with
some of the contestants in the media and know that it is Sasha. You are therefore
pretty sure of your answer. The winner of the competition could win R5 000 worth of
DVDs and CDs and the second prize is R1 000 worth of CDs. Your friend has sent in 35
entries, while you have sent in 30. You have just read that 200 entries qualified.

1.1 What is the probability that your friend will win first prize?

1.2 Given that you did not win first prize, what is the probability that you will win
second prize? (The entry of the person winning the first prize is not put back in the
hopper.)

1.3 What is the probability that the two of you will win first and second prize?

1.1 p(friend) = 35/200
0,175
= 0,18
1.2 p(self) = 30/199
= 0,15
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1.3  Step 1: Probability that you win first prize and your friend second prize

p (friend) x p (self) (35/200) x (30/199)
(0,175) (0,15)
0,026

0,03

Step 2: Probability that your friend wins first prize and you second prize

(30/200) x (35/199)
= (0,15) (0,176)

= 0,026

= 0,03

p (friend) x p (self)

Step 3: Therefore the answer is 0,03 + 0,03 = 0,06
Having completed this learning unit you should be able to

o define the basic terms and laws of probability

e distinguish between discrete and continuous variables

e compute probability as in the exercise presented in this
learning unit
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LEARNING UNIT 10: The normal distribution

As researchers we can investigate numerous variables that occur in our daily lives. The
height of a person is one such example. Let's for a moment consider height as a variable.
Very few people are exceptionally short and just as few are exceptionally tall. Most people are
of average height. We can say the same about many other human attributes. If we were
required to graphically illustrate the height distribution (where only a few people are
exceptionally short, most people are of average height and only a few are exceptionally tall),
the distribution would look like the graph below.

This distribution is called the normal distribution. Think of the bell-shaped normal distribution
as a continuous frequency distribution. If data are distributed in this normal form, it means
that a few individuals possess very little of the particular attribute, and just as few possess a
lot of the attribute. Most individuals possess an average amount of it. The normal distribution
is basic to the use of many of the statistical techniques that you will be learning about in this
module.

Normal distributions have the following characteristics, some of which have already
been mentioned in learning unit 4:

e Bell shape: A normal distribution assumes a clearly identifiable bell shape with one
distinct peak, so it is unimodal.

e Symmetry: The figure forms an exact mirror image on either side of the centre line.

e The area or portion below the normal distribution equals 1,00 in decimals or 100% as a
percentage. Since the figure is symmetrical, it means that the area of the left-hand half
occupies 50% (or 0,5) and that of the right-hand half the other 50% (or 0,5).

Many psychological tests assume that the attribute(s) which they measure are normally
distributed. For example, most psychological tests of intelligence are based on the
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assumption that intelligence is normally distributed. That is why norm tables for tests are
drawn up so that individuals’ test performance can be interpreted in relation to that of a norm
group. It is assumed that the attribute is normally distributed in the norm group.

From this you can deduce that we use the normal distribution to determine a relative position
in a distribution, for instance to determine an individual's position relative to others in a normal
distribution.

You will see that this learning unit consists mainly of
activities. Doing these activities will show you how useful
the normal distribution is for practical purposes.

The standard normal distribution

In order to determine an individual’s position relative to others in a normal distribution, we
need to know the mean and variance of the distribution. As you can imagine, the mean and
variance for height as a variable will differ from the mean and variance of weight as a variable
on a normal distribution. It is therefore impossible to know the values of the normal
distribution of each and every variable we want to investigate. So instead of having the
normal distribution scores for each and every variable we want to investigate, statisticians
have developed one standard normal distribution. The values on the standard normal
distribution are displayed as z-scores. Statisticians have also identified a way of transforming
a score of any variable to a z-score so the standard normal distribution can be used to
determine the distribution of a score relative to other scores of any variable we want to
investigate.

10.1

Work through the introduction to Tutorial 6 on pages 90 to 91 of Tredoux and Durrheim
(2013) in order to summarise what you have learnt so far about the normal distribution. Now
read the section on the standard normal distribution on pages 91 to 93 (before using tables of
z-scores).

Tredoux and Durrheim (2013) explain that when we deal with a number of normally
distributed data sets, we can obtain uniformity by converting them to a standard form.

This standard normal distribution has the same characteristics as the normal distribution. and,
in addition to those characteristics, the following can be noted:,

e A standard normal distribution is one with a mean of 0 and a standard deviation of 1.

e The standard normal distribution is defined in terms of standard deviation units which are
called z-scores.
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e These z-scores range from three standard deviations below the mean to three standard
deviations above it.

Whenever you are working with z-scores, make a habit of
drawing a sketch of the normal distribution. Indicate the centre
on it as z = 0. All negative z-scores will lie in the left-hand half
and all positive z-scores in the right-hand half. Your sketch
should look like the graph at the beginning of this learning unit.

In order to be able to use the standard normal distribution, the z-scores are presented in the
form of a table.

10.2

Now work through the section on using the table of z-scores on pages 93 to 97 of Tredoux
and Durrheim (2013). (You need not study Box 6.1 on pages 97 to 98.) Figure 3 on page 93
of Tredoux and Durrheim (2013) represents only a small section of table A1.1 in Appendix 1.
Note, however, that because a normal distribution is symmetrical, only the values for the
positive half are given in the table of z-values. The values for the other half are identical
except that the signs are different. So when a negative z-score is obtained, use the
corresponding positive z-score in the table to read off the relevant proportion.

After working through this section in Tredoux and Durrheim (2013), you should be familiar
with table Al1.1 and should be able to determine proportions related to various z-scores.

As indicated earlier in the learning unit, we are interested in the distribution of various
variables that occur in everyday life, not necessarily in the distribution of z-scores.

Work through the section in Tredoux and Durrheim (2013) from pages 98 to 99 that explains
how the statistical world (the standard normal distribution) can be used to interpret and make
conclusions about the real world (variables that occur in everyday life).

As mentioned earlier, and from this discussion in Tredoux and Durrheim (2013), you can
conclude that the standard normal distribution is very convenient, since any set of normally
distributed scores can be converted to standard scores to enable us to directly compare data
from different sets. The formula for this conversion is
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Once scores have been converted to standard scores (z-scores), one can use the standard
table of z-scores. The conversion does not change the distribution of scores, only the way
they are represented. For example, compare “A” with “a”. Both characters represent the first
letter of the alphabet, but the same information is represented in a different form.

10.4

Study the section on pages 100 to 102 in Tredoux and Durrheim (2013) that explains the
conversion of x-scores to z-scores.

You now know the definition and characteristics of a normal distribution. You have learnt what
the characteristics and use of the standard normal distribution are. And you have also learnt
how to transform scores that occur as normal variables (x-scores) to scores that fit in the
standard normal distribution (z-scores).

Consider the following scenario. One of the characteristics that were measured as part of the
psychometric assessment of the contestants in the New Stars show is “Rule Following”. This
is the degree to which someone would be likely to follow the expected rules and regulations
of society. The researchers who were appointed to investigate various aspects of the New
Stars show want to know if the contestants on the show are likely to score less than the
average that could be expected for individuals in society in general. They decide to compare
the contestants’ scores to the norm group data that they have available. The norm group data
are normally distributed and consist of a group of individuals between 18 and 36 years of age
(N = 1250) with a mean (u) score of 7 and a standard deviation (¢) of 2 on the measurement
of “Rule Following”. The New Stars contestants scored less than 5 on average on “Rule
Following”, while extremely conscientious individuals have been known to score around 10 on
this measurement.

You are asked to help answer the following questions:

(@) Calculate the corresponding z-score for a person with a score of 5 on “Rule
Following”.

(b) Determine the proportion of cases with a score of less than 5 on “Rule Following”.

(c) Determine the percentage of cases with a score of less than 5 on “Rule Following”.

(d) Calculate the corresponding z-score for a person with a score of 10 on “Rule
Following”.

(e) Determine the proportion of cases with a score greater than 10 on “Rule Following”.

(f)  Determine the percentage of cases with a score greater than 10 on “Rule Following”.

(g) Determine the number of cases with a score between 5 and 10 on “Rule Following”.

136



IOP2601/MO001/4/2016

Before you try to answer these questions, work through the following activities. These
activities will equip you to answer the questions.

Opposite each z-score given in the table, three different values are given:

e Meantoz
e Larger portion
e Smaller portion

Remember that the total portion or area below the normal distribution equals 1,00. The area
of the left-hand half below the curve (which represents the negative z-scores) equals 0,5, and
so does the area of the right-hand half below the curve (positive z-scores).

Instructions

Draw a diagram representing a typical
standardised normal distribution and
indicate the portion below the curve as 0,5
for each of the two halves.

Commentary

The diagram is a sketch of a normal curve
with a vertical line through the centre
indicated as z = 0. This sketch serves
merely to represent the two halves of the

area below the curve.

When one wants to know about the portion larger than a given score, one has to look at the
portion to the right of that score’s location. Portion smaller than refers to the portion to the
left of that point. To know where the point will be on the curve one first has to compute the z-
score. Areas can be indicated in five different ways:

o Positive z-score : larger than (to the right of)
e Positive z-score : smaller than (to the left of)
e Negative z-score: larger than (to the right of) “larger portion” in table

¢ Negative z-score: smaller than (to the left of) “smaller portion” in table

e Two z-scores: between the two scores = use “mean to z-values” in table

“smaller portion” in table
“larger portion” in table
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Instructions
Make five sketches of the normal
distribution to represent the five
possibilities mentioned above graphically
(diagrammatically).

Indicate z = +1,5 on the first two figures by
means of a vertical line in the right-hand
half.
Indicate z = -2 on the next two figures by
means of a vertical line in the left-hand
half.

Indicate two z-scores on the fifth diagram:
z = +1,5 in the right- hand half and z = -2,0
in the left- hand half.

Commentary
Remember that a positive z-score is
always to the right of the centre line (z =
0) and a negative z-score to the left of the
centre line (z = 0).

Remember in the rest of the activity that
“larger than” (>) means “to the right of” and
“smaller than” (<) means “to the left of”.

This is how you should represent the different possibilities:

POSITIVE z-SCORE: READING PROPORTIONS

Instructions
First use the first two diagrams (where a
positive z-score of 1,5 is indicated). Write
“larger than” (>) below the first diagram
and “smaller than” (<) below the second.
Colour in the appropriate areas on the two
diagrams.

Now look up the relevant value in table

Al.1 to indicate the specific area in each
diagram as a portion.
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Commentary
Where it says “larger than” (>) you should
colour in the area to the right of the
marked z-score. Where it says “smaller
than” (<) you should colour in the area to
the left of the marked z-score.

In the first diagram [positive z-score and
“larger than” >] you will have coloured in
the smaller portion of the area. In the
second diagram [positive z-score and
“smaller than” <] you will have coloured in
the larger portion of the area.

The smaller portion for a z-score of 1,5
equals 0,06681 (see table Al.1) and the
larger portion for z = 1,5 equals 0,93319.
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Now we show you how to colour in the portions in diagrams 3 and 4 where you were working

with negative z-scores.

NEGATIVE z-SCORE: READING PROPORTIONS

Instructions

Use diagrams 3 and 4 (where a negative z-
score of -2 is indicated). Write “larger than”
(>) below the first diagram and “smaller
than” (<) below the second. Now colour in
the appropriate areas on the two diagrams.

Now look up the relevant value in table
Al.1 to indicate the specific area in each
diagram as a portion.

Commentary

Where it says “larger than” (>) you should
colour in the area to the right of the
marked z-score. Where it says “smaller
than” (<) you should colour in the area to
the left of the marked z-score.

In the third diagram (negative z-score and
“larger than” (>) you will have coloured in
the larger portion of the area. In the fourth
diagram (negative z-score and “smaller
than” (<) you will have coloured in the
smaller portion of the area.

The smaller portion for a z-score of 2,0
equals 0,02275 (see table Al.1) and the
larger portion for z = 2,0 equals 0,97725.

Now let’'s see what happens if you want to look at the area (portion) between two different z-
scores. Here we work with the area smaller than (to the left of) the one value but at the same
time also the area larger than (to the right of) the second value. Again it will become much
clearer if you make a graphic representation. In this part of the activity you use the “mean to
z" column in table A1.1 (although you could work out the same answer using other values).

139



IO0P2601/MO001/4/2016

TWO z-SCORES: PROPORTION BETWEEN TWO SCORES

Instructions

Use diagram 5 of the normal distribution that
you made.

Indicate both z = 1,5 (to the right of z = 0)
and z = -2,0 (to the left of z = 0) on this
diagram. Write -2,0< z < 1,5 below this
figure. Colour in the appropriate areas in the
diagram.

Now look up the relevant value in table Al1.1
to indicate the specific area that you
coloured in the diagram as a portion.

Commentary

You should have coloured in the area
between the two values (smaller than z =
1,5 and larger than z = -2,0).

Here it is simpler to use the “mean to z”
values in the table of z-scores. The area
between the two z -values is represented by
two halves. The left-hand part is the value of
z = -2,0 up to the centre line (z = 0); the
right-hand part is the portion between z = 1,5
and the centre line (z = 0).

The “mean to z” portion for a z-score of -2,0
is 0,47725 (see table A1.1) and the “mean to
z" portion for a z-score of 1,5 is 0,433109.
These two scores have to be summed to
obtain the proportion between the two
scores. (The answer is 0,91044.)

Any proportion can also be expressed as a percentage by multiplying by 100. For example:
0,97725 may be written as 97,72% and 0,02275 as 2,28%.

Once we have computed a portion, we can also compute how many people the portion
represents. This number is obtained by multiplying the portion (or percentage) by the total

number of instances.

NUMBER OF PEOPLE REPRESENTED BY A PROPORTION (OR PERCENTAGE)

Instructions
Compute the number of instances of a total

of 80 which a portion of 0,7653 (or 76,53%)
represents.
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Commentary

Multiply the total number of instances (80) by
the portion (or percentage). This gives an
answer of 61,24, rounded off to 61.

Remember that when you are working with
people the answer is always rounded off to
the nearest figure.
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Do the following steps whenever you work with z-scores:

e Sketch the normal distribution with z = 0 in the middle.

e Compute the z-score (use the formula).

e Plot the computed z-score on your diagram. Remember,
positive z-scores are to the right of z = 0 and negative z-
scores to the left of it.

e Determine whether you should colour in the area to the left of
(<) or to the right of (>) the z-value.

e Read the correct proportion (“larger portion”, “smaller portion”
or “mean to z”) from the table opposite the relevant z-value
and enter them on your diagram.

e Write down the necessary computation and give your final
answer in the appropriate format.

10.5

Now try to answer the questions asked earlier (in Activity 10.4).

Your answers should look like this:

(a) Calculate the corresponding z-score for a person with a score of 5 on “Rule Following”.

(X=5)
X_
z=F
o
_5-7
T2
-2
= ? -3 -2 -1 0 1 2 3
= -1
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(b) Determine the proportion of cases with a score of less than 5 on “Rule Following”.

e Look at the diagram in question (a).

e You have already computed z = -1 in question (a).

e Turnto table A1.1.

e Find z =1 in the table.

e Refer to the graph above, the grey coloured area is what this question is about
and you can no doubt see that this is the smaller portion under this normal
distribution.

e Look nextto z = 1 under the smaller portion in the table and you will see the value
0,15866.

Proportion of cases with a score less than 5 on “Rule Following” = 0,15866
(c) Determine the percentage of cases with a score of less than 5 on “Rule Following”

Proportion (your answer to question b) = 0,15866
Thus the percentage = 15,87%

(d) Calculate the corresponding z-score for a person with a score of 10 on “Rule Following”.

(X = 10)
X_
z=—F
o
_10-7
)
_ 3
2
-3 -2 -1 0 1 2 3
= 1,5
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(e) Determine the proportion of cases with a score greater than 10 on “Rule Following”.
Proportion of cases with a score greater than 10 on “Rule Following” = 0,06681
(f)  Determine the percentage of cases with a score greater than 10 on “Rule Following”.

Proportion (your answer to question e) = 0,06681
Thus the percentage = 6,68%

(e) Determine the number of cases with a score between 5 and 10 on “Rule Following”.

]

Remember that the total area under the standard normal distribution = 1.
Therefore:

1-(0,06681 + 0,15866) = 1-0,22547 = 0,77453

You will get the same answer if you add the two means to z-proportions (0,43319 and
0,34134) in the figure.

N = 1250 (It is given at the beginning of the questions.)

The number of cases = 0,77453 x 1250
= 968,16
= 968 persons

From these calculations it appears that the contestants of the New Stars show fall within the
lowest 15% of individuals in society between the ages of 18 and 36 years regarding the
degree to which they would follow normal rules and regulations. Therefore, it seems they
might be more risk-taking and more likely to challenge the status quo than the average
individual in society in this specific age group.

Instead of only transforming x-scores to z-scores, we can also convert z-scores to x-scores.

Study pages 102 to 103 in Tredoux and Durrheim (2013) and then work through the following
exercise.
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Suppose we have to determine the limits within which 80% of individuals scores will fall if we
know that the mean of the scores equals 45,7 and the standard deviation equals 11,42.

LIMITS OF CONFIDENCE
Instructions

Draw another normal distribution with z =0
in the middle.

Now mark two limits on either side of z =0
and colour in the area between these limits.

Mark the coloured area as equalling 80%
(0,80) with 40% to the left of z = 0 and 40%
to the right of z = 0.

Now find the corresponding z-scores in the
table which will give the areas indicated on
your diagram.

If you do not find the exact value in the table,

use the one that is numerically closest to the
value you are looking for.

The two z-values closest to 0,4000 (40%)
are

z=1,29 (meanto z = 0,40147)

z=1,28 (mean to z = 0,39973)

Since 0,39973 is closer to 0,40, we take z =
1,28 as the correct answer.

Commentary

The 80% is distributed symmetrically around
z = 0, with 40% to the left and 40% to the
rightof z = 0.

The remaining 20% of the area (portion)
below the curve will take the form of two
tails. So this 20% is divided in two, 10% in
the left-hand tail and 10% in the right-hand
tail.

Look for the z-value that gives a “mean to z”
score of 0,4000 (40%) so that the area
between the negative z-score with this value
and the positive z-score with this value will
take up a total area of 80%. (Remember, the
normal distribution is perfectly symmetrical.)

You could also have looked up the z-value
with a “smaller portion” of 0,1000. This would
have given you exactly the same z-values.

To interpret this z-score correctly, refer to the diagram that you drew. We have worked out

that 80% of all scores will fall between z =-1,28 and z

= +1,28. In practice this means that

80% of all values will fall between the following two computed values:

e The mean minus 1,28 multiplied by the standard deviation (indicating the lower limit).
e The mean plus 1,28 multiplied by the standard deviation (indicating the upper limit).

Remember we said that the mean is equal to 45,7 and a standard deviation is equal to 11,42.
So in this specific case 80% of all scores will fall between
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e lower limit: 45,7 - 1,28(11,42)
e upper limit; 45,7 + 1,28(11,42)

45,7 - 14,62
45,7 + 14,62

31,08, and
60,32.

So 80% of the people’s scores will fall between 31,08 and 60,32.

There are two fixed limits that are commonly used and which
you should remember: 95% and 99%. The z-values for 95%
are +1,96 and for 99% they are +2,58.

N
\

Here is a graph depicting the areas under the normal distribution curve:

< 1,00 or 100% >
1 1
] 1
' < 0,9544 or 95,44% > '
1 1

< 0,9974 or 99,74% >
] 1
] ' ]
' 0,6826 or 68,26% ! ' '
. l‘— _»: ] ] f
[} T L ]
\ ' e \\ ' ] ' :
\ . // \ ' . . \
. ] ] ' :
N \\ ] N .
' \ ' ' 1
] N ' [] N
0,3413 0,3413 0,1359 00215 + 00013
34,139 34,139 13,599 2,15% * 0,139
13% 13% S% [ 215% 013%
ViV
-3 -2 -1 0 1 2 3

Go through the worked example in Tredoux and Durrheim (2013) on page 104.

In order to be able to use spreadsheets to do z-calculations,
work through Box 6.2 on pages 104 to 105 in Tredoux and
Durrheim (2013).

Having completed this learning unit you should be able to

e describe the normal distribution

e describe the standard normal distribution and depict it
graphically

e perform linear transformations like computing z values and
reading values from tables

¢ determine limits of confidence for observations
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LEARNING UNIT 11: Sampling distributions and
hypothesis testing

a&*

Don't take fright at the long and, at first glance, complicated title. You probably recognise the
words “sampling” and “distributions”. Let us quickly recap the meaning of these concepts.

Sample

A researcher wanting to determine the average height of all men in South Africa would face
an impossible task. Don’t you agree that it would require far too much money, time and
human resources? One would have to hunt down all men in the most remote corners of the
country and even if one could trace all of them, physically measuring all men is unrealistic.
This is only one example of the practical impossibility of using an entire population. As
explained in learning unit 2, a population is an entire collection of objects or entities — in the
case of the above example the population includes all men in South Africa. Since it is not
always possible to use the entire population or all men, we would use only a subset of the
population. This subset of the population is what we call a sample.

Most of the time, however, we do want to make certain conclusions about an entire
population. If we take the example of determining the average age of all New Stars viewers, it
should be clear that it would be much easier to work with a smaller group (a sample). The
assumption can be made that what is true for the sample is also true for the population. The
average age of the viewers in the sample could then be regarded as the average age of all
New Stars viewers. That is to say, we can generalise the research findings from the sample
to the population. In such a case we would apply certain research techniques to a sample in
order to make inferences (conclusions) about the population. This is what we call inferential
statistics. In other words, we use inferential statistics to generalise research findings from a
sample to a population.

How justified is the use of samples instead of populations?

You may be wondering: how sure we can be that everything that is true of the sample is also
true of the population? In other words, if our study shows that the average age of viewers in
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the sample is 26 years of age, how certain can we be that this is also the age of all New Stars
viewers in the population?

Researchers have come up against this problem, and have solved it effectively. They defined
a population that was not very big and obtained the average of the total population in respect
of an attribute such as height. They then drew several random samples from the same
population and obtained the averages of the attribute in respect of each sample. This
experiment was performed on various populations, and different attributes were measured
each time. The average of all samples never differed too much from the average of the
population. So it is justified to generalise from a sample to a population.

Sampling

Sampling is the process of identifying and grouping a subset of the entire population. Random
sampling means identifying and collecting the sample in such a way that every member of the
population has an equal chance of being in the sample. This is the best method to ensure that
your sample resembles the population as closely as possible. In other words, the sample is
representative of your population.

Distributions

A distribution is a graphical representation of the entire data set. You also learnt about the
standard normal distribution in learning unit 10.

Keep the meaning of these concepts in mind while we describe what sampling distributions
are.

Sampling distributions

/a-\/\r‘ 111

Study pages 108 to 113 in Tredoux and Durrheim (2013) where the terms “populations”,
“random samples”, and “inferences” are reviewed in order to explain what the term “sampling
distribution” means. A definition of sampling distribution is given in the middle of page 112.

The following free-hand diagram represents the concept of a sampling distribution.
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Sampling distribution of a statistic

Population distribution with mean p variance ¢ and

standard deviation o

23
!

Frequency distribution of all possible samples of

size N from the population each with mean X,
variance s® and standard deviation s

meee
N

‘-""'—-_

Sample distribution of the mean with mean ug,

variance 02); (known as variance error of the mean)
and standard deviation oy (known as standard error of the mean)

Hx

As already mentioned, it is almost impossible to compute the
average of a population and we therefore compute the
sample mean, using the notation X. We assume that
everything that applies to X will apply to the population mean,
which is written as u. Since we are interested in what goes on
in the population as a whole rather than just the sample, we
use the u notation in computations rather than X.

Now that you understand the term “sampling distribution”, we can move on to the second
concept in the title of this learning unit, namely hypothesis testing.
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When calculating inferential statistics, we use samples to make inferences about populations.
In the same way, we use sampling distributions to make inferences about population
distributions. Stated differently, we use a sampling distribution to test a hypothesis about a
population mean.

What is a hypothesis?

Most scientific research projects are attempts to test a hypothesis formulated by the
researcher. A hypothesis is actually an idea — an expectation that there is a correlation
between two or more variables. Researchers usually predict the outcome of their
experiments. If the outcome of the study confirms the prediction, it confirms the hypothesis.

Tredoux and Durrheim (2013, p. 128) define a hypothesis as a tentative statement of a
relationship between two variables. They also refer to Neuman’s definition that hypotheses
are educated guesses about how the social world works.

So far we have been talking theory. Let us go back to the example at the beginning of this
learning unit, when we wanted to determine the age of all New Stars viewers. But suppose
that as industrial psychologists we do not want to know just the average age of the viewers
but also whether this figure differs from the average age of the visitors to the website. The
question we are asking ourselves is whether the two groups differ, that is to say, whether the
mean obtained from a viewer sample will differ significantly from the mean for a website
visitors’ sample. So we are posing a research problem, which we can define as a statement,
known as a research hypothesis. This statement or research hypothesis could be the
following: “There is a difference between the age of viewers and website visitors to the New
Stars show”.

Where do hypotheses fit into the research process?

Industrial psychologists cannot simply say that, at face value, website visitors are younger
than TV viewers. They have to go about it scientifically. This is done by testing a hypothesis
such as the one we formulated above. Then they have to follow a process in order to prove or
disprove the statement statistically (scientifically).

The process that needs to be followed is called hypothesis testing. It is defined by Tredoux
and Durrheim (2013, p. 128) as a logical and empirical procedure whereby hypotheses are
formally set up and then subjected to empirical testing. The process of hypothesis testing
entails various steps.
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The nine steps in statistical hypothesis testing

We shall now discuss the nine steps in the process of hypothesis testing
systematically. The steps are as follows:

Formulate a null hypothesis.

Formulate the alternative hypothesis.

Determine whether the test is one-tailed or two-tailed.
Determine the level of significance.

Compute the test statistic.

Determine the degrees of freedom.

Determine the critical value.

Reject or do not reject the null hypothesis.

Interpret the findings.

©oOoNo O~ WNPRE

You will notice that Tredoux and Durrheim (2013) at times use a different number of steps
and in another sequence. However, you should always follow the nine steps provided above
and keep to the sequence in the rest of this module. In that way, it will be easier for you to
familiarise yourself with and remember the steps of hypothesis testing.

As we have said, we shall work through these nine important steps individually to enable us
to make a scientific pronouncement about our research hypothesis. You will come across
many new terms, but it will benefit you to learn them since we shall be using them throughout
learning units 12, 13, and 14.

There is a fixed procedure for hypothesis testing. If you know the concepts and the steps they
will be easy to apply whenever you test a hypothesis. If you understand the steps properly
and know how to follow them, you know the basic process of all research. You will be able to
apply them effectively in studies in Industrial Psychology to solve labour problems. Now let us
go through the nine steps systematically.

Step 1: Formulate the null hypothesis

The null hypothesis is a negative statement about a possible difference between the variables
that we want to study in Industrial Psychology. We state that there is no difference between
whatever we are researching, or that both variables are equally big, tall, heavy, etc.
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Before you can formulate your own null hypothesis you need a little preparation. Turn to page
128 in Tredoux and Durrheim (2013), and revise their explanation of hypothesis testing and
the null hypothesis. Also review the examples of null hypotheses at the top of page 129.
Reread the research question and hypothesis that we posited about the age of viewers and
website visitors of New Stars and try to formulate a null hypothesis in this regard:

A typical null hypothesis on this question would be as follows:
e There is no difference between the age of viewers and the age of website visitors.
We could formulate it differently, as follows:

o TV viewers and website visitors are of equal age.

The two statements say the same thing, don’t they? Did you put it in some other way?
We can also write it down in symbols. Symbolically we would formulate a null hypothesis as

follows, using the symbol Hy for the null hypothesis and u for the mean of the sample
distribution.

Ho: trv = U website OF alternatively pury = puwensie = 0

Here is another complete example for you to work through.

A typical research hypothesis would be the following:
An industrial psychologist wants to determine whether there is a significant difference
between the emotional intelligence scores of applicants to New Stars and contestants

selected to participate in New Stars.

The null hypothesis could be formulated as follows:

e In words: There is no difference between the emotional intelligence scores of
applicants and contestants
or
The emotional intelligence scores of applicants and contestants are
equally good.
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e In symbols: Ho: ua = pc; or
Ho: ua—uc= 0

Can you see how it is done?

Step 2: Formulate the alternative hypothesis
In this section we discuss the formulation of an alternative hypothesis.

The alternative hypothesis is similar to the research hypothesis and the opposite of the null
hypothesis. Unlike the null hypothesis, the alternative hypothesis is not negative but
affirmative, like the research hypothesis; for example, there is a difference between whatever
you are measuring.

A variation on the alternative hypothesis is when the researcher indicates a certain direction,
for example by hypothesising that website visitors are younger than TV viewers, or the other
way round. This is known as a directional hypothesis. So there are three possibilities:

¢ nondirectional: the two variables are not equal (#); there is a difference in age between
TV viewers and website visitors

e directional: one variable is smaller than the other (<); TV viewers are younger than
website visitors

e directional: one variable is larger than the other (>); TV viewers are older than website
visitors

The original definition of the problem implies formulating an alternative hypothesis
directionally, for example the researcher expects TV viewers to be older than website visitors.

/a\/\-l— 11.=2

To summarise what you have just learnt about formulating an alternative hypothesis, study
pages 129 and 130 in Tredoux and Durrheim (2013).

Here is an example of how to formulate an alternative hypothesis, using the same research
hypothesis as before.

The research hypothesis is as follows:

A researcher wants to determine whether there is a significant difference between the
emotional intelligence of applicants and contestants in New Stars.

152



IO0P2601/MO001/4/2016

The alternative hypothesis may be formulated as follows:

e In words: There is a difference between the emotional intelligence scores of applicants
and contestants
or
The emotional intelligence scores of applicants and contestants are not equally good.

e Insymbols: Hi:ua # puc;
or

Hi: pa—puc #0

Can you see how it is done?

Step 3: Determine whether the test is one-tailed or two-tailed

Step 3 is to determine whether we are dealing with a one-tailed or a two-tailed test. Usually
this depends on whether we suspect that one of the variables under investigation is bigger or
smaller than the other, for example that website visitors are younger than TV viewers. That

means that the test is one-tailed (directional). If we are not sure whether they are older or
younger, we use a two-tailed test (nondirectional).

/a\/"‘— .

Do the following exercises:
True False

1. A one-tailed test is nondirectional

2.  Atwo-tailed test is always nondirectional

1. false
2. true

Below are schematic representations of one- and two-tailed tests. The alpha levels refer to
the portion or area of rejection and will be explained as part of step 4.
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One-tailed (directional) test

This is a test which rejects extreme outcomes at only one end of the distribution.

ai/\ A‘Z 0,05
\ i i i i i \ \ i i i i i \
-3 -2 -1 0 1 2 3 3 -2 -1 0 1 2 3

Two-tailed (nondirectional) test

This is a test which rejects extreme outcomes at only one end of the distribution.

al2=0,025 al/2=0,025

Make sure that you know when a test is one-tailed or directional, and when it is two-tailed or
nondirectional. Then do the following exercise:

Identify the following alternative hypotheses as either one- or two-tailed:

Hiipur > po
Hi:pua = s
Hil pa < ps
Hiipa -p2 =0
Hiipa -p2 >0
Hipa -us =0

I A
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one-tailed
two-tailed
one-tailed
two-tailed
one-tailed
two-tailed

o gk whE

The practical exercise you have just completed should enable you to know what a one-tailed
test is and what a two-tailed test is, as well as when to use each type.

Step 4: Determine the level of significance

In this section we look briefly at determining the significance level. This follows from step 3
and the decision on whether to use a one-tailed or a two-tailed test.
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Work through pages 132 to 134 in Tredoux and Durrheim (2013). These pages explain what
the level of significance is and also the kinds of errors that are associated with these
significance levels.

In summary, usually we work with a 5% and/or 1% level of significance. As a student you are
not expected to make this decision, since we shall always tell you which level to use, that is,
with 0,05 or 0,01.

A Type | error means rejecting a null hypothesis when it is true.
A Type Il error means not rejecting a null hypothesis when it is false.

The power of a statistical test refers to the probability of a correct rejection of a false null
hypothesis and you will learn more about this in learning unit 15.

Step 5: Compute the test statistic

Thus far in the module, we have only calculated sample statistics — statistics computed from a
sample and used mainly to describe the sample for the mean (X). A test statistic is the result
of a statistical test. We refer to test statistics when we use some statistical technique to
compare data. In this module (IOP2601), we use only a few test statistics (the t, F or chi-
square tests), mainly when we want to determine whether there is a significant difference
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between sample means. Test statistics in which the mean plays a role can be classified into
two categories: those relating to only two samples (t-test), and those that relate to more than
two samples (F-test). In the case of two samples only, the samples may be either related
(dependent) or unrelated (independent). Lastly, you are also introduced to the testing of
frequencies in one or more groups (chi-square test).

You will note that the tutorial that we refer you to in Tredoux and Durrheim (2013) explains
the z-test. This is not a test statistic that you will need to know for this particular module.
However, the particular tutorial in the textbook is useful for explaining the concepts that we
refer you to in this learning unit, although a different statistical test is used. You can therefore
work through it for an example.

To summarise

e Two samples

— t-test for related samples
— t-test for unrelated samples

e Three (or more) samples

— F-test (one-way analysis of variance)

¢ One or more variables with frequencies

— chi-square test

Do not worry too much about the specific test statistics at this stage. You will learn how to
calculate each of these in the learning units that follow. All you need to know now is that test
statistics (e.g. t, F and chi-square) refer to the answers that you obtain when testing a
hypothesis empirically (statistically) and to where the calculation of the test statistics fit into
the nine steps of hypothesis testing.

Step 6: Determine the degrees of freedom

You also need to determine the degrees of freedom so as to interpret your computations
properly. You need not know the theory on degrees of freedom, but you must be able to
compute them correctly according to the formula accompanying each type of test statistic. We
shall explain this in the next few learning units and the relevant formulas will be dealt with as
well.
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Step 7: Determine the critical value

Determining the critical value, which relates closely to degrees of freedom (see above), is
also important when interpreting your results. You learnt on page 133 in Tredoux and
Durrheim (2013) what the rejection region entails. The critical value brackets the rejection
region. In other words, the critical value is an indication of where this rejection region begins
and indicates that all scores above or below this point fall within the 5% or 1% level of
significance.

You cannot determine the critical value without taking account of the following:

e whether it is a one-tailed or a two-tailed test
¢ the level of significance
¢ the degrees of freedom

These critical values do not need to be calculated, but you will need to read them from the
relevant tables, which are included in the back of Tredoux and Durrheim (2013). On page 487
you will find the table with the critical values for the t-test, on pages 489 to 490 the critical
values for the F-test and on page 492 the critical values for the chi-square test.

Do not worry about understanding or using these tables now; you will learn how to use each
of these in the learning units that follow.

Step 8: Reject or do not reject the null hypothesis

In this section you learn how to decide when you have to reject the null hypothesis (like the
one you formulated above) so as to come to a decision about your research problem.
Fortunately, this decision is not a haphazard affair. There is a simple decision-making rule
which you have to remember:

o If test statistic > critical value, reject Ho.
o If test statistic < critical value, do not reject H.

Or, in other words, if the computed value of the test statistic (the answer to calculating t, F
and chi-square) falls inside the rejection area (this value is larger than the critical value), the
null hypothesis must be rejected.

Remember, we always work with absolute values. So ignore
the negative sign in making decisions and read even the
negative values as positive.

Another way to decide whether or not to reject the null hypothesis is to represent the normal
curve graphically. You may find this an easier method to interpret. An example of such a
graphical representation can be found on page 135 in Tredoux and Durrheim (2013).
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Step 9: Interpret the finding

The final step is to interpret the rejection or nonrejection of the null hypothesis in relation to
the original research problem. To do this you have to formulate the outcome of the problem
statement in words to indicate whether there is in fact any difference between the two means
which you have tested empirically (e.g. there is a difference in age between website visitors
and TV viewers).

Now that we have gone through the whole process of scientific hypothesis testing and have
interpreted our statistical findings, we go back to our original definition of the problem and the
research hypothesis derived from it. In the process we will have solved the original research
problem.

/a_\/\r‘ s

Tredoux and Durrheim (2013) provide a worked example of the process of scientific
hypothesis testing on pages 136 to 137. Work through the example and note the various
steps that are followed. As mentioned earlier, Tredoux and Durrheim (2013) do not work in
exactly the way as explained in the nine steps discussed above, but check to what extent
they include the steps that we have described. Make sure you understand each step and that
you grasp the logic that underlies it.

Without referring to the study material, write down the nine steps of hypothesis testing.
(HINT: Write them on a neat sheet of cardboard and stick it above your desk so that you can
refer to it regularly.)

You should now have a clear picture of the hypothesis-testing process, beginning with a
definition of the problem or research hypothesis, proceeding through all the steps that have to
be followed, to determine finally whether there is a significant difference between the mean
scores obtained from two or three groups. In the next few learning units you will apply this
knowledge in practice and go through the whole process.
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Schematic representation of learning units 12, 13 and 14

In learning unit 11 we referred to certain test statistics that we use when testing hypotheses.

Below is a graphic representation of the different kinds of statistical tests for measurement

data (learning units 12 and 13) and categorical data (learning unit 14).

The diagram provides you with a mind map of the various tests in inferential statistics.

Measurement data Categorical data
(Quantitative) (Frequency)

Two Three or

samples or more samples One Two
groups or classification classification
groups variable: variables:
'Goodness-of-fit" Two-way

test table

Chi-square
Learning unit 14

Related Independent
groups groups

t-test t-test
Independent
Learning unit 12  Learning unit 12 groups
F-test Related groups
ANOVA F-test
Repeated measures
ANOVA
Not part of this module
One independent Two or more
variable independent variables
Factorial
One-way
ANOVA ANOVA
Learning unit 13 Not part of this module
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LEARNING UNIT 12: Hypothesis tests applied to means:
t-tests

We have already discussed hypothesis testing in learning unit 11. In this learning unit we will
test a hypothesis empirically in order to determine scientifically whether there is a significant
difference between the means of two sets of scores. Determining the difference between two
sets of data is something that we often have to do in the work situation. Remember the
example of the emotional intelligence of New Stars applicants and contestants given in
learning unit 11?

There are different kinds of test statistics that we can test by means of hypotheses,
depending on the type of data. In this learning unit we look at the different t-tests: the t-test for
independent groups and the t-test for two related groups, as covered by Tredoux and
Durrheim (2013) in Tutorial 9.

1eliudlly
£

121

To familiarise yourself with the concepts and some of the assumptions that the data have to
comply with, study Tredoux and Durrheim (2013) from pages 142 to 147. This will also help
you understand the principles underlying hypothesis testing.

Hypothesis tests applied to the means of two independent samples

We are going to talk about hypothesis tests when dealing with two independent samples. We
will go through the same steps of hypothesis testing as discussed in learning unit 11. We will
also look at the adjustments we make when there are differences in homogeneity of variance
and when samples are not of the same size.
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What is the purpose of applying hypothesis tests to two independent
samples?

The purpose of hypothesis testing with two independent means is to help you decide whether
an observed difference between two sample means is accidental or whether it represents a
real difference between populations. In hypothesis testing terms, the purpose of the t-test is to
help us decide whether or not to reject a null hypothesis postulating no difference between
the means.

What are two independent samples?

Independent samples are samples that are not related in any way, or when there is no
correlation between individual pairs of participants in two samples — that is, when participants
are included in only one of the two samples in an experiment.

/a-\/\r 12.2

Follow the reasoning about sampling distributions of differences between means. (Do you
remember what a sampling distribution is? If not, refresh your memory by going through the
relevant section in learning unit 11 again. As you will see when you read the introductory
part of learning unit 11, we are now dealing with the sampling distribution of the difference
between means.)

1. Complete the following sentence:

The sampling distribution of the difference between means is

2. Because we sample each population independently,
the sample means will also be independent.

3. The mean of the sampling distribution will be
H1 = Ha.

4, Male and female applicants to New Stars respectively
represent two independent groups.
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1. The distribution of the differences between means over repeated sampling from the
same population(s).

2. True
3. True
4. True

How do we compute the t-test for independent samples?

Now that you know what independent samples are and why we apply a t-test to them, the
next step is to determine whether there is a significant difference between the means of two
independent samples. This is quite a simple computation when you use the formula that
Tredoux and Durrheim (2013) provide as Equation 9.4 on page 150. Alternatively, you can
use the formula provided in the list of formulas at the back of this study material. You don’t
have to know the background; only learn the formula.
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Work through the example which follows and make sure that you know how this test statistic
(in this case the t-test for independent groups) is computed. The t-test is done according to
the nine steps set out in learning unit 11. Did you remember to write down the steps on a
piece of cardboard and stick it above your desk? If not, do so now before you work through
the example. You need to be comfortable with the logical flow of the steps and must be able
to follow the steps in the exam so that you can use the relevant test statistic and solve the
problem statement statistically. These nine steps can be used in the same way for other test
statistics (like the t-test for related groups and the F-test) — this is another good reason for
familiarising yourself with the different steps now.

A researcher wants to determine whether there is a significant difference between the overall
entertainment rating allocated to New Stars by male and female viewers. She gets the scores
of 20 randomly selected viewers and decides to test significance at the 5% and 1% levels.
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Data

Male viewers Female viewers
X X? Y Y?
4 16 2 4
3 1 1
2 4 5 25
5 25 3 9
1 1 3 9
6 36 4 16
2 4 4 16
1 1 1 1
7 49 5 25
6 36 5 25
X = 37 Y = 33

IX?= 181 SY?= 131
X = 37 Y= 33
s2= 4,88 s’ = 2,47
N = 10 N = 10

Step 1: Formulate the null hypothesis
In words

There is no difference between the entertainment scores of male and female viewers of New
Stars.

or

Male and female viewers find New Stars equally entertaining.
In symbols

Ho: pim—ps = 0O

or

Ho: pttm = s
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Step 2: Formulate the alternative hypothesis
In words

There is a difference between the entertainment scores of male and female viewers of New
Stars

or
Male and female viewers do not find New Stars equally entertaining.
In symbols

Hit g —s# 0

or

Hi: pum # ps

Step 3: Determine whether the test is one or two-tailed

In this example (like those you will have to handle) the decision whether to use a one-tailed or
a two-tailed test is left up to you. Therefore, you have to study the problem statement to see
whether it is directional or nondirectional. In the example we are working through, we are only
investigating whether there is a difference between the means of the two groups and not
whether the one group does better or worse than the other group. We are therefore working
with a nondirectional hypothesis and so choose the two-tailed test.

Step 4: Determine the level of significance

Fortunately, you will not have to make a decision here because we will always specify at what
level of significance you should test the hypothesis. In this case we have specified two levels,
namely, 0,05 and 0,01.
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Step 5: Compute the test statistic

Given our problem statement (note that the two groups are independent), we use the t-test for

independent groups and the following formula:

KX
2 2

Sp, Sp

Ny~ N

3,7-3,3
0,4
V0,488 + 0,247
0,4

0,4
0,857

= 0,47

Step 6: Determine the degrees of freedom
df = N1 + Nz -2

10+10-2

= 18

Step 7: Determine the critical value
Use table Al1.2 on page 487 in Tredoux and Durrheim (2013) to read the critical values.
toos (18) = 2,1009

toos (18) = 2,8784
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Step 8: Decide whether the null hypothesis should be rejected/not
rejected

From the computations we have done and the tables, we have determined that
e the value of the test statistic is 0,47

¢ the critical value at the 0,05 level is 2,101 and at the 0,01 level it is 2,878
Use the following decision-making rules:

e reject Ho if the test statistic > the critical value
¢ do not reject Hy if the test statistic < the critical value

For a =0,05 For a=0,01
0,47 < 2,1009 0,47 <2,8784
*. Do not reject Hy .. Do not reject Hy

(Remember: It is unscientific and wrong to say that we accept the null hypothesis.)

Step 9: Interpret the findings

The researcher concludes with 99% certainty that there is no difference between the
entertainment scores allocated by male and female viewers of the New Stars show.

This is the most basic variation of the t-test for independent groups.

Why do we pool variances?

When we are dealing with samples of unequal size, we have to pool the variances of the two
samples. Tredoux and Durrheim (2013) explain this on page 150. Make sure you can use the
formula for pooled variances by thoroughly studying Equations 9.5 and 9.6 in Tredoux and
Durrheim (2013).

/a—\/\r 12.4

To familiarise yourself with the various facets of the use of the t-test, it will help you to do an
exercise on your own. Do Exercise 1 on page 158 in Tredoux and Durrheim (2013). Follow
the steps of hypothesis testing, which you should know quite well by now.
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e Follow all the steps in the process, including the formulation of null and alternative
hypotheses and the decision on a one-tailed or two-tailed test.

e Use your pocket calculator to complete the steps in the computation of the test statistic
and determine the degrees of freedom.

e Look up the critical values in the table and apply the decision-making rules. Use the test
significance level of 0.05.

e Write down your interpretation concerning the rejection or nonrejection of the null
hypothesis.

You have learnt quite a few new skills and at this stage you should be able to

e know when to use an independent t-test

e test a hypothesis by applying the t-test to independent samples and compute a test
statistic, even when sample sizes are not the same or when the variance of one sample
is four times that of the other sample

e come to a final conclusion about your research hypothesis

Go through the example below and make sure that you can
identify and interpret the t-value on the printout.

Exercise 2

Data Set 8

For the independent samples t-test, the scores for both groups should be entered in a single
variable. A dummy variable should then be entered as a means of identifying each group. |

called the independent variable “laugh”, and the independent variable “parent”. Two-parent
families were labelled 1 and one-parent families were labelled 2.
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Independent: samples t-test

Select the “Independent Samples T-Test” option on the “Compare means” option on the
“Analyse” menu. In the dialog box, select the test variable (DV) and the grouping variable (1V).
Define the group variable by specifying the lowest and highest value of the dummy variable —
in our case the lowest value is 1 (2 parent families) and 1 (one parent families). The outputs

are given below:

1.00 12.00
1.00 18.00
1.00 14.00
1.00 10.00
1.00 19.00
1.00 8.00
1.00 15.00
1.00 11.00
1.00 10.00
1.00 13.00
1.00 15.00
1.00 16.00
2.00 5.00
200 92.00
200 4.00
2.00 13.00
2.00 14 .00
2.00 9.00
2.00 &.00
2.00 12.00
2.00 11.00
2.00 2.00

Group Statistics

Std. Error

PARENT N Mean Std. Deviation Mean
LAUGH 1.00 12 13.4167 3.3699 .9728
2.00 10 9.5000 3.1002 .9804

Independent Samples Test

Levene's Test for
Equality of Variances

t-test fo

1@

df

Equality of M

eans

95% Confidence
Interval of the

LAUGH Equal vanances
assumed
Equal variances
not assumed

212

650

2.813

2.836

20

19.768

Mean Std. Error Difference
Sig. (2-tailed) Differance Difference Lower Upper
011 3.9167 1.3921 1.0128 6.8206
.010 3.9167 1.3811 1.0336 6.7998

As you know by now, equal variances play a role in a t-test. In the above printout, the first
test (Levene’s test) is to test for the assumption of equal variances. If it is significant (less
than 0,05 or 0,01) we read the second row of data. In this case it is not, so we read the first
row. In the column titled sig (two-tailed) we again look to see whether the value is less than
0,05 or 0,01. In this case it is less than 0,05, so the t-test is significant, showing a statistical

significant difference.
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Nonparametric equivalent of the t-test for independent samples

Having read this heading, you must have noted the new term "nonparametric”. You will learn
what a nonparametric statistical test is and how it differs from a parametric statistical test
when you study the introduction to Tutorial 20 on page 385 of Tredoux and Durrheim (2013).
In this section we deal theoretically with the nonparametric equivalent of the t-test for two
independent samples by looking at the Mann-Whitney test. As an industrial psychologist you
have to know what to do when your data are not normally distributed. That is what we explain
in this section.
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There is not a great deal to learn in this section. Study the first paragraph on page 391 in
Tredoux and Durrheim (2013).

Now that you have completed this section you should be able to name the nonparametric
equivalent of the t-test for two independent samples. Remember, you need not be able to
describe it or know the formula.

That is the end of discussion on t-tests for two independent samples. Now we are going to
talk about hypothesis tests when dealing with two related samples.

What are related samples?

What does that mean? Are they the same as independent samples? When do we speak of
related samples and when do we refer to independent samples? This distinction will be clear
to you once you have completed this learning unit. After that we shall look at the other types
of test statistics.
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Do you still remember when we classify samples as independent? The exact opposite
applies to related samples.

First make a list of the characteristics of independent samples. Then complete the table for

related samples. (Read the introduction on page 152 in Tredoux and Durrheim (2013) to help
you with this activity.)
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Independent samples Related samples

e Make sure you understand what is meant by related samples.
e Use the knowledge you have acquired to do the following exercises:

True False

2. Here we are working with two sets of data on the same

participants (the persons who form part of the sample).
3. We expect the two sets of figures (variables) to correlate.
4. We take correlation into account when computing the

t-statistic.
5. The only way to obtain related samples is when the same

participant contributes two scores.
1. Independent samples are samples that are included in only one of the two samples in

an experiment and related samples are samples that are dependent.

2. true
3. true
4. false
5. false

Let's explain in greater detail what is meant by related samples, for you have to be able to tell
when a research problem or a research hypothesis involves related or independent samples.

We say that two groups of people or participants are matched according to a variable if for
each member allocated to one group, the other group is assigned a member who
corresponds with the member of group one in respect of the particular variable. Thus
participant pairs are selected in such a way that the two members of each pair are as similar
as possible in respect of the relevant variable(s). Variables like intelligence, age, height, eye
colour and gender can be used to match persons or participants.

To sum up: the only ways of obtaining related sample scores are

e by matching
e when one participant contributes two scores
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How do we compute the test statistic for related samples?

Now that you know what a related sample is, the next step is to determine empirically
whether there is a significant difference between two related samples. This involves a fairly
simple computation by means of a specific formula. But before you can apply the formula you
first have to know how to compute difference scores. To do this you must know how to
compute the mean (D) and the standard deviation (sp) of difference scores.

These are not new formulas. They are the same formulas
that you used to compute the mean in learning unit 5 and
the standard deviation in learning unit 6.
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A practical example always provides a useful learning experience, so it would be a good idea
first to go through “Creating the variable D" on page 152 in Tredoux and Durrheim (2013) as
an example of how to compute the t-test. If you are not sure how to compute the various
steps of the formula, revise the formula for X and s in learning unit 5 and learning unit 6
respectively. Tredoux and Durrheim (2013) provide the computed values of D in Table 9.2 on
page 153.

Complete the following:

1. A difference score is

2.  Check the computation of the difference scores in the example. Can you see when the
scores acquire positive or negative values?
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3. Check the formula of the t-test for related samples in the example.

6.  Write down the formula for degrees of freedom.

The answers are on page 153 of Tredoux and Durrheim (2013). Now that you have carefully
read the detailed steps, let us see how well you understand them.

/a_vr 12.8

Before you do an exercise on your own, work through the complete example which follows so
that you can see what we expect you to do in the different steps.

What follows is a fully worked-out practical example of how to do the t-test for related groups.
Work through the example and check all the calculations. Make sure that you understand all
the steps in the process.

EXAMPLE of a t-test for related groups

The research team wants to determine whether there is a difference in the happiness levels
of contestants before and after the apprenticeship programme. They decide to test the
hypothesis on both the 0,05 and 0,01 level of significance.
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Data
Before After

N
(6]

N WHs O OO N W
A O NN DO O O

The team follows these steps:

Step 1: Formulate the null hypothesis

In words

There is no difference between the happiness levels of contestants before and after the
apprenticeship programme.

or

Contestants are equally happy before and after the programme.

In symbols

Ho: g -pua = O

or

Ho: ug = ua

Step 2: Formulate the alternative hypothesis

In words

There is a difference between the happiness levels of contestants before and after the
apprenticeship programme.

or

Contestants are not equally happy before and after the programme.

In symbols
Hi: U - Ua £ 0

or
Hi: pg # pa
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Step 3: Determine whether the test is one- or two-tailed
We are working with a nhondirectional hypothesis and choose the two-tailed test.
Step 4: Determine the level of significance
We have specified two levels, namely, 0,05 and 0,01.
Step 5: Compute the test statistic
We use the t-test for related groups and the following formula:
D-o0

D
VN

t =

For the t-test computation, we first have to compute the difference scores (D), the mean for
D, variance and standard deviation for D scores. We do this by completing the table as
follows:

Before After D D?
4 5 -1 1
3 8 -5 25
7 6 1 1
6 6 0 0
5 6 -1 1
4 4 0 0
5 7 -2 4
4 7 -3 9
3 6 -3 9
2 4 7 4

D =-16 ID?=54

The data in column D (difference scores) is a set of X-scores. Therefore, use the formulas for
mean, variance and standard deviation you already know — just substitute X for D.

The mean (refer to learning unit 5) = -1,6.

The variance (refer to learning unit 6) = 3,16, therefore the standard deviation = 1,78.

Once you have all the values, substitute the t-test formula like this:
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V13,16

-1,6

0,56

=-2,86

Step 6: Determine the degrees of freedom

Using the following formula:

df =N-1

Step 7: Determine the critical value

Use Table A1.2 on page 487 in Tredoux and Durrheim (2013) to read the critical values.

toos (9) = 2,2622

to,01 (9) 3,2498
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Step 8: Decide whether the null hypothesis should be rejected/not
rejected

t = -2,86;1tl = 2,86 (Remember that we are working with absolute values and therefore
ignore the minus sign.)

For a = 0,05 For a= 0,01
2,86 > 2,2622 2,86 < 3,2498
*. Reject null hypothesis .. Do not reject the null hypothesis

Step 9: Interpret the findings

The team can say with 95% certainty that there is a difference in the happiness levels of
contestants before and after the apprenticeship programme, but they cannot say so with 99%
certainty.

Is it clear to you what we have done in the different steps? If not, go through the example
again. If you are satisfied that you have a good idea of what you have to do in each step, go
on to the activities which follow.

Do the worked Example 3 on page 154 in Tredoux and Durrheim (2013) on your own, without
looking at the different steps and solutions, and then see if you arrive at the same answer as
theirs.

A further step in the process of hypothesis testing is to determine the number of degrees of

freedom and read their critical value from Table A1.2. When you have managed this once, it
is perfectly simple.

/a\/\r_ 12:9

Check the decision-making rules explained in step 8 in this learning unit and follow the
argument for rejecting or not rejecting the null hypothesis.

Once you have done this, do the following exercises.
1.  Test your ability to find the following critical values in the relevant table:
1.1 one-tailed test, 29df, 1% significance level

1.2 one-tailed test, 16df, 5% significance level
1.3 two-tailed test, 8df, 2% significance level
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1.4 two-tailed test, 29df, 2% significance level
1.5 two-tailed test, 23df, 10% significance level

2. Would you reject Hy in the following circumstances? Why?
2.1 t-test statistic = 2,302 and critical value = 2,508

2.2 t-test statistic = 2,682 and critical value = 3,792
2.3 t-test statistic = 3,248 and critical value = 2,704

1.1 2,4620
1.2 11,7459
1.3 2,8965
1.4 2,4620
1.5 1,7139
2.1 no
2.2 no
2.3 yes

You have now gone carefully through detailed examples of hypothesis tests with two
related samples. You should be able to

e explain what is meant by a related sample

¢ know when to use a t-test for related groups

e test a hypothesis by applying the t-test for related groups and computing a test statistic
e draw a final conclusion about your research hypothesis

Go through the example below and make sure that you can
identify and interpret the t-value on the printout.

Data Set 7
Enter the data as illustrated alongside.
Related samples t-test

On the “Compare means” option on the Analyse menu, select the “aired samples T-test
option. The dialog box is shown below. You should select both sets of observations, and
enter them into the aired variables window. Click OK to run the procedure.
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:["ulc:f-‘:--lmﬂk! 1 3 l'mT

o

Paired Samples Correlations
N Correlation .
TVE & NIN 8 | 419 | .301
Paired Samples Test
Paired Differences
95% Confidence
Interval of the
Std. Error Difference _ )
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
[Par 1 FIVE - NINE | -1.5000 2.1381 7559 -3.2875 2875 -1.984 7 088

Nonparametric equivalent of the t-test for related samples

In this section we deal theoretically with the nonparametric equivalent of the t-test for related
samples by looking at Wilcoxson's matched-pairs signed-ranks test. As an industrial
psychologist you have to know what to do when your data are not normally distributed. That is
what we explain in this section.

Since you do not need to know the details of nonparametric equivalents, you only have to
study the last paragraph on page 389 in Tredoux and Durrheim (2013).

12.10

For additional exercise, do Exercises 3 and 4 on pages 158 and 159 in Tredoux and
Durrheim (2013).
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Exercise 3

In this study, our design is to take two measurements from each subject; in other words,
repeated measures. We cannot get two measurements from each person, as some
individuals are unavailable at the time of the second measurement, so we cope with this
situation by using casewise deletion — we simply ignore the data from a person if we don't
have two measurements from them. Our table of data looks like this:

Subject 1 2 3 4 5 6 7 8 9 10 11} 12| 13} 14| 15
Time 1 13| 12| 16| 14| 13| 15 17| 13| 14| 16| 13| 16| 13} 19 12
Time 2 9| 10 NA| NAl 10, NA|] 11| 10| NA| 17 9 8/ NA| 16| NA

By excluding the subjects from which we don't have two measurements (those are subjects 3,
4, 6,9, 13 and 15), our table now looks like this:

Subject 1 2 5 7 8 10 11 12 14
Time 1 13 12 13 17 13 16 13 16 19
Time 2 9 10 10 11 10 17 9 8 16

We shall be working from the data provided in the above table, not the data in the original
table.

As this is a repeated measures design, we need to create variable D first of all. Do this by
subtracting time 1 from time 2 for each subject (i.e. D = Time 2 - Time 1). The data for D look
like this:

Subject 1l 2| s 71 8 10 11| 12| 14
Time 1 13| 12| 13| 17| 13| 16| 13| 16/ 19
Time 2 9/ 10| 10/ 11/ 10| 17| 9o 8 16
D —4| -2 -3 -8 -3 1 -4 -8 =3

From now on, we shall not be using the data from Time 1 or Time 2; only the data from D.

We begin by working out a mean, standard deviation and n for D.

D =3,5556 sp=2,5055 Np=9

Our estimate of the standard error uses the following formula:

SpD
VN
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Putting our values into the equation we get:

2,5055
V9

2,5055
3

0,8351

Now we can calculate t. The formula is:

D—-0
L= Sp.
VN
And we already have all those values, so we can calculate
(o 3,556
~0,8351
t=-4257

Now we need to determine whether the difference is statistically significant. To do this we
need the degrees of freedom.

df =N-1

Which are

Now we determine whether it is a one-tailed or two-tailed test. According to the research
hypothesis, we are only interested in seeing if the substantia nigra has become smaller — if so
then this is a one-tailed test. Our alternative hypothesis is thus:

Hl: HUTime2 < HUTime1
We shall use the “standard” alpha value of 0,05.
We now use this information to look up a critical t-value on our t-table. The critical value for
df = 8, one tailed, alpha = 0,05 is 1,860. Our t-value is 4,257 [we ignore the (=) sign for this
comparison).
Our value is greater than the critical value, so we reject the null hypothesis, and accept the

alternative. It seems that the average diameter of substantia nigra in psychotic patients
becomes smaller after a period of time.
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Exercise 4

Here, we are using two measurements from the one basketball team, but this is not a
repeated measures design. The reason is that the conditions were not the same each time —
we are looking at the effect of the coach, and not of the team, so the two sets of data are
actually independent.

Although we have data missing (fewer games played with the first coach than with the
second), we do not need to worry about this (it is only a thing to worry about if you are using a

repeated measures design).

To begin, we must set up a null hypothesis. For an independent samples t-test, this is:

Ho! Hcoach2- = Hcoach1

The first step is to determine the mean, n, and variance for each group. The variances are:

Xcoachl = 8625 Szcoachl = 24214 Ncoachl = 8
Xeoach2 = 79.9167 S%coach2 = 732.62 Neoachz = 12

Since the sample sizes differ, we need to pool the variances:

(Ny — D)sf+ (N, — 1)s5
Ny + N, — 2

2 _
Sy =

= (8-1)24,214+(12-1)732,62
8+12-2

= 169,498 +8058,82
18

= 457,13

Now we can insert this value into our independent sample t-test formula. The formula is:

2 2
S S
W

1 2
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We already have all those values, so we can insert them and calculate:

_ 86,25-79,91
N 9,758

6,34
~ 9,758

t= 0,65

Now that we have a t-value, we must determine whether it is statistically significant. To do
this, we need the degrees of freedom.

df = Ny+ N, — 2
=8+12-2
=18
So we shall use 18 degrees of freedom.
Now, is this a one-tailed or a two-tailed test? According to the research hypothesis, we are
interested in whether the team performed differently under the new coach — in other words,

we are interested in either positive or negative chance, so this is a two-tailed test. From this
we can derive our alternative hypothesis, namely:

H1: Xcoach1 # X coach2

We shall use the standard alpha value of 0,05.

We now use this information to look up a critical t-value on our t-table. The critical value for df
= 18, two-tailed, alpha = 0,05 is 2,1009. Our t-value is 0,65.

Our value is less than the critical value, so we cannot reject the null hypothesis. The average

score with each coach was the same, so it seems that the team is performing the same under
the new coach as it did under the old one.
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/a\/\-r_ 1211

Consider the following research question from the New Stars programme:

“Do male voters give higher scores to female participants than to male participants?”
Indicate which analysis technique would be the most appropriate to answer this research
guestion and explain/substantiate your answer.

In this case the gender of the voters is merely a selection variable (the scores of female
voters will not be considered in this research question). For the male voters, one would
consider the scores that they gave to the participants. Then the scores of the two gender
groups of the participants will be considered to evaluate whether there is a statistically
significant difference in the mean scores of the two groups. This implies a t-test (comparing
two groups) and it would be the t-test for independent groups (as the male and female
participants are unrelated/independent groups).
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LEARNING UNIT 13: Hypothesis tests applied to means:
one-way of variance

You were introduced to the t-test in learning unit 12. Now you will be studying a specific
kind of F-test: one-way variance analysis, commonly known as

ANOVA
analysis of variance

For this unit we have combined two tutorials from the prescribed textbook, Tutorials 14 and
15.

What is analysis of variance (ANOVA)?

When you read the heading of this learning unit you probably recognised the word “variance”
(from learning unit 6, where you learnt how to compute variance). Now you must be
wondering what the analysis of variance is.

131

1. To answer this question, study the introduction on pages 252 to 254 in Tredoux and
Durrheim (2013). Also refer to the schematic representation on the last page of
learning unit 11 to see where and when the ANOVA can be used.
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Complete the following sentence:

ANOVA is

2. Read pages 255 to 262 in Tredoux and Durrheim (2013) to understand why the ANOVA
is used as opposed to using t-tests. Then write a short note on why the ANOVA is used.

3. Remember the three assumptions you studied in the previous unit? Well, ANOVA is
also based on the same assumptions. They are covered on pages 281 to 283 in
Tredoux and Durrheim (2013).

Mention three assumptions on which ANOVA is based:

This is a rather long activity, but it should help you understand what is entailed in this
test statistic.

1.  You will find the answer on page 260 in Tredoux and Durrheim (2013).

2.  The answer is summarised in the last paragraph on page 256 of Tredoux and Durrheim
(2013), just above the heading “The logic of ANOVA”.

3. If you know the three assumptions, you will understand the rationale of ANOVA.

3.1 Scores are distributed normally around the population mean.

3.2 There is homogeneity of variance; that is, the variances of the populations' scores
are the same.

3.3 The observations are independent.
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In ANOVA the dependent variable is always some kind of measurement — on an interval
scale (do you remember this concept from learning unit 2?) for parametric tests, and on an
ordinal scale (see learning unit 2) for nonparametric tests. One-way ANOVA is a parametric
test (which means it is based on a normal distribution); we shall mention a nonparametric
(distribution-free) equivalent at the end of this learning unit. The researcher has no control
over the dependent variable: it is the outcome of manipulation of the independent variable.

The independent variable is the one manipulated by the researcher. He or she decides on
the number of levels of this variable and makes sure that members of each group participated
on only one of these levels.

The level of the independent variable can be divided into two types:

1.  Quantitative (interval measurement)
for example: number of hours of study per week (6, 8,10, 12 hours)
2. Qualitative (nominal measurement)
for example: teaching method (lecture, independent study, video, computer-based)

Review learning unit 2 if you are not sure what dependent and independent variables are.

/a-\/\r 12.2

Create a few different experiments, each with its own independent and dependent variable.
Remember that the independent variable must consist of three or more groups or levels to
qualify for an ANOVA design. Thus, a variable such as gender as the only independent
variable is incorrect.

Here are just a few examples. You can combine most of the independent variables (on the
left) with most of the dependent variables (on the right), as long as they represent a
meaningful study.

Did you also come up with these or similar examples? You may have unique examples of
your own. Just compare them with ours to see if your reasoning was correct.

Independent variable Dependent variable
Departments Motivation of staff

e Personnel (measured by a questionnaire)
e Production

e Marketing
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Length of service

e Short: 0 to two years

e Medium: three to nine years
e Long: 10 years and longer

Levels of management

e President

e Vice-president

e Chief executive officer
e General manager

Different shifts

e Morning

e Afternoon
e Evening

¢ Night

Independent variable

Training techniques

e Lecture

e Video

e Self-study

e Computer-assisted
¢ Workshop

Independent variable

Education group

e Primary school learner

e Secondary school learner
e Tertiary level student

¢ Young adult (<30)

e Mature adult (>30)

Logic of analysis of variance

IO0P2601/MO001/4/2016

Number of accidents
on a production line

Quiality of work life measure

Productivity
(measured in terms of
units manufactured)

Dependent variable

Number of errors on
a practical task

Dependent variable

Number of hours active viewing
of New Stars per week

Tredoux and Durrheim (2013) explain the principles of ANOVA clearly on pages 256 to 262.
You need not be able to do any computations here. We shall get to the computations that you

have to be able to do below.

To clarify the logic of ANOVA even further, let us look at the explanation of some other
authors (Fox, Levin & Harkins, 1993; Porter & Hamm, 1986).
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The total variability of a set of scores has two components:

e Variability within groups. This measures the normal variability of random errors in the
data.

This is the error effect, that is, variability resulting from random sampling and chance
events.

e Variability between groups. This measures the difference between group means.

This is the treatment effect, that is, the measure of the effect that the experimental
treatment has on participants.

The F-ratio is the ratio of variability between groups to variability within groups. It is
represented by the following equation:

F variability between groups

variability within groups

treatment effect

error effect

When the treatment effect exceeds the error effect by a certain critical value, the F-test is
significant. We conclude that there is a significant difference between group means and we
reject the null hypothesis.

Practical example

Here is an example of an experiment (Fox, Levin & Harkins 1993, pp. 218-219) which
provides an excellent graphic illustration of our topic. Don’t be put off by the four groups — you
will soon see that this does not make the explanation any more complicated than with three
groups. (Remember, ANOVA is used when you have three or more groups.)

People who become very anxious when they have to speak in public were randomly
assigned to four treatment groups for a therapeutic procedure:

Systematic desensitisation procedure

Insight therapy

Placebo therapy — control participants talk about their problem
No therapy — control no intervention

PoDdPE

After exposure to one of the therapies participants had to make a public speech, during which
their anxiety level was measured.
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The results of the experiment were as follows:

e Variability within groups

Sistematic Insight Placebo- No
desensitisation- therapy treatment treatment
procedure control control
f//"\\ /I/‘\ /,/ \\ . \\\
4 % ! / iy
J \ x./ / § \ / \
/ \ \ / \ \
\ / \ / / \
IX \ / \\ ."/ / \
\ / .I"\ / / \
/ / A \ /
/ \/ /\ \ / \
// N Vi //’ \\ % \_\\\ \
B P e "‘m.h_____. e et \"'“'“-____ ~ _,./D'c“‘x._h__ ~ oy
| T '. T ‘| 1 ! 1
XX, XX, X3 X3, X, €>X,
Low Amount of anxiety High

Note the variability in any group mean (X;, X,, X3, X,) and any individual score within that
group (Xg, Xz, Xz, Xa).

e Variability between groups

Sistematic Insight Placebo- No
desensitisation- therapy treatment treatment
procedure control control
/ 3 x.\.‘\ / & N /"/.,\ % /...ﬁ\ N
\ \ / \-___ / LY
/ \ 74 !
/ \\ , / \\ f.l__xf \\ ; / 3
/ / X o \
_."'f \\ ,."f \"'\ .f; \\ a"f A
/ \ / / \
x/ \ / / \ \.‘- / \\
/}. \ p / / .‘__\ \_\_. / \
) L , o &x Hﬂ -f-//. N~ ;;}{:‘ . N
1 — —F — - | -
X >, «—» Y. « » X,
Low Amount of anxiety High

Note that the amount of anxiety differs between groups (X:, X,, X3, X,) as a function of the
treatment (therapeutic technique), from low anxiety in group 1 to high anxiety in group 4.
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Suppose you are an industrial psychologist in Organisation XYZ and you want to investigate
the quality of working life in three departments — Personnel, Production and Marketing.

Design your own experiment and represent the variability within and between groups
graphically.

Naturally no feedback can be given. Compare your graphs with the ones above — in your
experiment you will substitute the three departments for the four types of therapy.

Computations for ANOVA

Time to get out your pocket calculator! The computations you will be doing now are the only
ones that you have to be able to do when you are given a data set.

Study pages 262 to 266 in Tredoux and Durrheim (2013) and make sure that you understand
all the computations — also attempt to work out the worked example on page 267 on your own
before looking at the solution.

1. Remember always to report ANOVA in a summary
table (like we have done below) after you have
completed the computations, even when we do not
specifically ask you to do so in an assignment or
examination question.

2. Remember that SS, MS and F can never have a
negative value — all SS and MS values are squares.
So if you obtain negative values for any of these
statistics in your computations you have definitely
miscalculated! Find the error (also in the
examination).

3. For a quick check of your interim computation, do the
five computations below once you have completed
your summary table.
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Example of a summary table

Source df SS MS F
Group 2 44,78 22,39 8,08
Error 15 41,50 2,77

Total 17 86,28

1. dfgroup  + dferror = dftotal . 2+15=17

2. SSgroup + SSerror = SStotal : 44,78 + 41,50 = 86,28

3. SSgroup + dfgroup = MSgroup  :  44,78/2 =22,39

4, SSerror + df eror = MSerror : 41,50/15 =2,77

5. MSgroup + MSerror = F ;. 22,39/2,77 = 8,08

These facts will also enable you to draw up a partly completed summary table.

/a—\/\r_ .

1. Do this exercise we found in Fox, Levin and Harkins (1993, pp. 259-260).

In a study of worker satisfaction, shift workers whose work hours had been on a phase-
advance schedule (progressively earlier starting times for example, midnight, 16:00,
and 08:00) were changed to a phase-delay schedule (progressively after starting times).
One-half of these subjects remained on a weekly rotation, while the others moved to a
three-week period between changes. A control group of nonrotating workers was
included for comparison. Test the null hypothesis that changes in shifts had no effect on
satisfaction.

Seta = 0,01 and test the null hypothesis:

HO : Uone = Uthree = Ucontrol

SATISFACTION LEVEL

Phase-delay Phase-delay Control
One-week Three-week Group
13 18 7
11 16 9
14 19 11
10 21 9
12 13 18
8 18 12

(21-point scale; the higher the score, the greater the satisfaction)
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2. Enter the values for N and k in the table below. Look up the critical F-values (tables
Al.4 and Al1.5 on pages 489 and 490 in Tredoux and Durrheim [2013]) and answer
“yes" or “no” to the question “Reject Hy?” on the basis of the computed F-value in the

first column.
F N k dfgroup dferror Alpha Critical Reject
F Ho?
5,45 2 18 0,05
5,45 2 18 0,01
4,95 3 12 0,01
8,06 4 15 0,05
6,22 5 24 0,05
3.  Complete the following summary table:
Source df SS MS F
Group 225
Error 18 5
Total 23
1.
Xa = “Phase delay one-week”
Xg = “Phase delay one-week”
Xc = “Control”
XA XB Xc Total
X 11,33 17,50 11,00 13,28
s 2,16 2,74 3,85 4,17
Xa X Xe X2 X%g X2c
13 18 7 169 324 49
11 16 9 121 256 81
14 19 11 196 361 121
10 21 9 100 441 81
12 13 18 144 169 324
8 18 12 64 324 144
IX=68 3IX=105 IX=66 3IX’=794 3¥X’=1875 =X*=800

¥X =68 + 105 + 66 = 239
¥X? =794 + 1875 + 800 = 3469
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Null hypothesis Ho: a = We = Hc
One possible alternative hypothesis Hi: ua # s # e
Other possible alternative hypotheses Hi: ua > UWs > Uc
Hiipa < g < pc etc.
(ZX)?
SS = ¥X? - ——
total N
= 3469 -(239)2
18
= 3469-57121
18

= 3469-3173,39
= 295,61

SSgroup = TlZ()?] - )? )2

6[(11,33 - 13,28)% + (17,5 - 13,28)> + (11,0 - 13,28)%]

6[(-1,95)> +(4,22)* + (-2,28)?]

6[3,80 + 17,81 + 5,20] = 6(26,81)

160,86

SSerror = SStotal — SSgroup

295,61 -160,86

= 134,75

Afiotar = N — 1 dfgoup =k-1 Aferror = k(n—1)
- 18-1 - 3-1 - 3(6-1)
=17 =2 = 15

MSgroup = SSgroup / AUfgroup

= 160,86/2
= 80,43

MSeTTOT‘ = SSerror/ dféTTOT

134,75/15
8,98
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MSgroup

F =
MS error

= 8043
8,98

= 8,96

Source df SS MS F
Group 2 160,86 80,43 8,96
Error 15 134,75 8,98

Total 17 295,61

Fo,01 (2,15) = 6,36 from table A1.5

Fcac = 8,96
8,96 >6,36
..Reject Ho
Interpretation

There is a significant difference in worker satisfaction among the three groups of shift
workers. This assumption can be made with 99% certainty.

2.
F N k dfgroup (] Fe— Alpha Critical Reject
F Ho?

5,45 21 3 2 18 0,05 3,55 Yes
5,45 21 3 2 18 0,01 6,01 No
4,95 16 4 3 12 0,01 5,95 No
8,06 20 5 4 15 0,05 3,06 Yes
6,22 30 6 5 24 0,05 2,62 Yes

3.

Source df SS MS

Group 5 225 45

Error 18 a0 5

Total 23 315
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A clearer grasp of ANOVA

Before you resume your study we want to present you with a useful, concrete representation
of ANOVA by David Johnson (1989), a psychologist teaching statistics. His technique
introduces students to an intuitive understanding of the principles of between-group variance
(MSgy0up) and within-group variance (MSeqo), and their interrelationship. If you study it
carefully you may find it useful.

The experiment

The data derives from a hypothetical experiment. Three independent groups comprising
five participants each are exposed to one of three levels of an independent variable. The
spectrum of possible responses to the dependent variable ranges from 0 to 4.

The results

Below are five possible outcomes of the experiment. The data set and summary table are
presented together with an explanation.

Outcome 1
Data
Group 1 Group 2 Group 3

1 1 1
1 1 1
1 1 1
1 1 1
1 1 1

Source df SS MS F

Group 2 0 0 -

Error 12 0 0

Total 14

This is a highly unlikely outcome. Note that there is no variability in the data at all between
and within groups and that this leads to mean squares of 0 in the summary table.
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Outcome 2
Data
Group 1 Group 2 Group 3
1 1 3
1 1 3
1 1 3
1 1 3
Summary table
Source df SS MS F
Group 2 13,33 6,67 —
Error 12 0 0
Total 14 13,33

Between-group variance is introduced by increasing all five values in group 3 to 3.

This indicates the possible effect of the independent variable which is manipulated. Group 3
appears to differ from the other two groups (MSg,, = 6,67); but there is no within-group
variance (MSgor = 0).

Outcome 3
Data
Group 1 Group 2 Group 3

0 1 3

1 1 3

1 1 3

1 1 3

2 1 3
Summary table
Source df SS MS F
Group 2 13,33 6,67 39,24
Error 12 2 0,17
Total 14 13,33
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A third data set introduces within-group variance in group 1. This data set contains the
same measure of between-group variance as the previous one, that is, the means remain
unchanged. Note how the introduction of dissimilar scores in group 1 increases the value of
the mean square for within-group variance (MSg,,r = 0,17). Note also the value of the F-
statistic (F = 39,24).

Outcome 4
Data
Group 1 Group 2 Group 3

0 0 3

1 1 3

1 1 3

1 1 3

2 2 3
Summary table
Source df SS MS F
Group 2 13,33 6,67 20,21
Error 12 4 0,33
Total 14 17,33

This data set differs from the previous one in only one respect: additional within-group
variance is introduced by changing the values in group 2 to match those in group 1.
Compared with the previous data set the between-group mean square remains unchanged,
but the within-group mean square increases

(MSgror = 0,33). As a result the F value is lower (F = 20,21).

Outcome 5
Data
Group 1 Group 2 Group 3
0 0 2
1 1 3
1 1 3
1 1 3
2 2 4
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Summary table

Source df SS MS F
Group 2 13,33 6,67 13,34
Error 12 0,5

Total 14 19,33

Additional within-group variance is introduced by changing two values in group 3.

Note the unchanged between-group mean square and the increased within-group mean
square (MSgr = 0,5), compared with the previous data set. As a result, the F-statistic is
smaller than before (F = 13,34).

So there you have it! We are sure you now have a better grasp of the concepts relating to
ANOVA and the way in which the dynamic relationship of between-group and within-group
variance determines the F-statistic.

/-a_\/\r 12.5

The producers of New Stars are interested to know about the viewing behaviour of their
audience. They ask the research team to determine whether there is a difference in the
number of hours viewing of New Stars of three different groups:

e tertiary level students
e young adults (<30)
e mature adults (>30)

The research team randomly selects 27 viewers from each of the above three groups. They
monitor and record their viewing hours over a two-week period

Thus the number of hours is the dependent variable in this study.

The research team gives you the data below and asks you to determine which group viewed
New Stars more.

Students Young adults Mature adults
12 14 17
10 10 16
13 10 12
12 8 10
9 10 18
10 10 10
15 12 15
8 8 11
17 11 10
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The research team has already computed the means and standard deviations out of curiosity.
These are given next.

Students Young adults Mature adults  Total
X 11,78 10,33 13,22 11,78
s 2,91 1,87 3,27 2,90

They remark that the mature adults group is probably the group that viewed most hours
because the mean for this group is the highest. You tell them that no conclusion can be
based up the means only, and that you will give them your conclusion after you have tested
the following null hypothesis:

Ms = HMHvya = Hwa
You decide to use a = 0,05.

1. Do the appropriate statistical test, that is the F-test, and give your answer in a summary
table.

2. Draw your conclusion.
2.1 What is the critical value?
2.2 Do you reject Hg?

2.3 What is your answer to the research team? (Remember that they do not
necessarily what is meant by rejection or nonrejection of the null hypothesis.)

199



I0P2601/MO001/4/2016

1.
Students (Xs) Young adults Mature adults Total
(XYA) (XMA)
X, =11,78 X,,=1033  X,,=1322 X =11,78

XS XYA XMA XZS X2YA XZMA
12 14 17 144 196 289
10 10 16 100 100 256
13 10 12 169 100 144
12 8 10 144 64 100
9 10 18 81 100 324
10 10 10 100 100 100
15 12 15 225 144 225
8 8 11 64 64 121
17 11 10 289 121 100

IXs=106 I Xya=093 T Xya =119 T X% =1316 I X%, =989 X X’yx =1659

TX =106+ 93 + 119 =318
¥X?=1316 + 989 + 1659 = 3964

TX)?
SStotal = X2 — (2X)

N
3964 -(318)2
27

3964 -101124
27
3964 -3745,33

218,67
SSgroup = NE(X, — X.)?

= 9[(11,78 - 11,78)2 + (10,33 - 11,78)2 + (13,22 - 11,78)?]
= 9[(0)2 + (-1,45)2 + (1,44)?]

= 9[0+2,10 + 2,07] = 9(4,17)

= 3753

SSerror = SStotar — SSgroup

218,67 - 37,53

181,14

200



IO0P2601/MO001/4/2016

I
k‘

-1 Aferror = k(n — 1)

3(9-1)
24

Aftotar = N — 1 dfgoup

27 -1
26

N W
|
[E
I n

MSgroup = SSgroup/ dngOuP

37,53/2
18,77

MSeT'TOT' = SSerror/ dféTTOT

181,14/24
7,55

_ MSgroup
MSerror

18,77
7,55

2,49

Source df Ss Ms F
Group 2 37,53 18,77 2,49
Error 24 181,14 7,55

Total 26 218,67

2. Your conclusion

21 Foes (2,24) = 3,40 (Use table Al1.4 on page 489 in Tredoux and Durrheim
[2013].)

2.2 No
(Because 2,49 < 3,40)

2.3 There is no significant difference between the viewing hours of the three groups. |
can say this with 95% certainty.

Thus, none of the three groups viewed New Stars more than the others. It seems that the
show is popular with a wider audience and not only a specific age group.

A nonparametric equivalent of ANOVA

The Kruskal-Wallis one-way ANOVA is the nonparametric or distribution-free equivalent of
the standard one-way ANOVA or F-test. In this technique it is assumed that the dependent
variable has an underlying continuous distribution of at least ordinal measurement. Study the
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first paragraph and first sentence of the second paragraph on pages 392 to 393 in Tredoux
and Durrheim (2013).

Complete the table by filling in the nonparametric tests:

Parametric Nonparametric equivalent
t-test for two independent samples
t-test for two related samples
F-test (ANOVA)

We use the data from an exercise in Lehman (1991, p. 376,
Exercise 3) to illustrate a typical computer-generated output
using SPSS for Windows.

The data are the time (in minutes) that it took students to complete four tests of different
length comprising 10, 15, 20 and 25 four-alternative, multiple-choice items. The research
problem was: Is there a significant difference in the time it takes students to complete tests
comprising varying numbers of multiple-choice items? The data are given in the table below.

Number of items

10 15 20 25
13 17 18 16
10 5 17 21
13 13 10 28
5 14 23 32
6 11 24 24
6 12 17 12
2 3 10 9
12 16 27 18
17 18 21 18
12 8 24 9
12 14 23 5
2 7 8 15
17 13 14 10
3 16 1 7
7 14 8 30
1 18 10 5

Go through the printout and note particularly how the results are presented.
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*** ANALYS5IS5 OF VARIANCE **~*

N_ITEMS

by GROUP No of Test Iterns

UNIQUE sums of squares
All effects entered sirmnultaneously

Sum of Mean Sig
Source of Variation Squares DF Square F of F
Main Effects 606,297 3 202,099 4,421 007
GROUP 606,297 3 202,099 4,421 007
Explained Group 606,297 3 202,099 4,421 007
Besidual Error 2743,062 60 45,718
Total 3349,359 B3 53,164

You can also go through the example “Using SPSS to do one-way ANOVA” given on pages
276 to 280 in Tredoux and Durrheim (2013).

Remember to interpret the significance of the F-test (showing a difference) based on the
value in the “sig of F” column. If the value shown in this column is <0,05 or <0,01, then it
shows a statistically significant difference.

Having completed learning unit 13 you should be able to

mention and briefly define the assumptions on which
ANOVA is based

make ANOVA computations and report them in a
summary table

interpret the F-value

give the name of the nonparametric equivalent of one-
way ANOVA

interpret a computer-generated printout of ANOVA
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Conclusion

We conclude your learning material for t- and F-tests with a schematic representation of
hypothesis tests for means in order to put all of them in perspective.

Hypothesis tests of means

——» Two samples/groups

—» Related samples
C t-test — study unit 12 )
_—p» Independent samples

Cr-test ~ study unit 12 )

. Three or more samples/groups

—» Independent samples

F-test )

One independent variable

> C()ne-way ANOVA - study unit 13 J

Two or more independent variables
» C Factorial ANOVA — not part of this course )

—p Related samples

Q Repeated measures ANOVA — not part of this course )
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LEARNING UNIT 14: The chi-square test

In this learning unit we shall be working with qualitative (categorical) data for the first time. So
far we have dealt only with quantitative data. When industrial psychologists work with
frequencies, they have to determine somehow whether there are significant differences
between them. The test statistic used for this purpose is the chi-square (x?) test. In this
learning unit we deal with two types of chi-square test (x?) and you will learn how to interpret
their results.

Thinking of the New Stars project, a number of biographical variables could be part of the
questions being asked. Biographical variables are often category variables. This would imply
the chi-square test as the appropriate analysis method to investigate the relationships
between these variables.

Why use the chi-square test?

The chi-square test helps us to analyse frequency or categorical data. Do you still remember
the difference between categorical and measurement data?

acliully
2

14.1

If you still remember the difference between the two, complete the table below by listing the
properties of the two types of data. If not, refer to learning unit 2 where the meaning of and
difference between measurement and categorical data were discussed, and then complete
the table.

Measurement data Categorical data

Your notes should say something like: categorical data represent the number of observations
(scores) in each category, whereas measurement data are obtained by measuring objects.
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What types of chi-square test are there?

As we have said before, we can only work with two categorical variables: a one-classification
variable and a two-classification variable.

% 14.2

Study “Classifications” on page 365 in Tredoux and Durrheim (2013) to understand how a
population can be classified in different ways.

e Summarise the difference between a one-classification and a two-classification variable
in the table below:

One-classification variable Two-classification variable

Now that you know the difference between the two types of variable we shall explain how to
compute them.

When to use the two-classification variables: contingency table chi-

square

Often the data we are using cannot be classified as a single variable. Sometimes the data fall
into two categories, and the variable (data) is classified as two variables. In such cases we
speak of a contingency table.

To better understand this concept, study the section on “Contingency tables” on pages 365 to
366 in Tredoux and Durrheim (2013).

e Use your pocket calculator to check the computations in table 19.1 on page 366 in
Tredoux and Durrheim (2013).
e Write your own definition of a contingency table:
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Did your definition include the following? We work with a classification in which the
observation is classified in respect of two variables simultaneously.

When to use the one-classification variable: the chi-square goodness-of-
fit test

When we are working with only one variable we use the goodness-of-fit test. That is the name
of this particular type of chi-square test. Here the assumption is that we compare only one set
of observed data with a theoretical prediction of frequencies, that is, we are working with
observed (O) and expected (E) scores.

/b—\/\r .

At this stage you are introduced to certain formulas and symbols. To familiarise yourself with
them, study the section on "x* significance test", from pages 366 to 371 in Tredoux and
Durrheim (2013). The section can be a little confusing and long with all the calculations,
formulas and symbols, so let us break it down a bit to make sure you grasp the important
basics.

e Learn the symbols of the formulas and how to compute them.

e Check the computations with your pocket calculator.

e Make sure you can read the value off table A1.7 on page 492 in Tredoux and Durrheim
(2013) correctly.

Except for the test statistic which is different, the process should be familiar, since it is the
same procedure that is followed in all hypothesis testing (e.g. when computing the I- and I-
tests).

/-a—v\r e

Now attempt the following exercises to evaluate your proficiency in applying the chi-square
test. Remember to follow all the steps that you learnt in learning unit 11. So you should start
by formulating a null hypothesis until you interpret your findings. (Do you still remember all the
steps?)

1. The programme managers of New Stars want to find out whether there was a difference
between men and women'’s opinion with regard to whether voters should be allowed to
vote for the judges too. You have been asked to conduct the research. The following
guestion was posed to a group of 60 voters (30 men and 30 women):

Do you think that voters should be allowed to determine the fate of the judges too?

207



I0P2601/MO001/4/2016

They were asked to choose only one of the three responses: yes, no and uncertain. Of
the 30 men, nine said yes, 12 said no and nine were uncertain. Among the women 15
said yes, two said no and 13 were uncertain.

Is there a significant difference between men and women with regard to their
opinion to vote for the judges?

1.1 Make a contingency table to represent the given information.

1.2 Do the necessary calculations to determine if there is a significant difference between
the two genders regarding their opinion on voting for the judges.

1.3 Work on a significance level of 0,05. What is your deduction? (Refer to the research

question.)
1.1
Yes No Uncertain Total
Men 9(12) 12 (7) 9(11) 30
Women 15 (12) 2(7) 13 (11) 30
Total 24 14 22 60

The numbers in parentheses are the expected frequencies, computed according to the
formula:

R;C;

30 x 24
Bn=—g—=1
30 x 14

Eip = 60 =
30 x 22

Ei; = 0 =11
30 x 24

E21 = 60 = 12
30 x 14

Eyp = 60 =
30 x 22

EZZ = 60 = 11
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1.2
2 _ 5 (O—E)?
E
9-12)2 (12-7)2 (9-11)2 (15-12)2 (@2-7)2% (13-11)?
=(12)+( 7)+(11)+( 12)Jr(7)+( 11)
—3)2 5)2 —2)2 3)2 —5)2 2)2
:(12)+(7)+(11)+(1;+(7)+(11
L I AL S
12 7 11 12 7 11
= 0,75 + 3,57 + 0,36 + 0,75 + 3,57 + 0,36
= 9,36
1.3
a=0,05
df = (R-1)(C-1)
= (2-1)(3-1)
= 2
X2l (2) =9,36 x?ait(2) = 5,99
9,36 > 5,99

.. Reject null hypothesis

There is a significant difference between men and women with regard to their views on voting
for the judges.

Consider the following additional questions from the New Stars project that could be analysed
by means of chi-square:

e Q1: Is there a difference between viewers’ ratings of contestants based on the contestants’
hair colour (blond, red or brown hair)? (chi-square)
e Q2: Is there a difference in the ratings given by male and female judges to contestants
based on their body weight?
o Q3: With regard to the judges who are part of the screening process does the race group
of an individual judge show a relationship in terms of the race group of the contestants that
they score high, average or low?

209



IO0P2601/MO001/4/2016

Do small frequencies play a role?

Yes, small frequencies do play a role. Even when they are small, they influence a test.
Sometimes frequencies are expressed as proportions, but usually they are converted back
into frequencies. It is also possible to make non-independent observations. Read the section
on “Measures of association in tables based on the yx? statistic’ on pages 371 to 374 in

Tredoux and Durrheim (2013).

210

Work through the "Worked example" on page 381 in Tredoux
and Durrheim (2013) and make sure that you can identify and
interpret the x2-value on the printouts.

You have learnt quite a lot of new things and concepts. Let us
summarise what you have done up to now, which will also give
you an opportunity to review your understanding. You should

know when to perform the chi-square test

be able to compute the chi-square test (goodness-of-fit) for
two or more categories

be able to explain what a contingency table is

know when to use a contingency table

be able to compute the chi-square test for two
classification variables

be able to interpret the result on the basis of rejection or
nonrejection of the null hypothesis
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LEARNING UNIT 15: Power

The concept of power is becoming increasingly important in research. More and more authors
of scientific articles explain the power of their research. For this reason you have to
understand what the concept means and be able to interpret power (as it is done, for
example, in scientific articles).

The basic concept of power

Suppose you are researching the effect of smoking on the health of employees in a building.
You use two samples in your study: a department in which nobody smokes and another
department in which many of the employees are smokers. Your null hypothesis states that
there is no difference between the health of non-smokers in the two departments. Your
results show that you cannot reject the null hypothesis; hence there is no difference between
the health of non-smokers in the two departments. On the basis of your findings the
organisation does not introduce a non-smoking policy. You publish your findings in a scientific
article. Five years later a professor who specialises in your kind of research reads the article
and discovers that you have made a statistical error. This means that your findings were
wrong and you should have rejected the null hypothesis, implying that there is a difference
between the health of non-smokers in the two departments.

If you think of the New Stars competition where the prizes have a high monetary value, the
organisers have to ensure that the results and the basis on which the decisions are made are
unguestionable. Working from a quantitative perspective, ensuring sufficient power would be
one way of being able to defend decisions made.

Ty
eliily
4

151

1.  Consider the scenario described above, and then answer the following questions:
1.1 What kind of statistical error did you make? Explain your answer.

1.2 The mistaken non-rejection of the null hypothesis had implications for the
organisation and its staff. Mention some of these implications.
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2.  Tointernalise the basic concept of power you should study the section on

“Error and statistical tests” on pages 231 to 232 in Tredoux and Durrheim (2013). This
section will also help you to understand Type | and Type Il errors better.

1. This scenario indicates the importance of the correct rejection of the false null
hypothesis.

1.1 Inlearning unit 11 you learnt what a type Il error, also written as B (beta), means.
If you go through the section on “Error and statistical tests” on pages 231 to 232
in Tredoux and Durrheim (2013) you will see that it relates closely to the concept
of power.

1.2 Implications that come to mind include the following:

¢ time and money that you wasted on the experiment

e lost productivity because of absenteeism of employees who fall sick as a
result of smoking

¢ medical funds overloaded with claims of sick employees

2. You should pay special attention to the interpretation of figure 13.1 on pages 233 to 234
in Tredoux and Durrheim (2013).

It should be clear by now that non-rejection of the null hypothesis when there actually is a
difference between groups has enormous implications in most research situations. That is
why the concept of power is so important. The probability of deciding correctly to reject a false
null hypothesis (Ho) is known as power; the notation is 1-8.

Interpretation of a power value

The power of a t-test for related and independent samples can be computed, but it is a
complicated process. We do not expect you to be able to do the computations, but you must
be able to interpret the power value obtained from them. Tredoux and Durrheim (2013)
explain the interpretation of a power value by using the criminal court analogy as part of their
introduction on pages 230 to 231.

As you see, we merely require you to study pages 230 to 234 in Tredoux and Durrheim
(2013). The rest of the chapter is not applicable to you.
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Revise the rules for rejection or nonrejection of the null hypothesis. You will find them in
learning unit 11.

Explain what is meant by power =0,6.

What level of certainty would one require of the statistical process for the voting
outcomes in New Stars to be beyond question?

These rules are useful to help you understand the concept of power.

When we say that the power of a piece of research is 0,6, it means that if the null
hypothesis is false to the extent that we expect that it must be false, there is a
probability of 0,6 that the results will cause us to reject the null hypothesis. The greater
the power of an experiment, the higher the probability that we will reject the false null
hypothesis and the more powerful the experiment is.

0,8

An area for the application of power

Industrial psychology is one of many sciences that use of meta-analysis. This is a statistical
method that is used to combine the findings of different research projects. Meta-analysis is
used mainly in scientific articles dealing with research in a specific area (Aron & Aron, 1994).

Having completed learning unit 15 you should be able to

» define the concept of power and know why it is important
» interpret a computed power value.

213



I0P2601/MO001/4/2016

New Stars — the singing competition starts

As was explained when the New Stars show was launched — ten contestants had to undergo
a three-week apprenticeship programme wherein they had to participate in various
preparation activities while being voted for by viewers to stay in the competition.

The New Stars apprenticeship programme has come to an end on a high note last week! It
was such a gruelling process that organisers are somewhat worried that contestants might
not be up to competing in the singing competition as well! The full image makeover has been
the most favourite part of the apprenticeship programme for the contestants and the viewers
alike! Contrary to all expectations, Vuyo K did not make it to this final round! The five
contestants chosen to take part in the singing competition are David, Tshepo, Shelly, Kerry
and Cameron. According to their profiles presented in learning unit 1, who do you think is
most likely to win?
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LEARNING UNIT 16: Data analysis — a fictitious
organisation

The learning unit in this section is unique in the sense that you will not be learning anything
new. Instead, you are given an opportunity to apply what you have learnt so far. So this
learning unit is actually a self-evaluation exercise (in Tutorial Letter 101 it is referred to as
Assignment 3) which you can use to check your understanding of the module as a whole.

Note that some of the questions in this learning unit are put differently from those in previous
learning units and in the assignments. Do not worry, in the examination all questions will be in
the format of the ones in the other learning units and the assignments!

The reason why we have put some questions in this learning unit differently is to make the
exercise more realistic in terms of questions you may have to answer in a work situation. An
employer will simply present you with a problem and expect you to know what steps to follow
to arrive at a solution.

Now that you have completed the study material for this module, you can start dreaming
about your job as an industrial psychologist in a company. Let your imagination run wild and
enjoy the practical exercise below.

Imagine you are an industrial psychologist in a company, MetalCan International, which
manufactures metal cans. It is a factory that has to operate 24 hours a day and as a result
workers are divided into three separate shifts.

The hours of the shifts are as follows: The management level of the production
section is as follows:

 Shift 1: 06:00-14:00 * Production manager

 Shift 2: 14:00-22:00 * Senior shift leader

* Shift 3: 22:00-06:00 « Shift leader

* Shift worker
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The company employs male and female workers of different ages on all three shifts. There
are 350 workers in total. Ten workers from each shift were selected randomly and certain
information obtained from each of them is reflected in the table below. They are all factory
workers employed to pack the finished products. To answer the questions that will be asked
below, you need to use this information.

For each guestion, draw up a new table on which you copy only
the required information from the master table. It will simplify
your computations if you have only the relevant information
handy.

The following information is provided about each person
included in the sample:

¢ name (surname and initials)

e shift number

e age (in years)

e period of service (with this firm, given in months)

e gender (M = male, F = female)

e motor aptitude score (on a scale giving score for dexterity)

e productivity score (mean number of products packed over
last five shifts)

Name Shift Age Period of Gender Motor Productivity
service aptitude
Khumalo, N 1 30 68 M 40 140
Solomon, K 1 23 36 M 32 120
Shaw, | 1 25 15 F 41 130
Mogale, S 1 19 6 M 28 115
Naidoo, P 1 42 41 M 38 130
Peters, M 1 24 10 F 32 118
Britz, K 1 43 60 M 43 153
Singh, S 1 32 24 F 37 135
Shizane, P 1 28 22 M 41 148
Coetzee, N 1 41 48 M 36 120
Miller, A 2 26 28 M 24 90
Masego, P 2 31 20 F 30 140
Ndimang, N 2 30 12 F 31 128
Quele, P 2 27 5 M 40 146
Valmer, B 2 24 38 M 41 140
April, C 2 55 144 F 38 145
Nkomo, D 2 48 12 M 36 130
Surrey, F 2 33 47 M 35 140
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Govender, S 2 25 8 M 40 145
Mokoena, C 2 42 50 M 41 130
Zitumane, P 3 25 10 M 35 130
Lange, K 3 37 14 M 38 142
Hatting, S 3 32 6 F 42 136
Bartlett, G 3 44 48 F 29 112
Olivier, M 3 41 78 F 41 128
Nkosi, T 3 28 15 F 33 116
Richard, A 3 46 24 M 34 111
Jacobs, L 3 50 120 F 48 150
Maluleke, T 3 41 60 M 29 102
Collins, G 3 39 20 M 32 120

The rest of this learning unit is a series of questions that forms part of this long activity.
Feedback is right at the end.

/a-w 1.1

Question 1

Complete the following table by indicating the type of measurement scale of each variable in
the space provided.

Variable Measurement scale (nominal, ordinal, interval or ratio)
Shift group

Age

Period of service

Gender

Dexterity/motor aptitude score

Productivity score

Management level
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Question 2

One of the scores given is a motor aptitude score, which is a measure of dexterity. This score
is said to give an indication of the person's ultimate productivity in the job situation.

2.1 Compute the mean of the motor aptitude scores for the group on shift 1 and also for the
group on shift 3.
2.2 Compute the mode of the productivity scores for the group on shift 2.

2.3 Compute the median of the productivity scores for the group on shift 3.

2.4 Give a frequency distribution of the ages of the persons in the sample by grouping their
ages in five-year intervals. Compile a frequency table. Indicate the midpoint of each
interval in the frequency table.

2.5 Draw a histogram of the frequency distribution in question 2.4.

2.6 Describe the distribution of the histogram with regard to the following:

¢ Modality: unimodal/bimodal/trimodal
e Skewness: positively skewed/negatively skewed
e Kurtosis: platykurtic/mesokurtic/leptokurtic

2.7 Compute the variance and standard deviation of the motor aptitude scores for shift
group 1 and shift group 3.

2.8 Compute the correlation between the motor aptitude scores and the productivity scores
of the entire group.

Remark: The squares of some figures may be impossible to compute on a calculator
which can accommodate only eight digits.

Then interpret the correlation coefficient and say what you can deduce about the
relation.

Question 3
You want to use the motor aptitude scores to predict job performance (productivity).

3.1 Which variable is the predictor variable?
3.2 Compute the variables used in the regression equation. That is:

e compute b
e compute a

3.3 Give the final regression formula.

3.4 What would be the predicted productivity score of someone who obtained a score of 30
on the motor aptitude test?

3.5 Draw a graphic representation of the regression line.
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Question 4

For the purpose of this question you should regard the group of 30 workers as a total,
normally distributed population. Their mean motor aptitude is 32,53 and the standard
deviation is 11,98. Now do the following:

4.1 Compute the corresponding z-score for somebody with a raw score of 41.

4.2 Compute the corresponding z-score for somebody with a raw score of 31.

4.3 Determine the proportion of cases that have raw scores below 31.

4.4 Determine the percentage of cases that have raw scores higher than 41.

4.5 Determine the number of workers whose motor aptitude scores are between 31 and 41.

Question 5

A few cases in the company suggest that men may be better paid than women, even though
they do the same work and have roughly the same experience. This has given rise to
allegations about differences in productivity as part of the problem. You have been asked to
investigate the matter. Management wants statistics on the productivity of the two genders.
Use the information in the table to determine whether there is any difference between the
productivity of males and females.

5.1 Write an appropriate null hypothesis in words and symbols.
5.2 Write an appropriate alternative hypothesis in words and symbols.
5.3 Compute the relevant test statistic and answer the research question.

Question 6

If you look at period of service, six persons in shift group 1 can be matched with six persons
in shift group 3 who have the same period of service. Shift group 1 works from 06:00 to 14:00,
and shift group 3 from 22:00 at night to 06:00 the next morning. You want to determine if
there is a difference between the productivity scores of shift groups 1 and 3. Do the
necessary computations (starting with the formulation of a null and an alternative hypothesis)
to answer the question.

Question 7

Use two age groups: persons younger than 30 in one group, and persons older than 40 in the
other group. Determine whether there is any difference between the motor aptitude scores of
the two groups. Show every step clearly and do the necessary computations to answer the
question.

Question 8
8.1 Is there a significant age difference between the three shift groups? Do all the
necessary computations to determine the answer.

8.2 Evaluate the practical value of this computation for you as an industrial psychologist in
two or three sentences.
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Question 9

The chief executive officer (CEO) of the company obtains the means and standard deviations
of productivity data for the three shifts:

Shift 1 Shift 2 Shift 3
X 130,9 133,4 1247

s 13,08 16,65 15,16

He calls a meeting with you and the following conversation takes place:

CEO: “It looks like shift group 2 is the most productive one in the company, with shift 1
following closely behind. The productivity of shift 3 is really poor. Do you agree?”

You: “You can’t deduce whether there is a significant difference in the productivity of the
three shifts by looking only at the means.”

CEO: “Can you process the data further? | have to know if they differ significantly.”

You: “Sure, | just have to do a statistical test known as one-way ANOVA to answer your
question. | will report my conclusion to you with 99% certainty.”

CEO: “Thanks.”

Question 10

The production manager wants to find out whether there is a difference in preferences
between male and female workers with regard to the shift they would like to work in. The
senior shift leader obtained the following responses from 280 workers to the question:

“Which shift do you prefer?”

Shift 1 Shift 2 Shift 3
Male 60 22 30
Female 40 68 60

The production manager asks you to analyse the data in order to answer his question.
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Question 1
Variable Measurement scale (nominal, ordinal, interval or
ratio)
Shift group nominal
Age ratio
Period of service ratio
Gender nominal
Dexterity/Motor aptitude score interval
Productivity score ratio
Management level ordinal
Question 2

2.1 Mean of motor aptitude scores of shift group 1 and shift group:

2X Mot titude s i
Shift group 1: (¥,) = = Hotor aptiude scores
® Shift group 1 Shift group 2
000 (X)) (X3)
) 40 35
= 36,8 32 38
41 42
gy o e _ EX:}
Shift group 3: (X3) = T 28 29
361 38 41
10 32 33
— 36,1 43 34
37 48
41 29
36 32
Sum 368 361

2.2 Mode of productivity scores of shift group 2

Productivity scores 90 140 128 146 140 145 130 140 145 130
Ranked scores 90 128 130 130 140 140 140 145 145 146

Mode = 140 Productivity Frequency
90 1
128
130
140
145
146

P NWDN PR
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2.3 Compute the median of productivity scores of shift group 3:

Productivity scores (shift group 3):

130 142 136 112 128 116 111 150 102 120
Ranked scores:

102 111 112 116 120 128 130 136 142 150

A

. " N+1
Median position = —

Median value lies between 120 and 128 (mean of the two values)
_ 120+ 128 248
) 9

oo

)
5

= |

2.4 Frequency distribution of ages

Age interval Frequency Cumulative Midpoint of interval
frequency
16-20 1 1 18
21-25 6 7 23
26-30 6 13 28
31-35 4 17 33
36-40 2 19 38
41-45 7 26 43
46-50 3 29 48
51-55 1 30 53
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2.5

Frequency

2.6

2.7

224

Histogram of frequency distribution of ages given in exercise 2.4

6 -

1 O b b

03 8 13 18 23 28 33 38 43 48 53

Age in years

Did you spot the error in the graph above? If not, look at the frequency distribution on
the previous page and correct it on the graph. (The positions of the histogram for the
intervals 36-40 and 41-45 are incorrectly indicated in the graph as 3 and 6, instead of 2
and 7.)

* bimodal
* positively skewed
« leptokurtic

Variance and standard deviation of motor aptitude scores for shift group 1 (X;) and shift
group 3 (X3).

o _DH-EE L, ooyl ; :
Sx, N-1 X, N—1 X Xj X; X3

_ 13752 — 88 13369 — "I_'I 40 1 600 35 1 225

N 32 1024 38 1444

_ 13 7:',277:[;:5 542.4 = 13369-13082, 1l T R

— 209.6 — 3369 28 784 29 841

’ ' 38 1 444 41 1 681

= 23,28888 = 3743333 19 1024 3 1 089

=23.29 = 3743 43 1 849 34 1 156

sy = VI s, = V3,33 37 1369 48 2304
' 41 1 681 29 841

= 4,82597 = 6,11800 36 1296 32 1024

= 483 = 6.12 Sum 368 13752 361 13 369
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Correlation of motor aptitude scores (X) and productivity scores (YY) of the whole group

The greater a person’s motor aptitude, the higher his/her productivity score.

2.8
(all three shift groups).
oo NEXY-(£X)(2Y)
VINEX - (EXP][NEY2—(XY)?)
_ 30(142 550)—(1 085)(3 890)
V/[30(40 085)— (1 085)%][30(510 906)—(3 890)°]
— 4 276 500—4 220 650
\/[! 202 550-1 177 '2'2-5]:1:_’: 327 180-15 132 ][]{J]
il 55 850
(25 325)(195 080)
s 55 850
4 940 401 000
— 55 850
V10 287,98617
= (0,79458
= 0,79
It is a strong positive correlation.
Question 3

Prediction of job performance (productivity) by constructing a regression equation.

3.1

3.2

129,67
36,17

Motor aptitude

B
|

Y = bXi-a

p = NEXY-(EX)(2Y) i =
NEX2—(TX)? '

30(142 550)—(1 085)(3 890)
30(40 085)—(1 085)°

— 4276 500-4 220 650 =
1 202 550—1 177 225

= 35 -
= 2,20533 =
= 221

Y = Z¥ = 380 — 199 67

X =5 =5 = 3617

Why strong?

You may interpret it like this:
It is only 0,01 less than 0,80
(the lower limit for strong on
the correlation interpretation
scale as given in study unit 8).

(Y = Productivity)
(X

Motor aptitude)

Y —hX
129,67 — (2.21)(36,17)
129.67 — 79,9357

49,7343

49,73
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33 Y =2,21X+49,73

3.4 For X= 30:

Y = 2,21(30) + 49,73
= 66,3 + 49,73
= 116,03
3.5
120
100-

o.2]
o
|

Productivity
=)
=
|

a = 49,73 or (0; 49,73)

.
=}
|

[
o
|

(30; 116.03)

5 10 15 20 25 30
Motor aptitude

Question 4

pn=32,53 = 1l

X—pu
%
_ 41-32,53
11,98
8,47
11,98
=0,71

41 z =

X—p
a
31 — 32,53
11,98
_ 1,53
11,98

42 =z =

= —0,13
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4.3

P(z-0,13)
= 0,44828

4.4

P(z > 0,71)
= (,23885

= 23,89%

>

(.::0) 124 0?1
4.5
di P(—0,13<2<0,71)
/ = 0,05172 + 0.26115
= 0,31287
30 x 0,31287 = 9,38
.. 9 persons

z = —0,13

Question 5

N\

z = 0,71

=0

IO0P2601/MO001/4/2016

Determine whether there is a difference in productivity between males and females
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5.1 There is no difference between the Men Xy;  Women Xy pel el
productivity scores of males and females. 140 130 19 600 16 900
Ho : ty = H 120 18 14 400 13 924

5.2 There is a significant difference between 15 135 13225 18 225

the productivity scores of males and 130 140 16 900 19 600
females. 153 128 23 409 16 384
Hy:p, # [, 148 145 21 904 21 025
120 136 14 400 18 496
90 112 8 100 12 544
146 128 21 316 16 384
140 116 19 600 13 456
130 150 16 900 22 500
140 19 600
145 21 025
130 16 900
130 16 900
142 20 164
111 12 321
102 10 404
120 14 400
z 2452 1 438 321 468 189 438
5.3 X == Xp = ¢
t = 129,05 = 130,73
, X -ERE , _ mxp-Cp
_ 129.05-130.73 M N-1 F T N-1
—_ _ 3214632527 _ 189438882
I8 10
= —1,68 _ 321 468—316 437,05 _ 180 438—187 985,81
V12,186 + 21,049 I T - 1w
=168 18 10
V33,235 = 279,50 = 145,22
_ 1,68 2 — M= sy + (Ve — 1)sg
5,76 [ Ny+Np—2
18(279.50)+(10)(145,22)
— 029 19+11-2
s 51131-;;1-;2,20 = 231,54
Two talied test
df = Nu+Ng-2 = 19+11-2=28
t,= 0,05 = 2,0484
t,= 0,01 = 2,7633
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Computed t-value = -0,29

It] < teriticar At 5% and at 1% level.

.. Do not reject Hy
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. Cannot say with 99% certainty that there is a difference between the productivity of males

and females.

Question 6

Is there a difference between the productivity scores of shift group 1 and shift group 3 if one

compares persons with the same period of service?

) D 64

D =Z2=2=10,67
N 6 ¢
2 (BD)?

, _zp?-%

0 T TN
4022 — &

]

4022 — 682,67

)

_3339,33

5]

= 067,87

S =l Sl‘;) =y 667, 87

= 2584
Hy:p, =0
Hy:p, #0
df =N-1=5

Two-tailed test

thos = 2.5706
f[]_[;] = 4,032]
Leate! < [Terit

". Do not reject Hy

Service  Shift 1  Shift 3 D D’
period
6 115 136 -2 441
10 118 130 10 144
15 130 116 14 196
24 135 111 24 576
48 120 112 8 64
60 153 102 51 2601
64 4022
D-0
tp 5
VN
10,67
25,84
V6
10,67
25.84
(.2 149, HJ)
10, 67
10,549
1,01

. Cannot say with 99% certainty that there is a difference in productivity between shift group
1 and shift group 3, which means there is no significant difference between the productivity

scores of males and females

229



I0P2601/MO001/4/2016

Question 7

Determine whether there is a difference between the motor aptitude scores of the under 30
age group (young) and the over 40 age group (old).

Motor aptitude scores

Young X, Old X, A7 X
32 38 1 024 1 444
4] 43 1 681 1 849
28 36 784 1 296
32 38 1 024 1 444
41 36 1 681 1 296
_ 35,18 = 37,55 24 4] 576 1 681
3496 | 32.67 40 29 1 600 841
T
. 41 41 1 681 1 681
% 40 34 1 600 1156
* 35 48 1225 2 304
=9 9% 33 29 1 089 841
a /0, 1482 z 387 413 13 965 15 833
_ —2,37
2,480 v $ o $X, 387 g
= —0.96 oung: Ay = j\f] - f = AN
. 3 ¢ {>:_.\\_'Il )
13965 — 880
10
_ 13 965 — 13 615, 363
10
— 34.96
5 22X, 413
Old: X-g — N. - = T = 37D
Two-tailed g
. £x} - )
(ff = Ni+Ny—2 53 = _A.P;Fz — i\-:
= 20 413)>2
15 833 — (T}_
tops = 2,0860 = 10
toor = 2.8453 _ 15 833 — 15 506, 27
g 10
[t < terit — 32.67

.. Do not reject Hy

. Cannot say with 99% certainty that there is a difference between the motor aptitude scores
of the two age groups; no significant difference.
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Question 8

8.1 Isthere an age difference between the three shift groups?

Xr X X5 Xi X3 X3
30 26 23 900 676 625

Ho iy = iy = s 23 31 37 529 961 1369
Hy iy # fo # Il 25 30 32 625 900 1024
S = BX? = & 19 27 44 361 729 1936
2 24 41 1764 576 1681

= 37 979 — (LU 2% 55 28 576 3025 784

_ 37979 —3543203 43 48 46 1849 2304 2116

o GG 2033 S0 1024 1089 2500

2% 25 41 784 625 168

41 42 39 1681 1764 1521
X 307 341 383 10093 12649 15237

~ "]

EX=11031 Y X? =37979

= 9

SSeroup = nZ(X; — X..)
= 10[(30,7 — 34,37 + (34.1 —34,37)> + (38,3 — 34,37)%]
= 10[(— 3,67)* + (— 027> + 3,93)3
= 10[13,468 + 0,072 + 15444]

= 10(28,984)

= 289,84 X, = 307
S8 = 8w = SSueis )E; = 34,1

= 254697 — 289,894 ;‘ Z :j:?

= 225713

Source df SS MS F

Foos & 3,35 Group 2 289.87 144,94 1,73
Foor ~ 549 Error 27 2257,1 83,59
Foale < Ferit Total 29 2 546,97

.. Do not reject Hy
. There is no significant difference between the ages of the various shift groups.

8.2 You have found no significant difference between the ages of the three shift groups.
How do you respond to this finding — “So what?”
If so, you are right — this finding in itself has no practical relevance.

So the real message is: remember that statistical analyses are made with a view to
answering questions by obtaining meaningful results.

231



I0P2601/MO001/4/2016

If the rsults are of no pratical use there is no point making the computations. Always
maintain a critical attitude!

Question 9
Is there a significant difference in the productivity of the three shifts?

Hy : Hshinc1 = Hshinc 2 = Hshift 3

Hy @ Ushirc1 # Mshir 2 7 Mshift 3

)(_’1 = Shift | ,X:'g = Shift 2 A_’; = Shift 3 )
X, = 1309 X, = 1334 Xy = 1247 X.. = 129,67
Xi X2 X; X X’ X
140 90 130 19 600 8 100 16 900
120 140 142 14 400 19 600 20 164
130 128 136 16 900 16 384 18 496
115 146 112 13 225 21 316 12 544
130 140 128 16 900 19 600 16 384
118 145 116 13 924 21 025 13 456
153 130 111 23 409 16 900 12 321
135 140 150 18 225 19 600 22 500
148 145 102 21 904 21 025 10 404
120 130 120 14 400 16 900 14 400
1 309 1 334 1 247 172 887 180 450 157 569

ZX = 1309 + 1334 + 1247 = 389
>X? = 172887 + 180450 + 157 569 = 510 906

B = BXY dfi = N—1
2 QQ 2
= 510 906 — (3 SJU) = 30 — 1
30
151 1
— 510 906 — -0 132100 = 29

30
= 510 906 — 504 403,33

= 6502,67
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Sngup = nz(}_{j_Xr---)g f!f;g,roup = =]
= 10[(130,9 — 129,67)* + =3 ==
(133,4 — 129,67)% + (124,7 —129,67)’] = 2

= 10[(1,23)* + (3,73)® + (—4,97)7
= 10[1,5129 + 13,9129 + 24, 7]

= 401,26

SSerror = SSiotal *Ssgmup ‘.’fé\rrm‘ = Je(n — 1)
= 6 502,67 — 401,26 = 3(10 — 1)
= 6 101,41 = 27

ﬁﬂrsgroup = 9 Sgronp/ df group
= 401,27 /2
= 200,64

ﬂ"‘{S(?]‘I'O]' = S‘Sf(-?l‘l‘{_'lt'/dff‘.!‘]'(ll'

= 6101,4 / 27
= 225,98
M Szoup
f = NS
= o8
= 0,89
Source df SS MS F
Group 2 401,27 200,6 0,89
Error 27 6101,40 225,98
Total 29 6502,67

Your conclusion

Critical value: Fyo; (2, 27) = 5.49

[Through interpolation: 27 degrees of freedom is halfway between 26 and 28 and
the critical value of 5,49 is exactly halfway between 5,53 and 5,45

(5,53 + 5,45 = 10,9872 = 5,49).]
0.89 < 549
.. Do not reject Hy

Thus, no significant difference.
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Your answer to the CEO

“Although the means differ, reflecting a difference in productivity among the three shifts, the
difference is not statistically significant. This can be concluded with 99% certainty. In practical
terms, there is no need for your initial concern about the level of productivity of any of the
three shifts in our company”.

Question 10

Is there a significant difference between men and women with regard to the shift on which
they prefer to work?

The frequencies of answers (in contingency table format) are as follows:

Shift 1 Shift 2 Shift 3 Total
Men 60(40) 22(36) 30(36) 112
Women 40(60) 68(54) 60(54) 168
Total 100 90 90 280

The numbers in parentheses are the expected frequencies,

computed according to the

formula:
E; =
E, = 1|22>§“|1'm — 40 Ey = 1r582:{}mn — 60
EUZWZBG Eggzﬂf_}—;[]ﬂ:M
g2 = 3 0B
- {ﬁn.mm}'-’ n {‘_’2336}"’ i [3[:3{;&6}"’ 4 (|:16{fj;m'-’ + ((sh'a:l',n'-’ n (m}a?l)'-’
of £ £ 1% 2% -E%
= 10 + 544 +1 + 6,66 + 3,62 + 0,66
= 27,38
df = (R=DE=1T)
= 2-1)3-1)
= 2
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Xa.us(g) =5,99 XS.[M(Q) =9,21

27,41 > 59915 27,41 > 9,2104

.. Reject null hypothesis

Interpretation

There is a significant difference between male and female workers with regard to the shift on
which they would prefer to work. This assumption can be made with 99% certainty.

This exercise has given you a bird's-eye view of the kind of questions that industrial
psychologists have to deal with. In every job situation there are various problems to be solved
and questions to be answered. The industrial psychologist's task is to examine these
problems and questions scientifically and to provide answers and solutions. In this way,
industrial psychologists contribute to the effective functioning of a company and help keep
employers and employees happy.
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Appendix: List of formulas

(RUL — RLL)

Midpoint of class interval = RLL + >

score — RLL

percentile rank = % below + (interval%)

class interval width

PR — % below

= RLL +
score of p interval %

(interval width)

N+1
Median location = —

X_EX
N
Y—ZX
N

Range = Highest score minus lowest score

2
2
Sx N — 1

Sx:\/s_a%

2 _ Ey)?
SZ:—Z}I i
Y N —1
Sy = |s§
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NZIXY—-ZX3Y

JINZX2- (ZX)Z][NZY2- (ZY)?]

_ NIXY — (EX)(ZY)
~ NIX2 - (ZX)2

a=Y—- bX

Y=bX+a

2
514 5%

Ny N

df=N1+ N2_2

2:

(N, — Dsi + (N — 1)s3

S.
P N, + N, — 2
KX

Sp . Sp

NN,

IO0P2601/MO001/4/2016
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_ &7

SStotar = ZX? N

dftotar =N — 1
SSgroup = NZ(X, — X )?

SSerror = SStotar — SSgroup

Aferror = k(n — 1)

MSgroup = SSgroup/ dfgroup

MSerror = SSerror/ dféTTOT

MS
F — group
MSerror
2
. (0-B)
E
R.C;
Eij - N
df =k —1

df =(R-1D(C-1)

240



