VCE UNITS
3&4

Cambridge Senior Science

Psychology

Kate Gallagher

Natasha Eshuis INTERACHNE
Andrew Keating INCLUDED
Alisha Muller

Suresh Sundram
Natalie Zuccon



B

55 CAMBRIDGE VCE UNITS

%.5» UNIVERSITY PRESS

3&4

Cambridge Senior Science

Psychology

Kate Gallagher
Natasha Eshuis
Andrew Keating
Alisha Muller
Suresh Sundram
Natalie Zuccon

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



CAMBRIDGE
UNIVERSITY PRESS

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314-321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi - 110025, India
103 Penang Road, #05-06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of Cambridge University Press & Assessment, a department of the the University of
Cambridge.

We share the University’s mission to contribute to society through the pursuit of education, learning and research at the
highest international levels of excellence.

www.cambridge.org
© Cambridge University Press 2022

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press & Assessment.

First published 2022
2019181716151413121110987654321

Cover designed by Loupe Studio

Text designed by Shaun Jury

Typeset by QBS Learning

Printed in China by C&C Offset Printing Co. Ltd.

A catalogue record for this book is available from the National Library of
Australia at www.nla.gov.au

ISBN 978-1-009-25416-8 Paperback
Additional resources for this publication at www.cambridge.edu.au/GO
Reproduction and Communication for educational purposes

The Australian Copyright Act 1968 (the Act) allows a maximum of

one chapter or 10% of the pages of this publication, whichever is the greater,
to be reproduced and/or communicated by any educational institution

for its educational purposes provided that the educational institution

(or the body that administers it) has given a remuneration notice to
Copyright Agency Limited (CAL) under the Act.

For details of the CAL licence for educational institutions contact:
Copyright Agency Limited

Level 12, 66 Goulburn Street

Sydney NSW 2000

Telephone: (02) 9394 7600

Facsimile: (02) 9394 7601

Email: memberservices@copyright.com.au

Reproduction and Communication for other purposes

Except as permitted under the Act (for example a fair dealing for the purposes of study, research, criticism or review) no
part of this publication may be reproduced, stored in a retrieval system, communicated or transmitted in any form or by
any means without prior written permission. All inquiries should be made to the publisher at the address above.

Cambridge University Press & Assessment has no responsibility for the persistence or accuracy of URLs for external or
third-party internet websites referred to in this publication and does not guarantee that any content on such websites is, or
will remain, accurate or appropriate. Information regarding prices, travel timetables and other factual information given
in this work is correct at the time of first printing but Cambridge University Press & Assessment does not guarantee the
accuracy of such information thereafter.

Please be aware that this publication may contain images of Aboriginal and Torres Strait Islander people who are now
deceased. Several variations of Aboriginal and Torres Strait Islander terms and spellings may also appear; no disrespect is
intended. Please note that the terms ‘Indigenous Australians’ and ‘Aboriginal and Torres Strait Islander peoples’ may be used
interchangeably in this publication.

Cambridge University Press & Assessment acknowledges the Australian Aboriginal and Torres Strait Islander peoples of this
nation. We acknowledge the traditional custodians of the lands on which our company is located and where we conduct

our business. We pay our respects to ancestors and Elders, past and present. Cambridge University Press ¢ Assessment is
committed to honouring Australian Aboriginal and Torres Strait Islander peoples’ unique cultural and spiritual relationships to
the land, waters and seas and their rich contribution to society.

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



About the authors

Kate Gallagher is the lead author of the VCE Psychology team. She has taught VCE
Psychology for many years across all three sectors in Victoria, as well as A level
Psychology in England. Kate has also been involved in leading VCAA Psychology, as a
previous Study Design review panellist, examination specification/sample paper writer
and examination assessor. In addition, she has shared her passion for VCE Psychology
with teacher candidates as a tutor in the Psychology learning area, at the University of
Melbourne Graduate School of Education.

Natasha Eshuis has held Head of Psychology and lead Mathematics roles during her
12-year teaching career across government and independent schools. She has also
worked as a therapist for children on the autism spectrum and as a VCAA examiner
for Psychology. She has authored and published various VCE Psychology resources.
Natasha has experience leading trauma-informed education, positive psychology
education and STEM-focused programs. Natasha is an enthusiastic teacher who is
passionate about lifelong learning.

Andrew Keating is a co-founder and director of Psyched, the VCE Psychology
Teachers’ Network. He has held Head of Curriculum and VCE Coordinator
positions throughout his career, and is also a published textbook author for VCE
Health and Human Development. Andrew has been a VCAA Assistant Chief
Assessor and worked on VCAA Study Design Review Panels.

Alisha Muller has been a VCE Psychology teacher for the last 12 years. She has been
a VCAA assessor, a presenter for Carter Down Education Services and has written
content for other educational publications.

Professor Suresh Sundram is Chair and Head of Department of Psychiatry, School
of Clinical Sciences, Monash University, and Director of Research, Mental Health
Program, Monash Health. He is a research psychiatrist and neuroscientist and leads
the Translational Molecular Psychiatry program at Monash University, focusing

on understanding the causes of and developing new treatments for the major
mental disorders. He has served as an advisor to the United Nations and numerous
national governments on asylum seeker and refugee mental health and has worked
with the VCAA on curriculum development in Psychology.

Natalie Zuccon has been a Years 7—12 Science and Maths teacher since 2011,
specialising in VCE Psychology. Over the years, she has developed her expertise
through VCAA assessing, VCAA Study Design reviews, and resource writing. Most
of all, she enjoys sharing her love and enthusiasm for Psychology with her students.

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



Contents

About the authors i

Overview: How to use this resource Vi
Overview: Aboriginal and Torres Strait Islander knowledge,

cultures and history Xi
Concept maps for Units 3&4 Xiv

Chapter 1 Scientific investigation, planning, ethics and safety 2

1A Investigation aims, questions, hypotheses and variables 6
1B Planning and conducting investigations 15
1C Safety and ethical understanding 40
Chapter 1 review 50
Chapter 2 Recording and analysing data, drawing and

communicating conclusions 54
2A Processing and analysing data 60
2B Drawing conclusions and communicating scientific ideas 81
Chapter 2 review 94
Chapter 3 Nervous system functioning 100
3A The central and peripheral nervous systems 104
3B Neurotransmitters and neuromodulators 120
3C Synaptic plasticity 138
Chapter 3 review 145
Chapter 4 Stress as an example of a psychobiological process 152
4A Internal and external stressors 156
4B The gut-brain axis 167
4C A biological model of stress 173
4D A psychological model of stress 179
4E Strategies for coping with stress and improving mental wellbeing 188
Chapter 4 review 195
Chapter 5 Approaches to understand learning 200
5A Classical conditioning 204
5B Operant conditioning 212
5C Observational learning 220
5D Aboriginal and Torres Strait Islander ways of knowing 226
Chapter 5 review 235

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022

Photocopying is restricted under law and this material must not be transferred to another party.



Chapter 6 The psychobiological process of memory 240
6A The explanatory power of the Atkinson—Shiffrin multi-store model

of memory 244
6B The roles of specific regions of the brain in long-term memory 255
6C The role of episodic and semantic memory 267
6D Mnemonic devices to increase encoding, storage and retrieval 284
Chapter 6 review 293
Unit 3 Revision exercise 299
Chapter 7 The demand for sleep 304
1A Sleep as a naturally occurring altered state of consciousness 308
1B Technigues used to measure sleep 316
1C Internal biological mechanisms that regulate sleep—wake patterns 324
1D Sleep across the life span 330
Chapter 7 review 339
Chapter 8 Importance of sleep to mental wellbeing 344
8A The effects of partial sleep deprivation 347
8B Circadian rhythm sleep disorders 353
8C Improving sleep—wake patterns and mental wellbeing 361
Chapter 8 review 372
Chapter 9 Mental wellbeing 376
9A Ways of considering mental wellbeing 380

9B Mental wellbeing as a continuum and the factors that influence it 390
9C The biopsychosocial approach to maintaining and protecting

mental wellbeing 397
9D Cultural determinants of mental wellbeing 413
Chapter 9 review 417
Chapter 10 Specific phobia 422
10A Contributing factors to the development of specific phobia 427
10B Evidence-based interventions and their use for specific phobia 445
Chapter 10 review 458
Unit 4 Revision exercise 465
Glossary 470
Index 484
Permissions acknowledgements 490

Answers are available in the Interactive Textbook and the teacher
resources.

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.




Overview: How to use this resource

The Cambridge Education Australia and New Zealand website has more information and demos for this title.

This overview guides you through all the components of the print and PDF textbooks, the Interactive
Textbook (ITB), and the teacher resources in the Online Teaching Suite (OTS). Users of the award-
winning Cambridge Science 7—10 for the Victorian Curriculum will recognise some similarities with this
senior science resource, including the hosting of the digital material on the Edjin platform, which was
developed from Cambridge HOTmaths and is already being used successfully by thousands of teachers and
students across Victoria.

Print book features

Learning objectives
In the Curriculum table at the start of each chapter, the Study Design dot points are translated into Learning
objectives, describing what students should be able to do by the end of the chapter:

(before conditioning,
during conditioning and
after conditioning) that
results in the involuntary
association between a
neutral stimulus and
unconditioned stimulus
to produce a conditioned
response,

Black text indicates

the portion of the

dot point covered by

the section shown in \
the second column

White text indicates =
the portion of the _—"

dot point covered by

other sections

(before, during and after conditioning) using key
terminology (neutral stimulus, unconditioned stimulus,
unconditioned response, conditioned stimulus and

conditioned response)
5A.3  Apply my understanding of the three-phase process

(before, during and after conditioning) and use key
terminology to identify the neutral stimulus, unconditioned
stimulus, unconditioned response, conditioned stimulus
and conditioned response in real-life examples of classical
conditioning

Learning objectivés are turned into Success Criteria (achievement
standards) at the end of the chapter and are assessed in the Chapter
review and tracked in the Checklists

Relevant Study Design dot points are repeated at the start of each section in the chapter, and an overall

curriculum grid is provided in the teacher resources.

Concept maps

Concept maps display each chapter’s structure with annotations
emphasising interconnectedness, providing a great memory aid.
The versions in the ITB are hyperlinked and offer an alternative
way of navigating through the course. An overall concept map
of Units 3&4 is also provided after this overview.

Links

The interconnectedness of topics in Psychology is demonstrated
through links between sections, displayed in the margins. In

the ITB, these are hyperlinks that provide an alternative way of
navigating through the course.

Fight or flight responses
In fight or flight responses, you experience similar physiological responses, such as
increased heart rate, sweaty palms and dilated pupils as a part of an acute stress response.

This is because the fight or flight response is activated by the sympathetic subdivision of ) 3A THE CENTRAL
the autonomic nervous system. As was discussed in Chapter 3, the autonomic nervous ﬁ!g;g&"’“mﬂ
system works unconsciously, without our awareness, to regulate our arousal and internal SYSTEMS

bodily functions. In the case of a fight or flight response, our arousal is increased because a

ISBN 978-1-009-25416-8 Gallagher et al

Concept map

Developing aims and questions, and making for

1A Investigation aims, questions, hypotheses and variables

Determining and using appropriate
investigation methodology to
conduct investigations

1B Planning and conducting investigations

Population of interest:

the wider group of people
that the researcher is
interested in understanding

Sampling: participants are chosen through
a random or stratified sampling technique

Sample: the participants it
selected from the population,
who participate in the investigation

Allocation: participants are divided between
the experimental and control groups
by

. - Control group:
Experimental group: the partﬁ:\papms who
the participants who ‘a are not exposed to
are exposed to the IV .'»‘ the IV

1 The importance of complying with safety and

ethical guidelines when undertaking investigations,
including consideration of Aboriginal and Torres
Strait Islander peoples’ culture

1C Safety and ethical understanding

See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course,

© Cambridge University Press & Assessment 2022

Photocopying is restricted under law and this material must not be transferred to another party.



Chapter sections

Chapters are divided into
numbered sections each with
a consistent set of features.

Engage

At the start of each section,

these boxes provide points of
interest for the topic emphasising
its place in Psychology. This
material, though not assessable,
can be used as examples of
applications.

Explain
This icon marks the start of
essential content that is assessed.

Glossary

Scientific terms are highlighted in
the text, definitions are given in
the margin of the print and PDF
textbooks, or on mouseover in the
ITB, and the terms are listed at the
start of each chapter and section.

Check-in questions
Each section in the chapter
has one or more sets of
check-in questions, for
formative assessment.

Full answers are provided
in the digital resources.

Skills

Skills boxes in every section
provide advice and guidance

on how to answer and prepare
for questions, especially in
examinations. The I'TB has
video versions of these which
provide extra comments and an
alternative medium of delivery.
In the VCE Psychology textbooks
there are also Key Science Skills
boxes, shown on p.ix.

ISBN 978-1-009-25416-8
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Study Design coverage for section Glossary terms in the section

48 Operant conditioning //
i Study Desigln: Glossary:
Antecedent
Behaviour
Consequence

Negative punishment
Negative reinforcement
Operant conditioning

ENGAGE

Using faecal transplants to treat mental illness

Our nervous system and gut are connected in a complex way that researchers are still
trying to fully understand. As a result, many people who struggle for years with mental
health issues are willing to try experimental treatments such as a transplant of faeces
from a healthy person into their own gut.

Kerwin, a 45-year-old industrial engineer who lives in Peru, tried many medications
for his depression and anxiety, with little success. As a result, he sank into a deep

n EXPLAIN
Stressors and the stress response

Stressor We experience many events that can be stressful. These range from minor irritating events,

any event that
causes stress or
is perceived as
a threat and a
challenge to our
ability to cope \

such as being stuck in a traffic jam or having a lot of homework, through to challenging,
life-changing events such as a significant injury or losing your home in a bushfire. Stressful
events can also be positive, such as being offered entry into two equally exciting university
courses. Any event that causes stress is referred to as a stressor.

\
\

Glossary definitions Terms in the glossary

Check-in questions — Set 1

1 Describe the difference between a sample and a population.
2 What is the most important requirement when using a random sampling technique?
3 How is a sample chosen by the stratified sampling technique?

1B-1 SKILLS

Identifying populations and samples

When asked to identify the population from a research scenario, think about who the
researcher is interested in applying the results to. Often the population can be found in
the aim of a study. The population is rarely ‘all people in the world:

A description of the population would typically not include the number of people, just
the broad characteristics that make them similar. When describing the sample, specific
details such as the number of participants, where they were selected from, and any other
common characteristics should be included, such as age or sex.
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Charts, diagrams and tables T

Stage of life span and age Total recommended Explanations for sleep patterns
hours of sleep and

typical proportion of

REM and NREM

Detailed charts integrating text

and diagrams, and illustrated s oty T e o . 9

tables, feature throughout the print
books. In the ITB, most of these are - o
available as animated slide-show ‘M—t—* = =l =S e
presentations for students to use, | } | N\ J . e
with copies for teachers to display i - ﬁ“::;:iz:f‘f‘z:,::;.z‘:f:.;@f:;‘;m;siw

What do | need to do to cope?

on data projector or whiteboard. [——

Coping resources

NREM 80% E
ond chaning iy dynamic ke
parenthood.

Later in this stage, N3 sleep begins to decline and is
replaced by N2 sleep.

B e =

are adequate Melatonin concentrations continue fo decline over
aduthood
Oider aul 78hours | Sleep patterns i older adull can aler because of
265 years REM 18-20% | fetye changes such as etemen, increased health
NREM 80-82%
pr
Figure 4D-2 The two forms of appraisl that occur within the transactional model of sress and be achieved 1 a person fesists the bocy's preference for
coping: primary and secondary g
Amount o N3 sleep confinu ine and may not
However, several criticisms have also been made of the model. These mostly centre on the e e s e
individual and subjective nature of stress as a psychological process. Given that a person's During older adulthood there i an increase in sleep
perception of a stressful experience’ can vary significantly, it can make it difficult to latency (he time taken to fall asieep) and mutiple
design experiments or stress management interventions that would apply to larger groups awakenings occur.
or populations. Similarly to Selye's GAS model, it also does not account for any external Melatonin concentrations continue to decline.

factors that may influence a person'sstress response, such as race, socio-cconomic status The shorter totalsiesp [n thisstage may be due o the

impaired abilty to obtain sleep, rather than a reduced
or education.

need for sleep.

Section questions Section 4A questions

Summative assessment is prOVIded 1 Explain how a stressor and stress are related.

at the end of each section, again 2 A student is nervous about presenting at the next school assembly and speaking in front
with full answers pI‘OVi ded in the of their peers. Using examples, explain why the stress response to this event would be a

.. psychobiological one.
digital resources.

Chapter reviews

Summaries: Students are Chapter 1 review
encouraged to make their m

Summary
of summary notes, to help them Create your own set of summary notes for this chapter on paper or in a digital document. A model
. . summary is provided in the Teacher Resources, which can be used to compare with yours.
assimilate the material. Model vep P Y
. . . Checklist
summaries are prOVIded n the In the Interactive Textbook, the success criteria are linked from the review questions and will be
teacher resources, to be given to automatically ticked when answers are correct. Alternatively, print or photocopy this page and

tick the boxes when you have answered the corresponding questions correctly.

those who need help. Creating

summaries can also be turned into Success criferia -l am non able to: : : _ Linked questions
1A.1 Identify and research aims and questions for investigation 10
an assessment taSk: W1th the models 1A.2 Construct aims and questions for investigation 10aJ
serving as the answer.
Checklists and Success criteria: Multiple-choice questions
he learning Ob] ectives from the The following information relates to Questions 1 and 2.
T Elizabeth Loftus is a researcher who conducted many studies on how eyewitness testimonies can be

influenced by leading questions — questions that influence a person to give a desired answer. Leading
questions can propose incorrect information that is then incorporated into the original memory.

front of the chapter are listed again

in the fOI‘m Of success criteria linl(ed 1 Which of the following is a possible research question or aims for one of Loftus’s studies?
. . A Leading questions will lead to inaccurate eyewitness testimonies.
to the multlple-chmce and short- B Can eyewitness testimonies be influenced by leading questions?
answer questions that fOHOW The C To investigate whether eyewitness testimonies can be influenced by leading questions.
checklists are printable from the .
Short-answer questions
ITB, and students can tick off their 10 Akeno works in an after-school care centre and is trying to get the children to wash their hands
. properly to help prevent the spread of illness. He has heard that it is recommended that people
aChleVement manuallY‘ If they dO the spend 20 seconds to wash their hands thoroughly enough to remove germs. Akeno decides
questions in the ITB they are ticked to trial getting the children to sing the song “Twinkle Twinkle Little Star’ while washing their
X ’ . hands, to ensure they are washing for long enough to be effective. When each student in the
automatlcally Whel’l the multlple— centre arrives at the sink to wash their hands, Akeno flips a coin. If he flips ‘Heads, he asks
hoi . ! d d the child to sing the song while washing. If he flips ‘Tails, he does not tell them to sing a song.
choice questlons are marked an Akeno times how long each child spends washing their hands over the afternoon.
_ . a Write an aim for this study. (1 mark)
the ShOI't answer questlons are b One child does not know all the words to “Twinkle Twinkle Little Star’ and only sings half
- the song while washing their hands. Identify this type of variable and explain its effect.
selr-assessed as correct. h hil hing their hands. Identify th f ble and expl ff

Unit revision exercises
Each Unit has a revision exercise in the print book, with both multiple-choice and short-answer questions.
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Special content

The Study Design’s
requirement to cover
Aboriginal and Torres

Strait Islander peoples’
knowledge, cultures and
history is provided by topics
within chapter sections

as well as in the digital
resources. See the overview
on page xi.

Key Science Skills are
given prominence in this
resource through two
chapters on science skills,
and the integration of
questions and activities
in all chapters applying
science skills. In addition
the digital resources include
guidance on logbooks
and investigations in
Psychology.

Activities are included
throughout, with supporting
documents in the digital
resources where required.
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Aboriginal and Torres Strait Islander Peoples’ Mental Health and Social
and Emotional Wellbeing 2017-2023 © Commonwealth of Australia 2017.

Figure 9A-10 A model of social and emotional wellbeing for Aboriginal and @
(=]

‘Does consuming sugar affect attention?’

‘ Y

What will the What will the
groups do two groups do
differently? the same?

Both groups
Ore(ErELE Onegroup i have their
will consume will not ;
attention
sugar. consume sugar.
measured.

Figure 1A-5 You can identify the variables by thinking
"gj about what the groups of participants will do the same
and what they will do differently.

Key Science Skills

o Identify, research and construct aims and questions for investigation

« Identify independent, dependent and controlled variables in controlled experiments

» Formulate hypotheses to focus investigations

» Predict possible outcomes of investigations

« Design and conduct investigations; select and use methods appropriate to the investigation,
including consideration of sampling technique (random and stratified) and size, equipment
and procedures, taking into account potential sources of error and uncertainty; determine the
type and amount of qualitative and/or quantitative data to be generated or collated

7D KEY SCIENCE SKILLS é

Analysing data qualitatively

Data collected from an investigation needs to be analysed in terms of its quality before
any decisions can be made based on the data and the investigation concluded. Data can be
analysed for accuracy, precision, repeatability, reproducibility, true value, validity, errors,
certainty, outliers and contradictory or incomplete data.

ACTIVITY 4E-1 EXERCISE AND ME

For many reasons, exercise is an effective coping strategy. Exercising releases built-up
tension and increases the flow of endorphins or ‘feel-good” hormones in the body. Think
back over the past week and make a note of each time you exercised. Then go to the
Australian Department of Health webpage ‘Physical activity and exercise guidelines for
all Australians’ at the following link: http://cambridge.edu.au/redirect/9727.
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Interactive Textbook features papm— T

The digital version of the textbook is hosted on the S53 | beanses

Edjin platform, offering easy navigation, excellent

on-screen display and multimedia assets, as well

as auto-marking of multiple-choice questions,
and workspaces for other questions with self-
assessment and confidence rating tools. The
different kinds of digital assets are listed below:

« Printable Worksheets with extra questions
and activities (and content in some cases) are
provided for most chapters, marked by an icon
in the margin, as shown on the right.

WORKSHEET 1B-1

« Videos are provided for all chapters, and are of two kinds: concept videos COMPARING INVESTIGATION (|’ §
demonstrate or illustrate important theory, while skills and example METHODOLOGIES
videos work through the textbook’s skills and example boxes, providing extra VIDEO 4E—1
explanation and guidance. Some videos are provided in the print pages as QR g%sé'gg WITH

codes for immediate access and review.

+ Animated slide-show presentations (in PowerPoint Show format) are provided of many charts, =
diagrams and tables, as marked by an icon in the margin as shown at right, enabling them to be E{j
explored interactively.

« Answers (suggested responses) to questions are provided as printable documents in the teacher
resources and, if enabled by the teacher, below the question workspaces for short-answer questions
in the ITB.

Online Teaching Suite features (teacher resources)

The OTS provides Edjin’s learning management system, which allows teachers to set tasks, track progress

and scores, prepare reports on individuals and the class, and give students feedback. The assets include:

o Curriculum Grid and teaching programs

« Editable and printable Chapter tests with answers

« Checklists with linkage to the success criteria for the chapter question sets and tests

+ A question bank and test generator, with answers

« DPractice exams and assessment tasks, with answers

o Editable versions of Worksheets in the Interactive Textbook, and answers to them

«+ Editable versions of the PowerPoint files in the Interactive Textbook

o Downloadable, editable and printable practical activities

« Editable and printable chapter summaries (model answers for the chapter summary activity)

« Teacher notes on selected content with additional theory explanation and suggestions for further
activities and resources

o Curated links to internet resources such as videos and interactives.

Exam generator

The Online Teaching Suite includes a comprehensive bank of exam style and actual VCAA exam questions
to create custom trial exams to target topics that students are having difficulty with. Features include:

« Filtering by question-type, topic and degree of difficulty

o Answers provided to teachers

o VCAA marking scheme

o Multiple-choice questions that will be auto-marked if completed online

o Tests that can be downloaded and used in class or for revision.
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Overview: Aboriginal and Torres Strait Islander
knowledge, cultures and history

The VCE Psychology Study Design includes aspects of Aboriginal and Torres Strait Islander knowledge,
cultures and history. This overview is a guide to where they are covered in this resource.

Aboriginal and Torres Strait Islander peoples’ world views are highly integrated: each aspect of culture,
history and society connects with all other aspects. Each community has their own personalised system of
thinking, doing and knowing based on sharing culture and adapting to the environment around them.

In order to gain an understanding of any system, Indigenous or not, time and effort is needed to appreciate
it. That time is limited in this course; and it is wrong to try and generalise the Indigenous culture of
Australia, or even of Victoria. Instead, the coverage in the resource should be taken as a collection of
examples, and students should read up on or engage with their local Indigenous community to understand
their cultural aspects.

This textbook includes Aboriginal and Torres Strait Islander knowledge, cultures and history in these sections:
« 5D Aboriginal and Torres Strait Islander ways of knowing

« 6D Mnemonic devices to increase encoding, storage and retrieval

« 9D Cultural determinants of mental wellbeing

In addition, for students, the Interactive Textbook includes an introductory guide prepared by First Nations
consultants advising on approaches to studying Aboriginal and Torres Strait Islander knowledge, cultures
and history, with links to further reading.

For teachers, the teacher resources include a guide to approaches to teaching Aboriginal and Torres Strait
Islander knowledge, cultures and history in the VCE Psychology course, with links to internet resources.

Guide to terms used in this resource

Language is very important in discussing Indigenous issues, especially given the past history of deliberately
offensive usage in Australia, where language was used to oppress and control.

Indigenous _ Respectful usage requires a capital L.
First Australians and First Peoples of

any country

E!rS: ﬁ”S"Ia”a"Sv First Nations or These terms have become more common in recent years, with

irst Peoples . . , o

Indigenous people of Australia Indlgenous as the ad)eCthe.

Aboriginal . , One of the reasons that ‘First Nations” and allied forms have become
an Aboriginal person is someone who is ) . .. ) .

of Aboriginal descent, identifies as being more common is that the term ‘Aboriginal’ was sometimes used
Aboriginal and is accepted as such by the disrespectfully, and still is in some circles.

Aboriginal community with which they
originally identified

Aboriginal and Torres Strait Islander peoples  Whijle this is still used in official circles and is in the name or title of
the Australian Indigenous population

includes Aboriginal People, Torres Strait many organisations and documents, it is tending to be replaced by
Islander People, and people who have ‘T 3 ’ i : : :
both Aboriginal and Torres Strait ISlander 'Flrst Australians’ and 51mll§r t'errr}s, esl?e.aaHy in everyc'lay use. This
heritage. The term ‘Aboriginal and Torres is partly because the abbreviation ‘ATSI’ is considered disrespectful

Strait Islander encompasses all three by Indigenous people, who regard it as lazy not to use a full title. The

abbreviation should not be used to refer to people.

Cambridge University Press & Assessment acknowledges the Australian Aboriginal and Torres Strait Islander
peoples of this nation. We acknowledge the traditional custodians of the lands on which our company is
located and where we conduct our business. We pay our respects to ancestors and Elders, past and present.
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Concept maps for Units 3&4

These pages display the concept maps for Chapters 1-10. Access the digital versions in the ITB to click on
hyperlinks to explore the interconnections of the topics.

Chapter 1 Scientific Chapter 2 Recording and Chapter 3 Nervous
investigation, planning, analysing data, drawing system functioning
ethics and safety and communicating
conclusions

questions, for investigations Generating, recort ng primary an 38 The central and peripheral nervous systems

sppropriate

1 o
arandom or stratified sampling technique.

Sample: the particpans
selected from the populatir
o gt n o mestgaton

Experimental group:
e e
sed fo the IV

\Mlnmu e

Control group:
the partcipants who
smntemcsss

‘3&?

interlnked with all concept maps or the course sethe e

Chapter 4 Stress as Chapter 5 Approaches to
an example of a understand Learning
psychobiological process

Concept map Concept map

The fight orfight-orfreeze respanse and the role of cortisol n chronic stress

4A Internal and external stressors

|

Appraaches to understand learning

4 Stategies for coping with stress and improving mental wellbeing.

o | Aprosch steges: o confoning
e sresor ety
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Chapter 6 The Chapter 7 The demand Chapter 8 Importance of
psychobiological process for sleep sleep to mental wellbeing
of memory

Concept map

Concept map Concept map

How sieep def
7A Sleep as a naturally

MEMORY
How EEG, EOG, EMG, sleep diaries
P

ing
Shortderm | —>  Longeter
memory (STM) | <— _ memory (LTM;

C Improving sleep-wake patterns and mental wellbeing

e

intertnked with all concept maps or the course nterlinked with all concept maps or the cours.

Chapter 9 Chapter 10
Mental wellbeing Specific phobia

Concept map Concept map

9B Mental wellbeing as a

Biological treatments:

Breathing retraning

Socil treatment Sysematic |
Psychosducation desensifation
BT

interlinked with all concept maps for the course

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



|4 i

4

CHAPTER SCIENTIFICINVESTIGATION
] PLANNING, ETHICS AND SAFETY

¥

Introduction
How do we know that the left half of our brain controls the right side of our body? How do we
know that the memories of eyewitnesses can be unreliable? How do we know that our sense of
taste can be influenced by what we see? In psychology, we learn about the behaviour and mental
processes of humans by conducting scientific research.

It is important to distinguish between scientific ideas, such as proposed by these questions, and non-
scientific ideas, such as horoscopes or palm reading. The key difference is that scientific ideas are
formed by using the scientific method. They are observable and testable. In this chapter, we begin to
cover the key science skills that are required for conducting scientific investigations in psychology
and evaluating the research of other investigators. This includes important safety and ethical
considerations, including in respect to research with Aboriginal and Torres Strait Islander peoples,
with additional digital resources provided. Further key science skills are covered in Chapter 2.

Curriculum
Key Science Skills

Study Design Learning objectives — at the end of this chapter | will be able to:
Develop aims and questions, 1A Investigation aims, questions, hypotheses and variables
formulate hypotheses and 1A.1 Identify and research aims and questions for investigation
make predictions 1A.2  Construct aims and questions for investigation

e |dentify, research and
construct aims and
questions for investigation

e |dentify independent, 1A.3 Distinguish between independent, dependent, controlled,
dependent and controlled extraneous and confounding variables
variables in controlled 1A.4 Identify the independent, dependent and controlled
experiments variables within controlled experiments

1A.5 Identify extraneous variables to be controlled in
a controlled experiment

1A.6 Explain the effect of extraneous and confounding
variables on the results of a controlled experiment

e Formulate hypotheses to 1A.7 Write a hypothesis to focus an investigation
focus investigations

e Predict possible outcomes  1A.8 Predict the possible outcomes of an investigation
of investigations

ISBN 978-1-009-25416-8 Gallagher et al © idge University Press & AssessmSHt 202 >
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Study Design

Plan and conduct 1B

investigations 1B.1

e Determine appropriate
investigation methodology:
case study; classification
and identification;
controlled experiment
(within subjects, between
subjects, mixed design);
correlational study;
fieldwork; literature review;
modelling; product,
Process or system
development; simulation

1B.2

1B.3

1B.4

e Design and conduct 1B.5
investigations; select and

use methods appropriate to
the investigation, including
consideration of sampling
technigue (random and
stratified) and size to achieve
representativeness, and
consideration of equipment
and procedures,

1B.6

1B.7

e Work independently 1B.8
and collaboratively as

appropriate and within

identified research

constraints, adapting or

extending processes as

required and recording

such modifications

Comply with safety and 1C
ethical guidelines 1C.1
e Demonstrate ethical
conduct and apply
ethical guidelines when
undertaking and reporting
investigations

1C.2

ISBN 978 1-009-25416-8 1 &
Photocopying is restricted under Iéﬁfmd thls ne

Learning objectives — at the end of this chapter | will be able to:

jial must not be transferred to another party.

Planning and conducting investigations
Describe and identify examples of the use of different
investigation methodologies, including case study;
classification and identification; controlled experiment;
correlational study; fieldwork; literature review; modelling;
product, process or system development; and simulation
Describe and identify the use of within subjects, between
subjects and mixed designs in a controlled experiment
Evaluate strengths and limitations of different investigation
methodologies and select an appropriate investigation
methodology for a proposed investigation
Evaluate strengths and limitations of different investigation
designs for a controlled experiment and select an
appropriate design for a proposed investigation

Describe and identify the use of random and stratified
sampling techniques in an investigation
Evaluate strengths and limitations of different sampling
technigues and select an appropriate technique to
achieve representativeness
Select and use appropriate equipment and procedures for
an investigation, and select an appropriate sample size to
achieve representativeness

Work independently and collaboratively within constraints,
adapting or extending processes as required and
recording modifications

Safety and ethical understanding
Describe and evaluate the use of general ethical concepts
to be followed in psychological investigations, including
integrity, justice, beneficence, non-maleficence and respect
Describe and evaluate the use of the additional ethical
guidelines to be followed in psychological investigations,
including confidentiality, voluntary participation, informed
consent procedures, withdrawal rights, use of deception
and debriefing

Gallagher et al © Cambridge University Press



Study Design

e Demonstrate safe
laboratory practices when
planning and conducting
investigations by using
risk assessments that
are informed by safety
data sheets (SDS), and
accounting for risks

e Apply relevant
occupational health and
safety guidelines while
undertaking practical
investigations

e Analyse and evaluate
psychological issues using
relevant ethical concepts
and guidelines including
the influence of social,
economic, legal and
political factors relevant to
the selected issue

VCE Psychology Study Design extracts © VCAA; reproduced by permission

Learning objectives — at the end of this chapter | will be able to:

1C.3 Consider the ethical implications of investigations when
planning an investigation and demonstrate ethical
conduct and apply ethical guidelines when recording

data, using data and reporting outcomes of investigations

1C.4 Demonstrate safe laboratory practices by identifying areas
of risk and using risk assessments that are informed
by safety data sheets when planning and conducting

investigations

1C.5 Evaluate the use of and apply relevant occupational health
and safety guidelines while planning and undertaking

practical investigations

1C.6 Analyse and evaluate psychological issues with reference
to the influence of relevant social, economic, legal and
political factors

Analyse and evaluate psychological issues using ethical
concepts of integrity, justice, beneficence,

non-maleficence and respect

1C.7

Glossary

Allocation Extraneous variable Population

Beneficence Fieldwork Primary data

Between subjects design Hypothesis Product, process and

Case study Independent variable system development

Classification and identification Informed consent procedures Random allocation

Confidentiality Integrity Random sampling

Confounding variable Investigation aim Respect

Control group Investigation design Risk assessment

Controlled experiment Investigation methodology Safety data sheet (SDS)

Controlled variable Investigation question Sample

Correlational study Justice Sampling technique

Debriefing Literature review Secondary data

Deception in research Mixed design Simulation

Dependent variable Modelling Stratified sampling

Ethical concepts Non-maleficence Voluntary participation

Ethical guidelines Occupational health and Withdrawal rights

Experimental group safety (OHS) Within subjects design
ISBN 978-1-009-25416-8 Il ahas Gallagher et al ©¥"dge University Press & ASSGSS[;] ]
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CONCEPT MAP °

Concept map

Developing aims and questions, formulating hypotheses and making predictions for investigations

1A Investigation aims, questions, hypotheses and variables

&,
g] _"/— 4
wote— (T
at ™ ® @

Fa /3

Determining and using appropriate
investigation methodology to
conduct investigations

1B Planning and conducting investigations

Population of interest:

the wider group of people
that the researcher is
interested in understanding

l Sampling: participants are chosen through -
a random or stratified sampling technique

Sample: the participants
selected from the population, |
who participate in the investigation St
Allocation: participants are divided between
the experimental and control groups

Control group:

the participants who
are not exposed to
the IV

Experimental group:
the participants who
are exposed to the IV

The importance of complying with safety and
ethical guidelines when undertaking investigations,
including consideration of Aboriginal and Torres
Strait Islander peoples’ culture

1C Safety and ethical understanding

See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course.

© Cambridge University Press & Assessment 2022
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° CHAPTER 1 SCIENTIFIC INVESTIGATION, PLANNING, ETHICS AND SAFETY

g %% Investigation aims, questions,

“ n‘ . (3
w.eiy hypotheses and variables

Study Design: Glossary:

Develop aims and questions, formulate Confounding variable

hypotheses and make predictions Controlled experiment

e |dentify, research and construct aims and Controlled variable
questions for investigation Dependent variable

e |dentify independent, dependent and Extraneous variable
controlled variables in controlled Hypothesis
experiments Independent variable

e Formulate hypotheses to focus investigations  Investigation aim

e Predict possible outcomes of investigations Investigation question

Q ENGAGE

What does a research psychologist v
do? @’
There are many different areas of r
psychology, including clinical, counselling,

forensic, health, educational and sport

psychology. Instead of solely practising 5"}1?50 _J ‘4‘4 A
in one of these fields, many psychologists .
conduct research in their field of interest or Lmlmﬂ, ' %
combine research with practice. Research
psychologists work in universities or

organisations to conduct their studies. Here

is a personal account of what a research
psychologist’s job can look like in the field of
neuropsychology. ——

Worki . h hol Figure 1A-1 Research is conducted in all
orKing In research psychology areas of psychology to help us understand

By Jason Mattingley more about every aspect of the human
_ _ _ experience.
Australian Psychological Society

Most research psychologists spend long hours devising experiments, gathering data,
analysing the evidence and preparing their findings for the scientific community

in the form of articles and conference presentations. In a typical day, I might plan
and conduct research projects with other members of the laboratory group, analyse
new data, write articles for scholarly publications, and provide anonymous reviews
of manuscripts submitted by other researchers. Other tasks include: lecturing to
undergraduate psychology students; supervising research projects and providing
career advice; managing budgets for the laboratory’s research grants; preparing
applications for research funding; and reviewing grant applications.

Understanding the way the brain represents different aspects of our perceptual world
has helped us to devise more effective ways of managing and rehabilitating people

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
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1A INVESTIGATION AIMS, QUESTIONS, HYPOTHESES AND VARIABLES 0

with neurological disabilities,

such as stroke and Alzheimer’s
disease. Revealing the brain bases
of emotion processing may also
help us to better understand some
of the symptoms of psychiatric
conditions such as schizophrenia
and post-traumatic stress disorder.

Source: Australian Psychological
Society

Figure 1A-2 Understanding the way the brain works
is a significant part of research in psychology.

EXPLAIN

Investigation aims and questions

Psychology is considered to be a science because it follows a scientific approach when
conducting research. When a researcher has an idea about a study they wish to investigate,
they first decide on an investigation aim, which is the purpose of the study. It is written as a
statement that includes the variables being studied. For example, the aim for an investigation
might be ‘“To investigate the effect of sugar consumption on attention levels in children’
Variables are elements that change or vary in an investigation, and can be modified,
measured or controlled. These will be discussed in more detail later in this section.

The researcher also develops an investigation question, which is the question the study
intends to solve, or what the researcher is trying to find out. For example, the investigation
question could be ‘Does consuming sugar affect attention in children?” The investigation
aim and question come from identifying a gap in current knowledge or from observing an
interesting experience that the researcher wishes to explore further.

Hypotheses

Researchers begin an investigation with an idea of the possible results. They will use current
theory to form a hypothesis, a statement predicting the probable outcomes of an investigation.
The investigation will test whether the hypothesis is supported, partly supported or refuted (not
supported). For example, a hypothesis for the earlier investigation question is ‘It is hypothesised
that children who consume sugar will have a lowered level of attention compared to those

who do not consume sugar’ (Figure 1A—3). The hypothesis predicts whether one variable

(the dependent variable (DV)) will change as a result of another variable (the independent
variable (IV)). Independent and dependent variables will be discussed in detail next.

It is hypothesised that will have a lowered
level of attention compared with those who do not consume sugar.

} } }

DV Finish with a comparison IV (control group)

Begins with Strength/direction

ﬁj Figure 1A-3 An example of a hypothesis. The key parts are identified.

ISBN 978-1-009-25416-8 Gallagher et al
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Investigation
aim

the purpose of
a study

Investigation
question

the question that
is to be solved
by a study

Hypothesis

a statement
predicting

the probable
outcomes of

an investigation
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° CHAPTER 1 SCIENTIFIC INVESTIGATION, PLANNING, ETHICS AND SAFETY

1A-1 SKILLS

VIDEO 1A-1 .
SKILLS: WRITING Writing hypotheses

HYPOTHESES The hypothesis should be written in one sentence and include three key parts:
« the IV and DV being investigated
« an indication of the strength or direction of the variable (whether the DV is going to
increase, decrease, improve, worsen, show more or less etc.)
 acomparison of the groups being investigated (what the experimental group will
show compared with the control group).

In VCE Psychology, you are not required to include the population in a hypothesis,
and a generic reference such as writing ‘those who' is sufficient. You do not need to
operationalise the variables (describe how they will be measured) in a hypothesis;
however, if you do, you should do this consistently for each variable. Additionally,
a hypothesis should not include a reason or explanation for the prediction.

Question:

Yuri is examining whether exposure to violence could affect aggression levels during
social sport. His participants were 20 volunteers from a local basketball club. He
randomly assigned the participants to one of two groups — the experimental group or the
control group. Participants in the experimental group were told they would be playing

the highest-ranking team in the basketball league in a week’s time and they were provided
with two films to watch over the week. The participants did not know the films were
regarded as violent. Participants in the control group were also told they would be playing
the highest-ranking team and were given no films to watch. In the basketball match one
week later, the participants were observed, and their aggressive behaviours recorded.

Write a possible hypothesis for Yuri’s investigation.
Attempted answer:

I hypothesise that the experimental group will be aggressive, and the control group will
not show aggressive behaviours during their basketball match one week later because
they did not watch the violent films.

Marking comments:

This response would receive 0/3 marks. It incorrectly includes an explanation for the
prediction and does not correctly identify the IV, and the strength or direction of the
prediction could be clearer.

Suggested answer for full marks:

It is hypothesised that those who watch violent films before playing in a basketball
match will have a higher level of aggression during the match than those who do not
watch violent films before their basketball match.

Check-in questions — Set 1

1 What is the difference between an aim and a hypothesis?
2 What are the key three pieces of information to include in a hypothesis?

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
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1A INVESTIGATION AIMS, QUESTIONS, HYPOTHESES AND VARIABLES °

Variables VIDEO 1A-2
. VARIABLES
Independent and dependent variables

Some scientific investigations aim to study the relationship between two or more variables,
and the hypothesis will have predicted the relationship between the variables. Variables
are elements that change or vary in an investigation, and can be modified, measured or
controlled. For example, for the research question ‘Does consuming sugar affect attention
in children?; the variables are ‘consuming sugar’ and ‘attention’ There are two main types
of variables in a research question — the independent variable and the dependent variable. Independent

Other variables, including extraneous, controlled and confounding, are discussed next. ‘t’ﬁgig'r?abl .

. . . . . that is bei
The independent variable (IV) is the variable that the researcher manipulates (controls, mjni'f,uljt'gﬁ
selects or changes), and the dependent variable (DV) is the variable that the researcher éce?;‘;{gge:v

r
measures. Research seeks to find out the effect of an independent variable on a dependent changed) by the
variable. For example, for the research question ‘Does consuming sugar affect attention in ESEATENET
children?; the independent variable is the consumption of sugar and the dependent variable Dependent
is the level of attention (Figure 1A—4). The consumption of sugar may affect attention e e
levels. The researcher manipulates the consumption of sugar and then measures the that is being )
child’s attention. Egnggﬁgrbyt ¢
The DV depends on the IV.
The level of attention depends on whether sugar has been consumed.

|

Figure 1A-4 The variables can be identified by understanding that the dependent variable depends
on the independent variable.

1A-2 SKILLS
VIDEO 1A-3

Identifying the IV and DV IDENTIFYING

A way to help identify the IV and DV in an investigation is to understand that the DV THE IVAND DV
depends on the IV. Level of attention (DV) depends on sugar consumed (IV), as shown
in Figure 1A—4.

Another way to identify the variables is to think about what the two groups of participants
do differently (this will be the IV) and what the two groups of participants do the same
(this will be the DV) (Figure 1A-5). For example, one group will consume sugar, and the
other group will not consume sugar, then both groups will perform a test of their attention.
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Controlled
experiment

an experimental
investigation of
the relationship
between one

or more
independent
variables and

a dependent
variable, in
which all other
variables are
controlled

ISBN 978-1-009-25416-8

So, the IV is consuming sugar because the two groups do this differently, and the DV is
level of attention because the two groups do this the same way.

‘Does consuming sugar affect attention?’

v

What will the
groups do
differently?

Y Y

One group
will consume
sugar.

One group
will not
consume sugar.

v

What will the

two groups do

the same?

:

Both groups
will have their
attention
measured.

Figure 1A-5 You can identify the variables by thinking
ﬁj about what the groups of participants will do the same

and what they will do differently.

Check-in questions — Set 2

1 What is the difference between the independent variable and the dependent variable?
2 Copy the following table of research scenario examples and tick whether the bolded

variable is the IV or the DV.

Research scenario
The effect of diet on happiness levels.

'} DV

Whether using an air purifier nightly decreases
asthma symptoms.

Do households with a higher income have more
television streaming service subscriptions?

Students remember more content when they write
their own exam notes.

Soft-drink companies sell more sugar-free drinks
when they are placed in the middle of the fridge.

Extraneous, controlled and confounding variables

A controlled experiment is an investigation methodology that aims to test the effects of an IV on a
DV, with all other variables controlled. In addition to the IV and DV, other variables need to be
considered when conducting an investigation, including extraneous variables and confounding
variables. It is important that all other variables are controlled for, as much as possible, so
that researchers can be sure that it was the IV affecting the DV, and not another variable.

Gallagher et al
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1A INVESTIGATION AIMS, QUESTIONS, HYPOTHESES AND VARIABLES °

Extraneous variables are variables
other than the independent
variable that may have an
unwanted effect on the
dependent variable and results. ‘
For example, in an experiment

testing the effect of sugar

Time of
day

i ! Independent Dependent Attention-
consumption on attention, a variable ~ —#  variable ~-=—— related
child with an attention-related (sugar) (attention) disorder
disorder may perform poorly on
the attention test because of their T
disorder, not because they did or
did not consume sugar (Figure Usual =

. . consumption
1A-6). Or in an experiment ,
of sugar

testing a new drug for migraines,

a person may be in a more

positive mindset because they ﬁj

think they have received a drug

that is going to help them. It may

not be clear whether their headaches have eased because of the drug or because of their

new positive mindset, which may bring about other healthy behavioural changes that could

help migraines. Extraneous variables threaten the internal validity of an investigation, that

is, whether the study actually investigates what it sets out or claims to investigate. There are

several types of extraneous variables, including:

« individual differences between participant variables, such as age, sex, personality traits,
previous experiences, behavioural differences and current feelings

« differences in the experimental setting between the groups, such as temperature, noise
level, light level or time of day

o aspects of the experiment or environment
that provide the participants with cues to the
study’s aim or expected findings, influencing
their natural behaviour

o the influence of the experimenter on participant
responses or on the procedures in a study

Figure 1A-6 Extraneous variables such as time of day,
attention-related disorders and usual consumption of

O

o the effect of practice or boredom when a Independent Dependent
participant completes multiple trials. \g[:;::)e (;t?;lr?tti)(l)i)

Researchers try to determine which extraneous
variables may be a problem in a study, and

then design the methods in their investigation

to control them before they begin the study.
Controlled variables are variables that are held
constant to ensure that the only influence on the
dependent variable is the independent variable.
When an extraneous variable has been accounted
for, it becomes a controlled variable. Controlled
variables help to ensure validity of the results,
because it can be more clearly seen that the
results have changed because of the effects of the
IV alone, and not another factor (Figure 1A-7).

Controlled by a
large random
sample and
random allocation

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press
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variable of attention.

sugar can all influence the dependent variable of attention.

Extraneous
variable

a variable
other than the
independent
variable that
may have an
unwanted
effect on the
dependent
variable and
results of an
investigation

2A PROCESSING
AND ANALYSING
DATA

Controlled
variable

a variable that
is held constant
to ensure

that the only
influence on
the dependent
variable is the
independent
variable

1B PLANNING
AND CONDUCTING
INVESTIGATIONS

» Controlled by
_ testing everyone
in the morning

Controlled by a
pre-test to identify
attention-related
disorder and
exclude from study

Figure 1A-7 Extraneous variables such as time of day,
attention-related disorders and usual consumption of
sugar can all be controlled for before the investigation
begins, to prevent them from influencing the dependent
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1B PLANNING
AND
CONDUCTING
INVESTIGATIONS

Confounding
variable

an unwanted
variable that
has affected the
results of an
investigation

Controlled variables are not of direct relevance to the research, and they are not the

same as the control group in an investigation, because they are kept constant for both the

experimental and control conditions. For example, in a study on the effect of caffeine on

subjects’ time of reaction to images appearing on a screen, it would be necessary to control

for vision impairment, comfort levels and screen brightness, because these are all potential

extraneous variables that could influence a participant’s reaction time results. Different

procedures can be used to control for extraneous variables, including:

« using an appropriate investigation design

« using an appropriate sampling technique and random allocation

« increasing the sample size

« using written scripts for verbal instructions and ensuring the experimental setting
remains constant among groups

« using deception and preventing the participants and/or researcher from knowing which
group is exposed to the experimental and control conditions

« providing a placebo or fake treatment to the control group

« selecting a different investigation methodology where variables do not need to be
controlled, such as fieldwork.

When an extraneous variable cannot be controlled, it should at least be monitored closely
throughout the investigation to determine any unwanted effect on the results.

Extraneous variables that are not controlled before a study begins can become confounding
variables. Confounding variables are unwanted variables that affect the DV and results in

an investigation, and it cannot be determined whether the IV or the confounding variable
caused the change in the DV. In research, as far as possible, only the IV should influence
the DV. If an extraneous variable is not controlled for, it is possible that both the IV and

the confounding variable have affected the results, and it is not possible to determine the
degree of influence of each. This means that the internal validity has been compromised
and no conclusions can be made for the study because there is more than one possible
explanation for the results. In addition to extraneous variables that were not controlled for,

2A PROCESSING : . . .
AND ANALYSING confounding variables may also be a type of variable that simply cannot be controlled for by
DATA the researcher.
WORKSHEET
1A-1 : A
w8 4l Check-in questions — Set 3
VARIABLES
1 What is the difference between extraneous variables and confounding variables?
2 What is the purpose of controlled variables in an investigation?
ISBN 978-1-009-25416 Gallagher et al © Cambridge University Press &
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1A INVESTIGATION AIMS, QUESTIONS, HYPOTHESES AND VARIABLES e

ACTIVITY 1A-1 IDENTIFYING INVESTIGATION VARIABLES

For investigation scenarios 1-3, identify the:
alv

b DV

¢ controlled variable

d confounding variable.

Investigation scenario 1: A researcher is testing whether increased screen time before a
child is four years old will increase the amount of tantrum behaviours they display. The
researcher only includes children whose screen time involves watching television shows
and not mobile devices. They do not pre-test for diagnosed conditions that may affect a
child’s behaviour.

Investigation scenario 2: A researcher is interested in helping people with a phobia

of needles relieve their phobic symptoms. The researcher obtains a sample of people
aged between 10 and 60 years; half of them are males and half are females, and each
has a needle phobia. They are allocated to one of three groups, each trialling a different
treatment therapy.

Investigation scenario 3: A researcher is designing a new laptop keyboard. They have

two new designs they wish to trial with participants. They use fourth-year undergraduate
university students to trial each design and then report on their experiences via a rating
scale. Most participants report a preference for keyboard B; however, one participant
reports that keyboard A was excellent for writing assignments but not suitable for gaming.

Figure 1A-8 Extraneous variables, such as individual differences between participants, can have an
unwanted effect on the results.
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Section 1A questions

1 A researcher is trying to find ways to encourage people to not use poisonous sprays on
their gardens because they kill bees. The researcher works with a local beekeeper to
include poison information on their jars of honey that they sell at markets. Write an
investigation aim, question and hypothesis for this scenario.

2 An academic psychologist is investigating ways to help children with dyslexia with their
reading. They wish to test some different colours of paper and think they will find that
children read more quickly and accurately on coloured paper than on white paper.
Identify the IV and the DV in this scenario.

3 Maisie is a university lecturer and notices that her students’ attendance drops over the
semester. She wants to see whether completing more engaging activities during lectures
will increase the attendance of her students. For her Monday lecture on brain plasticity,
Maisie gets her students to complete a five-minute juggling activity in the middle of the
lecture. For her repeat lecture on Tuesday, she conducts a normal lecture without any
additional activities. Maisie tells her Monday lecture students that they will practise
juggling during each lecture for the remainder of the semester. Maisie keeps a record of
student attendance by counting the number of students each day, and compares the final
numbers in the last lecture at the end of the semester. For Maisie’s study, outline her
possible:

aim

investigation question

hypothesis

v

DV.

4 Identify an extraneous variable in the following research scenarios and explain how the
researcher could control them.

a A primary school is looking into ways to help motivate Year 5 students to complete
homework. The school aims to try some different extrinsic methods, including a star
rewards chart and free time. The students in class 5Z receive a star on their chart for
completing their Maths homework each week for a term. The students in class 5N
who have completed their English homework receive 10 minutes of free time.

b A sleep psychologist wants to test whether drinking a new herbal tea before bed helps
people fall asleep more quickly. Half of the participants are instructed to drink a mug
of the herbal tea an hour before they go to bed. The other half of the participants are
instructed not to drink the herbal tea and to go to bed as usual that night. One of the
participants in the experimental group regularly meditates before bed, and decides to
meditate as well as drink the herbal tea as instructed. No participants in the control
group practise meditation.

5 Identify an extraneous variable in the following research scenario and explain the effect
on the results if the researcher does not control for this variable.

O QO O T QD

The employees of a company regularly give presentations where they are required

to remember a lot of information. The company conducts some research where half

of the employees use a particular mnemonic technique to help them remember the
information. The control group is not given any method to help their memory. One
employee in the experimental group really wants the method to work so that they can
continue using it, and they decide to try harder than they usually would at remembering
their presentation. This employee works on the presentation for twice as long as the
group who were not given the method.
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investigations

Study Design:
Plan and conduct investigations

e Determine appropriate investigation
methodology: case study; classification and
identification; controlled experiment (within
subjects, between subjects, mixed design);
correlational study; fieldwork; literature
review; modelling; product, process or

system development; simulation

e Design and conduct investigations; select
and use methods appropriate to the
investigation, including consideration of
sampling technique (random and stratified)
and size to achieve representativeness,
and consideration of equipment and

procedures,

e Work independently and collaboratively
as appropriate and within identified
research constraints, adapting or extending
processes as required and recording such

modifications

ENGAGE

Current research topics in psychology
The Australian Psychological Society (APS) is the peak body for psychologists in Australia,
dedicated to advancing the discipline and profession of psychology. Psychologists who are
members of the APS can submit their research project to the APS to increase awareness
about their project and to invite psychologists and participants to be involved. The APS

website lists some of the current research
projects that are open to participants, and
is an interesting source for seeing how
psychologists are responding to current
issues with research. For example, in the
months following the devastating bushfires
in Victoria and New South Wales in
2019-2020, several research projects were
conducted to investigate various aspects

of those events, such as the mental health

Planning and conducting

Glossary:

Allocation

Between subjects design

Case study

Classification and identification

Control group

Correlational study

Experimental group

Fieldwork

Investigation design

Investigation methodology

Literature review

Mixed design

Modelling

Population

Primary data

Product, process and system
development

Random allocation

Random sampling

Sample

Sampling technique

Secondary data

Simulation

Stratified sampling

Within subjects design

Figure 1B-1 Tired rural volunteer firefighters
take a well-earned break. The mental health of
firefighters and those who work with bushfire
victims is an example of research listed on the
APS Current Research page.

of the workers who are supporting the
bushfire victims. Visit the APS website
at www.psychology.org.au and search for
current research projects.
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VIDEO 1B-1
SAMPLING
TECHNIQUES

Population

the wider group
of people that
a study is
investigating

Sample

the smaller
group of people
selected from
the population
who will be
participants in
the investigation

VIDEO 1B-2
SKILLS:
IDENTIFYING
POPULATIONS
AND SAMPLES

ISBN 978-1-009-25416-8

EXPLAIN

Selecting a sample for an investigation

An investigation question is created with a particular group of people in mind, known as the
population. For example, a researcher may wish to find out how sugar affects attention in children
or how energy drinks affect driving performance in P-plate drivers. A population of interest is
the wider group of people that a study is investigating. A population is not necessarily all people
in the world, but it is whichever group of people the researcher is aiming to provide conclusions
about; for example, children, P-plate drivers, females in Victoria, people with dementia.

Once the population is decided, the researcher can select their sample; that is, the smaller
group of people selected from the population who will be participants in the investigation
(Figure 1B-2). When describing the sample, the researcher needs to include all the specific
characteristics, such as the number of participants, their age, sex, location, and any other
characteristics deemed to be relevant to the study. For example, an Australian researcher
studying the effect of sugar on attention in children might determine their population to be
all Australian children under 10 years old, and their sample might be 100 children (50 males
and 50 females) aged 5-10 years from Victorian public primary schools.

Population of interest:

the wider group of people
that the researcher is
interested in understanding

Sample: the participants selected
from the population, who participate
in the investigation

;I Figure 1B-2 A sample is a small group of participants taken from the wider population.

1B-1 SKILLS

Identifying populations and samples

When asked to identify the population from a research scenario, think about who the
researcher is interested in applying the results to. Often the population can be found in
the aim of a study. The population is rarely ‘all people in the world’

A description of the population would typically not include the number of people, just
the broad characteristics that make them similar. When describing the sample, specific
details such as the number of participants, where they were selected from, and any other
common characteristics should be included, such as age or sex.
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Question:

A researcher wanted to investigate whether children with motor development delays will
improve their fine motor skills by using building block toys. A total of 150 two-year-old
children with motor delays from Melbourne participated.

Identify the population and describe the sample for this study.
Suggested answer for full marks:
Population: children with motor development delays

Sample: 150 two-year-old children with motor delays from Melbourne

Sample size

A sample should be representative of the population, meaning that the characteristics of f\ﬁg E\%/C\E?;wg
people within the sample should represent those in the population. There is no set limit DATA

for an ideal sample size, but the chosen sample needs to be large enough compared to the

population to represent variables such as age, sex, geographical location or socio-economic

status. For example, in an investigation on Victorian children, a sample of 50 children is

not very proportionate to

the approximately 740 000
children under 10 in Victoria.
However, a sample of 5000
children is more appropriate.

Large samples are important
to help ensure the sample

is as representative of the
population as possible, and
to minimise any particular
participant variables that
could influence the results.
A small sample may not

be representative of the
population and may also allow
a single participant to have a

large effect on the results. Figure 1B-3 A large sample size can help the sample be more representative of the
population, and minimise any extreme individual differences between participants that
could affect the results.

For example, in a test on
memory on two samples of
10 and 30 people, one participant within the top IQ range could influence results to a larger
degree in the smaller sample. In sample 1 (10 people), the unique participant’s score pushes
up the mean score to 5 out of 10. However, in sample 2 (30 people), this person’s results
would not have as much influence. In sample 2, the unique participant’s score is evened out
by the 20 extra participants, to give a mean of 4.5 out of 10.

Sample 1: Sample 2:
4,5,5,5,3,4,5,5,4, 10 4,5,5,5,3,4,5,5,4,10,4,5,5,5,3,4,5,5,4,3,4,5,5,5,3,4,5,5,4, 3
mean = — mean = @
10
=5 =45
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Sampling
technique
different
procedures
for selecting

participants from
the population

Random
sampling
selecting

participants from
the population

in a way that
means each

member of the
population has
an equal chance
of being selected
to participate in

the study

Tl

2A PROCESSING
AND ANALYSING ¢
DATA

Sampling techniques

There are different ways to select the sample from the population. Two types of sampling
techniques are random sampling and stratified sampling. Each sampling technique has its
own strengths and weaknesses, but the most important feature for all samples is that they
are representative of the population.

Random sampling

Random sampling involves selecting participants from the population in such a way that
each member of the population has an equal chance of being selected to participate in the
study. There are different ways of achieving a random sample, but all of them begin with all
members of the population being available to be chosen. This means that if there is a large
enough sample, the participants are likely to be representative of the population, thereby
allowing results to be generalised or applied to the population.

A simple example of how a random sample can be obtained is by putting all names of the
people in the population into a box and pulling out the required number of people to form
the sample. In large-scale research, a common method of selection is to assign a unique
number to each member of a population and then select those numbers at random using
software (Figure 1B—4). The participants assigned those numbers will then form the sample.

Population Random sample

1m2 3ﬂ4’5 ™6 798& 9"10& 5A 21 3’ 18

l : v n RANDOM NUMBER GENERATOR

Generate numbers between and |40

11@127 13m 1415 16A 17, 18!\ 19'«200

21 22@23 24&25"26 27‘284\29Q3OA 9‘\ 11

12 40

i
i
%ﬁ

31®328 33”34?35’536" 37@ 389 39040

m

Figure 1B-4 A random sample can be obtained by assigning all members of the population a
number and using random number generator software to select the required number of participants.

Table 1B-1 Strengths and limitations of random sampling

Strengths Limitations

e Alarge enough random sample is likely e Small random samples may not be
to be representative of the population, representative of the population, reducing
improving external validity. the external validity.

e |t may be difficult, time consuming,
impossible or unethical to obtain names
of all members of the population.
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Stratified sampling

In some investigations, it is important that the different subgroups within a population
are fairly represented in a sample. A way to ensure this is to use a stratified sampling
technique. This is where the population is first divided into subgroups, and participants
are randomly selected from each subgroup, in the proportion that they appear in the
population (Figure 1B-5). The subgroup can be based on any characteristic deemed
important to the study, such as age, sex, geographic location or socio-economic status.
This sampling method produces a more representative sample than using random
sampling, which reduces bias and improves external validity, allowing results to be
generalised to the population.

For example, in high schools there are usually more students in Years 7 and 8, and fewer
students in Years 11 and 12. If a local high school wanted a sample of their students to
complete a study, a stratified sample would ensure all year levels are represented fairly, and
would include more Year 7 and 8 students than Year 11 and 12 students, as appears in the
student population. For a study on Units 3 & 4 Psychology students, there need to be more
female students in the sample than male students, because the current ratio of females

to males studying Psychology is approximately 3:1. So, the sample should have this same
ratio too.

Population

Stratified
sampling

first dividing the
population into
subgroups, and
then randomly
selecting
participants from
each subgroup
in the proportion
that they appear
in the population

Stratified sample

One-quarter of
the population
are high
income earners

Three-quarters
of the
population are

One-quarter of
the sample are
high income
earners

Three-quarters
of the sample
are low to

ISBN 978-1-009-25416-8
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low to middle
income earners

middle
income earners

Figure 1B-5 A stratified sampling technique allows for any important subgroup of the population,
such as those with certain levels of income, to be proportionately represented in the sample.

Table 1B-2 Strengths and limitations of stratified sampling

Strengths Limitations

e Alarge enough stratified sample is likely | e It may be difficult, impossible or unethical
to be representative of the population, to obtain names of all members of the
improving external validity. population.

e |mportant subgroups of a population are | ® It is more time consuming than using a
ensured fair representation. random sampling technique because of

the need to form subgroups and any

pre-testing required.
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1B-2 SKILLS

VIDEO 1B-3
SKILLS: . . .
IDENTIFYING Identifying sampling techniques

TE(S:ﬁ'I\\lllrQLlljl\ég You may be asked to identify the sampling technique used in a research scenario and
explain whether it was a suitable choice for the investigation. Alternatively, you may
need to identify when neither random nor stratified sampling was used, and explain
how this resulted in a poor representativeness of the sample.

Both random and stratified sampling require the researcher to have access to every
member of the population of interest. This means that a sample will probably be a good
representation of the population and the investigation will have good external validity.

Use the following steps to determine whether random or stratified sampling was used.

Random sampling:

1 Determine the researcher’s population of interest, which can usually be found in the
investigation’s aim.

2 Decide whether the sampling technique gave each member of that population an
equal opportunity of being selected. For example, the technique might be a lottery
method (‘picking a name out of a hat’) or using random number generator software.

Stratified sampling:

1 Determine the researcher’s population of interest, which can usually be found in the
investigation’s aim.

2 Determine whether the sampling technique first involved dividing the population
into specific strata or subgroups, based on a characteristic such as age, sex,
geographical location or another personal characteristic. For example, a researcher
may divide the population into age brackets, determining the proportions of those
age brackets, and then selecting participants from each age bracket, ensuring that the
numbers are kept proportionate to the population.

3 Decide whether the final sample was pulled from those subgroups in the same
proportion in which they existed in the population.

If the researcher’s population of interest was ‘people’ or ‘all children’ or ‘all Australian
basketball players; it is unlikely that they would have access to every single member in
order to use either a random or a stratified sampling technique.

If neither of these sampling techniques was used, you should consider that the sample
may not be a good representation of the population. This may have detrimental effects
on the external validity of the investigation.

Check-in questions — Set 1

1 Describe the difference between a sample and a population.
2 What is the most important requirement when using a random sampling technique?
3 How is a sample chosen by the stratified sampling technique?
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Selecting an investigation methodology
Research investigations can be conducted in different ways by using different

methodologies. The type of investigation methodology chosen depends on what a researcher Investigation
is studying and what data they wish to obtain. Some studies require strict controlled {?]Ztggi?gﬁgr
conditions, while others can be completed in the participant’s own home. ?t/EZyOf research
Not every study is an ‘experiment’ A controlled experiment is only one possible type of
investigation methodology that can be used for research. Other types of methodologies
are case study; classification and identification; controlled experiment; correlational study;
fieldwork; literature review; modelling and simulation; and product, process or system
development. Each type of investigation methodology has its own strengths and limitations,
and the one that is chosen will depend on the type of data required and a consideration of
its potential sources of error and uncertainty.
Controlled experiment
A controlled experiment involves an experimental investigation of the relationship between
one or more IVs and a DV; all other variables are controlled. The aim of a controlled
experiment is to find out whether an IV has an effect on a DV. For example, a researcher
could test whether drinking energy drinks affects driving performance on a driving
simulation test. 1A INVESTIGATION
. .. . AIMS, QUESTIONS,
In controlled experiments, participants are randomly allocated to an experimental group HYPOTHESES AND
or a control group, and the results of the groups are then compared. For example, before VARIABLES
completing a driving simulation, one group of P-plate drivers consumes a can of an
energy drink, and the other group does not. The results are compared to see if there was a
difference in driving performance due to consuming the energy drink. These two types of
groups in a controlled experiment are discussed next.
Table 1B-3 Strengths and limitations of controlled experiments 2A PROCESSING
AND ANALYSING
e (Controlled experiments can identify a e Controlled experiments require strictly
cause-and-effect relationship between an controlled conditions, which may be
[V and a DV. difficult to maintain, so results may be
e Results may be generalised to the influenced by extraneous variables.
population of interest if the study is e Participant behaviour may be influenced
deemed to have good validity. by the artificial nature of the setting.
e Controlled experiments can be repeated e |t may be unethical or impossible to
to gather more data and test the conduct a controlled experiment on a
reproducibility and repeatability of results. particular variable.
e External validity may be low if the Allocation
" e dividing a sample
conditions are too artificial to extrapolate into groups in an
results to the population of interest investigation
outside the experiment. Random
allocation
dividing a
Allocating participants to groups sample into
Once the sample has been chosen, the participants are divided into the different gr\(,)vl;[;sﬂ:gtsgacgh
groups required in the study. This is known as allocation. Random allocation involves E:;“;ip:;&al
dividing the sample into groups in such a way that each participant has an equal chance chance of being
of being placed into the experimental group or the control group. A simple random E)I(ap%er?migﬁatlhe
allocation procedure can be achieved by placing the names of all participants of the group or the

sample into a box, drawing them out one by one and placing into alternating groups. control group
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Experimental
group

the group that
is exposed to
the independent
variable and
receives the
experimental
treatment

Control group
the group that
forms a baseline
level to compare
the experimental
group with

ISBN 978-1-009-25416-8

Random allocation helps to ensure the groups of a study are equal in participant
characteristics, and therefore any change to the results of a study is more likely to be due to
the effect of the independent variable, not the extraneous variable of unwanted differences in
participant variables between the groups.

In a simple controlled experiment the participants are allocated to one experimental group
and one control group (Figure 1B—6). The experimental group is exposed to the independent
variable and receives the experimental treatment. Members of the experimental group
participate in the experimental condition. For example, in the study on whether sugar
consumption in children affects attention, the experimental group would consume sugar

by eating lolly snakes. The control group forms a baseline level to compare with the
experimental group. Members of the control group participate in the control condition and
are not exposed to the independent variable and do not receive the experimental treatment.
For example, the control group would not consume sugar and therefore would not have any
lolly snakes. A control group is necessary to see the natural baseline levels of the dependent
variable, before any influence of an independent variable. For example, we need to know
what children’s attention levels are like without any sugar before we can see the influence of
consuming sugar on their attention.

There is only ever one control group in a study, but more complex controlled experiments
may have more than one experimental group. For example, participants in one experimental
group may consume five lolly snakes before their attention test, and participants in a second
experimental group may consume 10 lolly snakes before their attention test.

Population of interest:

the wider group of people
that the researcher is
interested in understanding

Sampling: participants are chosen through
a random or stratified sampling technique

Sample: the participants
selected from the population,
who participate in the investigation

Allocation: participants are divided between
the experimental and control groups

Control group:

the participants who
are not exposed to
the IV

Experimental group:
the participants who
are exposed to the IV

Figure 1B-6 The sample is chosen from the population, and then participants are allocated to the
experimental and control groups.
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Check-in questions — Set 2

1 What is the difference between sampling and allocation?
2 What is the purpose of a control group?

Selecting an investigation design

Allocating participants to the conditions in a considered way can help reduce unwanted
effects on the results. There are three investigation designs that involve different ways that
participants experience the experimental and control conditions. Each design has strengths
and limitations, and which design is chosen will depend on the goals of the study, what type
of data is being collected and what kinds of variables are most important to control.

A between subjects design is when participants are randomly allocated to either the control
or the experimental condition (Figure 1B-7). For example, a participant in an investigation
on whether sugar affects attention is required to either consume sugar (experimental
condition) or not consume any sugar (control condition). Participants in the different
groups in an investigation must be equal in characteristics of importance; otherwise,
differences in participant variables can be an extraneous variable that can affect the DV.
For example, if half the children in the experimental group usually eat sugar every day, but
only a quarter of children in the control group eat sugar every day, then the groups are not
equal on an important characteristic for this study. So, ensuring the groups are matched on
participant characteristics is a challenge with using a beween subjects design.

Investigation
design

a framework

that determines
how participants
experience the
experimental and
control conditions

Between
subjects design
an investigation
design in which
participants
are randomly
allocated to
either the
control or the
experimental
condition

1A INVESTIGATION
AIMS, QUESTIONS,

Sample: the participants \"/'XE&TBHLEESSES AND
who are selected from 2, ¢ ) ) ad ® ) 0 ls)
the population who I N . |
participate in the ‘n
investigation
Allocation in a between subjects design:
participants are randomly allocated
to EITHER the experimental group OR
the control group
2 & 0 o o o @ o T
Mﬂ “ ALEd
Experimental group: Control group:
participants are exposed participants are not
to the IV exposed to the IV
g3 Figure 1B-7 Participants in a between subjects design complete only one condition in the study.
L&
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2A PROCESSING
AND ANALYSING

DATA

1A INVESTI-
GATION AIMS,
QUESTIONS,
HYPOTHESES

AND VARIABLES

Within subjects
design

an investigation
design in which
all participants
in the sample
are involved

in both the
experimental
and control
conditions
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Table 1B-4 Strengths and limitations of a between subjects design

Strengths Limitations

e A between subjects design is the most e More participants are needed in a
time-efficient design because both groups between subjects design than a within
can be tested at the same time and no subjects design.
pre-testing is required. e There is less control over the extraneous

¢ |t has a lower rate of participant withdrawal variable of participant variables between
than a within subjects design because groups, which may influence results in
participants only complete one condition. an unwanted way, lowering validity.

e There is better control of participant
knowledge of the study and there is no
effect of prior participation extraneous
variables influencing results compared
with a within subjects design.

The second type of investigation design is a within subjects design. A within subjects design
involves all participants in the sample completing both the experimental and control
conditions. In a within subjects design, any effect of participant variables can be completely
removed because the same participants are in both the experimental and control conditions
(Figure 1B-8). For example, all children in the sample will first complete the attention test
without consuming any sugar, and then complete the attention test again after consuming
sugar. Because the same participants complete both conditions, each participant’s unique
characteristics influence the results in both conditions, so there is no weighted influence to
either condition. For example, one child who has an attention disorder may react to sugar
more or less than a child without an attention disorder. Either way, by participating in both
conditions, their disorder will affect their attention results in the control condition equally
to their attention results in the experimental condition, so therefore the effect is equal

among groups.
ﬁ ) %)

Allocation in a within subjects design:
participants are involved in BOTH the
experimental condition AND the
control condition

Sample: the participants e
who are selected from

the population who
participate in the
investigation

!”i ;Ii

N

e ¢ ) e 4]
Control group: I ¥ S 2 I
participants are not ' '
exposed to the IV " " ” "

0 - =) ) ”
Experimental group: i 2 ¥ , - Cl"
participants are ' ' '
exposed to the IV " ” "

Figure 1B-8 Participants in a within subjects design complete all conditions in the study.
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Table 1B-5 Strengths and limitations of a within subjects design
2A PROCESSING

Strengths Limitations
AND ANALYSING

* [n a within subjects design, there is e There is less control over participant DATA
no extraneous variable of participant knowledge of the study. The extraneous
variables between groups, variable of prior participation in the first
improving validity. condition may influence their behaviour

e Fewer participants are needed than while completing the second condition.
in a between subjects design. e |tis more time consuming than a between
subjects design because both conditions
cannot be tested at the same time.

e There is a higher rate of participant
withdrawal from the study than in a
between subjects design because the DV
has to be measured multiple times.

A third option for investigation design is the mixed design. A mixed design involves a

Mixed design
combination of a between subjects design and a within subjects design. This design an investigation
. cl . . . design that
combines some of the strengths of within subjects and between subjects designs and i e
may reduce some of each design’s limitations. elements of
a between
A simple mixed design investigation may test the effect of one independent variable at two Z‘r’]zjzc;‘jtfﬁﬁ'gn

time periods, such as through a pre-test and a post-test. For example, in an investigation
testing whether listening to classical music while studying improves performance, each
participant is allocated to either the experimental or the control condition (the between
subjects design element) and then completes a pre-test to determine their baseline score
before studying while listening to classical music or no music. They then complete a
post-test to determine whether their score improved (demonstrating the within subjects
design element).

A mixed design may also involve two independent variables, whereby one variable is tested
through a between subjects design and the second variable is tested through a within subjects
design. For example, in an investigation testing whether male or female students benefit

from listening to classical music or pop music while studying for a test, the between subjects
element is whether the student is male or female, and the within subjects element is listening

first to classical music and then to pop music while studying. One of these variables could also

be a naturally occurring variable that the researcher has not manipulated, such as age, sex,
geographical location or the presence of another particular characteristic.

subjects design

1A INVESTIGATION
AIMS, QUESTIONS,
HYPOTHESES AND
VARIABLES

2A PROCESSING
AND ANALYSING

Table 1B-6 Strengths and limitations of a mixed design

DATA

Strengths Limitations

e Differences in participant variables between
groups are controlled in the within subjects
design element.

e (an test the effect of multiple independent
variables on a dependent variable in one
investigation.

e Testing multiple independent variables in
one investigation can be time and cost effective
compared to completing two or more
separate investigations.

There is a higher rate of participant withdrawal from
the study than using a between subjects design alone,
which can be detrimental to the internal validity.
There is less control over participant knowledge of
the study. Prior participation in the first condition
may influence their behaviour while completing
the second condition, than when using a between
subjects design alone.

There is less control over differences in participant
variables between groups in the between subjects
element, which may influence results in an
unwanted way, lowering validity.
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Check-in questions — Set 3

1 What is an investigation design?

2 Which condition(s) are participants allocated to in a:
a between subjects design?
b within subjects design?

3 What is involved in a mixed design?

ACTIVITY 1B-1 USING SAMPLING TECHNIQUES AND

INVESTIGATION DESIGNS

Zoe is a high school teacher Population
whose students believe that [ ]
working in groups while they

study helps them learn better. *

She decides to investigate this Sampling technique

by conducting a controlled .
. Random sampling
experiment and needs some

suggestions on how to set it up. Stratified sampling j

Copy and complete the flow *
chart on the right for Zoe’s S -
. ample description

study, or write down answers to

these questions on it: [ j

a determine her possible *
population of interest

b explain how she could use
different sampling techniques
to obtain her sample

¢ describe the characteristics of L ]
her sample . v .

d explain what the control LS O
group and experimental Between subjects
group would each do Within subjects

e explain how she could use
different investigation designs
to conduct her study.

Allocation
Control group Experimental group

Mixed

Case study
a type of
investigation . .
o el Using case studies
activity, . . . . . .. .
behaviour, event A case study is an investigation of a particular activity, behaviour, event or problem that
or problem that contains a real or hypothetical situation and includes real-world complexities.
contains a real
or hypothetical There are several formats for a case study. A case study can:
:'rfgaitr:glnu des « be historical, with analysis of causes, consequences and what has been learned from the
real-world case; for example, learning about the role of the frontal lobe from investigating the case
lexiti . .
complextties of Phineas Gage (Figure 1B-9)
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« involve a real situation or a role-play
of an imagined situation where
plausible recommendations are to be
made; for example, studying language
acquisition due to neglect in the Genie
‘the Wild Child’ case, where a child
raised in social isolation and who
suffered abuse did not develop speech
until she was rescued.

« be based around problem-solving
where developing a new design,
methodology or method is needed;
for example, identifying a unique
situation where a new process of
treatment is required.

Case studies typically involve an
individual or a small group of people and
are used when it is only possible to have

1B

Figure 1B-9 Phineas Gage (1823-1860) was a US
railway worker who experienced a traumatic brain
injury in which a large iron rod was driven through
his head, destroying much of his frontal lobe. The
research on Gage involved a case study investigating
the effects of frontal lobe damage on a person.

a limited number of participants, such as when looking at the effects of a rare experience
or when it would be unethical or impossible to expose a person to a particular variable.
For example, for research into a rare disorder such as fatal familial insomnia (a brain
disorder characterised by an inability to sleep), it would be difficult to find a very large
sample of eligible participants. Additionally, it would be unethical for a researcher to try
to cause a person to develop fatal familial insomnia in order to study its effects. In a case
study, the person or small group of people may undergo various tests, observations and

questionnaires in order to collect data.

Table 1B-7 Strengths and limitations of case studies

Strengths Limitations

e C(Case studies are useful when a limited
number of participants are available.
e They can be used to study experiences

to design and conduct a controlled
experiment.
e They can provide rich qualitative data.
e They can act as a basis for further
research.

where it would be unethical or impossible

One person or a small group of people
cannot be representative of a population,
so results from a case study cannot be
generalised to the population, and there is
a low external validity.

Researcher bias may influence the
recording, collation and treatment of data.
They may not be repeatable to gain more
data or to test reliability of results.

They are typically time consuming.

Classification and identification

Classification and identification is another type of investigation methodology that involves
two distinct components. Classification in research involves arranging phenomena,

objects or events into manageable sets (Figure 1B—10). Identification involves recognising
phenomena as belonging to a particular set or being part of a new or unique set. In
psychology, classification is used for organising human behaviour, mental processes and
events into common groupings with similar features, from which an individual’s experience

can then be identified.
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2A PROCESSING
AND ANALYSING
DATA

Classification and
identification

a type of
investigation that
involves arranging
phenomena,
objects or

events into
manageable sets,
and recognising
phenomena as
belonging to a
particular set or
part of a new or
unique set
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Classification and identification can help people in ways such as determining whether their
experience is usual or unusual, and can lead to further research into areas of need. For example,
the Diagnostic and Statistical Manual of Mental Disorders or DSM, is a classification system
that groups together mental health disorders into categories based on similar characteristics,
such as the experience of anxiety, psychosis or mood-related symptoms.

Standardised classification allows for consistent identification using a common language; that
is, based on rules. For example, using a common language helps the identification process to
pinpoint a particular mental health disorder based on symptoms and allows a person to seek
specific treatment for that disorder, at the exclusion of other similar disorders.

Figure 1B-10 Classification involves arranging things such as the behaviour of people into sets, from
which phenomena can later be identified.

Classification and identification can be used to determine learning difficulties in a child or
behaviours that are considered abnormal for their age of development. Being able to classify
a particular animal species as endangered allows countries to make laws that direct the
behaviours of people. Being able to differentiate between agricultural pests allows farmers
to use the right products to protect their crops. Classification and identification can allow
us to make the correct decisions and predict expected behaviour.

Table 1B-8 Strengths and limitations of classification and identification

Strengths Limitations
Comelationsl e (lassifications can allow for a narrowed e | abelling through identification can
study focus of research. lead to stereotyping, prejudice or
atypioft, e People identified as having a similar discrimination.
Investigation g . P .
that in§0|ves classification can feel a sense of ¢ Classifications may be based on
planned belonging and support. subjective criteria.
Zﬁze:‘e’sg%?ng e Using classifications can allow for e Large amounts of information are
of events and efficient processing of large amounts required to create classifications.
behaviours that of information.
have not been - . oo
manipulated or e (lassifications can help make predictions
controlled to and inferences.
understand the

relationships

hi .
oxisting between  Correlational study

\il(?l;il’?tti)flisv;ll’:?ch A correlational study involves planned observation and recording of events and behaviours
factors may that have not been manipulated or controlled in order to:
ibrﬁ ;’; rtg;ﬁit::r « understand the relationships or associations existing between variables
and to make « identify which factors may be of greater importance
predictions « make predictions.
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Correlational studies describe the statistical association and
strength of the relationship between two variables; however,
the variables are not controlled by the experimenters.
Therefore, correlational studies cannot find how changing
one variable causes a change in another variable, and
therefore a cause-and-effect relationship is not found as in
controlled experiments.

Correlational studies collecting quantitative (numerical)
data can present the relationship between the variables in a
scatterplot, with three main interpretations (Figure 1B—12):

o A positive correlation demonstrates a relationship in

which both variables together increase or decrease. For Figure 1B-11 Many mental health disorders have
1 1 adult gets older. the likelihood of erevin a bi-directional relationship with sleep trouble or
exzflmp € asa g ’ greyng sleep disorders, and there is a correlation between
hair increases. them.
« A negative correlation demonstrates a relationship in
which an increase in one variable results in a decrease in the other variable. For example,
as an adult gets older, their memory ability tends to decline.
o A zero correlation demonstrates that there is no relationship between the variables. For

example, as an adult gets older, the weather gets neither colder nor hotter.

[ I [ |
-1.00 -0.50 0 +0.50 +1.00

Negative correlation Zero correlation Positive correlation
Moderate| Strong
For example: For example: For example:
As an adult gets older, As an adult gets older, As an adult gets older,
their memory ability tends the weather gets neither the likelihood of greying
to decline. hotter nor colder. hair increases.

Figure 1B-12 The strength of a correlation is described according to Pearson’s r, which ranges
from —1.00 to +1.00.

The strength of a correlational relationship is measured by statistical tests to determine
correlation coefficients such as Pearson’s r (Figure 1B—12). Correlation coefficients range
from —1.00 (the strongest possible negative relationship) to +1.00 (the strongest possible
positive relationship), and a zero correlation has a Pearson’s r value of 0.

For example, a researcher could use a correlational study to measure the extent of the
relationship between happiness and the number of hours people spend at their job.
Participants could complete a questionnaire in which they indicate the number of hours
they work each week and their self-reported level of happiness on a scale of 1 to 10.
Statistical analysis of the results might determine a negative correlation whereby an
increased number of hours worked each week is associated with a decreased level of
happiness. However, it could not be determined that working more caused a decrease in
happiness because many other variables could affect happiness that were not controlled for,
such as the type of job the participants were working in.

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



@ CHAPTER 1 SCIENTIFIC INVESTIGATION, PLANNING, ETHICS AND SAFETY

Table 1B-9 Strengths and limitations of correlational studies

Strengths Limitations

The direction and strength of a relationship
between variables can be determined using a
correlational study.

They can be used to gather initial information that
is investigated further or to research behaviours
where controlled experiments cannot be used for
practical or ethical reasons.

Observation of real-life behaviours with no
manipulation of variables may result in behaviours
that are more natural.

Secondary data can be used.

If a relationship between two variables is determined,
the value of one variable can then be used to predict
the value of the other variable.

They can be used to determine the repeatability,
reproducibility and validity of measurements, and
they are often high in external validity.

Extra procedures to control for extraneous variables
are not needed.

Correlation does not equal or imply causation, so
even if a strong relationship is determined, you
cannot assume that one variable causes a change
in the other.

The relationship is bi-directional, and you cannot
determine which variable has more influence.

A large amount of data is required.

As extraneous variables are not controlled for, you
cannot determine that there was not an influence
of a third variable, meaning there is a low internal
validity.

20 PROCESSIG Check-in questions — Set 4
DATA 1 What does a controlled experiment aim to find out?

2 When would a researcher choose to use a case study instead of a controlled experiment?
3 What is the difference between classification and identification?
4 When is a correlational study used instead of a controlled experiment?
Fieldwork

Fifldworfk Fieldwork is a type of investigation methodology that involves collecting information

atype o

investigation
that involves

by observing and interacting with a selected environment. Often the environment is a
real-life setting (Figure 1B—13), rather than a controlled laboratory setting, and can be

collectin . . N . . .
el based on enquiry or the investigation of an issue. Usually a correlation between variables
through is being sought, rather than a

observing and . .

interacting cause-and-effect relationship,

with a selected

because extraneous variables are

environment

not being controlled. Fieldwork
may be conducted through a

range of methods, including direct
qualitative and/or quantitative
observations and sampling,
participant observation, qualitative
interviews, questionnaires, focus
groups and yarning circles. Each of

these methods will be discussed, and

they each have their own strengths
and limitations.

Figure 1B-13 Fieldwork often involves observing

behaviour in real-life settings.
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Direct observations and sampling

Fieldwork using direct observations and sampling involves watching and recording participant

behaviour, including how they interact with their environment, typically without interference

or intervention from the researcher. Qualitative and quantitative data can be collected, and

data sampling methods determine the acquisition of a representative sample through:

« time sampling (e.g. only recording behaviour over a particular time interval, such as
recording student behaviour for only one minute out of every 10 minutes in class)

+ event sampling (e.g. only recording the behaviour when a specific event occurs, such as
recording how many students react to a teacher asking a question in class)

« situational sampling (e.g. recording the same behaviour over multiple circumstances,
such as recording student and teacher interactions in class, in the playground and at the
bus bay after school).

Participant observation

Fieldwork conducted through participant observation involves the researcher becoming
an active participant in the group that is being studied, either in a disguised way, where the
researcher is ‘undercover’ posing as a genuine member of the group, or in an overt way,
where the researcher’s participation is not concealed, and the participants are aware of the
researcher’s identity and presence.

Participant observation allows the researcher to guide the direction of the study and
prompt in-depth and honest discussions that may have been impossible to access by an
outsider. For example, in a well-known experiment, psychiatrist David Rosenhan pretended
to be ‘insane’ by simulating psychiatric symptoms such as hallucinations and was admitted
to a psychiatric hospital. Once admitted, Rosenhan observed the behaviours of hospital
staff and other patients under the guise of being a patient himself.

Interviews, questionnaires, focus groups and yarning circles

Fieldwork conducted through interviews, questionnaires, focus groups and yarning circles
involve self-report methods where the participant responds to questions and statements
about the way they think, feel and behave.

Interviews consist of structured
or unstructured questions that
are answered verbally by the
participant. Interviews can

be conducted face to face, by
phone, or by video conference,
and the responses are recorded
by the interviewer. Interviews
allow participants to give more
emphasis and elaborate on
certain points, and participants
can use their own words to
describe their experiences. For
example, an interview on mobile
phone preferences might include
questions such as ‘Explain why

Android is your preferred mobile Figure 1B-14 Student leaders and captains are often
phone operating system’ interviewed for their opinion on school-related issues.
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Questionnaires are a set of structured, written, open- or close-ended questions that are
answered in a set format. They can be conducted face to face, on paper, online or by phone.
For example, a questionnaire on mobile phone preferences might include questions such as
‘Select your preferred mobile phone operating system: Android or iOS; or ‘How many years
have you owned Android devices?’ or “What is the model of your current mobile phone?’

Focus groups involve a trained moderator conducting a collective interview of multiple
participants. Focus groups allow for dialogue and dynamic interaction between participants
to gather a rich understanding of the perspectives, opinions, ideas and beliefs of the group.
For example, a school may conduct a focus group with eight students from different year
levels to determine their perspectives on using either tablets or laptops for schoolwork.

Yarning circles are a culturally informed alternative to focus groups. They are used to
explore topics with Indigenous participants through reciprocal dialogue, storytelling and
informal conversations to provide an insight into the Indigenous participants’ thoughts
and feelings about a topic. Yarning circles have been used by Indigenous peoples for
centuries to learn from the collective group, build respectful relationships and pass on
cultural knowledge. Yarning provides an opportunity to speak in a non-judgemental place
where inclusion, respect and collaboration are of most importance. In a yarning circle,
verbal statements can be a word, sentence or longer explanation, and can aid a scientific
investigation to collect information in a culturally respectful manner. For example, a
yarning circle could be used to evaluate the effectiveness of a new youth sporting program
aimed at increasing student attendance at a high school in an Indigenous community.

Through these different methods of fieldwork, researchers can gather a wide range of data
on a person’s own experiences, behaviour, attitudes, beliefs and opinions, particularly ones
that may be difficult or impossible to observe.

Table 1B-10 Strengths and limitations of fieldwork

Strengths Limitations

e |nformation on sensitive topics can e (Observed behaviour is subjective and
be obtained using fieldwork. open to interpretation and bias by

e A large amount of quantitative data can the researcher.
be gathered in a questionnaire in less e Fieldwork is prone to social desirability
time than for a controlled experiment. bias, whereby participants respond in a

e Participant anonymity in questionnaires way that they think they should respond,
can reduce dishonest or biased answers. particularly if the researcher is present.

e Rich qualitative responses can be e |n questionnaires, interviews, focus
obtained in the participant’s own words. groups and yarning circles, participant

e Natural settings are more likely to show responses may be inaccurate because
behaviour that reflects real life. of dishonesty, memory issues, difficulty

e |f participants are unaware that they are communicating, language abilities or
being studied, there is no change in their misunderstanding the question.
behaviour due to their belief of how they | e Qualitative data can be difficult to
are expected to behave. summarise.

f\‘l\\lm&(j\ﬁgmg e Fieldwork can be used when it would be | Interviews, focus groups and yarning
DATA impossible or unethical to investigate by circles can be time consuming.

controlled experimental methods. e There is minimal control over

e Fieldwork can help to gain insight into extraneous variables and results may
existing data or behaviours that were not be replicable.
not expected. e There are ethical concerns with the lack

of informed consent in some cases.
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Literature review

A literature review involves collating and analysing secondary data findings and/or viewpoints. Literature review
a type of
investigation
journal articles (Figure 1B—15). Literature reviews combine theories and results that evaluate that involves

The findings can come from multiple published sources, including scholarly books and

. . . . . lati d
a body of literature to answer a research question, provide background information to help gﬁafy;?fgan
explain observed events or provide a starting point for primary data collection. ?_ecdqndary C:jata
Inaings an
viewpoints

Secondary data
data obtained
second hand
through research
conducted by
another person
for another

‘IE"_,NI * ] 7 ~ : » purpose

—— o I Primary data
S —— Y I f | o N X NN 5 data collected
—= < SN o through first-
==l 1 - S hand research
S N for an intended
3 purpose

Figure 1B-15 To gather a wide range of information when writing your literature review, you can use
a variety of books, publications and scientific journals.

Literature reviews do not present new research but are comprehensive and critical reviews

that provide an overview on current understanding in a particular area of interest. Multiple

sources are compared and critiqued, and relevant information is summarised by:

o discussing how knowledge has evolved over time

« acknowledging what research has already been completed

« highlighting the key researchers and evaluating their methodologies

o identifying areas of controversy

 describing what knowledge is currently accepted

« identifying emerging knowledge trends or gaps in current research to justify a proposed
investigation.

A literature review is conducted over three main steps in which researchers:

« find the key literature relevant to their topic of investigation

« review and analyse the literature

» synthesise and organise the literature into a logical order so they can then write
the review.

Literature reviews can be presented in different ways or for different purposes. They can
form part of the introduction section of a larger work or stand alone as a separate full-
length journal article. A stand-alone literature review is usually structured into three main
sections: introduction, body and conclusion. The body typically contains subheadings to
organise the various parts of the review.
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2A PROCESSING
AND ANALYSING
DATA

Modelling

a type of
investigation in
which a physical
or conceptual
model is
constructed and/
or manipulated

Table 1B-11 Strengths and limitations of literature reviews

Strengths Limitations

e A literature review can determine what e Key studies may be missed if the search
is already known and whether there is a criteria or focus of a review is too narrow,
solid foundation of knowledge, based on resulting in a review that lacks depth.
multiple sources. e A selection bias in the chosen studies

e They help introduce existing may result in the review being
understanding and context for primary unrepresentative of current understanding
research. or provide unbalanced conclusions.

e They can identify expert researchers in e A literature review may not comment on
the field. the validity of the original research or how

e They identify gaps in current understanding the studies were selected, resulting in
and areas for future research. the reader being unable to determine the

e They identify methodologies that have quality of each study within the review, or
been successful or not successful at the review as a whole.
generating significant findings. e Literature reviews may describe multiple

studies but lack a deeper analysis of the
individual studies.
e Only secondary data is acquired.

Modelling and simulation

In psychology, modelling is an investigation methodology that involves constructing and/or
manipulating a physical or conceptual model of a system. Once a model is made, a simulation
uses the model to replicate and study the behaviour of a real or theoretical system.

Models are made to replicate a small or large physical object, or to represent a
system involving concepts that help people know, understand or simulate the system

gsstier?n”'ate a (Figure 1B—16). Simulations then aim to imitate the real experience. Modelling and
- simulations are useful for studying psychological concepts that cannot logistically or
g't";;ia;}o" ethically be tested in controlled experiments because of complexity, size, speed, accessibility
investigation or danger. For example, it is important to know how a new aeroplane pilot responds in
;hsqtolése?sto emergency situations; however, it would not be ethical to put a new pilot directly into real
;?llj(ljiﬁtheeand and dangerous situations. By creating a model of an emergency in-flight situation, a pilot
belEvReuT G & can practise their responses and skills safely. Also, investigators can compare the responses
St of multiple pilots by using the same controlled simulation testing conditions. Mice and rats
are often used as models for the human condition before human trials are possible, such as
in the study of neuroscience and addiction.
Simulations can take various formats. For example, virtual reality technology can simulate
therapeutic procedures, or simulated people in a simulated environment can be used to
create a model of the transmission rates of COVID-19 and then the predicted outcomes can
be simulated by various transmission prevention strategies.
Modelling and simulation can precisely replicate events. For example, researchers can
construct a computational model of a complex neurological medical case that requires
brain surgery, then use simulation technology to safely practise the surgical procedure with
the actual equipment. This can help reveal problems in surgical procedures, equipment and
techniques before they are used in real life.
Modelling and simulation are useful in psychology because of the complex interaction
of factors that influence behaviour that a controlled experiment may not take into
consideration. An ongoing study called the Blue Brain Project aims to create the first
computer simulation of the entire rodent brain.
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Figure 1B-16 Creating a model and then simulating its use can help to safely investigate new
techniques or tools.

Researchers have modelled a group of neurons that make up a small functional part of a
mouse’s brain known as a neocortical column, thought to be responsible for conscious
thought. The aim is to expand the model to a full mouse brain which can then be used to
simulate the mammalian brain and identify the fundamental principles of brain structure
and function.

Models can help advance our understanding of psychology as well as our ability to predict
probable occurrences. Researchers created a mathematical model of consciousness and, by
using simulations, could anticipate and explain cognitive processes such as decision-making
as well as behavioural reactions. The model was used to experiment with different cases of

psychological illnesses. 2A PROCESSING
AND ANALYSING
Table 1B-12 Strengths and limitations of modelling and simulation DATA

e Modelling can allow unobservable events to be e A large amount of valid source data may be needed
visualised. in the creation of a model.

e Once established, a computer simulation can run e Computer simulations require precise, consistent
quickly with multiple trials in a short amount of time, statistical analysis in order to function accurately as
including events that would usually be long running. a valid, repeatable and replicable measure.

e Modelling and simulation can be used to safely e A psychological theory may be well understood but
study new devices, therapies or treatments that difficult to apply as a working model.
would be too dangerous or unethical or logistically | e Simulations are not the real thing and people
impossible to conduct in controlled experiments. may respond differently in real life, so simulations

e Simulations can allow us to predict future events involve assumptions about behaviour that lower
and ‘what if’ situations. external validity because of artificiality.

e Modelling and simulations can test a product e Complex models and simulations may be expensive.
before it is created.

Product, process and system development

Product, process and system development in research involves the design of a product, a process Product, process
. . . . . e and system
or a system to meet a human need. These may involve technological applications in addition to development
scientific knowledge and procedures. a type of
investigation in
Constant advances in technology and scientific understanding mean that researchers can which a product,

) } . . . a process or
review the effectiveness of current products, processes and systems in order to find solutions a system is

that best aid people to function most effectively. This principle applies to all aspects of life, gﬁﬁg:g rt]‘;égeet
and some examples of general applications, and applications in psychology, now follow.
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Examples of the development of new products and improvement of existing ones:

o the continued development of reusable bags, coffee cups and drink bottles has allowed more
Australians to reduce their plastic waste and move towards a healthier and safer environment

« developments in wearable technology mean we can track our sleep and movement 24/7

o Al-powered chatbots can provide virtual support for our mental wellbeing

« recent developments in electroencephalography (EEG) technology to produce portable
and relatively cheap EEG devices mean a wider range of people can now monitor real-
time brain activity. EEG headsets can be used for everyday functions, such as monitoring
drowsiness of long-haul drivers or mining machine workers to reduce fatigue-related
accidents, or to monitor the brain activity of elite athletes.

The design of a process that meets the need of people can help streamline a series of events
into a logical order. This can improve repeatability, efficiency and predictability in many
aspects of life. For example, reliable processes are important for:

« making laws safely and ethically

« enabling safe and ethical organ donations

« developing and trialling new drugs so they can be safely used by the public.

The development of new processes or refinement of current processes can help fill a gap in
providing for people’s needs or solve an existing problem.

Systems allow for the structure and organisation of multiple parts working together, in

order to have an efficient framework for behaviour. Having ‘the right systems in place’

improves productivity and enhances the wellbeing of people. For example:

o the Diagnostic and Statistical Manual of Mental Disorders gives health professionals a
reliable structure for diagnosing mental illness in patients

o in 2021, the World Health Organization created a system for naming the emerging
coronavirus strains according to the Greek alphabet instead the places where they were
discovered (Figure 1B—17). This system has helped reduce the geographical stigma and
discrimination that was observed in the first year of the pandemic.

Product o : ‘_ 4 . Process

B.1.1.7
Alpha
May 2020 August 2020 November 2020 October 2020 November 2021
UK South Africa Brazil India Multiple countries

Figure 1B-17 New products such as prosthetic limbs, new processes such as methods to safely
transport organ donations, and new systems such as ways to classifying the coronavirus strains have
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1 What is involved in a fieldwork investigation?

2 What can a literature review be used for?

3 Why would a researcher use modelling and simulation?
4 What is involved in product, process and system development?

ACTIVITY 1B-2 IDENTIFYING EXAMPLES OF INVESTIGATION METHODOLOGY

Match scenarios A to H to the investigation methodologies 1-8 which they represent.

Investigation Scenario

methodology

1 Controlled
experiment

A Before a researcher conducts their own

experiment, they need to conduct in-depth
research into current knowledge of the
effect of screen time on children.

2 Case study B

A patient known as ‘HM’ had a lobectomy
to help control his severe epileptic seizures.
Researchers studied his memory problems
resulting from the surgery.

3 Classification and
identification

A researcher is collecting characteristics
and behaviours of successful elite athletes
to see which qualities the national team
POSSESSES.

4 Correlational
study

A surgeon needs to practise removing a
complex tumour from a person’s spinal
cord before undertaking the surgery in

real life.

5 Fieldwork
(questionnaires
and interview)

A researcher wants to find out whether
students who use a device for schoolwork
are worse at spelling than students who
handwrite their work at school.

6 Literature review

7 Modelling and

A supermarket wants to find out shoppers’
regular patterns of behaviour. The
supermarket emails all supermarket
rewards members a series of quick
questions to answer online. Shoppers

who come into the store are asked verbal
questions to find out more information.

simulation

A neonatal surgeon requires an adaption
to a regular-sized instrument to perform
delicate surgery on an infant.

8 Product, process H

or system
development

An educational researcher wants to find
the relationship between a student’s Year
12 results and their performance in their
first-year university course.
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Check-in questions — Set 5

WORKSHEET
1B-1
INVESTIGATION
METHODOLOGIES
SUMMARY TABLE

© Cambridge University Press & Assessment 2022



@ CHAPTER 1 SCIENTIFIC INVESTIGATION, PLANNING, ETHICS AND SAFETY

VIDEO 1B—4
SKILLS: 1B-3 SKILLS
DESCRIBING
STRENGTHS . L
AND Describing strengths and limitations of research methods
OFLIF'QWI;"&TAlggS There is no one perfect choice of sampling technique, investigation design or
METHODS investigation methodology, because it depends on the investigation being conducted.

There are advantages and disadvantages for using each type.

When describing the strengths and limitations of different research method concepts, it

is important to ensure that you:

o describe an advantage/disadvantage of using that choice of research method; do not
just define the concept

« describe an advantage/disadvantage of using that choice of research method over
another method. Something cannot be a strength or limitation of that method if it
applies to all method options.

If a question asks you to compare the strengths or limitations of two methods, make sure
you use a comparative term such as ‘whereas’ and select one feature to directly compare.

Question:
Provide a strength of using a correlational study over a controlled experiment.
Attempted answer:

A correlational study describes the statistical association and strength of the relationship
between two variables. A controlled experiment allows a conclusion to be determined
for an investigation.

Marking comments:

This response describes what a correlational study involves, rather than providing

a strength. The statement for the controlled experiment is actually true for all
investigation types, so it is not a strength of controlled experiments alone. This response
also does not directly compare the two concepts. This response would receive 0/2 marks.

Suggested answer for full marks:

A correlational study does not require extra procedures to control for extraneous
variables, whereas a controlled experiment requires strictly controlled conditions to
control for extraneous variables.
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1B PLANNING AND CONDUCTING INVESTIGATIONS @

Section 1B questions

1 In the following research scenarios, describe the population and sample, and identify
and explain the type of sampling technique used.

a Mors Ally is the Year 11 Coordinator at Ferny High School and wants to find out how
students are coping with the increased amount of homework coming into Year 11
compared to Year 10. She prints the school photos of all 270 students in Year 11,
cuts them up, and places them into a box. Without looking, she selects 50 photos and
emails these students a short questionnaire to complete.

b A chocolate company wants to test whether consumers can tell the difference
between their brand of chocolate and their competitor’s. The company thinks that
children might prefer their brand but adults would prefer the competitor’s chocolate,
so they need to ensure that children and adults are both represented proportionally
in their study. They obtain 100 participants.

¢ A local Melbourne council is gathering data from people who use a new park in
the community. The council wishes to find out people’s opinions on the new park’s
facilities. A researcher stands at the park’s entry gate and surveys 55 people between
the ages of 18 and 65 who come to the park one weekend.

2 Current Australian Census data states that the percentage of females and males in
Victoria is 51% and 49% respectively. In a stratified sample of 100 participants from
Victoria, how many males and females should there be?

3 An optometrist wants to test a new glasses lens coating that she has created to help
reduce the glare from lights at night-time. She seeks out 150 participants to test the
effectiveness of the old lens coating compared to the new coating. Participants are
randomly assigned to wearing glasses with either the new coating or the old coating.
They then complete a driving simulation under different lighting conditions while
connected to a device that measures how much they squint.

a Justify why this study is an example of a controlled experiment, and outline one
strength and one limitation of using this type of investigation for this study.

b Justify why the investigation design used in this study is classified as between subjects.

¢ Explain how the researcher could use a within subjects investigation design in this
study, and why it would be beneficial.

d Explain why a case study is not an appropriate investigation methodology to use for
this study.

4 A local basketball club wants to increase the number of players that attend their end-of-
season awards function. The function is currently held at the basketball stadium and the
club thinks that moving the function to a local trampoline park will make more players
want to attend.

Outline how the club could use fieldwork questionnaires and interviews to source data

on the players’ opinions of their end-of-season functions.

5 Provide an example of a health-related study that could be completed using the
modelling and simulation investigation methodology.

6 Create a table to compare one strength and one limitation of a controlled experiment
and a correlational study.
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Safety and ethical understanding

Study Design: Glossary:

Comply with safety and ethical guidelines Beneficence

e Demonstrate ethical conduct and apply Confidentiality
ethical guidelines when undertaking and Debriefing

reporting investigations

Demonstrate safe laboratory practices
when planning and conducting
investigations by using risk assessments
that are informed by safety data sheets
(SDS), and accounting for risks

Apply relevant occupational health and
safety guidelines while undertaking
practical investigations

Analyse and evaluate psychological
issues using relevant ethical concepts
and guidelines, including the influence
of social, economic, legal and political
factors relevant to the selected issue

Deception in research

Ethical concepts

Ethical guidelines

Informed consent procedures

Integrity

Justice

Non-maleficence

Occupational health and
safety (OHS)

Respect

Risk assessment

Safety data sheet (SDS)

Voluntary participation

Withdrawal rights
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Examples of unethical research

Psychological and medical research use animal and
human subjects, and are therefore probably the two
disciplines with the most examples of unethical
research in the past. In addition to the notoriously cruel
experiments carried out by Nazi German and Japanese
authorities in the twentieth century, there are many
other examples, including in Australia. For example, in
2000 the University of Adelaide apologised for scientific
experiments conducted on Aboriginal peoples in the
1920s and 1930s that were deemed ‘degrading and, in
some cases, barbarous.

“SAAAARETTTY
Minan

Some of the historical psychological research you may
encounter in this course would be considered unethical
today, although this may not be apparent until you
consider the details of the methodology. Examples are

the Little Albert studies, the Bobo doll experiment, the
Stanford Prison experiment, and the Milgram experiment.
Some of these experiments have been made widely known

to the general public through films (Figure 1C-1).

Figure 1C-1 The Milgram
experiment was infamous
enough for a 2015 movie,
Experimenter, to be made
about its lead researcher,
Stanley Milgram.

Although examples of specific unethical research are not assessed as part of this course,
you may be asked questions that require you to determine what might be unethical
about certain research scenarios. You may gain some insights by reading about examples
of unethical research in psychology. As always, consider the reliability and reputation of
any sources you find.

Gallagher et al

Photocopying is restricted under law and this material must not be transferred to another party.

© Cambridge University Press & Assessment 2022



ISBN 978-1-009-25416-8
Photocopying is restricted under law and this material must not be transferred to another party.

1C SAFETY AND ETHICAL UNDERSTANDING @

EXPLAIN

Ethical concepts in psychological issues

Ethical understanding is critical when conducting and analysing research, but also when
evaluating psychological issues that are relevant to society. It is important to have an ethical
understanding to consider the implications of investigations, use integrity and reach a
position on science-related ethical issues. There is a need to recognise the importance

of values, and social, economic, political and legal factors in responsible science-related
decision-making. For example, when investigating the issue of global mental health, it

is relevant to consider factors such as government policies; socio-economic status; the
relationship between mental health, poverty and debt; human rights, funding and the
economic burden of disease; the various risks for children and youth; and the impact of the
criminal justice system.

Some general ethical concepts can be considered when analysing and evaluating the ethical
and moral aspects of conduct in relation to psychological issues. These concepts are general
in nature and are separate from any codes, legislation and ethical guidelines that apply to
the ethical conduct of psychological investigations. These ethical concepts are integrity,
justice, beneficence, non-maleficence and respect.

Integrity
Integrity is the commitment to searching for knowledge and understanding and the honest
reporting of all sources of information and results.

Whether results are favourable or unfavourable to the initial intentions of a study, a
researcher has an obligation to report them truthfully in a way that permits scrutiny and
contributes to public knowledge and understanding. Findings should be published even if
they are negative or inconclusive. The actions of researchers and practising psychologists
should be consistent with their internal core values core values, and these practitioners and
researchers should maintain accountability for their actions. When reporting the results
of an investigation, researchers should provide a complete and accurate representation

of the facts, without manipulation, fabrication or misconduct. For example, in 2011, a
Dutch psychologist Diederik Stapel was found to have manipulated data and fabricated
experiments that were then used in at least 30 published, peer-reviewed papers. After
this case was investigated, it was recommended that there should be a ‘research integrity’
moderator within research departments to monitor for such behaviour.

Justice

Justice involves the moral obligation to ensure that competing claims are considered fairly,
that there is no unfair burden on a particular group from an action, and that there is fair
distribution and access to the benefits of an action.

Justice means ensuring the right to be treated fairly, such as equal access to psychological
treatment regardless of age, place of residence, social status, culture or disability. However,
treating all people equally is not always fair, and therefore justice means ensuring people’s
differences are also accounted for. For example, providing all participants, including those
who are blind or have low vision, with a written informed consent form would be ‘equal, but
providing participants with the form in Braille or having the information read out verbally
would be considered fair.

Gallagher et al
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Figure 1C-2 The ethical concept of justice means ensuring people’s
differences are accounted for.

Beneficence

an ethical
concept
involving the
commitment

to maximising
benefits and
minimising
risks and harms

Non-maleficence
an ethical
concept
involving the
avoidance of
causing harm
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There is a responsibility to ensure all
people have the right to access advances

in psychology such as knowledge acquired
from research and the distribution of
benefits and resources. This could mean
selecting an appropriate format for
reporting the research outcomes. Denying a
person a benefit they are entitled to without
good reason would be considered unjust.

The process of recruiting participants
should be fair in terms of the selection,
exclusion and inclusion of categories of
research participants, and there should be
no unfair burden on the participant. For
example, some groups of people are at risk
of being exposed to ‘over research’ because only a small number of people form that group
or because they are easily available, such as those confined to psychiatric hospitals, those
who are terminally ill, or those from a small, minority ethnic group.

Beneficence and non-maleficence

Beneficence is the commitment to maximising benefits and minimising the risks and harms.
This is important in psychology when taking a particular position or completing a course
of action, such as a research investigation. A benefit is something of positive value, such as
contributing to psychological knowledge, and improving individual and societal wellbeing,
and it is important that all actions are in the best interest of others.

Non-maleficence means to avoid causing harm. Determining a position or conducting
scientific research in psychology may lead to a degree of harm or discomfort, so it is
necessary that the possible harm resulting from any position or course of action is
scientifically justifiable and is not disproportionate to the possible benefits.

Harm can include physical harm such as injury, psychological harm such as distress, social
harm such as discrimination, economic harm such as costs, and legal harm such as criminal
conduct. The primary concern is to do no harm, and any acceptable level of harm must be
kept to a minimum.

The two ethical concepts of beneficence and non-maleficence can be considered together,
in an understanding that one must act in a manner that promotes the benefit to others,
while also minimising the harm to others.

Before a research investigation starts, an assessment of risk is made. This includes
determining the likelihood and severity of the harm, and the short-term and longer-term
risks and benefits. The researcher must always prioritise participants’ wellbeing. These
risks and benefits may affect the participants directly, but also their families, the wider
community or particular groups they identify with.

To maintain ethical compliance, the benefit of the research must outweigh or justify any
participant discomfort. For example, a person with severe form of an illness might choose
to participate in a clinical trial for a new treatment; however, a person with a less severe
form might not. In a clinical example, a person considering electroconvulsive therapy for
the treatment of major depression would weigh up the benefits of potentially reducing their

Gallagher et al

Photocopying is restricted under law and this material must not be transferred to another party.

© Cambridge University Press & Assessment 2022



1C SAFETY AND ETHICAL UNDERSTANDING @

symptoms against the risk of memory loss. During an investigation, if the balance tips so
that the benefits do not outweigh the risks, then the risks are no longer justified, and the
research must be stopped and reassessed.

Respect
The ethical concept of respect involves considering the value of living things, giving due
regard, and considering the capacity of living things to make their own decisions.

To have consideration of the value of living things means to respect the extent to which a

person or animal has an:

« intrinsic value, which is value for its own sake, in its own right

« instrumental value, which is value as a means to an end, resulting in some final intrinsic
value.

For example, this would mean understanding that each person has worth in and of
themselves, and that their value is not just as a participant in a study without any dignity.

Giving due regard to both an individual and the wider collective involves explicitly
considering their welfare, liberty and autonomy, beliefs, perceptions, customs and cultural
heritage. This means respecting a person’s need to be treated in their best possible interest,
according to their individual characteristics and with respect to their cultural sensitivities.

Researchers need to consider the capacity of living things to make their own decisions,
such as a person determining their participation in research. When animals are involved,

or when people have a diminished capacity to make their own decisions, such as due to age,

intellectual ability or level of consciousness, they must be empowered where possible and
protected as necessary.

F

p

Figure 1C-3 The ethical concept of respect involves considering the value of an individual in their
own right. This also includes protecting the welfare of animals.

Check-in questions — Set 1

1 What is integrity as an ethical concept?

2 What is justice as an ethical concept?

3 What is the difference between beneficence and non-maleficence?
4 What is respect as an ethical concept?
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Ethical
guidelines
guidelines that
ensure the
protection and
welfare of all
participants in
research

Figure 1C-4 A research ethics committee should include people with
a variety of expertise to best represent the ethical interests of the
participants.

Confidentiality
an ethical
guideline

that ensures
participants
remain
anonymous, and
their personal
information is
kept private,
protected and
secure throughout
the study
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Ethical guidelines in research investigations

In Australia, researchers using human participants in an investigation must follow the
ethical guidelines set out by the National Health and Medical Research Council (NHMRC)
in their document the ‘National Statement on Ethical Conduct in Human Research), to
ensure the protection and welfare of all participants in research. This document can be
found and downloaded through an Internet search.

Human research ethics committees are
involved throughout all stages of an
investigation to ensure that researchers are
following the mandated ethical guidelines.
Ethics committees are responsible for
approving research before it begins. The
committee considers the level of risk

of harm to participants, including the
likelihood and severity of harm. Research is
ethically acceptable only when its potential
benefits justify any risks in the research.
Once a proposal is accepted, an ethics
committee will monitor the duration of the
study to ensure the researchers continue to
follow all ethical responsibilities.

A researcher must follow the NHMRC
guidelines and ensure that their proposed
research has merit and reflects the overarching ethical concepts of integrity, justice,
beneficence, non-maleficence and respect.

Once an investigation begins, the researcher must follow several additional ethical
guidelines that are specifically relevant to research, to ensure participants’ rights are met
while they are involved. These guidelines include confidentiality, voluntary participation,
informed consent, withdrawal rights, use of deception and debriefing.

Confidentiality

Confidentiality means ensuring that the participants remain anonymous, and their personal
information is kept private, protected and secure throughout the study. Participants have
the right for their details to remain )

confidential. For example, a participant’s | \ \

name should not be included with their ' "

published results. Instead, participants ‘

may be de-identified and data should m

be coded to allow each participant to
remain anonymous. The exception to

this would be when consent is explicitly
given to allow data to be shared; for
example, in video recordings where
identity cannot be hidden. If researchers
plan to share personal data, they should
inform participants during the consent
process, and let them know how their
data will be used.

dil'd - .

Figure 1C-5 Participant information such as
medical tests collected during studies must be
de-identified and kept private.
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Voluntary participation

Voluntary participation ensures that each participant freely agrees to participate in a study, Voluntary
with no pressure or coercion. It is common and acceptable for participants to be paid or apﬁrte'tch'ipcztl'on
receive compensation for their involvement in a study if it is deemed proportionate to the guideline )
ing that
burden of the research. However, the payment must not be used to persuade a person to 22§Er'pr;grticfpant
participate or persuade them to take undue risks. Additionally, participants must not be ffeil_y _agrtees to
. . . . . . . articipate In
disadvantaged if they decide not to participate. For example, a university must not force 2 Stud;, il
students to be involved in a study in order to pass their university course. ggeféfi’gﬁ“re ar
Informed consent procedures Inforn;ed consent
) o procedures
Informed consent procedures are conducted before a study begins, where participants agree an ethical
to participate in the research after they have received all the details of the investigation guideline
conducted before
including the nature and purpose, methods of data collection and potential risks. Participants a study begins
usually receive this information in a written document that they must sign as their agreement ;gﬁzg'g pants
to participate. Participant consent should be based on a sufficient understanding of their p?trtictir?ateh
involvement requirements, and the possibilities for psychological or physical risk. bt
details of the
Informed consent is also the stage when participants are told about their withdrawal rights study, including
and confidentiality rights, and a researcher must provide an opportunity for participants to :)Tgc%rﬁr?seén g
discuss the provided information and ask questions. potential risks

Participants who are under the age of 18 or who lack the capacity to consent for themselves,

such as someone with a severe intellectual disability, cannot legally give consent for
DOCUMENT

themselves and must have a parent or legal guardian read and sign the informed consent 16-1 INFORMED
on their behalf. However, researchers must still attempt to obtain informed consent as CONSENT FORM
far as practically possible from these groups. In all cases, it is necessary for informed e Eg%,\lréwm
consent forms to be written in plain language that the participant can understand. See the RESEARCH
Interactive Textbook for an example of an informed consent form.

Withdrawal "ghts Withdrawal rights
Withdrawal rights ensure that participants are free to discontinue their involvement in a zﬂiﬁtemiﬁilth at
study without receiving a penalty. Once a participant begins a study, they cannot be forced ensures the

to continue if they want to stop. They can withdraw their involvement during the study or graenf'rcégigts
withdraw their results after the study has concluded. Withdrawal rights should be outlined discontinue their

to participants in the informed consent process so that they are aware of their rights before :',mslalj\éi,n;fr:n;n
agreeing to begin the study. point during

or after the
conclusion of the
study, without

Use of deception in research Y,
receiving any

Deception in research involves withholding the penalty
true nature of the study from participants if P
eception in
their knowledge of the true purpose may affect research
. . 1 an ethical
their behaviour and the subsequent validity of T
the investigation. Sometimes it is necessary to involving

withholding the
true nature of
the study from
participants,
when their
knowledge of
the true purpose

not tell the participants exactly what is going
to happen in a study. For example, if you tell a
group of children that their ability to follow the
rules of a game is going to be measured, then

this might cause the children to behave in a way ~ Figure 1C-6 In an investigation into the may affect their
that is different from normal. Instead, you could themes of children’s drawings, the children IENCNIPCI
. . . may instead be told that the researchers are subsequent
tell the children that the study will be measuring  opserving their painting skills, in order to \_/ahdltt_y o;‘.the
something else inconsequential, such as how prevent any change to their natural behaviour. e
often a particular score comes up.
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true aims, results
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providing support
to ensure no

lasting harm
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Deception brings up issues about informed consent and is discouraged in psychological
research; however, it is allowed if the benefits are sufficient to justify the deception, when
there is no alternative method, when there is no risk of harm to participants, and when
debriefing procedures at the conclusion of the investigation clarify the true nature of

the study and the reason for deception. Informed consent forms should also outline the
possibility of the use of deception in the study.

Debriefing

Debriefing is conducted at the end of the study and is when participants are informed of the
true aims, results and conclusions of the study. Debriefing includes answering any questions,
clarifying misunderstandings or deception, and providing support to ensure no lasting harm
occurs to participants. During debriefing procedures, the participants are told of the findings
and conclusions of the study, and informed that they may have access to their own results.

It is also an opportunity to provide participants with additional contact details if they want
further information and to provide them with counselling services should they need them.

Research involving Aboriginal and Torres Strait Islander peoples

In addition to the ethical guidelines already described in this section, any research involving
Aboriginal and Torres Strait Islander peoples should also follow additional guidelines to
ensure their wellbeing and that they are also able to benefit from the research.

In 2018, the NHMRC developed the document ‘Ethical Conduct in Research with
Aboriginal and Torres Strait Islander Peoples and Communities: Guidelines for Researchers
and Stakeholders’ These guidelines define six core values: spirit and integrity, cultural
continuity, equity, reciprocity, respect, and responsibility. These values ensure that all
research conducted with or for Aboriginal and Torres Strait Islander peoples is conducted
ethically, with the aim of improving the way all researchers work with First Australians,
developing and/or strengthening their research capabilities, and enhancing their rights as
researchers, research partners, collaborators and participants in research. Additionally,
dedicated ethics committees representing Aboriginal and Torres Strait Islander focused
organisations are required to oversee these studies.

Worksheet 1C-2 in the Interactive Textbook provides an information research activity with
links to the NHMRC guidelines and further resources on this topic.

Reciprocity

Spirit and
integrity

Respect

Figure 1C-7 The NHMRC’s document ‘Ethical Conduct in Research with Aboriginal and Torres Strait
Islander peoples and Communities: Guidelines for Researchers and Stakeholders’ outlines the six
core values shown on the left.
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Safety in research investigations
In addition to following all ethical considerations, when planning and conducting
investigations at school, you must demonstrate safe laboratory practices, follow
occupational health and safety guidelines, and account for risks by using risk assessments
that are informed by safety data sheets (SDS).

9 ¢ 5  Occupational health and safety
(OHS) refers to issues of health,
safety and welfare that must be
protected in a workplace. When
conducting investigations in
VCE Psychology, you should
adhere to the rules and
guidelines provided by your
teacher to ensure that everyone
remains safe.

OHS guidelines should be

at the forefront of risk
management when planning an
investigation. Risk assessment
is a process that considers,
identifies and reduces physical
and psychological risk. As
with research conducted

in real life, teachers and
students conducting practical
investigations in schools

must ensure that there is

no harm to participants or
other people involved. A risk
assessment allows you to assess the likelihood of each possible risk and its consequences
before identifying a way to control the risk. Risks could involve things such as hazards in
the physical surroundings, hazards formed from the activity or equipment, and hazardous
substances such as chemicals. When you are using chemical substances, you should review
the relevant safety data sheet (SDS) as part of the risk assessment. SDSs are documents that
provide important information about the substance, such as its ingredients, precautionary
statements and first aid measures. See the Interactive Textbook for examples of a risk
assessment template and associated risk matrix chart and an SDS.

Check-in questions — Set 2

What is involved in maintaining the ethical guideline of confidentiality?
What does voluntary participation mean?

When does informed consent occur?

What are three things included in an informed consent form?

When can a participant withdraw from a controlled experiment?

Why might deception be used in research?

When does debriefing occur and what is its purpose?

Figure 1C-8 When conducting scientific investigations, it is
important to follow all health and safety guidelines.
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health and
safety (OHS)
issues of
health, safety
and welfare
that must be
protected in a
workplace

Risk assessment
a process
involving the
consideration,
identification
and reduction

of physical and
psychological risk

Safety data
sheet (SDS)

a document

that provides all
the important
information about
a substance,
such as its
ingredients,
precautionary
statements and
first aid measures

DOCUMENT 1C-2
RISK ASSESSMENT
TEMPLATE AND
RISK MATRIX
CHART

DOCUMENT 1C-3
SAFETY DATA
SHEET EXAMPLE

© Cambridge University Press & Assessment 2022



@ CHAPTER 1 SCIENTIFIC INVESTIGATION, PLANNING, ETHICS AND SAFETY

ACTIVITY 1C-1 ETHICAL GUIDELINES IN RESEARCH

Read the following research scenario and then copy and complete the table by adding
definitions of each ethical guideline and how they should be used in the research
scenario.

Xavier is a researcher who is testing how children cooperate in group situations.
He samples 30 children from a local primary school. He does not want the children
to know what he is studying, so he tells them that he is testing their ability to pay
attention to instructions.

Ethical guideline Definition How should it be used in

Xavier’s study?

Confidentiality
Voluntary participation
Informed consent
Withdrawal rights
Deception

Debriefing

1C SKILLS
VIDEO 1C-2

SKILLS: Defining key terms
DEFIN"#EA‘,% Answering questions in VCE Psychology SACs and exams often requires you to use key
terms and their definitions. When defining or describing a key term, avoid using any

part of the key term in its own definition.

For example, when describing withdrawal rights procedures, it is not clear enough to
say that ‘withdrawal rights involve participants having the right to withdraw from a
study at any point.

Try to pick a different word to describe the key term, such as ‘withdrawal rights involve
participants being able to leave a study at any point.

This helps show that you understand what the key term actually means.

Question:

Explain the ethical guideline of voluntary participation.

Attempted answer:

Voluntary participation involves participants participating in an investigation voluntarily.
Suggested answer for full marks:

Voluntary participation involves each participant agreeing to take part in an
investigation of their own accord and free from any coercion.
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1C SAFETY AND ETHICAL UNDERSTANDING @

Section 1C questions

1 A researcher is formulating a new drug for migraines and needs participants for a
clinical trial. They stick up fliers about their research in a doctor’s clinic, so patients can
take a flier if they want to participate. Ten adults volunteer for the study. During the
trial, one participant feels the medication is not working and decides they want to stop
the study. The researcher tells this participant that if they continue the study, then they
will receive some free medical supplies, so they decide to continue. The researcher has
an overseas colleague who is interested in the study too, and so the researcher sends a
photo of a participant’s files, including their medical test results, to the colleague.

a Identify and explain one ethical guideline that was followed correctly in this study.
b Identify and explain two ethical guidelines that were not followed correctly in this
investigation. Explain what the researcher should do to fix these ethical issues.

¢ Explain how the ethical concept of integrity needs to be maintained in this study.

2 A developmental psychologist is interested in studying aggression in children. They
advertise to some local primary schools for participants. The researcher does not tell the
selected children or their parents that they are studying the children’s aggression during
the day, and instead tell them that they are there to see how children use imagination in
their play. At the end of the day, the researchers thank the children and their parents for
participating but decide not to tell them what they were really looking for, in case the
parents got upset about their child being seen as aggressive.

a Identify and explain one ethical guideline that is evident in this investigation.

b Explain why this ethical guideline needed to be used, and what the researcher should
do to ensure it is used correctly.

¢ Explain how beneficence and non-maleficence should be considered in this study.

d Identify one risk that should be considered in the risk assessment completed before
beginning this investigation.

3 Alocal newspaper is reporting on the experience of local residents after a severe flood
that destroyed many homes in the community. Explain how the ethical concepts of
respect and integrity should be maintained by the newspaper in their coverage of
this event.

L

]

-

Figure 1C-9 Always review ethical concepts and safety measures before starting a research project.
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Chapter 1 review

Summary
Create your own set of summary notes for this chapter on paper or in a digital document. A model
summary is provided in the Teacher Resources, which can be used to compare with yours.

Checklist

In the Interactive Textbook, the success criteria are linked from the review questions and will be
automatically ticked when answers are correct. Alternatively, print or photocopy this page and
tick the boxes when you have answered the corresponding questions correctly.

Success criteria — | am now able to: Linked questions
1A.1 Identify and research aims and questions for investigation 10
1A.2 Construct aims and questions for investigation 10al]
1A.3 Distinguish between independent, dependent, controlled, extraneous
. . 11p0]
and confounding variables
1A.4 Identify the independent, dependent and controlled variables within o]
controlled experiments
1A.5 Identify extraneous variables to be controlled in a controlled experiment 11c[]
1A.6 Explain the effect of extraneous and confounding variables on the 10607
results of a controlled experiment
1A.7 Write a hypothesis to focus an investigation 11al]
1A.8 Predict the possible outcomes of an investigation 10d]

1B.1 Describe and identify examples of the use of different investigation
methodologies, including case study; classification and identification; 707
controlled experiment; correlational study; fieldwork; literature review;
modelling; product, process or system development; and simulation

1B.2 Describe and identify the use of within subjects, between subjects and 307
mixed designs in a controlled experiment

1B.3 Evaluate strengths and limitations of different investigation
methodologies and select an appropriate investigation methodology for 5[]
a proposed investigation

1B.4 Evaluate strengths and limitations of different investigation designs for

a controlled experiment and select an appropriate design for a proposed 10e[]
investigation
1B.5 Describe and identify the use of random and stratified sampling 4]

techniques in an investigation

1B.6 Evaluate strengths and limitations of different sampling techniques and 12607
select an appropriate technique to achieve representativeness

1B.7 Select and use appropriate equipment and procedures for an investigation, 12a0]
and select an appropriate sample size to achieve representativeness

1B.8 Work independently and collaboratively within constraints, adapting or 12f]
extending processes as required and recording modifications

1C.1 Describe and evaluate the use of general ethical concepts to be followed 10c]
in psychological investigations, including integrity, justice, beneficence,
non-maleficence and respect
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Success criteria — | am now able to: Linked questions
1C.2 Describe and evaluate the use of the additional ethical guidelines to 6]
be followed in psychological investigations, including confidentiality,
voluntary participation, informed consent procedures, withdrawal
rights, use of deception and debriefing

1C.3 Consider the ethical implications of investigations when planning an 12c]
investigation and demonstrate ethical conduct and apply ethical guidelines
when recording data, using data and reporting outcomes of investigations

1C.4 Demonstrate safe laboratory practices by identifying areas of risk and 12d0]
using risk assessments that are informed by safety data sheets when
planning and conducting investigations

1C.5 Evaluate the use of and apply relevant occupational health and safety 12e[]
guidelines while planning and undertaking practical investigations

1C.6 Analyse and evaluate psychological issues with reference to the influence 8]
of relevant social, economic, legal and political factors

1C.7 Analyse and evaluate psychological issues using ethical concepts of ol
integrity, justice, beneficence, non-maleficence and respect

Multiple-choice questions

The following information relates to Questions 1 and 2.

Elizabeth Loftus is a researcher who conducted many studies on how eyewitness testimonies can be
influenced by leading questions — questions that influence a person to give a desired answer. Leading
questions can propose incorrect information that is then incorporated into the original memory.

1 Which of the following is a possible research question or aims for one of Loftus’s studies?
Leading questions will lead to inaccurate eyewitness testimonies.

Can eyewitness testimonies be influenced by leading questions?

>

To investigate whether eyewitness testimonies can be influenced by leading questions.
Eyewitness testimonies can be inaccurate due to leading questions adding in false
information during memory reconstruction.

OO w

2 Which of the following would be a suitable independent variable and dependent variable for
Loftus’s study?

A | no leading question included | accuracy of eyewitness leading questions
testimony
B | eyewitness testimony memory reconstruction eyewitness testimony
C | whether the question is a whether the question is a type of question
leading question leading question
D | no leading question included | questions including one accuracy of eyewitness
leading question testimony

The following information relates to Questions 3—6.

A researcher is studying how a new rehabilitation method can help the brain recover from damage.
They want to use neuroimaging techniques to monitor the changes to the brain’s function, four
times over a period of 12 months.
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3 Which type of investigation design would be most appropriate for this study?

A within subjects because the participants will be scanned multiple times and the individual
differences between participant variables needs to be controlled for

B within subjects because it can control for the effect of experimenter bias

C between subjects because participants will be allocated to either the new or old
rehabilitation method

D mixed design because a within subjects design will be used for the multiple scans over
12 months, and a between subjects design will be used because participants will be
allocated to the new rehab method or the old method
4 Adaptive plasticity describes how the brain can recover from injury, and it tends to be more
effective in children than in adults. The researcher wants to obtain a sample that allows for
a proportionate representation of ages. The sampling technique that would best satisfy this
requirement is
A an independent sampling technique because a large enough sample may be generalised to
the population.

B anon-random sampling technique because it is more time effective.

C astratified sampling technique because it can allow for the most accurate representation of
children and adults.

D arandom sampling technique because subgroups may be based on age.

5 The researcher asks the participants to keep a record of their own opinions of their progress.
Each fortnight they rate their progress on a scale from 1 to 5. A limitation of using a fieldwork
method such as this one is that
A results could be biased because participants may respond in a way that they think they

should respond.
B participants cannot remain anonymous.
C only qualitative data can be obtained.
D researcher bias may influence the recording of data.

6 When the researcher reports the results and conclusions of the study, they must ensure the
participants’ details are kept private. This maintains the ethical guideline of
A informed consent. B voluntary participation.

C confidentiality. D debriefing.

7 Bandura conducted a study investigating how children’s behaviours can be influenced by
observing adults. Bandura video recorded an adult playing roughly with a life-size inflatable
clown, known as a Bobo doll. The video was then shown to children before they were allowed
to play with the Bobo doll themselves. The children’s behaviour was recorded on video, and a
description of their actions was recorded.

The investigation methodology used in Bandura’s study was a

A correlational study, where children’s and adults’ behaviours were compared.

B case study, where the adults recorded their own behaviours.

C controlled experiment, measuring the effect of adult behaviours on children.

D fieldwork study, where the children’s behaviours were recorded as they occurred through
direct observation.

The following information relates to Questions 8 and 9.

A remote community is approached by a film production company to film a movie in their town

and surrounding bushlands. The company is informing the community about the potential benefits

to the town, such as an increase in tourism.

8 The possibility of an increase in money coming into the community would be considered which
type of factor, relevant to this issue?

A economic B legal
C political D social
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9 Before giving the film production company permission to begin filming, the community
considers the beneficence of this project, which would involve
A the commitment to the honest reporting of all sources of information and results.
B the commitment to maximising benefits and minimising the risks and harms.
C no unfair burden on a particular group from an action.
D considering the capacity of living things to make their own decisions.

Short-answer questions

10 Akeno works in an after-school care centre and is trying to get the children to wash their hands
properly to help prevent the spread of illness. He has heard that it is recommended that people
spend 20 seconds to wash their hands thoroughly enough to remove germs. Akeno decides
to trial getting the children to sing the song “Twinkle Twinkle Little Star’ while washing their
hands, to ensure they are washing for long enough to be effective. When each student in the
centre arrives at the sink to wash their hands, Akeno flips a coin. If he flips ‘Heads, he asks
the child to sing the song while washing. If he flips ‘Tails} he does not tell them to sing a song.
Akeno times how long each child spends washing their hands over the afternoon.

a Write an aim for this study. (1 mark)
b One child does not know all the words to “Twinkle Twinkle Little Star’ and only sings half

the song while washing their hands. Identify this type of variable and explain its effect.

(2 marks)

¢ Outline what would be involved in Akeno maintaining the ethical concept of respect

during this study. (2 marks)
d Predict the likely outcome of this investigation. (1 mark)
e Justify the type of investigation design Akeno has used in his study and outline one

disadvantage of using this type of design. (3 marks)

11 An educational researcher is conducting an investigation into the amount of sleep secondary
students have received when they are absent for the first period of school the next day.
Research states that adolescents should be sleeping around nine hours a night, and the
researcher believes that receiving less sleep than required may affect students’ school
attendance for the first period of the day. The researcher samples 50 students from a local
secondary school to participate in the study, and finds that students who are absent for the
first period of school are obtaining less than nine hours of sleep 79% of the time.

a Write a research hypothesis for this investigation. (3 marks)
b The researcher identified the dependent variable as attendance at the first period of school.

Are they correct? Justify your response. (2 marks)
¢ Identify one extraneous variable to be controlled in this investigation. (1 mark)

12 An aged-care home wants to conduct a correlational study to determine whether there is a
relationship between a resident’s age and their participation in recreational activities.
a If there are 120 residents in the aged-care home, identify an appropriate sample size for

this investigation. (1 mark)
b Justify whether random sampling or stratified sampling would be the most appropriate
sampling technique to use in this investigation. (2 marks)
¢ Describe how the researcher could ensure the ethical guideline of voluntary participation
was followed correctly when conducting this investigation. (1 mark)
d Identify two possible risks that should be included in a risk assessment before conducting
this investigation. (2 marks)
e Suggest how the risks identified in part d could be minimised by complying with
occupational health and safety guidelines. (2 marks)
f Describe how the researchers could extend this investigation to collect further data using
another investigation methodology. (2 marks)
ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022

Photocopying is restricted under law and this material must not be transferred to another party.



RECORDING AND
ANALYSING DATA, DRAWING
AND COMMUNICATING
CONCLUSIONS

Introduction

In Chapter 1, we began looking into how we can learn about the behaviour and mental processes
of humans by conducting scientific research. The first steps of research were discussed, including
determining aims and hypotheses, selecting investigation methodology, and understanding the
importance of complying with ethical guidelines.

In this chapter, we continue developing key science skills, focusing on those involved in data,
including collecting, recording, analysing and presenting the results of an investigation. The final
steps of research will then be covered, including concluding the study and communicating the
findings of an investigation.

Curriculum
Key Science Skills

Learning objectives — at the end of this chapter

Study Design: Ll 52 sl

Generate, collate and record data 2A Processing and analysing data
e Systematically generate and record 2A.1 Distinguish between primary and secondary
primary data, and collate secondary data
data, appropriate to the investigation 2A.2 Systematically generate and record primary
data, and collate secondary data for an
investigation

£ A e Design and conduct investigations; . Determine the type and amount of

qualitative and quantitative data to be
generated or collected in an investigation
Identify potential sources of error and
uncertainty when designing and conducting
investigations

taking
into account potential sources of error
and uncertainty; determine the type and
amount of qualitative and/or quantitative
data to be generated or collated
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Study Design:

e Record and summarise both qualitative
and quantitative data, including use
of a logbook as an authentication of
generated or collated data

Organise and present data in useful
and meaningful ways, including tables,
bar charts and line graphs

Analyse and evaluate data and

investigation methods

e Process quantitative data using
appropriate mathematical relationships
and units, including calculations of
percentages, percentage change and
measures of central tendencies (mean,
median, mode), and demonstrate an
understanding of standard deviation as
a measure of variability

Identify and analyse experimental
data qualitatively, applying where
appropriate concepts of accuracy,
precision, repeatability, reproducibility
and validity; errors; and certainty in
data, including effects of sample size
on the quality of data obtained

ISBN 978-1-009-25416-8

Learning objectives — at the end of this chapter
| will be able to:

2A.5

2A.6

Gallagher et al 8
Photocopying is restricted under law and this material must not be transferred to another party.

Distinguish between the features of
qualitative and quantitative data

Identify examples of qualitative and
quantitative data and evaluate the
appropriateness of their use in an
investigation

Accurately and systematically record and
summarise qualitative and quantitative data,
including using a logbook

Describe the features and uses of tables,
bar charts and line graphs to organise and
present data

Select a meaningful and relevant
presentation format, and then organise and
present data using tables, bar charts and
line graphs

Interpret data presented in tables, bar charts
and line graphs

Describe the features and purposes of
using percentages, percentage change,
measures of central tendency (mean,
median, mode), and measures of variability
(standard deviation)

Select the appropriate mathematical
relationships for a set of quantitative data
and calculate the percentage, percentage
change, mean, median, mode and
standard deviation using the correct units
of measurement

Interpret quantitative data presented as
percentages, percentage change, measures
of central tendency (mean, median, mode),
and measures of variability (standard
deviation)

Describe the concepts of accuracy,
precision, repeatability, reproducibility, true
values, internal and external validity, errors
and certainty in relation to a qualitative
analysis of data

Describe and analyse the effect of sample
size on the quality of data obtained

Analyse data qualitatively for accuracy,
precision, repeatability, reproducibility, true
values, internal and external validity, errors
and certainty
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Study Design:

e |dentify outliers and contradictory or
incomplete data

Repeat experiments to ensure findings
are robust

Evaluate investigation methods

and possible sources of error

or uncertainty, and suggest
improvements to increase validity and
to reduce uncertainty

Construct evidence-based arguments and

draw conclusions

e Distinguish between opinion, anecdote
and evidence, and scientific and non-
scientific ideas

Evaluate data to determine the degree
to which the evidence supports the
aim of the investigation, and make
recommendations, as appropriate,

for modifying or extending the
investigation

Evaluate data to determine the degree
to which the evidence supports

or refutes the initial prediction

or hypothesis

Use reasoning to construct scientific
arguments, and to draw and justify
conclusions consistent with the
evidence base and relevant to the
question under investigation

Identify, describe and explain the
limitations of conclusions, including
identification of further evidence
required

er law and this material must not b

Learning objectives — at the end of this chapter
| will be able to:

2A.17

2A.18

Identify outliers, contradictory data and
incomplete data in a data set

Analyse the effect of outliers, contradictory
and incomplete data

Explain the benefit of repeating experiments
to ensure findings are robust

Evaluate investigation methods and the
effect of possible sources of error or
uncertainty in an investigation

Suggest improvements regarding sources of
error or uncertainty in investigation methods
to increase validity and to reduce uncertainty

Drawing conclusions and communicating
scientific ideas

Distinguish between opinion, anecdote and
evidence, and scientific and non-scientific
ideas

Evaluate sources of information for the use
of opinion, anecdote, evidence, scientific
and non-scientific ideas

Evaluate data to determine the degree to
which the evidence supports the aim of
an investigation

Provide appropriate recommendations
for modifications or extensions to an
investigation

Evaluate data to determine the degree to
which the evidence supports or refutes
the initial prediction or hypothesis of an
investigation

Construct scientific arguments using
reasoning

Use reasoning and evidence to draw and
justify conclusions for a question under
investigation

Identify, describe and explain the limitations
of conclusions

Identify when further evidence is required,
and suggest what further evidence would
improve the limitations of an investigation’s
conclusions
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Study Design:

Discuss the implications of research
findings and proposals, including
appropriateness and application of
data to different cultural groups and
cultural biases in data and conclusions

Analyse, evaluate and communicate

scientific ideas

e Use appropriate psychological
terminology, representations and
conventions, including standard
abbreviations, graphing conventions
and units of measurement

Critically evaluate and interpret a
range of scientific and media texts
(including journal articles, mass
media communications, opinions,
policy documents and reports in the
public domain), processes, claims
and conclusions related to psychology
by considering the quality of available
evidence

Use clear, coherent and concise
expression to communicate to specific
audiences and for specific purposes in
appropriate scientific genres, including
scientific reports and posters

Acknowledge sources of information
and assistance, and use standard
scientific referencing conventions

Learning objectives — at the end of this chapter
I will be able to:

2B.10 Discuss relevant implications of research
findings and proposals

2B.11 Evaluate cultural bias in data and
conclusions to determine the
appropriateness of application to different
cultural groups

Use appropriate psychological terminology, —
representations and conventions, including = :

standard abbreviations

Use appropriate graphing conventions and
units of measurement when presenting
data from investigations

This dot point is covered in Chapters 4 to 10

Access and interpret the information
provided in a range of scientific and media
texts including journal articles, mass
media communications, opinions, policy
documents and reports in the public
domain

Critically evaluate the quality of evidence
provided by a range of scientific and media
texts, processes, claims and conclusions

|dentify relevant audiences for specific
scientific communications and use clear,
coherent and concise expression to
communicate for specific purposes in
appropriate scientific genres

Describe and apply the requirements for
writing a scientific report and a scientific
poster to an investigation

Locate the required referencing details
within scientific and media texts and use
standard scientific referencing conventions
to acknowledge sources of information and
assistance used in research

VCE Psychology Study Design extracts © VCAA; reproduced by permission
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Glossary

Abstract

Accuracy

Anecdote

Bar chart
Conclusion
Contradictory data
Discussion section
Evidence

External validity
Implications
Incomplete data
Internal validity
Introduction section
Limitations of conclusions
Line graph

Mean
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Measurement error
Measure of central tendency
Measures of variability
Median

Methodology section
Mode

Opinion

Outlier

Percentage

Percentage change
Personal error
Precision

Primary data
Qualitative data
Quantitative data
Random error
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References and
acknowledgements section
Repeatability
Replicability
Reproducibility
Results section
Scientific poster
Scientific report
Secondary data
Standard deviation
Systematic error
Table
True value
Uncertainty
Validity
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CONCEPT MAP @

Concept map

Generating, recording, processing, presenting and analysing primary and
secondary data in investigations

2A Processing and analysing data

Constructing evidence-based scientific
arguments, drawing conclusions based
on investigation data and effectively
communicating scientific ideas

2B Drawing conclusions and communicating scientific ideas

See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course.
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@ CHAPTER 2 RECORDING AND ANALYSING DATA, DRAWING AND COMMUNICATING CONCLUSIONS

Processing and analysing data

select and use
methods appropriate to the investigation, including
consideration of sampling technique (random and
stratified) and size to achieve representativeness,
and consideration of equipment and procedures,
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2A PROCESSING AND ANALYSING DATA e

ENGAGE

Correlation does not equal causation

It is important to understand that even though two variables appear to be correlated, it does
not necessarily mean that one causes a change in the other. For example, the first line graph
below shows that the yearly consumption of cheese in the US correlates almost perfectly
with the yearly total revenue generated by golf courses in the US (r = 0.99). The second line
graph shows that honey produced in bee colonies in the US correlates almost perfectly with
the number of visitors to SeaWorld Florida. While these two sets of data feature almost
perfect correlations, it does not mean an increase in the total revenue generated by golf
courses actually causes an increase in cheese consumption in the US, or that the trend of
honey produced in bee colonies causes the trend in visitors to SeaWorld Florida.
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Figure 2A-1 Top: Graphs of yearly consumption of cheese in the United States and yearly total
revenue generated by US golf courses. Bottom: Graphs of honey produced by US bee colonies
and numbers of visitors to SeaWorld Florida.

EXPLAIN
Working with data

Collecting data is an essential part of research. Not all types of investigations are suited to
collecting all types of data; so the type of data collected in a controlled experiment may

be different from the data collected in a fieldwork interview. Once you have used an
appropriate method to collect the data, you need to organise it and present it clearly so that
you can analyse the data and draw conclusions.
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@ CHAPTER 2 RECORDING AND ANALYSING DATA, DRAWING AND COMMUNICATING CONCLUSIONS

18 Types of data

PLANNING AND .
CONDUCTING Primary and secondary data

INVESTIGATIONS

Primary data
data collected
through first-
hand research
for an intended
purpose

Secondary data
data obtained
second hand
through research
conducted by
another person
for another
purpose

VIDEO 2A-1
ANALYSING

QUALITY OF DATA

Qualitative data
data that
describes
characteristics
and qualities

Quantitative
data

data that
includes
measurable
values and
quantities

and can be
compared on a
numerical scale

ISBN 978-1-009-25416-8

Primary data is collected through first-hand experience for an intended purpose; for example,
a researcher using a questionnaire to conduct their own study. Primary data is useful
because it can be tailored to the specific purpose of the investigation; however, conducting
an original investigation to collect primary data can be costly and time consuming.

Secondary data is obtained second hand through research conducted or data collected by
another person for another purpose. Secondary data may be used when it is not possible

to collect primary data because of time or cost, or if participants are unavailable. For
example, a researcher could use Australian Census data to track the amount of crime across
time, after the implementation of a particular crime-prevention method in a community.
Secondary data can also provide a baseline level to compare current primary data against.
It is a cost- and time-effective way of collecting large amounts of data without the need for
participants or equipment. Secondary data, however, must be considered carefully because
the validity of the original study may not be known.

Figure 2A-2 Left: Primary data methods involve collecting new data such as measurements from
medical equipment. Right: Secondary data methods involve using data from previous research, such
as is found in archives.

Qualitative and quantitative data

Qualitative data describes characteristics and qualities. Qualitative data can be in the
form of words, photographs, videos, audio and other recordings that are not measured
with a number. For example, in a study on the imaginative play behaviour of children, an
observer might collect qualitative data by writing a description of behaviours that they
see or recording a video of the child describing their game in their own words. Qualitative
data can be collected through many types of investigations, including fieldwork interview
questions, questionnaires, and observational methods. The results can be rich in detail
and be used to further explain quantitative data. However, the use of qualitative data can
be limited because it can be difficult to summarise and then compare, particularly when
responses are in the participants’ own words.

Quantitative data involves measurable values and quantities and can be compared on a
numerical scale. Quantitative data can be in the form of measurements such as length, weight
or time, or in the form of frequencies and tallies. For example, in a study on the imaginative
play behaviour of children, an observer could record the number of times they observe a child
exhibiting a certain behaviour and the number of minutes that the behaviour was displayed.
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Quantitative data can be collected through many types of investigations, such as controlled
experiments and fieldwork observations. Unlike qualitative data, quantitative data can

be summarised easily in the form of summary statistics, which allows for comparisons
between groups.

Qualitative data
This cat:

+ has brown spotted fur

Quantitative data
This cat:

+ is5yearsold

+ has white whiskers + weighs 4.5 kg
o issmall + has4legs
+ haslarge ears + is40cmlong

o has 18 claws.

+ has yellow-green eyes.

Figure 2A-3 Both qualitative data and quantitative data can be used to describe this cat.

Check-in questions — Set 1

1 What is the difference between primary and secondary data?
2 What is the difference between qualitative and quantitative data?

Processing quantitative data
Large amounts of raw data alone do not tell us much about what a study has found. Once

2B
you have collected raw data, you need to summarise and then organise it to find patterns DRAWING
and relationships, compare groups, and interpret the findings. A conclusion can then be 88%,0\/'L15J|\?||81\“TS|NA§D
reached. Different types of statistics are used to make the raw data meaningful. SCIENTIFIC IDEAS
Using percentages
A percentage is a part of a whole, expressed as a proportion out of 100. For example, 5% Percentage
a part of
means 5 per 100, or 5 parts of 100, and is the same as the fraction i Percentages allow awhole, a
100 proportion out
us to see differences and make comparisons, and are useful when comparing values that o 00
are not out of the same number and that involved different sample sizes. Worksheet 2A-1 WORKSHEET 21
provides worked examples and practice questions on how to calculate a percentage. CALCULATING
| SUMMARY
For example, the Australian Bureau of Statistics collects census data on the occupations STATISTICS
of people across the country. The 2016 Census found that 42 858 females in the Greater
Melbourne region listed their occupation as Technician or Trade Worker, whereas only
15255 females in the rest of Victoria listed their occupation as Technician or Trade
Worker. This looks like a very large difference, but it does not take into account the larger
number of people in total in the Greater Melbourne area than in the rest of Victoria. A
fairer way of comparing the two groups is to look at the percentages of females working
as technicians or trade workers out of the total number of females in each region
(Table 2A-1). This shows that there is a similar proportion of females in this occupation
group in both regions.
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Percentage
change

a calculation
of the degree
of change in a
value over time

Measures of
central tendency
a category of
statistics that
describes the
central value of
a set of data

Mean

a statistic that
is the average
value of a set of
data

Median
the middle value
in an ordered set
of data
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Table 2A-1 Statistics on female technicians and trade workers by region, sourced from the
Australian Bureau of Statistics (2019)

Total number of
females (>15 years
old) in the region

Number of
females working

Percentage of all
females in the region
working as technicians
or trade workers (%)

998542 4.3
296681 5.1

as technicians or
trade workers

42858
15255

Greater Melbourne
Rest of Victoria

Percentage change is a calculation of the degree of change in a value over time. It allows

you to compare an old value and a new value, and to see how the value has increased or
decreased. Percentage change can be calculated for any quantity that has been measured
over time to determine how much it has changed. A positive percentage change indicates

a percentage increase, and a negative percentage change indicates a percentage decrease.
For example, if there were 15 customers in a store on one day, and 20 customers on the
following day, then the percentage change is 33%. This means that there was a 33% increase
in the number of customers on the second day. Worksheet 2A—1 provides worked examples
and practice questions on how to calculate a percentage change.

Measures of central tendency
Measures of central tendency are a category of statistics that describe the central value of a
set of data. The mean, median and mode are all measures of central tendency.

Mean

The mean is the average value of a set of data. It represents a typical, central value and

gives an overall idea of the data set. The mean is useful when analysing data because it
summarises a large amount of data into a single value. Calculating the mean for each group
of data allows you to compare the typical responses from each group. For example, in a
study testing whether two new running shoe designs increase the performance of marathon
runners, 20 participants use the first design and 20 participants use the second design. The
mean time taken to run the marathon is calculated for each group to find the average time
taken for each design, in order to see which design was the best. Worksheet 2A—1 provides
worked examples and practice questions on how to calculate the mean.

One disadvantage of using a mean to calculate the average of a set of data is that it is
vulnerable to extreme values known as outliers. For example, if a very low test score is
included in a set of data, the mean is pulled down, which may not reflect the typical score
as well. The mean is most meaningful when all the data values are normally distributed and
not positively or negatively skewed. Outliers are further explained later in this section.

Median

The median is the middle value in an ordered set of data. It is the value that splits the set of data
in half. To find the median, you first need to put the set of values in increasing or decreasing
order. The median can be useful if a data set has outliers because it is not affected by extreme
values. The method to determine the median depends on whether there is an even or an odd
number of values. If there is an odd number of values in the data set, the median is the middle
value, and there is an equal number of values above and below. If there is an even number

of values, then there is not one exact middle value, so the median is found by calculating the
mean of the two middle values (Figure 2A—4). Worksheet 2A—1 provides worked examples and
practice questions on how to calculate the median for even and odd data sets.

Gallagher et al
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0dd number of values Even number of values

A 11 A

)

Y Y
50% Below | 50% Above 50% Below 50% Above
Median Median
Mean of middle values = 2+2 = 4.5

Figure 2A-4 Finding the median. Left: This data set has an odd number of Mode
values, which makes it easy to find the middle value once you put the values the value that

in order. Right: This data set has an even number of values, with two values in occurs most
frequently within
a set of data

the middle after putting them all in order, so you must take the mean of these
middle two values.

Mode

The mode is the value that occurs most frequently within
a set of data. It is the most common value. There may be
more than one mode for a set of data if there are multiple
values that have the same highest frequency. There may
be no mode if no one value is repeated in a data set.
Worksheet 2A—1 provides worked examples and practice
questions on how to calculate the mode.

The mean, median and mode are all measures of central
tendency that describe the central location of a set of data. g
Which statistic should be used depends on the type of data  Figure 2A-5 In a lottery, the mode is the number
being analysed (Table 2A-2). that comes out the highest number of times.

Table 2A-2 Uses of different summary statistics

Type of data Mean Median Mode
Qualitative data, including categorical data v
Quantitative data that is continuous (e.g. v v v

height, weight, time, temperature) with a
symmetrical distribution

Quantitative data that is continuous with a Ve
skewed distribution
Data with outliers or small data sets Ve v
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VIDEO 2A-2
SKILLS:
INTERPRETING
RESULTS
TABLES

Measures of
variability

a category of
statistics that
describe the
distribution
of data

Standard
deviation

a statistic that
shows the
spread of the
data around
the mean
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2A-1 SKILLS

Interpreting results tables

In the VCE Psychology exam, you will not have access to a calculator, so you will not be
asked to calculate a difficult mean, percentage or percentage change. However, you will
need to be able to interpret these statistics and relate them to key knowledge.

Table 2A-3 shows how sleep deprivation can affect performance on a cognitive task,
including the time taken to complete the task and the percentage of errors occurring
during the task.

Table 2A-3 Performance on a cognitive task according to the number of hours slept

Hours of sleep

7 6 5 a4 3 2
ez dime 6 6 6.2 6.5 7 8.2
taken (min)
Peroenizge 11 13 18 26 36 50
of errors

What does this table tell us? First consider the labels of the columns and rows,
including the units of measurement. We can see that the independent variable (IV) of
sleep deprivation has six levels, ranging from 7 hours of sleep through to 2 hours. The
dependent variable (DV) is performance on a cognitive task, which has been measured
by the mean time taken (in minutes) and the percentage of errors.

Once you understand the labels, then read each row and column separately to analyse
the data.

In this table, reading across each row shows the trends in the DV (time and errors) as
the IV (hours of sleep) changes.

Reading down each column shows how each level of the IV (hours of sleep) affects the
DV (mean time taken and percentage of errors).

You can then determine some overall findings. This data shows that as the number

of hours of sleep decreases, the time taken to complete the task and the percentage of
errors both increase, with 2 hours of sleep resulting in the longest time and the highest
percentage of errors.

Standard deviation as a measure of variability

Measures of variability are a category of statistics that describe the distribution of data.

The standard deviation is one measure of variability; others are the range and interquartile
range, which are not covered in VCE Psychology.

The standard deviation shows the spread of the data around the mean. It shows how close
each data value lies to the average, or how far spread out they are — in other words, how
much the values vary. The standard deviation has the same unit of measurement as the
original data. For example, if a group’s running times were recorded in minutes, the
standard deviation value is also in minutes.
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When comparing two sets of data, a smaller standard deviation shows that the values in that
set are quite close together. A larger standard deviation shows that the values in that set

are further apart. You do not need to calculate the standard deviation in VCE Psychology,
but it is helpful to know how to find the standard deviation. The calculation involves using
the squares of the differences from the mean, which means that larger differences have
proportionately more effect on the value than smaller differences.

For example, Table 2A—4 displays the weights of three samples of dogs. In each sample,
there are six dogs. The spread of the weights within the samples differs, as shown by the
differences in the standard deviations.

Table 2A-4 The mean weights and standard deviations of three samples of dogs

Sample A Sample B Sample C
Mean weight (kg) 25 25 25
Standard deviation (kg) 0 4.1 12.1
In sample A, all six dogs weigh 25 kg, Spread
p g g g | |

so the mean is 25 kg, there is no spread

and there is no standard deviation Mean 25 kg

because no data value varies from SD=4.1kg " 430

the mean. EH. 59

In sample B (Figure 2A—6), the six dogs E*‘ 28

weigh 20, 21, 22, 28, 29 and 30 kg, so the 22 0=

mean is 25 kg. These individual values 21 M
200<—

are all quite close to the mean, so the

spread is quite small (from 20 to 30 kg) (I) ! 1IO ! 2IO ! 3IO ! 4IO ! 5IO -

and the standard deviation is small. The

Mass of dogs (kg)
standard deviation is calculated to be

411 (= Figure 2A-6 Graph of weights of sample B dogs. These six

L Kg 8) dogs are all a similar weight, so their calculated standard
L

In sample C (Figure 2A—7), the dogs deviation is small, which shows that their spread is small.

weigh 6, 16, 22, 28, 35 and 43 kg, so the | Spread |

mean is 25 kg. The spread of values is f 1

quite large (from 6 to 43 kg), so some Mean 25 kg

of these values are further away from SD=12.1kg E

the mean, and the standard deviation E *43

is large. The standard deviation ' *35

is 12.1 kg. This is larger than the oo .«:». 28

standard deviation of sample B because 16 i

sample C has a larger spread of data o

than sample B. M T T T T T T T T T >

0 10 20 30 40 50

Mass of dogs (kg)

(= Figure 2A-7 Graph of weights of sample C dogs. These six
L;j dogs are all quite different weights, so the standard deviation
of sample C is large, which shows that their spread is large.
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VIDEO 2A-3
SKILLS:
INTERPRETING
STANDARD
DEVIATIONS

2A-2 SKILLS

Interpreting standard deviations
In VCE Psychology, you do not need to calculate the standard deviation, but you do need
to know how to interpret it.

When given two standard deviations representing two groups of data, the:
o larger value indicates that the spread of that data is larger
o smaller value indicates that the spread of that data is smaller.

Table 2A—5 shows the standard deviations for two groups. The standard deviation for
group B is larger than that for group A. From this, we can infer that the individual data
values in group B are spread out more than the individual data values in group A. This
also tells us that the values in group A are more closely clustered around the mean than
in group B, as displayed in Figure 2A-8.

Table 2A-5 Standard deviation for two groups

Group A Group B
Standard deviation 12 19

A

! = Group A

Figure 2A-8 The standard deviation shows the spread of the data. Group B has
a larger spread than group A.

Check-in questions — Set 2

When is a percentage change used?

Name three measures of central tendency.

When is the mean not a good choice for determining the central value of data?
What does a small standard deviation tell you about the data? What does a large
standard deviation tell you about the data?

A WNKR

Organising and presenting data

Large amounts of data can be too complex to explain as text, so summary statistics are
presented in tables, graphs and charts for easy and quick visual interpretation.
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Tables

Tables are a way of organising data and/or summary statistics to clearly compare the results Table

of different groups in a study. If data cannot be presented in one or two sentences, then a Sav'\[l:ya:]czﬂdoirsplay
table should be used instead of explaining the data in the text of a report. Tables are useful summary

to highlight important data for the reader to find quickly. They are used instead of graphs SEUSES CEEY

when showing precise values is more important than showing trends and patterns. In a
research report or scientific poster, data in a table should not be also written in the text or
repeated in a graph. A table should have the features shown in Figure 2A-10.

Option A: Text

The National Basketball League is the top division in Australian Basketball. With only a few
games left of the 2021-2022 season, the league leaders are showing their honed skills
with their consistent shooting performances. Bryce Cotton from the Perth Wildcats leads
the league statistics with an average of 23.58 points per game, and a field goal percentage
of 41.8%. While runner-up in average points per game on 21.33, South East Melbourne
Phoenix forward Mitchell Creek had a higher average field goal percentage of 48.7%. Cotton’s
Wildcats teammate Victor Law has proven to be another consistent performer with a 46.9%
average field goal percentage and an average 20.08 points per game. Multiple reliable
shooters in the league leaders shows the Wildcats are strong contenders for the upcoming
finals. Taking out fourth position in the leader board is Jaylen Adams of the Sydney Kings,
with an average of 18.9 points per game and an average field goal percentage of 36.6%

Option B: Table

game percentage

Bryce Cotton Perth Wildcats 23.58 41.8%
Mitchell Creek _ 21.33 48.7%
Victor Law Perth Wildcats 20.08 46.9%

Jaylen Adams ‘Sydney Kings 189 36.6%

Figure 2A-9 |n a report displaying the average shooting performance of National Basketball League
players, organising the players’ points per game and field goal percentage statistics into a table
(option B) makes the data easier to understand and compare than writing them in sentences in one
large paragraph (option A).

g Table 1 Amount of time new mothers
spent exercising per week (minutes)

A descriptive, Rows and/or columns

numbered title is . | 1 should have clear
written above the Time ?l).ent Number of headings to describe the
table and gives exercising new mothers variable that they are
a quick, clear (minutes) < representing, including
indication of what appropriate units.
the data is about. 0-29 8

30-59 16

60-89 29

90-119 23

Figure 2A-10 Features of a table that displays data
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Charts and graphs

Charts and graphs are also ways of organising and presenting data and summary statistics.
Charts and graphs are used instead of tables when it is more important to show the trends,
patterns, relationships and overall pictures of the data, rather than exact data values. Charts
and graphs should have the features shown in Figure 2A—11.

The dependent variable 35
: . —_
is plotted on the vertical 30 The values on the axes
y-axis. 2 o are evenly spaced
fﬁ in equal increments,
g 20 with an appropriate scale
= that best fits the data.
@ 15
kS
52 10
Both the y-axis and 5 -
Xx-axis are clearly
labelled with the 0- The independent variable

variable that they are 0-29 30-59 60-89 90-119 <«—is plotted on the horizontal

representing and the Amount of exercise x-axis.
appropriate units. per week (minutes)

Figure 1 Amount of time new mothers spent exercising per week

f

A descriptive, numbered title is usually written below the graph
and gives a quick, clear indication of what the data is about.

ﬁj Figure 2A-11 Features of a graph displaying data

Figure 2A-12 Graphs, such as those in fitness tracking apps, are useful in everyday life to quickly
judge trends.
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It is important to select an appropriate type of chart or graph for the type of data being
displayed; for example, bar charts and line graphs.

Bar charts (also known as bar graphs or column graphs) are used to display data that has
discrete categories. The height of each bar represents the measured value of one data
category. Bars can be drawn vertically or horizontally and should not touch because they
represent separate categories. More complex bar charts can include grouped or stacked
data to represent the subsections of a large category, and these types of charts should have
a legend or key to clearly show what the subsections represent. You can compare several
categories quickly using a bar chart and they are most useful for presenting data that has

larger differences among categories.

For example, a maternal health centre is
interested in how long new mothers can
exercise each week after they have been
cleared for exercise by their doctor. The
maternal health centre conducted a survey
asking new mothers to indicate how many
minutes they exercise in a typical week. The
results are shown in the vertical bar chart
in Figure 2A—11. The results are also shown
in the horizontal bar chart in Figure 2A-13,
which also displays additional data about
the minutes of exercise per week for new
mothers both before and after the birth of
their baby.

Line graphs are used when data is numerical
and continuous. The straight line shows
how one data point continues to the next,
and estimates the values between the
points. Line graphs are useful in tracking
small changes over time to visualise overall
trends and patterns in data. The IV should
be represented on the horizontal x-axis and
the DV on the vertical y-axis. Multiple sets
of data can be compared by using multiple
lines on one graph.

For example, two shops are tracking their
busiest periods of the day by counting how
many customers are in each shop on the
hour, each hour, over one full day of trading.
Their results are presented as a line graph in
Figure 2A-14.

ISBN 978-1-009-25416-8

Bar chart

a way to
display data
with discrete
categories

Line graph

a way to display
numerical and
continuous data

180+
150-179
120-149
90-119
60-89
30-59
0-29

Amount of excercise
per week (minutes)

I T T
0 10 20 30 40
Percentage of new mothers
m After birth m Before birth

Figure 2 Amount of time new mothers spent exercising per week
before and after birth

Figure 2A-13 An example of a horizontal bar chart displaying separate
data sets, distinguished by colour, with a key

A
60 q == Shop A
50 A === Shop B
o
2 404
(2]
< 307
20
10 A

0

Number of customers

1 1 1
RUSIRSIIR SR
EEEN RN N

Time of day

Figure 3 Number of customers in shops A and B by time of day
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Figure 2A-14 An example of a line graph with two data sets plotted.
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2A-3 SKILLS

VIDEO 2A-4
INTERPg}élTLthG: Interpreting graphs
GRAPHS In the VCE Psychology exam, you may be asked to draw a simple graph; however, more
often you will be asked to interpret what is shown in a graph. You may be asked to
interpret bar charts or line graphs representing the results from complex investigations.
To understand what the graph is showing, begin by considering the labels of the axes,
including any legend or
key for multiple data sets A
on the same graph. The £ 6
graph in Figure 2A-15 2 5
shows the results of an >
investigation into how g 4
students spend their free =
time according to two é 3
variables: the activities -
and the students’ year E 2
levels. There are multiple $
bars in this graph, so = 17
you need to understand
Evk;at each bar represents Vear 7 Vear 9 Vear 11
. clore yog try to m Social media mGames M Television
interpret it. So look at
the legend or key first. Figure 2A-15 How students spend their free time
When you are interpreting a graph, it is important to consider the scale of the axes.
The two graphs in Figure 2A—16 show the same data, but the scales on their y-axis are
different. In graph A, the differences between the values, and the values themselves,
appear to be much larger than those in graph B.
Graph A Graph B

4 20

34 15

2 10

14 5

0 0 _J || |

Group 1 Group2 Group3 Group 1 Group2 Group 3

Figure 2A-16 It is important to consider the scale of a graph when interpreting

the data presented.
Once you understand the labels of a graph, you can consider the differences between the
groups or the overall trends being shown. This can be complex when the data contains
multiple variables.
For the graph of how students spend their free time in Figure 2A—15, you could begin by
looking at the trends for each of the three activities separately across the year levels, by
focusing on one colour at a time. For example, the red bars tell you that as students get
older, they spend less time on games.
Then you could compare all three activities in a single year level, by focusing on one
group of bars at a time. For example, you can see that Year 11 students prefer to spend
more of their time on social media than on games or television.
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Check-in questions — Set 3 WORKSHEET
i

MISLEADING
1 Why would a researcher use a table to display data? GRAPHS

2 When would a researcher use a bar chart to display their data and when would they use
a line graph? True value

the value, or

range of values,

. . that would be

Analysing the quality of data found if the

quantity could

Before researchers can conclude an investigation, they need to analyse the quality and be measured

quantity of the evidence they collected. This evidence will be used to make decisions, so perfectly
researchers need to know how good it is. The data should be analysed for its true value, Accuracy
accuracy, precision, repeatability, reproducibility, validity, errors, certainty, outliers and :;Oe"; Sﬂ?gﬁ’ngnt "
contradictory or incomplete data. to the true value

of the quantity

True value being measured

The true value is the value, or range of values, that would
be found if the quantity could be measured perfectly.
Obtaining a true value would require no error to occur
when using instruments to take measurements and
collect data and when processing and reporting the data.
In practice, the true value cannot always be determined
because measurements have a degree of uncertainty.
Sometimes, instruments can be calibrated against their
true value to test whether they are measuring perfectly.
For example, a tool using biometric features to determine
the age of a person could be compared against the true s
value of the person’s known age as indicated by their

date of birth on their birth certificate. Or a new watch tl‘hf' icale o f @
could be tested against the true value of time known as @w Gor ffies 4
?mrm borns bo
, e -,/,/-%I/ ol al.

‘Coordinated Universal Time.

Accuracy U doyy A D
Accuracy relates to how close a measurement is to the true Iy Mih;esd mhmnf lhe said Hopetad s

value of the quantity being measured. In VCE Psychology, eonsed 5, Cofinl o e ipmd U b Bl emblriyd

accuracy is not quantifiable, and values are described in ookt e

.

qualitative terms, such as being ‘more accurate’ or ‘less iy Ppoee
accurate; or in terms such as ‘good; ‘expected, or ‘poor. A
measured value is accurate if it is determined to be close Figure 2A-17 The true value is the perfect measurement

of a value, such as finding a person’s age as determined
by their birth certificate. Measuring a person’s age by
biometric data may not calculate the true value of a
person’s age, and its accuracy should be considered.

to the expected, true value, and the level of accuracy can
be judged by repeating the experiment.

For example, if a student’s true value of their height is
172 cm, but they measure their height as 176 cm by using a small ruler, then their value is
not accurate. The student could determine whether their result is accurate by repeating the
measurement a couple more times to see how similar the values are.

Precision

Precision refers to how close a set of measurement values are to each other. It describes how Precision
exact a measurement is, and how much a value agrees or is consistent within a set of values gf‘a’qg;‘;ﬁ eanf;: ;
that were measured under the same conditions. Precision is not the same as accuracy because values are to

. . . . each other
it does not involve reference to the true value. However, both precision and accuracy can be

affected by different types of errors, which are described later in this section.
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Repeatability
the closeness of
the agreement
between
successive
measurements
of the same
quantity, carried
out under the
same conditions

Reproducibility
the closeness of
the agreement
between
measurements
of the same
quantity,
carried out
under different
conditions

Replicability
giving the

same answer

to a scientific
question when a
different method
is used and
different data is
obtained
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For example, a fridge thermometer is checked every day for a week, and the following
temperatures are obtained: 3.1, 3.2, 3.1, 3.1, 3.2, 3.2, 3.1°C. These results can be considered
to be precise because the values are close together and quite consistent.

7

Accurate and precise Not accurate, precise Not accurate, not precise

Figure 2A-18 Precise values are not necessarily also accurate values.

Repeatability

Repeatability is how close successive measurements of the same quantity are when carried
out under the same conditions. Repeatability helps researchers verify their findings.

If measurements can be repeated by the same investigator using the same method,
instruments, location and within a short period of time, the results of a study can be
verified and confirmed as true findings. For example, if an intelligence test on a participant
produced one set of findings on one occasion and another set of findings on another
occasion, it could indicate that the intelligence test was flawed in some way. If the results of
a study are to be meaningful, then the study should be repeatable, with the same findings
being determined every time the study is repeated under the same conditions.

Reproducibility

Reproducibility is how close measurements of the same quantity are when carried out under
different conditions. Reproducibility also helps to verify research findings. If the results of
an investigation can be reproduced by a different researcher using a different method of
measurement, measuring instrument, location, time or culture, the results can be verified
and confirmed as true findings. For example, if one research team determined one set of
findings and a second research team determined a completely different set of findings
despite conducting a similar investigation, then the original results are not reproduced
and are irreplicable. This may be due to an error in one of the studies or an undetected
difference in the way the second study was conducted, which should be considered before
determining the overall credibility of the investigation.

Another term similar to reproducibility is replicability, applied to studies aiming to
answer the same scientific question, each with its own methods and data. A study can be
considered in terms of whether it is replicable, or whether it lacks credibility because it
is irreplicable. If results from a study are to be meaningful, they should be reproducible

Figure 2A-19 Reproducibility means there is agreement between measurements of the same quantity under
different conditions, such as measuring an athlete's swimming performance in a pool and in the ocean.
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and replicable, with the same findings being determined when the study is reproduced or
replicated under different conditions by a different researcher.

Validity

Validity refers to whether a measurement measures what it is supposed to be measuring.
The validity of a psychological investigation refers to how well the results among the study
participants represent true findings among similar individuals outside of the study. These
descriptions represent two different types of validity in a study.

Internal validity refers to a study investigating what it sets out or claims to investigate. Internal
validity can be affected by the appropriateness of the investigation design, sampling and
allocation techniques, and the effect of extraneous and confounding variables. For example, an
intelligence test should accurately measure the concept of intelligence, and not measure other
traits such as memory ability or education level. If a study does not have good internal validity,
such as by determining that confounding variables had influenced the results, the results of the
study may not be truthful. This means that you cannot draw any conclusions. Additionally, if a
study is found to be not internally valid, then its external validity is not relevant.

External validity refers to whether the results of the research can be applied to similar
individuals in a different setting. For example, an intelligence test might determine the
intelligence of a white, middle-class person with reasonable accuracy, but if the test does
not consider cultural diversity, then it is biased and it cannot be used to accurately describe
the intelligence of people from the wider, diverse population. External validity can be
improved by using a sampling technique with broad inclusion criteria so that the sample
better represents not only the study’s population of interest but also the overall general
human population. If a study does not have external validity, the results may not apply or be
generalised to individuals who are different from the study population.

Figure 2A-20 The Touch ID electronic fingerprint
recognition on your mobile phone is a valid measure of
authentication because it accurately recognises your
specific fingerprint before giving you access to the phone.

Check-in questions — Set 4

1 What is a true value?

2 What is the difference between accuracy and precision?

3 What is the difference between repeatability and reproducibility?
4 What is the difference between internal and external validity?

ISBN 978-1-009-25416-8 Gallagher et al
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Figure 2A-21 Teen magazines often publish ‘personality
tests’ that describe your personality by identifying your
favourite things. These tests are not valid measures because
they probably do not actually measure personality.
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Error
Personal error
Personal error Personal errors include mistakes, miscalculations and observer errors made when
;Elcsatliﬁéti on conducting research. For example, a researcher observing a child and parent’s responses
or observer error during an immunisation incorrectly records when the child was crying (Figure 2A-22).
g:;%eug?ﬁg This is a personal error because it was a mistake made by the observer. To remove personal
research errors, the investigation should be repeated correctly, and the errors should not be included
in the reporting and analysis of the data.
seconds [ 1) | [ | | | [ [ ol Jpp [ ol [ p P[] ]| 80
Child
Crying‘ ‘ X‘XXXX‘XXXXX‘ ‘ ‘ ‘ ‘ ‘ ‘X X‘X

Figure 2A-22 A personal error can involve an observer making an incorrect record of the participant’s behaviour. For
example, a researcher could make an error when recording the times that a child cried during an immunisation procedure.

I"

Figure 2A-23 This investigation needs to be repeated correctly as the researcher recorded the baby's
responses incorrectly.

Measurement
error
the difference Measurement error
%eet;vsierz dﬂUZlu . Measurement error is the difference between the measured value and the true value of what
and the true is being measured. Two types of measurement error should be considered when evaluating
value . .
the quality of data: systematic errors and random errors.
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Systematic error

Systematic errors affect the accuracy of a
measurement by causing readings to differ
from the true value by a consistent amount
or by the same proportion each time a
measurement is made. All the readings are
shifted in one direction from the true value.
They may be produced by observational
error, imperfect instrument calibration or
environmental interference. For example, a
thermometer might measure temperature
one degree higher than the true value every
time the thermometer is used. The accuracy
of measurements subject to systematic
errors cannot be improved by repeating

the measurements because the error is
present all the time. For example, continuing
to use the thermometer will not improve
the accuracy of the thermometer. Most
systematic errors can be reduced by being
familiar with the limitations of instruments
and becoming experienced with their
correct use.

Random error

Random errors affect the precision of a
measurement by creating unpredictable
variations in the measurement process; they
result in a spread of readings. Random errors
are present in all measurements except for
those involving counting, and they do not
follow a pattern because they cause one
measurement to differ slightly from the
next. They may be produced by a limitation
in the instrument, an environmental factor
or a slight variation in the procedure. For
example, if a person stands in a slightly
different spot on a set of scales each time
the researcher measures their weight, it can
produce slight variations in their measured
weight. The effect of random errors can be
reduced, and the precision of measurements
improved, by making more or repeated
measurements, calculating a new mean,
increasing the sample size, or refining the
measurement method or technique.
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Figure 2A-24 Systematic errors affect
accuracy: they cause a consistent shift in the
measurements. For example, a weight scale
that has not been zeroed will include the
container weight each time it is used.
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Figure 2A-25 Random errors affect precision:
they affect how closely a set of measurements
agree with each other. For example, standing
on a different section of a weight scale each
time may produce different results.
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Uncertainty
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Uncertainty

Uncertainty refers to a lack of exact knowledge of the value being measured. All scientific
efforts are directed towards reducing the degree of uncertainty about observations,
relationships and causes. All measurements are subject to uncertainty and may have

many potential sources of variation, and this uncertainty extends to all inferences and
conclusions that depend on uncertain measurements. The nature of human behaviour and
mental processes measured within psychology often involves psychological constructs
that, by their very nature, can increase the degree of uncertainty associated with such
measurements.

Uncertainty of the result of a measurement is not the same as error, and in VCE Psychology
it does not require calculations. A qualitative treatment of uncertainty involves evaluating
the data to identify contradictory data (incorrect data) and incomplete data (missing data —
questions without answers or variables without observations), including possible sources
of bias. All measurements have some uncertainty, and it requires the observer to make

a judgement.

Outliers

Outliers are values that lie a long way from other results. These readings may occur

by chance in any given data set and can be real or true, or caused by measurement

and recording errors, a skewed distribution or data points from a different underlying
distribution. A small number of outliers are expected when there is a larger sample, and
their presence alone does not suggest an anomaly. Repeating readings may be useful in
further exploring an outlier. In VCE Psychology, data visualisation is used to recognise
whether outliers are present in the data. Outliers must be analysed and accounted for, not
automatically dismissed, to consider how these outliers would affect the testing efforts and
validity of the research.

Number of people

A A A
5_
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Outlier — AAQ
- A
Age = 108 %400 4 * %
This is an outlier. 2 A% X
8 300 31 * A
\ 3 x AFA
& 200 /\ 2 AR
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Figure 2A-26 An outlier is a value that lies far away from the rest of the data values.
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o . WORKSHEET
Check-in questions — Set 5 2-3 ANALYSING
DATA

1 What is the difference between systematic errors and random errors?
2 What is uncertainty in measurement of data?
3 What are outliers in a set of data?

ACTIVITY 2A-1 INTERPRETING AND ANALYSING DATA

A food truck business is investigating what foods people prefer to buy from their food
truck. They create a questionnaire with several questions. One of the questions involves
the different pizza toppings offered at the food truck. Each pizza topping type is assigned
a number (1 Hawaiian, 2 Margarita, 3 Meat Lovers, 4 Vegetarian, 5 Supreme). The
results for the favourite pizza topping flavours of a group of people are as follows:

1, 1L, 22, 20, 2y 22y 20y ) 205 2y 8,44, 15, 5, 8, 8, 5, 5, 5, B

To determine the favourite pizza topping from the data collected, the researcher calculates
the mean to be 3.25. After they analyse their data, the business changes their menu to
reflect the preferences determined by the data. Now their only pizza option is Meat Lovers.
At their first event, the food truck business is surprised that they only sell a couple of Meat
Lovers pizzas, and have many people asking for other toppings that are not available.

1 Explain why the use of a mean to determine the favourite pizza topping was an
inappropriate choice.

2 Identify a measure of central tendency that would better summarise the results of the
pizza topping preferences. Determine the favourite topping using this measure.

3 Use an appropriate type of graph to display this data, following all graphing
conventions.

4 The food truck business gives their questionnaire to people who attended an Italian
food festival in Melbourne CBD, and at a primary school Christmas celebration. They
obtained different results for each event. Discuss why this may have happened with
reference to reproducibility and validity of the investigation.

Section 2A questions

1 A restaurant wants to survey their customers to obtain some honest feedback about
their service and food. Provide an example of three questions the restaurant could ask to
obtain qualitative data and three questions they could ask to obtain quantitative data to
gather feedback.

2 A sport psychologist is investigating their belief that having a dedicated team captain
can increase the motivation level of a team. On game day, they survey each player on a
team that has a captain and each player on a team that does not have a captain, to find
each player’s motivation level out of 10. They then collate the results and calculate some
statistics, as shown in the table below.

Team with a captain Team without a captain

Percentage of players who rated 100 79
their motivation as 8 or above (%)
Mean motivation level (out of 10) 9.2 7.8
Standard deviation 0.4 1.2
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V)

Explain what the percentage results tell us about the data obtained for each group.

b Based on the results data alone, explain whether the sport psychologist’s hypothesis is
supported by the results.

¢ Explain what the standard deviations tell us about this data.

d If the team without a captain for this game appoints a captain for the next game,
explain how calculating the percentage change could be useful in determining the
effect of a team captain on motivation.

e If the psychologist uses local basketball teams for this study, comment on the external
validity of their results to all sports.

3 A publisher wants to produce a gratitude journal and is testing out two formats (named

Gold and Silver) to see which one helps increase happiness more. They select a sample

of 50 participants with 25 people trialling each format. They give all participants a

happiness questionnaire before and after using the gratitude journal to find their

happiness rating, and the results are shown in the table below.

| Mean happiness rating (out of 10)

Journal format — —
Before using journal After using journal

Gold 6.8 8.9

Silver 7.1 9.5

a Explain the results shown in the table.

b One participant recording their results interprets the happiness rating scale as
1 being the highest happiness rating and 10 being the lowest happiness rating.
Identify this type of error and describe what should be done to fix this error.

c If the researcher wants to obtain extra data for this study using the same participants,
would they be considering the study’s repeatability or reproducibility?

4 ‘Vines’ is a new clothing shop that is monitoring their online customer purchase habits
to see how they compare to their competitors. Vines tracks their overall sales for their
first six months of trading, as shown in the table below.

January February March April May June

Number
of sales

15 17 25 35 50 105

a Plot this data as a line graph to show the trend in sales over the six months. Select an
appropriate scale for the y-axis and be sure to label the axes and give the graph a title.

b During which month is there the largest number of sales?

¢ Describe the overall trend that this data is showing.

d Describe what might have happened during the data collection and processing if the
month of July had recorded only seven sales.

oy By VL
a&LBJN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



2B DRAWING CONCLUSIONS AND COMMUNICATING SCIENTIFIC IDEAS e

Drawing conclusions and
communicating scientific ideas

Discuss relevant psychological information,
ideas, concepts, theories and models and the
connections between them
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ENGAGE
Should you trust every experiment you read?

e

=2
) )

Figure 2B-1 Some images from the Rorschach inkblot test

What do you see in the images in Figure 2B—1? These images are from the Rorschach
inkblot test. The test was originally produced in 1921 by Hermann Rorschach, who

aimed to use inkblot pictures such as these to help diagnose mental illness, particularly
schizophrenia. However, after his death, the inkblots were widely used as a personality test.

The Rorschach inkblot test has been widely criticised for its lack of scientific merit, in
particular the lack of consistency when interpreting responses, and the fact that the
images are being used for purposes that they were not designed for.

S EXPLAIN

Opinion

a judgement
that is not
necessarily
based on proof

Anecdote

a short personal
account of an
event

Evidence
a verified fact

Analysing and evaluating scientific ideas

When you read information on a particular topic in scientific or media texts, such as
journal articles, mass media communications, opinions, policy documents and reports

in the public domain, it is important that you evaluate the source of the information. You
should distinguish between information based on opinion, anecdote and evidence, and
determine whether it is presenting scientific or non-scientific ideas. Opinion is a judgement
that is not necessarily based on proof. An anecdote is a short personal account of an event.
Evidence is verified fact. You should evaluate the processes used, and the claims and
conclusions drawn according to the quality of evidence provided by the source.

When investigating issues relating to the application of scientific knowledge in society,
you should apply your knowledge and skills of ethical understanding to reach an informed

1C SAFETY . i . .
AND ETHICAL stance on the issue, as discussed in Section 1C.
UNDERSTANDING
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Figure 2B-2 When reading and interpreting information on psychological issues and research, it is
important to distinguish between scientific ideas and non-scientific ideas.

Drawing conclusions
Once the results collected in an investigation have been analysed for differences, trends

and patterns, the final steps in research involve evaluating the data to determine whether 1A INVESTIGATION
the evidence supports the initial aims, hypotheses and predictions of the investigation. You ﬁ%%ﬁ%gg'%%
can then determine an evidence-based conclusion for the sample, identify limitations to the VARIABLES
conclusions and discuss the implications of the findings.
A conclusion is a statement about the findings of a study. A conclusion addresses the aim Conclusion
of the study and states whether the original hypothesis was found to be supported by the :bscfﬁietra: nt
evidence. It is based on whether observed patterns in the results are consistent with the findings of a

.. . . . T . study, which
original hypothesis. For a controlled experiment, the major findings are summarised as addresses
justification for whether the IV caused a change in the DV. In this way, a conclusion ties the Lhe ati;n and

otnesis
hypothesis and the results together. P
For example, one of the conclusions based on the data displayed in Figure 2A-15 (How
students spend their free time) is that older students prefer to spend more time on social
media than on games or television.
A conclusion based on the analysis of
summary statistics such as means may 5 G
only be determined for the specific sample B 3§ N yES
that was studied, not the wider population. = , Y
Additionally, findings cannot determine _ O n N
that the hypothesis was proved to be o NO s
true, only that it is supported or refuted / 8 / y ‘ / W0
(not supported). You cannot draw a G % _ YES — N 2
conclusion if the study was found to have X A %
. y was s ) (e} }@@ ——
poor validity; for example, if the methods 2 ) ‘
were not strongly measuring the research \/ il
question or if confounding variables were
present. To draw conclusions for the wider
population, the study must have good Figure 2B-3 A conclusion is a statement of the final findings that
external validity. addresses the original aim and hypothesis.
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VIDEO 2B-1

SKILLS:
WRITING AN
INVESTIGATION
CONCLUSION

Limitations of
conclusions
the faults or
flaws in the
design of an
investigation
that may limit
the conclusions
of that
investigation

Implications
the impact a
study might
have on the
population,
relevant theory
and future
research

Figure 2B-4 One part of concluding a study involves discussing how the
research will affect the population of interest and how future research
could extend the findings.
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Writing an investigation conclusion

A conclusion for a study should include:

« areference that it applies to the specific research sample only, and not the wider
population of interest

o the direction of the results, such as whether the IV influences the DV to increase,
decrease, heighten, lower, etc.

o the relationship between the variables

« aconsideration of the investigation design in a controlled experiment.

For example, ‘On the basis of the evidence from this sample, the results are consistent
with the hypothesis that the consumption of sugar results in a decrease in the attention
levels of children, compared to when children did not consume any sugar’

A conclusion should include a discussion of the limitations of the conclusions by
highlighting any faults in the experimental procedures and how they specifically may have
affected the results. Limitations of conclusions refer to design flaws in the study that may limit
the conclusions of an investigation. These are not the same as extraneous and confounding
variables but will include these. For example, the choice of investigation design may have
resulted in confounding variables, or the measurement instrument may have produced
errors. A researcher can determine whether further evidence is required, and they can
suggest improvements and specific recommendations to direct future research.

Another component of concluding research
is the consideration of implications, which
are the impact that the study might have on
the population, relevant theory and future
research in the chosen area. Implications
refer to how the research will affect the
population of interest and how the findings
will be important for identifying specific
areas that require new research. When you
discuss the implications of an investigation,
consider whether there is any cultural bias
in the collected data and final conclusions.
If a study is conducted with a sample of
participants from a particular cultural
group, then the findings may not apply to
people from a different cultural group.

Check-in questions — Set 1

1 What is a conclusion in research?
2 What is the difference between a limitation and an implication?
3 What are some of the things that are considered when concluding research?
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Communicating scientific ideas
Researchers can communicate the findings of their study in a variety of ways to inform
scientists and other interested people about what they discovered during their research.
Usually, they will publish their results as an article in a scientific journal or present a
scientific poster or talk at a conference. This way, the researcher can share the benefit of
their findings.

Scientific journals are periodic publications that
report on new primary research. They can be
published in physical form, as found in university
libraries, or in electronic form, as found online. New
issues of journals can be published weekly, monthly
or every few months, and each issue contains tens
of articles reporting on various research findings.
There are hundreds of psychology journals, and
thousands of journals across all sciences. Many
psychology journals publish on specific topics; for

example, the Journal of Cognitive Neuroscience or Figure 2B-5 Presenting at a conference is one way a
the Journal of Happiness Studies. researcher can communicate their ideas and findings.

2B-2 SKILLS VIDEO 2B-2

SKILLS:

Searching for scientific research articles SEARCHING
FOR SCIENTIFIC

Searching for an appropriate scientific research article online can be difficult and time RESEARCH
ARTICLES

consuming. You can often find lots of blogs, books or website articles dedicated to
explaining the topic, but it can be harder to find an appropriate original scientific article
that reports the primary data you are looking for.

Here are some tips for finding original scientific reports and journal articles in your
chosen topic.

Know what you're looking for.

« Search for original articles written by the researcher(s) who actually completed
the investigation.

« Articles outlining controlled experiments should have the main sections of a
scientific report (introduction, methodology, results, discussion).

Use the right key words for your search.

« Use the term ‘journal article’ together with your IV and DV to refine your search.

o The term ‘experiment’ does not work as well to find scientific research articles.

« Clicking on ‘scholarly articles for ..” or using scientific search engines such as Google
Scholar, PubMed or PsycINFO refines the search to articles, but the articles will often
include very complex research that can be difficult to understand.

Scan through the search listings, looking for:

« anything listed by a scientific journal

« adigital object identifier (doi), which is an identification number restricted to
scientific articles

o alisted author shown as ‘by (name) (date)’; for example, ‘by NM Zuccon 2021’

« an acceptable year of publishing, that is as recent as possible

o ‘cited by .., which shows how many other researchers have mentioned this study in
their own research. This can be a good indication of popular and relevant articles.
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Scientific report
a report
outlining why
and how some
research was
conducted, with
an analysis of
the findings

Abstract

a section of a
scientific report
that is a concise
summary of

the whole
investigation

Introduction
section

a section of a
scientific report
or poster that
provides an
overview of what
the investigation
is trying to
achieve and why
it is important
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Once you have found an article, decide whether it is appropriate for your needs.

Determine what information the site will let you see.

o ‘Full text’ is best because it will allow you to read the whole article. You may need to click
on a link on the page to take you to the full text if it does not come up straight away.

« ‘Limited access’ is more common. This means you can only see parts of the article
(typically just the abstract) unless you pay or subscribe.

o If there is not enough information provided in the abstract, you might need to keep
searching. Sometimes you can find the full text on a different site, by conducting a
new search in Google Scholar using the article’s full title. You can also try searching
for the researcher’s personal website where they sometimes publish their own
articles. You can even try emailing the researcher directly, and they might share their
article with you!

» You can use the article’s reference list to lead you to similar research by other people.

« Once you have found a full text article, read the abstract first. This is a summary of
the whole investigation and can help you decide whether the article is appropriate
and warrants further reading.

Research articles include complete explanations of original research and its findings.
They can be very complex and vary in length, some being more than 20 pages. Research
articles often follow a standard structure with several main sections in a particular order,
depending on the investigation methodology they used. The researcher must follow the
writing style determined by the publishing journal.

Scientific reports

In VCE Psychology, you may write a scientific report that explains your research and includes the
following main sections: abstract, introduction, method, results and discussion.

An abstract is a concise summary of the whole report, including the aim, hypothesis,
procedures or methods, major findings and conclusions.

The introduction section includes the information that is required for the reader to
understand what the research is trying to achieve and why it is important. It begins

broadly by describing the rationale of where the investigation question has come from,
including previous research that has been done in the area of interest and other background
information, such as psychological concepts, definitions of key terms and theories. As this
section progresses, it then becomes more specific, by finishing with the investigation aim,
hypothesis or predictions and variables of the study.

Introduction

Begin with the
most general

General background : ,
information

information

Previous research

Figure 2B-6 The introduction section
Aim of a scientific report can be thought

of as funnel shaped. It begins with

the most general information about
relevant theory at the wider part of

the funnel, and ends at the narrowest
part with the most specific information
obtained from the completed study.

Hypothesis and
variables

End with the
most specific

v information
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The methodology section of a scientific report describes how the study was undertaken. It

often includes three subsections: participants, materials/equipment and procedures.

« Participants: This subsection describes the participants, including the number of
participants, the population they were drawn from, the sampling technique, and
relevant demographic characteristics, such as their gender, age range, and any other
necessary characteristics for the research. If relevant, it also includes a statement about
which research ethics committee reviewed and approved the study and which ethical
frameworks the study was conducted within; for example, the National Health and
Medical Research Council’s ‘National Statement on Ethical Conduct in Human Research’

o Materials/equipment: This subsection lists all materials and equipment used in the study.

o Procedures: This subsection lists the steps taken to complete the research. It should be

written in past tense as if the procedures have already been completed. The investigation

design is included here, as well as the methods used to generate and analyse the data.
The degree of detail should allow the reader to understand exactly how the study was
done so that it could be easily repeated.

The results section displays all the relevant findings and evidence collected in the study.
This includes tables, charts and graphs displaying the data and evidence. Generally, the
same data should not be presented in a table as well as a graph. Findings may also be
described in written text where it can be easily summarised. The results section should not
include an explanation for the results. Raw data is not included within the results section
but may be included as an appendix.

The discussion section explains the findings and concludes the investigation. The section
begins by reminding the reader of the objectives of the research and determines whether
the hypothesis was supported, partly supported or refuted, in reference to the main
findings. The background research that was discussed in the introduction can be referred
to here and compared with the findings of the current research. In the discussion, any
limitations of the design of the study are analysed, and any anomalous data that was

not predicted and potentially a result of a flaw in the procedure are acknowledged. The
discussion includes any suggestions for improvements to the study and future research. In
the discussion, the researcher also includes any implications for the real-world application
of the findings, as well as comments on the direction of future research. In a scientific
report, this section finishes with a final detailed conclusion that links back to the original
aim of the study. On a scientific poster, the conclusion is written in a separate section.

Discussion
Interpretation [ ] Begin with the
of data most specific
_ information
Was the hypothesis
supported by the
evidence?
Cross-reference to i 2B-7 The di . " ¢
Hellesies] t igure 2B- e discussion section o
bsychological concepts a scientific report can be thought of as
Limitations pyramid shaped. It begins with the most
o specific information about the study at
Implications . the top of the pyramid, and ends with the
End with the ; :
. most general information about the future
Suggestions for most general

direction of research in the topic at the
bottom of the pyramid.

-\ / information

future research
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Methodology
section

a section of a
scientific report
or poster that
describes the
participants,
materials and
procedures used
in the study

Results section
a section of a
scientific report
or poster that
outlines the
evidence and
findings of the
study

Discussion
section

a section of a
scientific report
or poster that
analyses the
findings and
concludes the
research
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CHAPTER 2 RECORDING AND ANALYSING DATA, DRAWING AND COMMUNICATING CONCLUSIONS

References and
acknowledgements
section

a list of all the
sources used in a
scientific report or
poster

The references and acknowledgements section contains a complete list of all the sources
referred to in the report, including the sources for the background research, theories,
concepts, key term definitions or quotes. References in scientific reporting follow different
style guides, with APA (American Psychological Association) style being most common in
psychology. The style guide describes very specifically exactly what information is required
when citing different sources, such as a journal article, book or website, as well as the
specific formatting of the reference. You can use an online reference generator to create a
reference that follows APA formatting guidelines. In VCE Psychology, you may choose to
use another referencing format such as Harvard, and it is not required that you remember
all the specific formatting rules as outlined in Skills 2B-3.

2B-3 SKILLS
VIDEO 2B-3
REFERE,G&LNS(; Referencing sources using the APA format
SOURCES When writing a psychology report or poster, the correct referencing of a source involves
two parts: an in-text citation and a reference list entry.
In-text citations
Include an in-text citation when your work has been influenced by someone else’s
work, either when using a direct quote or when paraphrasing. An in-text citation is a
shortened form of the reference that you cite in the body of your report. The citation
can be at the start, middle or end of the sentence, and always includes the first author’s
surname and year of publication.
This citation format can be used for all types of sources, including books, journal articles
and web documents. The in-text citation briefly identifies the work so that the reader
can locate the corresponding entry in the reference list.
Table 2B-1 Citation formats
Number of authors Information to include Examples
One author or one e Author’s surname and e Zuccon (2021) has proposed
organisation publication year that ...
e .. effect was shown in a
recent study (Robinson,
2021).
¢ QOrganisation name and e |n 2018, the National Health
publication year and Medical Research
e QOrganisation’s full name Council (NHMRC) produced
used in first citation, a document ...
an abbreviation used
thereafter.
Two authors e Both surnames every e (Beddoes & Harrington,
time, and the publication 2020)
year e Clark and Dickinson (2020)
e Use ‘&’ only within found that ...
brackets.
Three or more authors | e First author’s surname e (Checkley et al., 2019).
followed by ‘et al.’ e Green et al. (2003) found
(a Latin abbreviation that ...
meaning ‘and others’)
and publication year
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Photocopying is restricted under law and this material must not be transferred to another party.



2B DRAWING CONCLUSIONS AND COMMUNICATING SCIENTIFIC IDEAS @

Reference lists

All sources cited in text, such as in the introduction section of a scientific poster, must be DOCUMENT
. : : . ; . boc 2B-1 QUICK
included in the reference list. References should be listed in alphabetical order by author 8| REFERENCING

surname or organisation name. There are very specific formatting rules for references GUIDE

lists, and different sources require different details. In general, four elements are included
in a reference: author, date, title and source. The examples below show a reference entry
for a journal article, a book and a website. For more examples and explanations of how to
reference other sources such as Wikipedia, organisational reports, films, YouTube clips,
TED Talks, and podcasts, a referencing quick guide is provided in the Interactive Textbook.

Periodical (journal, magazine or newspaper article; print or online)

Date of publication

Author(s) surname and e in round brackets Article title

first initials e year only for journal article ® in sentence case
e full date for magazine article

Peter, M.S., Durrant,g., Jessop, A., Bidgood, A., Pine, J. M., &
Rowland, C. F. (2019). Does speed of processing or vocabulary size
predict later language growth in toddlers? Cognitive Psychology, 115,

Article 101238. https://doi.org/lO.1016/j.cogpsycr%)19.101238 \

Page range or article number DOl or URL Periodical title Volume number
e page range written as x—x e doi written as e in jtalics e in italics
e article number written as https://doi.org/xxxxx e every major word Issue number
Article xxxx e URL written as starting with a e in round
https://xxxxx capital letter brackets,
no italics

Book

Book title
Year of publication ‘ i.” .sentence case . .
Author(s) surname e in round brackets Edition number if other than first edition
e in round brackets

and first initials ;
\ \ e written as (2nd ed.).

Jeffs, S., & Leggatt, M. S. (2020). Out of the madhouse:
From asylums to caring community? Australian Scholarly
Publishing Pty Ltd.

Publisher:
e every major word starting with a capital letter

Website

Author surname and first Date of publication Title of work
initials or name of group ¢ in round brackets e in jtalics

\ \ / * in sentence case

Australian Psychological Society (2020). How to access
a psychologist. https;//www.psychology.org.au/for-the-
public/about-p8Sycholo ow-to-access-A—psychologist

Website name goes before URL if
different from author — here website URL
and author are same, so omitted e written as https://xxxxx
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VIDEO 284 @ Scientific posters

SCIENTIFIC
POSTERS Conventions and conferences are formal meetings where scientists present their research.
It is a chance for researchers to come together and share their latest developments with
like-minded people. It is also a chance to collaborate and network. The research topics may

Scientific poster cover a broad range or be very specific. A researcher will create a large scientific poster of
fhga%;?npresent their work, often measuring more than a metre wide, which they stand next to during the
sections of a convention and discuss with the attendees (Figure 2B-8).

scientific report

\i/ri]siatir\i/ve;yand A scientific poster includes all the main components of a scientific report summarised to

be much more concise and more visually appealing. A scientific poster should not look like
a research report condensed onto one page. It can be thought of as an illustrated abstract
because it succinctly describes all the main features without the tiny details, in an eye-
catching way. Because the researcher will be present at the poster session, they can discuss
additional details with the reader.

A good scientific poster contains small
blocks of text in a large and simple font,
with headings, graphs, tables and images
that can be read from a distance. You
can reduce the amount of text by using
diagrams, bullet points, flow charts and

= T , " : ; images. All images should be clearly
s a\j: e -"1/ ' TP s A ¢ labelled. Use soft colours that do not strain
Tu e ‘ seh P % | theeyes. Scientific posters in the real

" g ] i A world can follow many different templates.
The poster may be either in portrait or
in landscape orientation, and it can be
divided into two, three or four columns,
appropriately spaced apart. The sections
of a poster should follow a logical order to
allow for easy interpretation.

VCE Psychology mandates a specific
format for a scientific poster. The sections
must include a title, introduction,
methodology and methods, results,
discussion, conclusion, references and
acknowledgements. You do not need to
include an abstract on a scientific poster
in VCE Psychology, and the information
on the poster should not exceed 600 words
in total (excluding text in tables, graphs,
image captions, references, which are all
not included in the word count).

Figure 2B-9 outlines the template required
for a scientific poster in VCE Psychology.
Figure 2B-8 A researcher can present their findings on a scientific You can include photos, illustrations,
poster at conferences. A scientific poster should include a very diagrams, bullet points, flow charts, tables
brief summary of the research, and it should be visually appealing d }'1 ke th ’ . ’ll

and easy to read from a distance. A researcher may discuss their an grz.ip $ to make the poster visually
research in more detail with anyone attending the poster session. appealing and reduce the number of words.
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2B DRAWING CONCLUSIONS AND COMMUNICATING SCIENTIFIC IDEAS °

Introduction

e A brief explanation or reason for undertaking the investigation, including a clear aim, a hypothesis and/or
prediction and relevant background psychological concepts. Photos and illustrations can be included

where relevant.

Methodology and methods
e Brief outline of

Title <@—

Student name

methodology used to
address investigation
question

e Summary of methods of
data generation and data
analysis

e Often includes
subsections for r
participants, materials
and procedures

+ Results Conclusion @¢——

Introduction Discussion \

Communication statement
reporting the key finding
of the investigation as a

one-sentence summary that
answers the investigation

Methodology and methods

question

™~

e Materials can be in a

References and acknowledgements

bulleted list

e Only include key parts
of procedure, in enough
detail that study could
be repeated

e Figures and flow charts
can be used to describe
procedures

e A diagram can be used
to describe set-up of
equipment

Results

e Presentation of generated
data/evidence in appropriate
format to illustrate trends,
patterns and/or relationships

e Data presented in a table or
graph, clearly labelled and
titled, and appropriate to data

e A small amount of text may
be included to note key points
featured in tables and graphs

References and acknowledgements

e Acknowledges any information that has
been sourced elsewhere, including quotes,
definitions and background research

e Sources should be referred to in the body
of poster, and a full detailed reference
included in the reference list

e Reference list should follow APA formatting
guidelines

Centre of the poster will feature a simple
and engaging communication statement:

a one-sentence summary of the major
finding of the investigation that answers the
investigation question. This section must
occupy 20-25% of the poster space.

Conclusion

Title
e Question under
investigation

Discussion

e |nterpretation and
evaluation of analysed
primary data

e |dentification of
limitations in data
and methods,
and suggested
improvements

e Cross-referencing of
results to relevant
psychological concepts
and previous research

e Linking of results
to the investigation
question and aim,
to explain whether
investigation data and
findings support the
hypothesis

e Implications of
investigation and/or
suggestions for further
investigations

e Conclusion that provides a response to investigation question
e |dentification of the extent to which the analysis has answered
investigation question, with no new information being introduced

ELF’j Figure 2B-9 The scientific poster template required in VCE Psychology, with the main information required for
:

each mandated section

WORKSHEET

2B-1
Check-in questions — Set 2 B Emume
SCIENTIFIC

List the main sections of a scientific report. POSTERS
2 What is included in the centre column of a scientific poster?
3 Which section includes the final statements of the overall findings and a closing
response to the investigation question?
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e CHAPTER 2 RECORDING AND ANALYSING DATA, DRAWING AND COMMUNICATING CONCLUSIONS

VIDEO 2B-5 2B-4 SKILLS

SKILLS:
LAQSI%II\\I%F:Q Language in scientific reports and posters
REPORTS AND A scientific report is a formal piece of writing that should use scientific language and a
POSTERS

formal tone.

A scientific report or poster can be written in the first person (e.g. ‘I discovered that ..,
‘Our experiment showed ...) or the third person (e.g. ‘The researcher found .., ‘The
participants were instructed to ../) because the scientific community has not reached a
consensus, and different scientific journals have different requirements for language use.
However, third-person voice helps to maintain an objective tone to your writing and will
more likely be recommended by your teachers.

A scientific report or poster may use different tenses in different sections. In general,
anything that has already been done (such as the procedure of an experiment) should

be written in past tense; for example, ‘The participants were divided equally into two
groups. When describing something that still exists (such as a psychological theory),
then use present tense; for example, ‘The Atkinson-Shiffrin model of memory states that
there are three major memory stores.

ACTIVITY 2B-1 COMPARING SCIENTIFIC REPORTS AND SCIENTIFIC POSTERS

Create a summary table that describes the similarities and differences in presenting a
scientific investigation in a report format and a poster format.

Scientific report Scientific poster
Similarities

il
Figure 2B-10 Whether you convey your information in a scientific report or a poster, remember to use
formal language and a formal tone.
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Section 2B questions

1 A researcher studying driving safety and sleep deprivation wants to use a driving
simulator in their controlled experiment to measure driving performance. They are
concerned about whether the driving simulator actually measures participants’ driving
performance or whether it measures participants’ performance on arcade games. The
researcher selects the first five people who come into the vehicle registration building.
a Identify and explain the evaluation that the researcher is concerned about and

suggest a way that they could resolve their concern.
b Identify two limitations of this investigation.
¢ Discuss the implications of this study.

2 A health psychologist is investigating the effect of
caffeine on sleep latency (the time it takes to fall
asleep) in Australian university students. They
think that caffeine will increase sleep latency, with
energy drinks increasing sleep latency more than
coffee. The psychologist samples 100 students
from their university in Melbourne. Before going
to bed, one group of the sample drinks coffee,
one group drinks an energy drink and one group
drinks a placebo. The groups follow a within
subjects investigation design and complete all
three conditions over three nights. Participants are given a smart watch to record their
sleep, including the time they fall asleep. Several of the participants report that the smart
watches are very old and that the watches are recording sleep latency as earlier than
what actually occurs. The results for the three groups’ sleep latency following drinking a
caffeinated drink are shown in the table. The psychologist decides to communicate the
findings as a scientific report, and it is published in a scientific journal.

Average sleep Average sleep Average sleep

latency (min) after latency (min) latency (min)

energy drink after coffee after placebo
A 40 35 20
B 21 40 38
C 58 21 29

Q

Suggest a conclusion the psychologist will come to for their investigation.

b Identify the limitations to this study and make some recommendations for future
research.

¢ A university student reads the journal article and shares the main findings to
the university’s social media page, asking for students to comment on their own
experiences of caffeine and sleep. Identify one example of an opinion, anecdote and
evidence that might be read on the social media post.

d List the main information the psychologist would have included in the introduction

section of their scientific report.
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Chapter 2 review

Summary

Create your own set of summary notes for this chapter on paper or in a digital document. A model
summary is provided in the Teacher Resources, which can be used to compare with yours.

Checklist

In the Interactive Textbook, the success criteria are linked from the review questions and will be
automatically ticked when answers are correct. Alternatively, print or photocopy this page and
tick the boxes when you have answered the corresponding questions correctly.

Success criteria — | am now able to: Linked questions

2A.1 Distinguish between primary and secondary data 2]

2A.2 Systematically generate and record primary data, and collate secondary data 13a[]
for an investigation

2A.3 Determine the type and amount of qualitative and quantitative data to be 13b[]
generated or collected in an investigation

2A.4 Identify potential sources of error and uncertainty when designing and 12¢c[]
conducting investigations

2A.5 Distinguish between the features of qualitative and quantitative data 116

2A.6 Identify examples of qualitative and quantitative data and evaluate the 11a]
appropriateness of their use in an investigation

2A.7 Accurately and systematically record and summarise qualitative and 13al]
quantitative data, including using a logbook

2A.8 Describe the features and uses of tables, bar charts and line graphs to organise 10al]
and present data

2A.9 Select a meaningful and relevant presentation format, and then organise and 13c[]
present data using tables, bar charts and line graphs

2A.10 Interpret data presented in tables, bar charts and line graphs 106

2A.11 Describe the features and purposes of using percentages, percentage change, o]

measures of central tendency (mean, median, mode), and measures of
variability (standard deviation)

2A.12 Select the appropriate mathematical relationships for a set of quantitative data 13d[
and calculate the percentage, percentage change, mean, median, mode and
standard deviation using the correct units of measurement

2A.13 Interpret quantitative data presented as percentages, percentage change, 6]
measures of central tendency (mean, median, mode), and measures of
variability (standard deviation)

2A.14 Describe the concepts of accuracy, precision, repeatability, reproducibility, 3]
true values, internal and external validity, errors and certainty in relation
to a qualitative analysis of data

2A.15 Describe and analyse the effect of sample size on the quality of data obtained 13e[]

2A.16 Analyse data qualitatively for accuracy, precision, repeatability, reproducibility, 7], 8[]
true values, internal and external validity, errors and certainty
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Success criteria — | am now able to: Linked questions

2A.17 Identify outliers, contradictory data and incomplete data in a data set 13f0J

2A.18 Analyse the effect of outliers, contradictory and incomplete data 13

2A.19 Explain the benefit of repeating experiments to ensure findings are robust 12al]J

2A.20 Evaluate investigation methods and the effect of possible sources of error or 12¢c[]
uncertainty in an investigation

2A.21 Suggest improvements regarding sources of error or uncertainty in 12c]
investigation methods to increase validity and to reduce uncertainty

2B.1 Distinguish between opinion, anecdote and evidence, and scientific and 10
non-scientific ideas

2B.2 Evaluate sources of information for the use of opinion, anecdote, evidence, 13n[]
scientific and non-scientific ideas

2B.3 Evaluate data to determine the degree to which the evidence supports the aim 501
of an investigation

2B.4 Provide appropriate recommendations for modifications or extensions to 10d[]
an investigation

2B.5 Evaluate data to determine the degree to which the evidence supports or 50
refutes the initial prediction or hypothesis of an investigation

2B.6 Construct scientific arguments using reasoning 10c[]

2B.7 Use reasoning and evidence to draw and justify conclusions for a question 12b]
under investigation

2B.8 Identify, describe and explain the limitations of conclusions 10d[]

2B.9 Identify when further evidence is required, and suggest what further evidence 10d[]
would improve the limitations of an investigation’s conclusions

2B.10 Discuss relevant implications of research findings and proposals 10c]

2B.11 Evaluate cultural bias in data and conclusions to determine the appropriateness 10d[]

of application to different cultural groups

2B.12 Use appropriate psychological terminology, representations and conventions, 12¢0J
including standard abbreviations

2B.13 Use appropriate graphing conventions and units of measurement when 13c
presenting data from investigations

2B.14 Access and interpret the information provided in a range of scientific and 13al]
media texts including journal articles, mass media communications, opinions,
policy documents and reports in the public domain

2B.15 Ciritically evaluate the quality of evidence provided by a range of scientific and 13h]
media texts, processes, claims and conclusions

2B.16 Identify relevant audiences for specific scientific communications and use 12d]
clear, coherent and concise expression to communicate for specific purposes in
appropriate scientific genres

2B.17 Describe and apply the requirements for writing a scientific report and a 4[]
scientific poster to an investigation

2B.18 Locate the required referencing details within scientific and media texts and 13g[]
use standard scientific referencing conventions to acknowledge sources of
information and assistance used in research
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Multiple-choice questions

1 Which of the following sources is most likely to accurately report evidence of scientific ideas?
A A psychology wiki
B The Journal of Psychoeducational Assessment
C A website with daily horoscopes
D A psychology blog

2 Which of the following identifies the difference between the collection of primary data and
secondary data?

Primary data Secondary data

A

data collected through first-hand methods

data collected through research conducted
by another person

B

data collected through research conducted
by another person

data collected through second-hand
experiments

c

data collected through experiments

data collected through first-hand methods

D

data collected through observational
methods

data collected through research conducted
by another person

3 What is the difference between systematic errors and random errors?
A Systematic errors create unpredictable variations in readings, whereas random errors can be
improved by repeating the measurement.
B Systematic errors cause readings to differ by a consistent amount each time, whereas random

errors create unpredictable variations in readings.
C Systematic errors involve all readings being shifted in one direction from the true value,
whereas random errors follow a pattern.
D Systematic errors do not follow a pattern, whereas random errors involve a consistent change
to readings.

4 Which of the following identifies the order of the sections of a scientific report?
A introduction, results, method, conclusion
B introduction, method, results, discussion

C abstract, discussion, method, conclusion
D abstract, results, method, discussion

The following information relates to Questions 5-7.

A restaurant is collecting data on their takeaway service in the 10 weeks before and the 10 weeks
after signing up with a popular online order and delivery service called Cuisine Runners. The mean
number of weekly orders and the standard deviation of orders is recorded in the table, as well as
the percentage of satisfied customers at each stage. The restaurant had predicted an increase in
weekly orders with the use of the new delivery service.

Before After 10 weeks of
Cuisine Runners Cuisine Runners
Mean number of weekly orders 165 192
Standard deviation 7 8
Percentage of satisfied customers (%) 90 95

ISBN 978-1-009-25416-8

Gallagher et al

© Cambridge University Press & Assessment 2022

Photocopying is restricted under law and this material must not be transferred to another party.




5 What does the results table indicate about the findings of this study?

A The number of weekly orders and customer satisfaction increased with the use of Cuisine
Runners, with a similar weekly spread of the number of orders before and after its use.

B With the use of Cuisine Runners, the number of weekly orders and customer satisfaction
decreased and there was a larger spread of the number of orders.

C The spread of the number of orders was larger before the use of Cuisine Runners.

D After the use of Cuisine Runners, the number of weekly orders increased, there was a smaller
spread of the number of orders, and a larger percentage of satisfied customers.

6 The percentage change for the mean number of weekly orders is calculated to be 16.4%. This
indicates there was
A an increase of 16.4% in the mean orders since using Cuisine Runners.
B adecrease of 83.6% in the mean orders since using Cuisine Runners.
C adecrease of 16.4% in the percentage of orders since using Cuisine Runners.
D an increase of 83.6% in the percentage of orders since using Cuisine Runners.

7 A café nearby heard about the increase in orders after the restaurant started using Cuisine
Runners and is interested in using the delivery service themselves. Which of the following
qualitative measures would best determine whether the delivery service would also improve
orders for the café?

A repeatability

B precision

C true value

D external validity

8 Elizabeth Loftus is a researcher who conducted many studies on how eyewitness testimonies
can be influenced by leading questions — questions that prompt a person to give a desired
answer. Leading questions can propose incorrect information that is then incorporated into the
original memory.

Loftus obtained similar results when she repeated the investigation on another group of
participants using the same procedures.

What does this suggest about Loftus’s studies?

A Extraneous variables were well controlled for.
B The studies had high validity.

C The studies had low repeatability.

D The studies had high reproducibility.

9 Which of the following is correct for quantitative data measures?
A A mean would be used to find the average value of a set of data, whereas a median would be
used to find the value that occurs most often.
B The median, mean and mode can all be used to summarise qualitative data.
C The standard deviation would be used to determine the spread of data around the mean,
whereas the median would be used to find the value in the middle of a data set.
D The mean is less influenced by outliers than the median is.
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Short-answer questions

10 A researcher for a local council is collecting data on how the size of household utility bills
changes according to the size of the household. They conduct surveys to find the cost of
electricity, gas and water from a variety of households in a Melbourne neighbourhood. Their
results are shown in the bar graph below.

Mean cost of utilities per household size

A
250
200
150
100
50
0 -
2 people 4 people 6 people
Household size
| Electricity mGas m Water
a What is an appropriate label for the vertical axis of this graph? (1 mark)
b Describe the trend in electricity results shown in the graph. (1 mark)
¢ Describe the implications of the findings from this investigation. (1 mark)
d The data for this study was collected in Melbourne, Australia. Describe why the

findings and conclusions from this investigation are not likely to be applicable

to households in Alaska, USA. What further evidence and extensions to the

investigation are required to make these finding applicable to people in Alaska? (2 marks)
11 A plant nursery wants to start selling their plants

online through their website. Before they invest in this

process, they wish to find out whether their customers

would like this option.

a Suggest one example of quantitative data and one
example of qualitative data that the nursery could
collect in this investigation. (2 marks)

b For each example you gave in the previous
question, explain why it is classified as qualitative
or quantitative. (2 marks)
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12 An educational researcher is conducting an investigation into the amount of sleep secondary
students have received when they are absent for the first period of school the next day.
Research states that adolescents should be sleeping about nine hours per night, and the
researcher believes that if students sleep less than that, it may affect their school attendance for
the first period of the day. The researcher samples 50 students from a local secondary school
and finds that students who are absent for the first period of school are sleeping less than
nine hours 79% of the time.

a
b
c

What should the researcher do to help verify their findings? (1 mark)
Suggest a conclusion for this study. (3 marks)
The researcher asks the students to record their own estimation of the number of

hours they sleep each night. After the study has concluded, they notice that several

nights’ worth of data is missing for one student. Comment on the certainty of this

data and suggest an improvement to the investigation methods to help increase

the validity of the data. (2 marks)
The researcher wants to communicate their findings in a monthly publication

on social media. Identify the relevant audience the researcher might be trying to

reach by publishing their findings in this manner. (1 mark)

13 Using an appropriate source for weather recordings, collect data on the temperature

in your city compared to another city in the world, over the past two weeks.

a Record your data in an appropriate table. (2 marks)
b When comparing the weather of two cities, what other qualitative and quantitative

data might be useful in this investigation? (2 marks)
¢ Select an appropriate presentation format for the data and plot the collected data

using correct graphing conventions. (4 marks)
d Calculate the mean, median and mode temperature for each city. (3 marks)
e Search online for last year’s mean monthly temperature of each city (for the

current month). Record this result and compare your calculated mean temperatures

to the mean monthly temperatures you sourced online. Describe how collecting one

month’s worth of data may affect the mean temperature of each city. (2 marks)
f Comment on whether there appear to be any outliers in your data and analyse their

effect on the statistics you calculated earlier. (2 marks)
g Write down the reference for your data source using standard scientific referencing

conventions. (1 mark)
h Critically evaluate the quality of the evidence provided by the source of your

weather data. (2 marks)
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Introduction

Think about the things you do daily. Sleeping, walking, learning, remembering, talking, eating —
the list goes on. Everything on this list requires the use of your nervous system. This is because
when you engage in any of these activities, the network of neurons within your body receives
information from the environment, processes it, and responds to it in a coordinated manner.
Often, we take for granted the ability of our nervous system to perform most of its functions
unconsciously without our awareness. In fact, our nervous system is so good at adapting that its

neural pathways can change in response to experiences when learning and forming new memories.
In addition, it performs many adaptive responses that increase our chances of survival in our
environment, such as the flight-or-fight-or-freeze response, spinal reflex, and behaviours required
to meet our basic needs such as eating and drinking. However, it can also play a role in unhelpful
behaviours such as addiction.

Curriculum

Area of Study 1 Outcome 1
How does the nervous system enable psychological functioning?

Study Design Learning objectives — at the end of this chapter | will be able to:

e The roles of different 3A The central and peripheral nervous systems
subdivisions of the 3A.1 Identify the different divisions of the nervous system
central and peripheral 3A.2 Explain the role of the central nervous system, including
nervous systems the brain and spinal cord
in responding to, 3A.3 Explain the role of the peripheral nervous system,
and processing and including the somatic and autonomic subdivisions
coordinating with, and the further subdivisions of the sympathetic and
sensory stimuli parasympathetic nervous systems
received by the body to . Compare and contrast the roles of the different divisions
enable conscious and and subdivisions of the nervous system
UNCOoNSCcious responses, . Apply my understanding of the role of each division and
including spinal reflexes subdivision of the nervous system to real-life examples of

sensory stimuli received by the body
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Study Design

The role of
neurotransmitters in
the transmission of
neural information
across a neural synapse
to produce excitatory
effects (as with
glutamate) or inhibitory
effects (as with gamma-
aminobutyric acid
(GABA)) as compared
with neuromodulators
(such as dopamine and
serotonin) that have

a range of effects on
brain activity

Synaptic plasticity —
resulting from long-term
potentiation and long-
term depression, which
together act to modify
connections between
neurons (sprouting,
rerouting and pruning)
— as the fundamental
mechanism of memory
formation that leads

to learning

Learning objectives — at the end of this chapter | will be able to:

3A.6

3A.7

3A.8

3A.9

3A.10

3A.11

3B

Describe the key features of both a conscious and
unconscious response and provide examples of each
Distinguish between the key features of conscious and
UNCONSCIOUS responses

Correctly identify a conscious or an UNconscious response
from a real-life example

Explain the role of the spinal reflex as an example of an
adaptive, unconscious response

Explain how a spinal reflex occurs when responding to
sensory stimuli

Apply my understanding of the spinal reflex to a real-life
example of sensory stimuli received by the body

Neurotransmitters and neuromodulators

Explain the role of neurotransmitters in the transmission of
information across a neural synapse

Distinguish between the excitatory and inhibitory effects of
neurotransmitters on the post-synaptic neuron

Explain the role of glutamate in the production of
excitatory effects

Explain the role of GABA in the production of

inhibitory effects

Explain the role of neuromodulators and their effects on
brain activity

Explain how dopamine and serotonin both work as
neuromodulators in the brain

Compare the effects of dopamine and serotonin on

brain activity

Distinguish between neurotransmitters and
neuromodulators

Synaptic plasticity

Explain what is meant by synaptic plasticity

Describe the modifications that occur to connections
between neurons as a result of sprouting, rerouting

and pruning.

Explain how both long-term depression and long-term
potentiation modify the connections between neurons
Explain the relationship between synaptic/neural plasticity
and the formation of memories that leads to learning

VCE Psychology Study Design extracts © VCAA; reproduced by permission
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Key Science Skills
Identify, research and construct aims and questions for investigation T
Identify independent, dependent and controlled variables in controlled experiments
Formulate hypotheses to focus investigations N
Predict possible outcomes of investigations
Design and conduct investigations; select and use methods appropriate to the investigation,
including consideration of sampling technique (random and stratified) and size, equipment ': ; s‘,_,
and procedures, taking into account potential sources of error and uncertainty; determine the !
type and amount of qualitative and/or quantitative data to be generated or collated Z 5
e
Glossary ¥
Autonomic nervous system Long-term potentiation (LTP) Sensory receptor
Brain Motor neuron Serotonin ,
Central nervous system (CNS) Neural transmission Serotonin pathway X
Conscious response Neuromodulator Somatic nervous system »
Dendritic spine Neuron Spinal cord
Dopamine Neurotransmitter Spinal reflex
Excitatory effect Parasympathetic nervous Sprouting
Filigree appendage system Sympathetic nervous system o d
Gamma-aminobutyric acid Peripheral nervous system Synapse b
(GABA) Pruning Synaptic gap
Glutamate Receptor site Synaptic plasticity ¥ »
Inhibitory effect Rerouting Synaptic vesicle -
Interneuron Reward pathway Synaptogenesis =
Long-term depression (LTD)  Sensory neuron Unconscious response &
<-4 ¥ #
N " v : % N s S 4 S
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Concept map

3A The central and peripheral nervous systems

Communication of information
throughout the nervous system

3B Neurotransmitters and neuromodulators

Presynaptic neuron

Axon terminal

— Neurotransmitter

B Receptor site
Dendrite

Post-synaptic neuron Action potential

Changes to connections
between neurons

3C Synaptic plasticity

Dendrite
Synapse

Presynaptic
neuron

Axon — Post-synaptic
\ neuron

Dendrite spines

Filigree appendages

Presynaptic
neuron

Axon Post-synaptic
neuron
Many synapses

Axon terminal

Presynaptic n

euron
axon terminal \m
<8

— New synapses have
formed (synaptogenesis)

—Synapse
New receptor Post-synaptic
sites have grown

neuron dendrite

See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course.

CONCEPT MAP @
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@ CHAPTER 3 NERVOUS SYSTEM FUNCTIONING

The central and peripheral
nervous systems

Study Design:

The roles of different subdivisions
of the central and peripheral
nervous systems in responding to,
and processing and coordinating
with, sensory stimuli received by
the body to enable conscious and
unconscious responses, including
spinal reflexes

Glossary:

Autonomic nervous system
Brain

Central nervous system (CNS)
Conscious response

Interneuron

Motor neuron

Parasympathetic nervous system
Peripheral nervous system

Sensory neuron

Sensory receptor

Somatic nervous system
Spinal cord

Spinal reflex

Sympathetic nervous system
Unconscious response

ENGAGE

Artificial intelligence for treatment of nervous system damage
People who are paralysed because of a stroke or neurological disease can have trouble
communicating with the outside world. Even a simple sentence can seem impossible to
communicate. In recent
research, a volunteer
paralysed from the neck
down was asked to imagine
moving his arm to write
each letter of the alphabet.
The volunteer’s brain
activity during this task was
used to train a computer

e f

¢ |
|

c

e
k

model known as a neural
network to interpret these
commands. The computer
model could trace the
intended trajectory of his
imagined pen tip to create
the letters of the alphabet. Eventually, the computer could read out the volunteer’s
imagined sentences with roughly 95% accuracy at a speed of about 66 characters per
minute. With more practice, the researchers expect this speed to increase. As the
technology is refined, the neural recordings will be used to better understand how the
brain plans and orchestrates fine motor movements.

Figure 3A-1 These letters of the alphabet were written by a
paralysed volunteer, using technology that included electrodes
implanted in their brain.
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Organisation of the human nervous system
The human nervous system consists of two main divisions: the central nervous system
(CNS) and the peripheral nervous system. It is further divided into subdivisions as shown

in Figure 3A-2.

Human nervous

system
[
Central nervous ' Peripheral nervous
system system
¥ ¥
Brain ’ el G ‘ Autonomic ‘ Somatic ‘
nervous nervous
system system

Figure 3A-2 The subdivisions of the central and peripheral nervous systems

Figure 3A-3 The central nervous
system consists of the brain and
the spinal cord (shown in red).

ISBN 978-1-009-25416-8
Photocopying is restricted under law and this

Central nervous system

The central nervous system (CNS) is made up of the brain
and spinal cord. It is referred to as ‘central’ because it
occupies a central position in the body and is the most
important part of the nervous system for processing
and coordinating responses to sensory stimuli received
by the body. The CNS integrates and coordinates all
incoming (sensory) information and initiates outgoing
(motor) messages to be sent to the body. These can be
conscious commands, such as those controlling voluntary
movements, and automatic or unconscious commands
(such as changing heart rate) or involuntary responses,
such as reflexes.

Brain

The brain is an amazingly complex structure consisting
of approximately 86 billion neurons. It receives and
processes sensory stimuli from the body, coordinates
responses, including voluntary movements, emotions
and conscious thought, and regulates a variety of
functions without our conscious awareness, such

as breathing, temperature regulation and hunger.

Gallagher et al
material must not be transferred to another party.

VIDEO 3A-1
THE CENTRAL
AND
PERIPHERAL
NERVOUS
SYSTEMS

WORKSHEET
3A-1 SUMMARY

= OF THE NERVOUS
SYSTEM ORGANI-
SATION

Central nervous
system (CNS)
the brain and
the spinal cord;
processes and
coordinates
responses to
sensory stimuli

Brain

a complex
structure that
receives and
processes
sensory stimuli
from the body
and coordinates
responses,
including
voluntary
movements,
emotions and
conscious
thought
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@ CHAPTER 3 NERVOUS SYSTEM FUNCTIONING

Spinal cord

a dense bundle
of nerves that
carries sensory
information from
the body to the
brain and motor
information from
the brain to

the body

ISBN 978-1-009-25416-8

The brain communicates with the body via the spinal cord and its nerves, as well as cranial
nerves that connect the brain directly to various organs and muscles of the body, such as
the eyes, facial muscles, tongue, heart and stomach. One of these cranial nerves is the vagus
nerve, which connects the brain directly to the stomach and intestinal tract, controlling
digestion. These cranial nerves are considered to be part of the peripheral nervous system.

Olfactory nerve

Optic nerve

Vagus nerve

Brain stem

Figure 3A-4 The brain (seen from below) is connected to the rest of the body via the spinal cord and
12 pairs of cranial nerves, including the olfactory, optic and vagus nerves.

Spinal cord

The spinal cord is a 45-centimetre-
long extension of the brain stem. It
is composed of a dense bundle of
nerve fibres and is directly linked
to the peripheral nervous system
by 31 pairs of spinal nerves. These
spinal nerves consist of bundles

of fibres, which connect them to
various parts of the body such

as skin, muscles and internal
organs. Some of these bundles are
connected to sensory receptors

in the body and therefore carry
sensory or afferent information
towards the spinal cord. Some are
connected to motor or efferent

Figure 3A-5 A cross-section of the spinal cord, which is
an extension of the brain stem and is connected to the
peripheral nervous system by 31 pairs of spinal nerves

pathways, which carry motor commands initiated by the brain to the muscles in the
extremities required to perform motor movements.
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The spinal cord has two main
roles:

To carry incoming sensory
information from the

body (peripheral nervous
system) towards the brain
for processing; for example,
sensations such as touch or
pressure from the skin on
your hands when holding

a ball

To carry motor information
initiated by the brain towards
the body (peripheral nervous

system); for example,
instructions about how to
move your hands and legs
to kick a drop punt when
playing football.

The only exception to these
two main functions is when
the spinal cord is involved in
involuntary responses, such as
the spinal reflex, which occur

without conscious awareness or

input from the brain.

3A THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS @

Figure 3A-6 Tayla Harris of the Melbourne Football Club
kicking the ball during a 2022 Australian Football League
Women’s match. Instructions about how to move your legs to
kick a ball are initiated by your brain and communicated to
your peripheral nervous system by the spinal cord.

Check-in questions — Set 1

g ph WN =

are connected to.

()}

spinal cord.

Spinal reflexes

Identify the two components of the CNS.

Use an example to explain the two main functions of the CNS.

How does the brain communicate with the body?

Describe the structure of the spinal cord.

Explain the difference between the afferent and efferent pathways that the spinal nerves

Use an example other than the one discussed in the text to describe the two roles of the

Spinal reflex
an involuntary

Have you ever held your finger too close to the flame of a candle and noticed that it moved and unconscious

away from the flame before you had even realised that your hand was scorched? This is an ;ezﬁ‘;:‘jﬁj ;0

example of a spinal reflex. Spinal reflexes occur when a quick response is important for your involving the
spinal cord,

survival. A spinal reflex is an involuntary and unconscious response to a stimulus involving

which occurs

the spinal cord and occurs without input from the brain. Therefore, spinal reflexes occur without input

without our conscious awareness.

ISBN 978-1-009-25416-8

from the brain
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@ CHAPTER 3 NERVOUS SYSTEM FUNCTIONING

ACTIVITY 3A-1 TESTING THE KNEE-JERK SPINAL REFLEX

Do this activity with a partner. Your partner sits on F
a table with their legs hanging over the edge and

their knees bent. They cross one leg over the other so
that their upper foot hangs clear of the floor. Gently
touching their knee, locate the small space below the
kneecap, or patella, between it and the shin bone. This
is where the patella tendon is located. Using the edge
of a ruler or the side of your palm, tap this space firmly.
The sharp tap on the tendon will slightly stretch the
quadricep (muscle group at the front of the upper leg).
Your partner’s lower leg should jerk towards you in a
sudden kicking movement of the lower leg. It may take

several attempts to find the right spot. Once you have ‘

done so, swap roles with your partner. -

1 What is the adaptive value of this spinal reflex? Figure 3A-7 Testing the patella
Discuss. reflex

Spinal reflex processes

Sensory receptor A spinal reflex occurs through a series of steps involving sensory neurons. The following

a sensory steps outline what happens when a person’s fingers are brought too close to a candle flame
nerve ending .

that produces (Figure 3A-8).

an afferent o 1 A sensory stimulus is detected by sensory receptors, sensory nerve endings that when
sensory impuise . .

- s)i[imlflated stimulated, produce an afferent or sensory impulse.

Sensory neuron Sensory receptors in the fingertips detect the heat from the candle flame.

a nerve cell 2 Sensory neurons, nerve cells that carry sensory signals throughout the nervous system,

that carries
sensory signals ) o )
throughout the Sensory neurons in the arm transmit information about the heat of the candle flame

nervous system , ,
rious s¥ and carry it to the spinal cord.

transmit sensory information about the stimulus towards the spinal cord.

Interneuron

Sensory neuron

¥ | = Spinal
Direction of ‘ cord
\\impulse
0 Motor/efferent
Candle — pathway

Muscle reflex

Sensory/afferent
pathway

Figure 3A-8 In this spinal reflex, the hand moves away from the flame of the candle
without input from the brain, and the person avoids getting burned.
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3A THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS @

3 The sensory information is relayed to interneurons in the spinal cord that connect motor
and sensory neurons by relaying information between the two. In the case of a spinal
reflex, an adaptive motor response is initiated by the interneurons without input from
the brain to respond more quickly to the threat detected by the sensory receptors.

The interneurons in the spinal cord initiate a motor movement, to remove the hand from
the flame to avoid getting burned.

4 Information about this motor movement is then relayed to motor neurons, which
transmit the motor impulses from the spinal cord to the skeletal and/or smooth or
visceral muscles (such as in the stomach).

A motor impulse is communicated by motor neurons to the muscles in the arm.

5 These muscles are then activated to perform the movements required.

The hand is withdrawn from the flame of the candle in an upwards motion.

1 2 3 4 5
Sensory Sensory Interneurons This is relayed Muscles
stimulus neurons carry in spinal cord to motor perform reflex
detected information initiate an neurons and response

by sensory via a sensory involuntary carried via a without

receptors. (afferent) motor motor (efferent) input from
pathway to movement. pathway to the brain.
spinal cord. muscles.

Figure 3A-9 The steps involved in a spinal reflex

Check-in questions — Set 2

Why is a spinal reflex considered to be an unconscious response?

Explain the role of sensory receptors in a spinal reflex.

Explain the role of sensory neurons in a spinal reflex.

Explain the role of interneurons in a spinal reflex.

Explain the role of motor neurons in a spinal reflex.

Use a flow chart or diagram to represent the processes involved in the spinal reflex when
you step on a sharp object such as a piece of glass.

Ol h WN =

Peripheral nervous system
and its subdivisions

The peripheral nervous system
consists of all the nerves outside

of the CNS, including the cranial
nerves that extend from the spinal
cord and brain. Its main role is to
carry messages between the CNS
and muscles, organs and glands
throughout the body. The peripheral
nervous system has two subdivisions
with quite different functions: the
somatic nervous system and the
autonomic nervous system.

Figure 3A-10 The peripheral nervous system comprises
all the nerves and neurons in the body, outside of the
brain and the spinal cord, that connect the central
nervous system to the body’s muscles, organs and glands.

ISBN 978-1-009-25416-8 Gallagher et al
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Interneuron

a nerve cell in
the spinal cord
that connects
motor and
sensory neurons
by relaying
information
between the two

Motor neuron

a nerve cell that

transmits motor

impulses from

the spinal cord

to the skeletal

and smooth

muscles

WORKSHEET

3A-2 SPINAL
REFLEX

Peripheral
nervous system
all the nerves
outside of the
central nervous
system that
carry messages
between the
central nervous
system and
muscles, organs
and glands
throughout the
body
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@ CHAPTER 3 NERVOUS SYSTEM FUNCTIONING

Somatic nervous
system

a subdivision of
the peripheral
nervous

system that
carries sensory
information

to the central
nervous system
and motor
information to
the body

Figure 3A-12
The somatic
nervous system,
sometimes
referred to as
the ‘voluntary
nervous system’,
controls

our skeletal
muscles, which
are attached to
our skeleton,
enabling us

to perform
voluntary motor
movements such
as running.
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Somatic nervous system

This subdivision of the peripheral

nervous system contains sensory

(afferent) neurons and motor (efferent)

neurons. It enables communication

between the body and the CNS in two
main ways.

1 The somatic nervous system carries
sensory (or afferent) information to
the CNS (brain and spinal cord).
Sensory receptors and sensory
neurons in the somatic nervous
system gather information
collected by our five senses (sight,
smell, hearing, taste, touch) and
communicate this to the CNS

|

(Figure 3A—11); for example, the
visual information as you read this
page, or the feeling of the paper,
mouse or touch pad as you scroll
through this text.

Figure 3A-11 The somatic nervous system is directly
connected to our five senses, gathering sensory
information and communicating this to the central
nervous system.

The somatic nervous system carries motor (efferent) information from the CNS to

the body. This involves motor (efferent) neurons in the somatic nervous system that
are responsible for voluntary movements, communicating movement information back
to the body’s muscles, organs and glands from the CNS. These motor neurons direct
the action of skeletal muscles, which are attached to the skeleton, enabling voluntary

movement; for example, picking up an object, kicking a ball or running.

Sensory (afferent) function
Carries sensory information
gathered by our five senses
towards the CNS.

Motor (efferent) function

Carries motor commands from
the CNS to the skeletal muscles,
enabling voluntary movements.

Figure 3A-13 The two main roles of the somatic nervous system

Gallagher et al
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3A THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS @

Check-in questions — Set 3

What is the peripheral nervous system made up of, in terms of cells and structures?
What is the main role of the peripheral nervous system?

Name the two subdivisions of the peripheral nervous system.

Describe the two ways that the somatic nervous system enables communication between
the CNS and the body.

A WNH

Autonomic nervous system

The autonomic nervous system controls the body’s internal environment in an autonomous
or self-regulated manner. This means that it performs most of its functions without our
conscious awareness. It is directly connected to our organs, glands and visceral muscles
(smooth, involuntary muscles in blood vessels), the stomach, digestive tract and other
internal organs. The autonomic nervous system is responsible for basic life processes such
as digestion, respiration, heart rate and blood pressure, which remain active without our
conscious thought or awareness. It is constantly providing feedback to the CNS about these
processes.

The autonomic nervous system has a major role in our experience of stress, fear and anger.
In these cases, the different roles of the two subdivisions of the autonomic nervous system
become evident.

o The sympathetic nervous system dominates when we are under threat, increasing our
arousal and preparing us to deal with the situation; for example, dilating pupils or
increasing heart rate.

o The parasympathetic nervous system dominates during normal day-to-day activities when
we are relatively calm; for example, regulating body temperature to around 37.5°C. It also
returns the body to a calm state after a threatening or stressful situation; for example,
constricting our pupils or decreasing heart rate to normal once a threat has passed.

Figure 3A-14 The autonomic nervous system is directly connected to our body’s organs (e.g. liver,
heart and Iungs), glands and smooth muscles.
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Autonomic
nervous system
a subdivision of
the peripheral
nervous system
that controls the
body’s internal
environment in
an autonomous
or self-regulated
manner

Sympathetic
nervous system
a subdivision of
the autonomic
nervous system
that increases
our arousal,
readying the
body for a quick
response

Parasympathetic
nervous system
a subdivision of
the autonomic
nervous system
that controls the
body’s internal
environment in
an autonomous
or self-regulated
manner
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Sympathetic nervous system

The sympathetic nervous system is dominant in response to perceived threats and stressful
psychological or physiological stimuli. Its main function is to increase arousal, readying the
body for a quick response, otherwise known as the flight-or-fight-or-freeze response, which
is discussed in detail in Section 4A.

4A INTERNAL Examples of responses by the sympathetic nervous system to a threat are:
ANDSTE%(EISESR(')\I% « pupils dilating to allow more light into the eye to see better
« heart rate, blood pressure and breathing rates increasing to accelerate oxygenated blood
flow to the muscles in order to respond to the threat
« energy being diverted to the muscles from functions such as digestion to conserve
energy for responding to the threat
o increased sugar and fat being released into the blood to provide energy for quick action.
Parasympathetic nervous system
The parasympathetic nervous system has two main functions.
1 Maintaining a balanced internal state, otherwise known as homeostasis, including
regulation of blood sugar or energy levels, saliva secretion and waste elimination.
2 Counterbalancing the energising function of the sympathetic nervous system by
lowering arousal and restoring the body to a calm state after a threat has passed.
For example, the parasympathetic nervous system decreases heart rate, constricts
the bronchi of the lungs, and constricts the pupils of the eyes, which are all opposite
functions to those of the sympathetic nervous system in a threat situation, such as
jumping out of an aeroplane (Figure 3A-15).
. As the plane reaches
\ altitude, the woman's
sympathetic nervous system
prepares her body, releasing
adrenaline, dilating her
pupils, increasing her
heart rate and diverting
energy from non-essential
functions such as digestion
to her muscles.
Her parasympathetic (which
sounds like parachute)
nervous system is now
decreasing her arousal and
returning her body back
to a state of calm. Her
pupils constrict, her heart
rate decreases, and energy
may be diverted back to
non-essential functions
such as digestion.
Figure 3A-15 Top: This woman is anxiously waiting her turn to jump out of the
plane. Bottom: Once she has jumped and the parachute has released, the woman
can relax and enjoy the view.
ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
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3A THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS @

The main functions of the parasympathetic nervous system are summarised in
Figure 3A-16.

Sympathetic
nervous system

WORKSHEET

3A-3 SYMPATHETIC
AND PARASYMPA-
THETIC NERVOUS
SYSTEMS

Parasympathetic KEY

nervous system

— Parasympathetic nervous system
— Sympathetic nervous system

'VI Dilates (" Constricts
(e pupISE S pupils ™
=y ™ Inhibits ) Stimulates
=1 salivation | salivation @
f ([ Relaxes Constricts
Lf L bronclhioles J (__bronchioles
’,"3’9 Increases " Decreases
ool heart rate heart rate
’,":‘x I
:,", Inhibits ([ Enables
ol L dige;s,tion ) | digestion
_:_jj, [ Stimulates [ Stimulates
w{g‘ _glucose levels ) bile production)
3 '
¥ s | ( Y ( A
Y Relaxes Contracts
{ _I \ : J \ @
T N r -
Inhibits Emlsles
l: 4 | stimulation

b=
009

@ Figure 3A-16 The main functions of the subdivisions of the autonomic nervous system

It is important to note that the parasympathetic nervous system can be much slower in
returning the body back to a calm state because hormones such as adrenaline that are
initially released by the sympathetic nervous system can take longer to be removed, thus
having a lingering effect.

Check-in questions — Set 4

‘

()}
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What is the role of the autonomic nervous system?
What is meant by the autonomic nervous system being self-regulating?
Provide two examples of bodily functions the autonomic nervous system regulates.
Name the two subdivisions of the autonomic nervous system.
Why is the sympathetic nervous system dominant when we respond to perceived threats
and stressful situations?

Provide two examples of responses the sympathetic nervous system may perform to
increase our arousal in response to a threat.

Using examples, outline the two main functions of the parasympathetic nervous system.
Explain why the parasympathetic nervous system can be slower at returning the body to
homeostasis.

Gallagher et al

Salivary gland

Bronchioles

and intestine

Gall bladder
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Unconscious
response

any response

of our nervous
system that
does not require
awareness

Conscious
response

any response
of the nervous
system that
requires
awareness

Conscious and unconscious responses of the nervous system

We have discussed the main functions of the different divisions and subdivisions of the
nervous system, and conscious and unconscious responses. For example, spinal reflexes
occur without conscious awareness or input from the brain that involves awareness. Hence,
they are categorised as an unconscious response. Any response of our nervous system that
does not require awareness is deemed to be an unconscious one. Unconscious responses
also tend to be quite simple compared with conscious responses. For example, blinking
generally involves simply closing the eyelid. In addition, unconscious responses tend to be
unlearned; for example, we are born with the ability to blink because it is innate.

Other examples of unconscious responses of the nervous system shown in the figure below are:
reflexes such as sneezing or coughing
spinal reflexes such as withdrawing your hand from a hot object

Figure 3A-17 Some examples of unconscious responses

shivering when cold and sweating when hot

blushing when embarrassed
digestion of food in the gut.

When you are thirsty and decide to pour yourself a drink, this response requires awareness
and is therefore categorised as a conscious response. Conscious responses usually involve
input from the CNS (brain) and can involve decision-making or choice. They also tend to
be more complex responses that can involve a series of responses. When you want a drink, a
series of movements need to take place to allow you to walk to the fridge, select your drink
and pour it into the glass. Conscious responses can also be learned; for example, catching or
bouncing a ball.

Other examples of conscious responses are:
putting a jumper on if you feel cold

scratching an itch
throwing a ball

recalling what you ate for breakfast

calculating a maths problem
writing an essay.
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Table 3A-1 Some differences between conscious and unconscious responses

Conscious responses Unconscious responses

Involve awareness

Do not involve awareness

Are more complex, involving a series
of responses

Are simpler, usually involving a single
response to a stimulus

Can involve learning

Generally do not involve learning

Tend to require conscious input from the
brain, such as a decision or choice

Can occur without conscious input from
the brain

Can include voluntary responses, such
as a movement performed by the somatic
nervous system

Can include involuntary functions, such
as those regulated by the autonomic
nervous system

Examples: walking or picking something up

Examples: breathing, digestion, blinking

and spinal reflexes.
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3A KEY SCIENCE SKILLS

Formulating aims, variables and hypotheses

In VCE Psychology, you may be asked to design a piece of research or an experiment

that looks at the relationships between concepts covered within the study design. You

may also be asked to identify or design elements of another person’s research. Basic

elements that you may need to address include:

o determining a research question to investigate

o constructing an aim

o identifying the independent variable (IV), dependent variable (DV) and controlled
variables (if it is a controlled experiment)

« formulating a hypothesis to focus an investigation.

Question

Layla is studying VCE Psychology and has just learned about the roles of the different

divisions of the human nervous system, as well as the role of sensory, motor and

interneurons in the communication of information between these different divisions.

Layla and her friend Abby from her Psychology class were chatting about whether

sensory messages received at certain points on the body would take more time to be

processed and responded to by the brain if they are further away; for example, the foot.

They decided to run a controlled experiment with their classmates to compare the

shoulder, which is closer to the brain, to the foot, which is further from the brain.

a State Layla and Abby’s research question.

Construct an aim for their investigation.

Identify the IV in Layla and Abby’s experiment.

Identify the DV in Layla and Abby’s experiment.

Using your understanding of the nervous system, predict the possible outcome of

Layla and Abby’s investigation.

Based on your prediction in part e, state a hypothesis.

g Suggest a controlled variable that Layla and Abby would need to keep constant and
explain why this would be important in their study.

oD O O T

—
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AIMS AND
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Suggested answer for full marks

a Do sensory messages received at certain points on the body take longer to be
processed and responded to by the brain if they are further away, such as the foot?

b To investigate whether sensory messages received at certain points on your body
take longer to be processed and responded to by the brain if they are further away,
such as the foot.

¢ Whether a sensory stimulus was received on the shoulder (closer to the brain) or foot
(further from the brain)

d The time taken to respond to the sensory stimulus received on the shoulder or foot

e A sensory stimulus that is received on the foot will take longer to respond to than one
on the shoulder. This is because the sensory message has further to travel via sensory
neurons up the leg (in the somatic nervous system) to the spinal cord (in the CNS)
and then up to the brain for processing and coordinating a response, compared with
the shoulder, which is a much shorter distance from the CNS (spinal cord).

f Itis predicted that Psychology students will respond to a sensory stimulus on their
shoulder more quickly than when they respond to a sensory stimulus on their foot.

g Layla and Abby would need to keep the time of day that they were testing each part of
the body (shoulder or foot) constant. Students may be more alert at certain times of
the day, and this will affect their response times. For example, they may be more alert
later in the morning, having been awake longer. If they tested the foot early in the
morning and the shoulder later in the morning, they might record a lower response
time for the shoulder because they are more alert and not because the shoulder is
closer to the brain (IV).

ACTIVITY 3A-2 SPEED OF NEURAL MESSAGES FROM DIFFERENT
BODY PARTS

As a class or with a group of friends, design an experimental method to test whether
a sensory stimulus received on your shoulder would be responded to more quickly
than a stimulus received on your foot. Clearly determine:

e theaim
o thelV
o theDV

« any potential sources of error and possible control variables to account for these
o the hypothesis

« the type of data you will collect and method of data collection you will use

« whether your hypothesis has been supported, by analysing your results.

Check-in questions — Set 5

1 Provide an example of an unconscious response of the nervous system and explain why
it is considered to be unconscious.

Provide an example of a conscious response of the nervous system and explain why it is
considered to be conscious.

N

w

Provide two key distinctions between conscious and unconscious responses of the
nervous system.
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3A SKILLS
VIDEO 3A-3

SKILLS:
Applying your understanding of nervous system divisions and subdivisions NERVOUS

SYSTEM

Assessment questions about the nervous system will usually be asked in the context of a KNOWLEDGE

scenario, where an individual responds to a specific, sensory stimulus. You may be asked
to identify the division or subdivision of the nervous system that would have controlled
or activated a response. In addition, a question may require you to explain a specific
division or subdivision’s role in the response or to describe the interaction between two
or more divisions or subdivisions in coordinating a response.

Question:
The following question is from the 2019 VCAA examination.

Question 1 (5 marks)

Finn was standing near a campfire with his friends when he noticed the fire becoming
hotter against the skin of his legs. To avoid getting burnt by the growing flames, he
took a step away from the campfire.

The human nervous system has two major divisions.

Identify the subdivision of one of these major divisions that activates Finn’s responses
and outline how the subdivision is involved in Finn’s responses.

Key points to remember:
This question has a high mark allocation (5 marks), so it may be useful to plan your
answer to obtain full marks.

The first part of the question asks you to ‘identify’ a subdivision of a major division of
the nervous system. The command term ‘identify’ means to name something and would
be worth 1 mark. You need to name a subdivision of a major division of the nervous
system ‘that activates Finn’s responses. Of course, this division needs to be relevant to
these responses.

To obtain this first mark, you must be clear that the two major divisions of the

nervous system are the central and the peripheral nervous systems. However, the CNS
technically has no subdivisions because the brain and spinal cord do not qualify as
such. Therefore, the only possible options are the somatic and autonomic subdivisions
of the peripheral nervous system. Finn’s responses, as highlighted, are noticing the fire
becoming hotter against the skin of his legs and taking a step away from the campfire,
both of which are conscious responses. Therefore, it is unlikely that the autonomic
nervous system is the subdivision that activated his responses and therefore the correct
division is the somatic nervous system.

The second part of the question asks you to ‘outline how the subdivision is involved in
Finn’s responses. The command term ‘outline’ requires a brief account or a summary.
So, you need to provide a brief account of how the somatic nervous system activated
each of Finn’s responses. Importantly, the question also uses the word ‘responses’ which
implies that you should outline more than one response. Therefore, for the remaining
four marks, you need to provide an explanation of two different functions of the somatic
nervous system (2 marks), with each applied to Finn’s responses (2 marks).

ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
Photocopying is restricted under law and this material must not be transferred to another party.



@ CHAPTER

3 NERVOUS SYSTEM FUNCTIONING

Suggested answer for full marks:
The somatic nervous system, a subdivision of the peripheral nervous system would have
activated Finn’s responses. (1 mark)

First, the somatic nervous system has a sensory function, carrying sensory information
from the body to the CNS. Sensory receptors in Finn’s leg would have detected the heat
from the fire and this information would have been carried via sensory neurons in the
somatic nervous system to his spinal cord in the CNS for processing. (2 marks)

Second, the somatic nervous system has a motor function, carrying motor commands
from the CNS to the body. Motor neurons in Finn’s legs would have communicated to
his muscles to move away from the fire because it was hot. (2 marks)

Note from the examiner’s report:

Responses indicating that the spinal cord activated the response were incorrect

as the scenario clearly described a conscious action. Also, a response identifying
the autonomic nervous system was considered valid if it described accurately how
an autonomic flight response might alert the conscious decision-making system
to the need to move away from the fire, thus being the subdivision that ‘activated’
the conscious response. The range of responses accepted reflected the wording of
the scenario, and valid understandings of the word ‘activated’ in the context of the
nervous system.

Section 3A questions

1
2

3

In terms of CNS function, how are the brain and spinal cord different?

Explain how the brain and spinal cord in your CNS would enable you to type an essay on

your laptop.

Explain the process involved in the spinal reflex of withdrawing your hand when

touching a needle on a cactus plant. Refer to sensory receptors, sensory neurons,

interneurons and motor neurons in your answer.

a Provide an example of a response that involves the central and peripheral nervous
systems working together.

b Explain the role of each system in this example.

Use a Venn diagram to compare the functions of the somatic and autonomic

subdivisions of the peripheral nervous systems.

Use an example of a stressful situation to distinguish between the roles of the

sympathetic and parasympathetic subdivisions of the autonomic nervous system.

Ali wanted to investigate whether the experience level of skydivers affects their stress

responses when skydiving. He conducted an experiment that compared the level of

arousal of professional skydivers who had completed more than 1000 jumps, to first-

time skydivers. He used heart rate monitors to determine their heart rate in beats per

minute (bpm), filmed their faces while jumping to establish the dilation of their pupils

in millimetres (mm) and conducted a blood test to determine the level of adrenaline

in their bloodstreams in picograms per millilitre (pg/mL). A picogram is one-trillionth

of a gram. Ali measured these indicators before, during and after the jump and the

measurements are shown in the following table.
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Professional skydivers

First-time skydivers

Average Average Average Average Average Average
heart rate | pupil size | adrenaline | heart rate | pupil size | adrenaline
(bpm) (mm) level (bpm) (mm) level
(pg/mL) (pg/mL)
Before 72 8 15 85 10 23
jump
During 86 10 21 102 19 35
jump
After jump 81 9 22 100 17 40
a State Ali’s research question.
b State a possible aim of Ali’s research.
¢ Determine the IV of his research.
d Determine the DV of his research.
e Identify one possible source of error for Ali and suggest a way he could have

accounted for this.
f Formulate a research hypothesis.

g Interpret the results and determine whether the hypothesis has been supported or not.

8 In the table below, identify which division or subdivisions of the nervous system is
responsible for performing each response and determine whether it is a conscious or

unconscious response.

Example of a response

Division(s) of the

Conscious or

nervous system

Deciding to have a shot for

unconscious?

a goal in a soccer match

b Your stomach grumbling
because you are hungry

c Kicking the ball in a

soccer match

Developing goose bumps
d on your arms because you
are cold

Moving your arm to wave to

€ your friend across the street

f Planning how you are going
to answer a question
Initiating the quick
withdrawal of your hand

g from a hot object without
your awareness

h Your pupils dilating to see

your attacker more clearly

Becoming hungry after your
i attacker has run away and
the threat has passed
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Neurotransmitters and
neuromodulators

Study Design:

The role of neurotransmitters in the
transmission of neural information
across a neural synapse to
produce excitatory effects (as with
glutamate) or inhibitory effects

(as with gamma-aminobutyric

acid (GABA)) as compared

with neuromodulators (such as
dopamine and serotonin) that have
a range of effects on brain activity

Glossary:

Dopamine
Excitatory effect
Gamma-aminobutyric acid (GABA)
Glutamate
Inhibitory effect
Neural transmission
Neuromodulator
Neuron
Neurotransmitter
Receptor site

Reward pathway
Serotonin
Serotonin pathway
Synapse

Synaptic gap
Synaptic vesicle

Q ENGAGE

Targeting neurotransmitter dysfunction in depression treatment
According to the World Health
Organization, 35 million people
worldwide live with depression.
Symptoms include low mood and/or loss
of interest and pleasure in usual activities.
Symptoms are experienced most days and
last for at least two weeks and interfere
with all areas of a person’s life, including
work and social relationships. Although
there has been a lot of research attempting
to link depression to brain chemistry,
there is still much we do not know.
Depression is not simply the result of a
chemical imbalance such as too much or
not enough of a particular brain chemical.
It is complicated, and there are multiple
causes, such as genetic vulnerability,
severe life stressors, substance use and medical conditions that can affect the way the
brain regulates your moods.

Figure 3B-1 A person with depression
experiences persistent low moods and loses
interest and pleasure in their usual activities.

Most modern antidepressants (selective serotonin reuptake inhibitors, or SSRIs)
influence the levels of the neurotransmitter serotonin in the brain. Effective treatment
with SSRIs can stimulate the growth of new nerve cells in circuits that regulate mood,
and this is thought to play a critical role in recovering from severe depression. So how do
these medications work?
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SSRIs work by preventing . et
serotonin from being Presynaptic channel for
reabsorbed by the body. This (axoﬁetltjarrcr)rr]]inal ) reuptake,
means that serotonin levels blocked by a SSRI

stay high in the brain, which

is believed to improve mood

and treat depression. Usually ~ Synaptic
after a neural impulse is gap
passed between neurons,

and neurotransmitters

. Serotonin
are released into the receptor Post-synaptic
synapse, any unused sites neuron
neurotransmitters are (dendrite)

recycled in a process called . , ,

ke. A ch lin th Figure 3B-2 A close-up of a synapse in which an SSRI has
Ieuptaxe. A channelin the _ blocked a serotonin channel, inhibiting the process of reuptake
membrane of the presynaptic and enabling higher levels of serotonin to remain within the

neuron carries the unused  synapse

neurotransmitter back into the axon terminal for storage until it is needed again. In the
case of serotonin, SSRIs bind to specific serotonin channels on the presynaptic neuron
and block or inhibit its activity, stopping it from reabsorbing serotonin. This allows more
serotonin to remain in the synapse, increasing the levels of serotonin available within the
brain, therefore improving mood and alleviating the symptoms of depression.

VIDEO 3B-1
EXPLAIN NEUROTRANS-
The role of neurotransmitters in neural transmission e .
When you are cold, you can respond consciously by putting on a jumper or unconsciously TORS

by shivering and getting goose bumps on your skin. Both responses involve information

being transmitted throughout your nervous system by neurons. These are individual nerve |
T . . . . . euron
cells, specialised to receive, process and transmit information within the nervous system. o freTvieel

When neurons communicate with each other, this is referred to as neural transmission, ?se?ézgiealllistzgtto

which occurs when a neuron is activated, or fires, sending out an electrical impulse or receive, process
action potential. and/or transmit
information
within the
nervous system

Neural
transmission

an electrical
impulse that
occurs when

a neuron is
activated or fires

Figure 3B-3 Neural transmission between two neurons: the arrows indicate the direction of the
electrical impulse or action potential.
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3;VU1R,\II(E[I]IFEH Activation or firing of a
TRANSMISSION L9 neuron takes place when Presynaptic neuron Action potential

Neurotransmitter
a chemical
produced

by neurons

that carries
messages to
other neurons or
cells within the
nervous system,
including
muscles, organs
and glands

Synapse

the point of
communication
between two
neurons or
between a
neuron and a
target cell such
as a muscle

or gland

Synaptic vesicle
a membrane-
bound sphere
filled with
neurotransmitter
molecules

Synaptic gap

the space
between the
axon terminal of
the presynaptic
neuron and the
membrane of the
post-synaptic
neuron

Receptor site

a membrane
protein on the
dendrites of
neurons that
receive and
detect specific
neurotransmitters

the neuron is stimulated by
a sensory stimulus such as
pressure, heat or light, or
by chemical information
from other cells in the
form of neurotransmitters.
Neurotransmitters are
chemicals produced by
neurons that carry messages
to other neurons or cells
within the nervous system,
including muscles, organs
and glands. The point of

Vesicles

Axon terminal

—— Neurotransmitter
Receptor site

Dendrite

communication between

two neurons or between a
neuron and a target cell, such
as a muscle or a gland, is
called a synapse. The synapse
comprises an axon terminal of the presynaptic neuron, the synaptic gap and a dendrite of
the post-synaptic neuron (Figure 3B—4).

Post-synaptic neuron Action potential

Figure 3B—4 A close-up of a synapse showing neurotransmitters ﬁ
released from vesicles and attaching to receptors +.

The firing of a neural impulse or action potential in one neuron (referred to as the
presynaptic neuron) causes the transmission of a signal to another neuron (referred

to as the post-synaptic neuron). Inside the axon terminal of a presynaptic neuron are

many synaptic vesicles, which are membrane-bound spheres filled with neurotransmitter
molecules. The small space between the axon terminal of the presynaptic neuron and the
membrane of the post-synaptic neuron is the synaptic gap. When an action potential travels
down an axon and into an axon terminal, it triggers chemical changes within the terminal.

This causes the synaptic vesicles to merge with the membrane at the presynaptic

terminal and release neurotransmitters into the synaptic gap. Neurotransmitters travel
across this gap towards the receptor sites on the dendrites of the post-synaptic neuron.
They then attach or bind to the receptor sites, which are specialised to receive specific
neurotransmitters, and make it either more or less likely to fire a further neural impulse or
action potential. This depends on the type of neurotransmitter and its effect.

Post-
™ synaptic
The neural ) The . nliekuerlor’][orr;i(lj’;e
impulse This cagses neurotransmﬂters (exc?ffato )
I the vesicles then b|ndl to The . ry).
theaxon = to releasg — receptor 5|t§s - neurotransmitter —
terminals of neurotransmntgrs on the dendrites then makes
the presynaptic into the synaptic of the pqst- the:
neuron. gap. synaptic
neuron.

ﬁj Figure 3B-5 A summary of the transmission of neural information across the synapse
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Check-in questions — Set 1

1 What is the role of neurons in the nervous system?

2 What are neurotransmitters and what do they do?

3 Using the terms listed, draw and label a diagram of a synapse. Indicate the direction of
the neural impulse, presynaptic neuron, post-synaptic neuron, axon terminal, dendrite,
synaptic vesicle, neurotransmitter, receptor site, synaptic gap.

4 Using your own diagram or flow chart, describe how information is transmitted across
a synapse.

Excitatory and inhibitory effects of neurotransmitters

Excitatory neurotransmitters

Generally, a neurotransmitter can be categorised according to the effect it has on the post-
synaptic neuron. These effects can be excitatory or inhibitory. Excitatory neurotransmitters
increase the likelihood that the post-synaptic neuron will fire an action potential or neural
impulse, thus having an excitatory effect on the post-synaptic neuron. The main excitatory
neurotransmitter in the nervous system is glutamate (Figure 3B-6).

0
Synaptic
vesicle

! Post-synaptic i

neuron

Figure 3B-6 A representation of glutamate (red and white molecules), the main excitatory
neurotransmitter in the nervous system, being released from synaptic vesicles (the round orange
structures) into the synaptic gap across the presynaptic membrane towards receptor sites on the
post-synaptic neuron
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Excitatory effect
the increased
likelihood that
the post-synaptic
neuron will

fire an action
potential or
neural impulse

Glutamate

the main
excitatory
neurotransmitter
in the nervous
system, which

is involved with
learning and
memory
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Glutamate plays an important role in learning
and the formation of memories in the brain, by
stimulating essential structural and functional
changes to the connections between neurons.

Figure 3B-7 A neural pathway of connected neurons

3C SYNAPTIC
PLASTICITY

Inhibitory effect
the decreased
likelihood that
the post-synaptic
neuron will

fire an action
potential or
neural impulse

Gamma-
aminobutyric
acid (GABA)
the main
inhibitory
neurotransmitter
in the nervous
system,
associated with
anxiety, specific
phobias and
Parkinson’s
disease

CHAPTER 10

3A THE CENTRAL

AND
PERIPHERAL
NERVOUS
SYSTEMS
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you retrieve
complete ho

Glutamate is released when a neural pathway
associated with an experience is activated

or stimulated. For example, as you read this
text and form a memory about the excitatory
effects of neurotransmitters, glutamate will
be released in the neural pathway associated
with this concept in your brain. Each time

this memory, when you revise,
mework, and discuss the concept

in class or with your friends, this pathway
will probably be strengthened. However, if
you do not revise regularly, or complete your

homework, this neural pathway will probably
become weaker over time. These changes to the strength of your neural connections are
referred to as synaptic plasticity, discussed in detail in Section 3C.

Check-in questions — Set 2

1 Name an excitatory neurotransmitter.

2 What is meant by an excitatory effect in relation to neurotransmitters?
3 Describe the role of glutamate when learning something new and storing a memory of it.

Inhibitory neurotransmitters

Inhibitory neurotransmitters decrease the likelihood that the post-synaptic neuron will fire
an action potential or neural impulse, thus having an inhibitory effect on the post-synaptic

neuron. The main inhibitory neurotransmitter in the
nervous system is gamma-aminobutyric acid (GABA).

The brain (CNS) requires that the different
neurotransmitters are in balance, as too much or too
little of certain neurotransmitters can be harmful to

the functioning of neurons. For example, without
sufficient levels of the inhibitory neurotransmitter
GABA, activation of post-synaptic neurons may get out
of control because the excitatory effects of glutamate
take over, leading to mental disorders such as anxiety.
This is often associated with hyperactivity in various
regions of the brain, as well as increased arousal because
of sympathetic nervous system activation, as discussed
in Section 3A, resulting in physiological responses such
as increased heart and breathing rates. When the brain’s
neurochemistry is in balance, the inhibitory action

of GABA counterbalances the excitatory activity of
glutamate and vice versa.

Gallagher et al

Figure 3B-8 Within our brain
there is a balancing act of
excitatory neurotransmitters
such as glutamate and inhibitory
neurotransmitters such as GABA.
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Neurotransmitters

: :
_ _

Stimulate or activate Suppress or slow down
post-synaptic neurons, post-synaptic neuron
increasing their activity, decreasing their
likelihood of firing likelihood of firing
Example: glutamate Example: GABA

“ﬁj Figure 3B-9 A summary of the inhibitory and excitatory
effects of neurotransmitters

ACTIVITY 3B-1 STOP MOTION VIDEO OF NEURAL TRANSMISSION

Using playdough, craft materials, lollies or random objects from around your house,
create a stop motion video to demonstrate the differences between the inhibitory and
excitatory effects of neurotransmitters at the synapse. Think about how you might
distinguish between these two very different effects on the post-synaptic neuron using
your materials. You could use an app such as Stop Motion Studio to create your video.

Glutamate: GABA:

e is the primary excitatory e is the primary inhibitory
neurotransmitter in the CNS, neurotransmitter in the CNS,
making post-synaptic neurons making post-synaptic neurons
more likely to fire less likely to fire

e gctivates or stimulates neural activity e suppresses or slows down
in the brain neural activity in the brain

e is involved in neural plasticity and ® in low levels is associated
the processes of learning and with conditions such as anxiety,
storing a memory. and specific phobias.

Ei_:l Figure 3B-10 A summary of the features of the main excitatory neurotransmitter in the brain
L3 (glutamate) and the main counteracting, inhibitory neurotransmitter in the brain (GABA)
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Neuromodulator
a subclass of
neurotransmitters
that alter

the strength

of neural
transmission,

by increasing or
decreasing the
responsiveness
of neurons to
neurotransmitter
signals

3C SYNAPTIC
PLASTICITY
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Check-in questions — Set 3

Name an inhibitory neurotransmitter.

What is meant by an inhibitory effect in relation to neurotransmitters?

What is the of role of GABA within the nervous system?

Why does the brain (CNS) require that different neurotransmitters such as GABA and
glutamate are in balance?

5 Provide two differences between glutamate and GABA.

A WN

The role of neuromodulators

Neuromodulators are a subclass of neurotransmitters. They are chemical molecules just
like neurotransmitters; however, instead of simply enabling direct communication

across a single synapse, as a neurotransmitter does, neuromodulators can also alter the
overall effectiveness of neural transmission in entire regions of the brain. They do this by
increasing or decreasing the responsiveness of many neurons to neurotransmitter signals
or action potentials. Neuromodulators tend to be released in a slower, diffuse manner,
meaning that targeted brain regions consisting of neural tissue can be affected by their
chemical broadcast signals. This means that neuromodulators have a very wide range of
action and are longer lasting than neurotransmitters, which act more quickly.

The act of neuromodulation also differs from neurotransmission, in that it does not

result in excitation or inhibition of a specific neuron. Instead, it can alter both the

cellular and synaptic properties of multiple neurons so that neurotransmission between
them is altered. For example, they can modulate the efficiency of synaptic transfer, and
strengthen neural pathways involved in learning and memory by activating neurons and
triggering long-lasting changes to synaptic activity (long-term potentiation is discussed in
Section 3C). Cellular changes that can occur include an increase in dendritic receptors in
the post-synaptic neuron (improving post-synaptic stimulation) and increased production
of neurotransmitters in the presynaptic neuron.

Common neuromodulators in the CNS are serotonin, acetylcholine and dopamine, which
can act both as a neurotransmitter targeting a specific post-synaptic neuron across a
synapse, and as a neuromodulator. In this section, we will focus on dopamine and serotonin
as examples of neuromodulators that can have a range of effects on brain activity.

Table 3B-1 The differences between neuromodulators and neurotransmitters

Neurotransmitters Neuromodulators

Chemicals released by a Chemicals released by neurons
presynaptic neuron to send signals | to alter the effectiveness of

to the post-synaptic neuron neural transmission

Role To transmit chemical signals to To alter the neural transmission
the adjacent neuron of neurons by controlling

the synthesis and release of
neurotransmitters

Outside the synapse into the
neural tissue in brain regions
Groups of neurons

Moderately slow and last for
longer periods

Description

Site of release Into the synapse

Target
Speed of action

A single post-synaptic neuron
Moderately fast

Gallagher et al
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Neuromodulators
e.g. dopamine

' '

Can act as a neurotransmitter, directly
comunicating across the synapse
and affecting an individual neuron

Can modulate brain activity in particular
regions by influencing the transmission
of many neuronal signals

Figure 3B-11 Some neuromodulators such as dopamine can act as neurotransmitters, affecting a
single neuron, but also in a modulating capacity, influencing many neurons in particular regions of
the brain.

Dopamine as a neuromodulator

When you do any activity that you enjoy — spending

time with friends, playing sport, playing computer 2
games, watching your favourite show, shopping,
eating your favourite food — dopamine is released,
giving you feelings of pleasure and wellbeing.
Dopamine is a multifunctional neurotransmitter

with both excitatory and inhibitory effects that

is involved in many CNS functions in addition

to pleasure, such as movement, attention, mood,
cognition and motivation. Dopamine is a modulating

neurotransmitter or neuromodulator because it

reinforces the neural activity in regions of the brain \\
associated with these functions, for example the

reward pathway. E

The reward pathway refers to a group of structures

in the brain that are activated by rewarding or
reinforcing stimuli, such as seeing a cupcake if you
are hungry or anticipating a cold glass of water if you
are thirsty. The pathway controls our responses to natural rewards, such as food, sex and
social interactions, and is therefore an important determinant of motivation. When we are
exposed to these rewarding stimuli, the brain increases the release of dopamine along this
reward pathway in the brain, which modulates the brain activity of the structures along it.
The more dopamine released within the reward centre, the more a stimulus is sensed as a
reward. When we first see a stimulus we desire, or even just anticipate, dopamine travels
throughout the reward pathway telling us to repeat what we just did to get that reward
again. It also triggers memory regions of the brain to pay attention to all the features of that

Figure 3B-12 Dopamine is

often referred to as a ‘feel good’
neurotransmitter because it gives us
feelings of pleasure and wellbeing.

rewarding experience, so it can be repeated in the future. These regions are discussed in
detail in Chapter 6.

Let’s look more closely at some examples of brain activity and the associated behaviours
that dopamine modulates, including thirst and drinking, hunger and eating, and addiction.
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Prefrontal
cortex

Nucleus
accumbens

Ventral
tegmental
area

Figure 3B-13 A cross-section of the brain showing the dopamine
reward pathway in blue. Dopamine is produced in the ventral
tegmental area and travels in neurons to the nucleus accumbens
and then the prefrontal cortex.

Check-in questions — Set 4

1 Why is dopamine considered to be neuromodulator?

N

What is the reward pathway and what is its function?
What happens to dopamine levels in the reward pathway when someone is exposed to a

rewarding stimulus or anticipates one?

Figure 3B-14 When we drink in response to being thirsty,
the process of sipping water releases dopamine in the
reward pathway, producing feelings of pleasure.

The role of dopamine in thirst

and drinking

Think of a time when you were extremely thirsty and
how satisfying it was to finally drink a glass of water.
Have you ever wondered why we find drinking water
so rewarding when we are thirsty? Reward signals
are carried by dopamine along the brain’s reward
pathway, and it appears to play a role in drinking
behaviours and thirst. The gulping motion made by
the throat as liquid is swallowed sends a message to
the brain that water has been consumed, quieting the
neurons that generate the urge to drink. Dopamine
release is coupled with the gulping motion and
drinking behaviour, which suggests that drinking is

a learned behaviour. You have been drinking water

all your life, and that may have been reinforced by the release of dopamine, which produces
feelings of pleasure that we seek to repeat.
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A team of researchers wanted to determine whether the release of dopamine associated
with thirst and drinking is due to the behaviour of drinking itself or the resulting hydration.
So they used a sensor that glows in the presence of dopamine. They put this sensor into
mouse brains, and recorded dopamine levels in real time as the mice performed actions
such as drinking water. The researchers looked at dopamine levels after thirsty mice drank
water and other non-hydrating liquids. They also recorded dopamine levels after they
injected water directly into the stomach of the mice, just like an intravenous drip, which
simply hydrated the mice.

The researchers found that the thirsty mice had a large surge in dopamine levels after
drinking water and that these dopamine changes happened even before drinking would
have had any effect on the level of water in their bloodstream. In contrast, the mice that
had water injected into their stomachs did not release any dopamine afterwards, suggesting
that the act of drinking itself is rewarding, not the feeling of being hydrated. Interestingly,

a spike in dopamine also occurs when you drink beverages that leave you feeling thirsty

because this spike depends on the process of licking, sipping or gulping and not on
hydration or the kind of liquid we drink.

’ Mouse hydrated by drinking water Mouse hydrated by water
injected into stomach

\

f

Water injection

1
_ . |
() ()
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<@ @
2 2 :
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© ©
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o o |
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- L - >
Time Time
Dopamine levels in brain Dopamine levels in brain of mouse
of mouse drinking injected with water into stomach

Figure 3B-15 A study showed that thirsty mice had a large surge of dopamine in their brains after

drinking liquid, compared with mice that had water injected into their stomachs, not releasing any
dopamine afterwards.
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The role of dopamine in hunger and eating

Hunger is also a motivational sensation that leads us to consume food. The consumption of
food releases dopamine and gives us feelings of pleasure, therefore increasing our chances
of eating food the next time we experience hunger. The reward system is prominent in
modulating our appetite and motivational drives for food. The brain receives signals

from several hormones that indicate when food is needed or not. These signals modify
dopamine output from the brain’s reward pathway, controlling our motivation for food.
Research indicates that dopamine plays an essential role in appetite control. For example,
when laboratory mice are deprived of dopamine, they die of starvation, completely lacking
motivation to feed themselves. When they were given dopamine supplementation, they then
ate normally, which suggests that a base level of dopamine is required for a healthy appetite.

Hunger results from a decrease in the baseline dopamine levels in our brain. This decrease
is thought to trigger a series of reactions in the brain, increasing dopamine-dependent
behaviours such as seeking out food and eating it. When we then eat food, dopamine levels
rise above the baseline, and we experience pleasure, reinforcing this pattern of brain activity
and behaviour. Once our hunger is satisfied, dopamine levels fall back to the baseline.
Interestingly, studies show that cravings can influence how much dopamine is released

in our brain. For example, if you have a craving for chocolate, when you eat it, your brain
releases more dopamine than if you ate something you were not craving.

) p

Dopamine

levels |
decrease This results in(azirqea je?in

bellow . in th_e oo
baseline in sensation > . . —
the reward of hunger seeking/eating
pathway of behaviour.
the brain.

“gj Figure 3B-16 A summary of how dopamine modulates hunger and reinforces eating behaviours

Figure 3B-17 If you eat a food you are craving, such as chocolate, more dopamine is released in the
reward pathway of your brain than if you eat something you are not craving.
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The role of dopamine in addiction

Dopamine’s close connection to the reward centre in our brains and its ability to act as

a motivating agent for completing pleasurable activities means that it is associated with
unhealthy and addictive behaviours such as over-eating, smoking, drinking alcohol or using
other addictive substances, excessive smartphone use, gambling and computer gaming.
This is because whenever we see a reward worth chasing, our brain produces higher levels
of dopamine, motivating us to complete the task, no matter how unhealthy or difficult the
task might be.

Figure 3B-18 Some examples of unhealthy behaviours linked to dopamine

The dopamine theory of addiction suggests that most addictions are caused by the brain’s
inability to produce dopamine naturally without the behaviour or the substance that
someone is addicted to. Only the behaviour or the substance provides enough dopamine
to feel pleasure and excitement. Thus, when the person consumes more of the substance
or performs more of the behaviour, their brain will require more of that same behaviour
or substance to increase the levels of dopamine in their brain and experience pleasure.
Eventually, this repetition leads to addiction.

Increased dopamine
released in the reward
pathway, producing
feelings of pleasure

This increases the urge
to continue playing and
seeking out the same
feelings of pleasure.

\/

QOver time, less dopamine
is produced, diminishing
the brain’s supply.

Figure 3B-19 The cycle of addictive behaviours such as gambling and
computer gaming
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Check-in questions — Set 5

1 Based on evidence from research with mice, what happens to dopamine levels in the
brain after we drink a liquid of any kind when thirsty?

Describe the research evidence about the link between dopamine and hydration of the
bloodstream when thirsty.

Why is hunger considered to be a motivational sensation?

Describe how dopamine modulates appetite or hunger.

What happens to dopamine levels in the brain when we eat and are satisfied?

How can eating something you crave influence the release of dopamine in the brain?

N

(o) IS ) I ~ N OV ]

The most popular computer games today are completely immersive, involving vast digital
landscapes that unfold in eye-popping detail, with characters that evolve from one level to
the next. These games are deliberately designed, with the help of psychology consultants, to
make players want to keep playing. This is because they flood the reward centre of the brain
with dopamine, giving gamers a ‘rush; like what is observed in the brains of people who

use highly addictive stimulant drugs such as amphetamine or cocaine. The human brain

is wired to crave instant gratification, fast pace and unpredictability, and all three of these
aspects are satisfied by computer games.

Similarly, in gambling, one of the main drawcards is its uncertainty. This could be the

size of the jackpot, the risk of losing or the probability of winning at all. In fact, dopamine
release is increased during the moments leading up to a potential reward or win, referred to
as an anticipation effect, giving gamers a rush or a ‘high’ even if they lose. This can often set
off an urge to keep playing rather than walk away, referred to as ‘chasing losses.

Figure 3B-20 Computer gaming is a potentially harmful Figure 3B-21 Losing money when gambling triggers

behaviour because it has addictive qualities, flooding the  the rewarding release of dopamine almost to the same

reward centre with dopamine and giving gamers a ‘rush’. degree that winning money does. This can set off the
urge to keep playing.

ACTIVITY 3B-2 RESEARCH TASK: DOPAMINE-BASED TREATMENTS

FOR ADDICTION

There are a variety of treatments available for all types of addictions. With a partner,
research treatments that target dopamine in the brain such as dopamine agonists. How
do they work to treat addiction? You could share your ideas with the class in the form of
a presentation.
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Serotonin as a neuromodulator

Serotonin is an inhibitory neurotransmitter that also acts as a neuromodulator, influencing
a variety of brain activities. Interestingly, more than 90% of the body’s serotonin is found in
the gastrointestinal tract as a part of the gut—brain axis (discussed in Chapter 4), where it
has a role in regulating bowel function and in reducing appetite, as well as other important
functions. However, it is best known for its role in the brain, where it modulates virtually
all human behavioural processes, including mood, perception, reward, anger, aggression,
appetite, memory, sexuality and attention.

The serotonin pathway originates in the brainstem and extends to almost all areas of the
cerebrum including the cerebral cortex. Serotonin is produced in the brain stem and then
travels in the direction of the arrows, modulating brain activity in these areas. Impairments
to the serotonin pathway system have been linked to anxiety disorders and depression, as
well as Parkinson’s disease.

Let’s look more closely at some examples of brain activity and the associated behaviours
that serotonin modulates, including mood, impulsivity and aggression, as well as sleep.

Cerebrum (cerebral cortex)

Brain stem

—— Serotonin pathway

Figure 3B-22 The serotonin pathway in the brain

The role of serotonin in mood

Generally, research shows that when serotonin levels are high,
mood improves. However, there are a lot of other chemical
processes happening in the body, so it is difficult to establish a
cause-and-effect relationship. For example, just like the chicken
and the egg scenario, it is unclear whether depressed people stop
making serotonin, or if low levels of serotonin lead to depression.
It is also unclear whether there are other factors that cause both
depression and low serotonin. Other possible causes include faulty
serotonin receptors or a lack of tryptophan, which is an amino acid
from which serotonin is made in the gut. Despite this uncertainty,
it is clear from research that balanced serotonin levels often lead to
calm, focused, happy and stable moods. When levels dip too low,
this has devastating effects on the brain’s ability to regulate mood,
because low serotonin levels are mostly commonly associated with
depression and anxiety.
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Figure 3B-23 Lowered serotonin levels
in the brain can be associated with
depression and anxiety.
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The role of serotonin in sleep
Serotonin is generally required for us to have normal amounts of sleep. Research has
also shown that lower levels of serotonin in the brain can also disrupt the circadian
CHAPTER 7 rhythm of sleep—wake cycles (discussed in detail in Chapter 7). By disrupting the
circadian rhythm of sleep—wake cycles, an imbalance in serotonin leads to restless sleep
during which a person wakes up often, leading them to lack sleep at night and desire
sleep during the day. This is often a symptom of depression, which is also associated
with lower levels of serotonin.

There are two main factors that
control sleep. One is the circadian
or body clock (also discussed in
detail in Chapter 7): when it is
light during the day, the body is
awake, and when it gets dark, the
body knows to sleep. The other
factor is called homeostatic sleep
pressure. When you wake up in
the morning, you have just had
some rest, and so you're energetic.
As the day goes on, you get tired
and sleepy, so the pressure to
sleep increases. If you don'’t sleep
that night, your sleep pressure

is even higher, and you are even
more tired the next day even
though it’s light outside, and your
circadian clock dictates that you
should be awake. The theory is that, in order to sleep, you need to have high sleep pressure
and the circadian clock needs to be aligned with the time of day. Research generally shows
that if the brain lacks serotonin, a person will have a reduced sleep pressure, thus increasing
restlessness and wakefulness when they should be sleeping.

Check-in questions — Set 6

1 Describe the serotonin pathway.
2 Describe the link between serotonin and depression.
3 How can low serotonin levels affect our sleep patterns?

Figure 3B-24 A lower level of serotonin in the brain leads to increased
restlessness and difficulty sleeping at night.

The role of serotonin in aggression and impulsivity

Research shows that serotonin helps regulate brain activity associated with
impulsive and aggressive behaviours. Several studies have investigated serotonin’s
involvement in impulsivity, which is described as an assessment of whether to take
an immediate reward, or to wait for a future, potentially larger, reward. It has been
shown that a lower level of serotonin in the brain, particularly the cerebral cortex,
leads people to discount a delayed reward, increasing impulsive behaviours.
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It has also been determined that a higher serotonin level in the same brain area leads to
people waiting longer for rewards, thus reducing impulsivity.

In terms of aggression, research indicates that low levels of serotonin in the brain can

affect communication between specific structures within the limbic system responsible for

regulating emotions. In particular, communication between a structure called the amygdala

(discussed in relation to memory in Chapter 6) and the frontal region of the cerebral cortex CHAPTER 6
becomes weaker, making it more difficult for the frontal area of our cerebral cortex (which

makes decisions) to control and regulate emotional responses to anger that are generated

within the amygdala, increasing aggressive and violent behaviours.

Amygdala

Low levels of
serotonin

/

Increased brain
activity associated
with aggression
and impulsivity

Figure 3B-26 A lower level of serotonin in the
Figure 3B-25 The amygdala are responsible for producing brain leads to an increase in impulsive and
various emotional responses, such as anger. aggressive behaviours.

3B SKILLS

VIDEO 3B-2
SKILLS:
Explaining the process of neural transmission in a real-world context EXPLAINING
In the VCE Psychology exam, it you are asked a question about any ‘process’ in ?IE}\JI\T%SSION
psychology, you can represent it with a diagram if this is easier for you. You will not be

marked down as long as the diagram is annotated with key terminology explaining the

process. You could also use dot points, numbers or subheadings to help your explanation,

particularly if there is an order to the process you are describing. The process of neural

transmission has a lot of terminology, so the more succinct your responses relating to it

are, the clearer they will be and the easier it should be to obtain marks.

Question:

The following question is from the 2020 VCAA examination.
Question 3b (4 marks)

When Raafe learnt to type when he was a child, he used only the index finger on each
hand to develop his skills. As an adult, Raafe applied for a job as an administrative
assistant and needed to learn a technique called touch-typing, which uses all fingers on
both hands. His touch-typing skills would be tested as part of the job selection process.

With reference to the process of neural transmission, explain the role of glutamate in
learning touch-typing.
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Attempted answer:

In the process of neural transmission, the action potential is activated and travels down
the presynaptic neuron towards the synapse, which is where two neurons meet but do
not touch. When the action potential reaches the axon terminal, neurotransmitters are
released into the synaptic gap. Given that Raafe is learning to touch-type, glutamate
would be the neurotransmitter involved. It would travel across the gap and be detected
by receptor sites on the dendrites of the post-synaptic neuron. As glutamate is the main
excitatory neurotransmitter in the nervous system, it would make this post-synaptic
neuron more likely to fire, helping strengthen this pathway for Raafe, enabling him to
learn how to touch-type.

Comments:

This answer would obtain

4 marks; however, it is wordy and could take too much time to produce under the time
pressure of exam conditions. You could use a diagram and dot points to effectively
minimise the words used and simplify the answer overall. The following answer uses
fewer words but still includes all the key terminology. By using numbered dot points
and a diagram, it makes the process very clear and still links back to the question and
the scenario in order obtain

full marks.

Suggested answer for full marks:
1 Action potential travels along
the presynaptic neuron to

the synapse.

2 Glutamate is released from
the axon terminal into the
synaptic gap.

3 Glutamate travels across
the gap and is detected by
receptor sites on dendrites of
the post-synaptic neuron.

4 Glutamate is the main
excitatory neurotransmitter
in the nervous system, making
the post-synaptic neuron
more likely to fire, helping to
strengthen this pathway for
Raafe and enabling him to
learn how to touch-type.

1 Action potential

2 Glutamate released

3 Synaptic gap

4 Increased firing of
post-synaptic neuron
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Section 3B questions

1 Using key terminology, explain how neurotransmitters enable two neurons to
communicate across a synapse. You can use a diagram to aid your explanation if
you wish.

2 Use a Venn diagram to compare excitatory and inhibitory effects of neurotransmitters
in the nervous system.

3 Identify the main inhibitory neurotransmitter in the nervous system and explain
its role.

4 Identify the neurotransmitter associated with learning and memory, and explain the
role it plays in this process.

5 As well as dopamine, why is serotonin also considered to be a neuromodulator?

6 Explain the relationship between serotonin levels in the brain and brain activity relating
to aggression and impulsivity.

7  Identify whether each statement is a feature of a neurotransmitter or a neuromodulator.
a  They are chemicals released by neurons to alter the effectiveness of neural

transmission.
b Their role is the transmission of chemical signals to the adjacent neuron.
¢ They are only released into the synapse.
d  They are effective on groups of neurons.
e Their role is to alter the neural transmission of neurons by controlling the
synthesis and release of neurotransmitters.
f  They act moderately fast.

8 Describe the role of dopamine as a modulating neurotransmitter within the CNS.

9 Explain how dopamine is associated with rewarding thirst-related behaviours such
as drinking.

10 Describe how dopamine motivates us to eat.

11 Explain why dopamine is linked to unhealthy addictive behaviours.

12 Use a diagram or flow chart to represent how unhealthy behaviours such as gambling
or computer gaming become addictive as a result of changes to levels of dopamine in
the reward pathway of the brain.

13 Explain how serotonin modulates brain activity relating to aggression.
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Synaptic plasticity

Study Design: Glossary:

Synapitic plasticity — resulting from Dendritic spine

long-term potentiation and long-term Filigree appendage
depression, which together act to Long-term depression (LTD)
modify connections between neurons Long-term potentiation (LTP)
(sprouting, rerouting and pruning) — as Pruning

the fundamental mechanism of memory Rerouting

formation that leads to learning Sprouting

Synaptic plasticity
Synaptogenesis

@ ENGAGE

Using neural plasticity to recover from brain damage
Cheryl was 39 years old when

a routine operation caused an
infection that damaged 98% of her
vestibular system within her brain.
The vestibular system is important
for communicating and coordinating
neural messages about the position
of the head, movement of the eyes
and maintaining postural balance.
She explains to people she meets
that it ‘feels like I am a wet noodle’
moving around without stability.
Her doctors explained that because
the neurons in her brain are not
communicating between the
synapses as they should, there is not
much they can do. This was until

a team of specialists in the field of
neuroscience, including prominent
psychiatrist Dr Norman Doidge,
created a plastic helmet fitted with

. . Figure 3C-1 Cheryl using a helmet fitted with motion
motion sensors. It contained an sensors, connected to a mouthpiece that provides her
internal device to measure her with feedback sensations on her tongue.

movement, and a metal strip that connected in her mouth. While wearing the helmet, if
Cheryl began falling uncontrollably forward, she would feel a sensation ripple to the tip
of her tongue. If her head fell to the side, the sensation moved to the side of her tongue.

Over time, Cheryl was able to use the helmet and the sensations on her tongue to retrain
the neural connections in her brain to coordinate her head and eyes while maintaining
balance within her environment. As life went on, she relied on the helmet less and less,
as her brain was able to adapt using neural plasticity. Eventually, her brain could control
her postural balance and head coordination significantly more than when she was first
unwell. This has enabled her to live a relatively normal life and perform daily tasks such
as driving her car.
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Long-term potentiation and long-term depression
When we learn something new and store a memory of it, a relatively permanent or stable
connection between neurons is formed. Specific changes usually occur within the synapse

Figure 3C-2 A representation of the neural networks
within the brain being activated

Figure 3C-3 A representation of a synapse, where both
long-term potentiation and long-term depression occur

between neurons, referred to as
synaptic plasticity, which results in
a strengthening or a weakening of
these connections based on activity
levels. The ability of the entire
brain and its neural networks to
change, grow and reorganise is
referred to as neural plasticity,

or neuroplasticity, as covered in
Unit 1. In the case of learning

and the formation of a memory;,
glutamate is released each time a
neural pathway associated with

an experience is activated. Given
that glutamate is an excitatory
neurotransmitter, it stimulates
activity in a pathway, and promotes
neural connectivity in general,
making our memory stronger.

There are two important processes
involved in neural plasticity:
long-term potentiation (LTP) and
long-term depression (LTD). Both
processes are the result of repeated
activation of neural pathways and are
involved in the consolidation of long-
term memories in specific brain
regions such as the hippocampus,
discussed in Section 6B.

We have already established that
when a neural pathway is activated
during the process of learning,

the excitatory neurotransmitter
glutamate is released. Through

repeated activation of this pathway, it will strengthen. This is long-term potentiation (LTP),

a relatively permanent strengthening of synaptic connections resulting from repeated
activation of a neural pathway. For example, if your tennis coach teaches you a new
serving technique, it may take you some time to learn. But each time you practise, you are
activating the new pathway in your brain associated with this technique. Through LTD, this
neural pathway becomes stronger, making it easier for you to serve.
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Long-term depression

Long-term
;J;preTSipn I('-TD) (LTD) is essentially the

e relative . .
permanent y opposite of LTP. It involves
TR a relatively permanent
of synaptic . .
connections Weakenlng of synaptic

as a result of
repeated low-
level activation a result of repeatedly

lower levels of activity in

connections. This is usually

a neural pathway. It helps
our brain to adapt or
change neural pathways
and to get rid of or ‘prune’
neural connections that
are no longer useful. For
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example, when your tennis Figure 3C-4 When learning a new serving technique with your
tennis coach, both LTP and LTD are occurring in the neural
pathway associated with this in your brain.

coach teaches you a new
technique for serving, the
neural pathway in your brain associated with the old way you used to serve is repeatedly
going to receive a lower level of stimulation over time, and will eventually be used less
and less. As you modify your technique, practising the new way and using the old way
less and less, both LTD and LTP will be at play, enabling your brain to change and create
a more efficient neural pathway.

LTP: LTD: More efficient
strengthening weakening I neural pathways
of synaptic of synaptic as a result of
connections connections - neural plasticity

Figure 3C-5 Long-term potentiation and long-term depression work together to produce more
efficient neural pathways.

Check-in questions — Set 1

Explain the term ‘synaptic plasticity’

Describe the role of synaptic plasticity in learning and memory formation.
Distinguish between the processes of LTP and LTD.

In terms of learning and the formation of a memory, explain how LTP and LTD work
together to make neural pathways more efficient.

A WN R

Modifications resulting from LTP and LTD

When tweaking its construction, the brain works like a sculptor — starting with more than
it needs so it can carve away the excess and achieve the perfect design. This sculpting
occurs via LTP and LTD, acting together to modify synaptic connections between neurons
in our brain, making the process of learning more efficient. Specific modifications can be
identified as a part of this process, including sprouting, rerouting and pruning. Let’s look at
these modifications more closely.
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3C SYNAPTIC PLASTICITY @

Sprouting

The process of sprouting involves the growth of axon and/or dendrite fibres at the synapse,

as shown in Figure 3C-6. These ‘sprouts’ change the physical structure or appearance of

the neurons, so they look ‘bushier’ For example, after learning about sprouting and storing

a memory of it, if you were to look at the associated neurons under a microscope, you

would see changes to their physical appearance, such as the:

« growth of dendritic spines on the post-synaptic neuron, resulting in the dendrites
appearing ‘bushier’

« growth of axon sprouts called filigree appendages on the axon terminal of the presynaptic
neuron

» formation of additional synapses where these dendritic spines and filigree appendages
meet, referred to as synaptogenesis.

Dendrite
Synapse
Presynaptic \ ~
neuron
AXO\” Post-synaptic

neuron

Dendrite spines

Filigree appendages

Presynaptic
neuron

Axon

\ Post-synaptic

/\ neuron
Many synapses

Figure 3C-6 Top: A synapse between two neurons before the process of long-

term potentiation. Bottom: The same neurons after the process of long-term

potentiation. Filigree appendages have grown from the axon of the presynaptic

neuron, and dendritic spines have grown from the post synaptic neuron,

forming new synapses between them, through synaptogenesis.

Rerouting

Human beings are constantly adapting their behaviours and learning more efficient ways
of doing things. This usually requires rerouting, the formation of new neural connections
to establish alternative neural pathways. Let’s return to the example of your tennis coach
teaching you a new serving technique. When you first learned your original serving
technique and practised this, a well-established neural pathway or ‘route’ would have been
formed and strengthened over time as a result of LTP. When your coach then teaches you
the new technique for serving, the original neural pathway may undergo some rerouting
as a result of LTD, and an alternative pathway associated with the new technique would be
formed. It is also likely that the process of sprouting will also occur as the neurons in this
alternative or ‘rerouted’ pathway would strengthen their connections due to your practising
the new serving technique over time.
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Sprouting

the growth of
axon or dendrite
fibres at the
synapse

Dendritic spine
a dendrite fibre
that grows by
sprouting on the
post-synaptic
neuron

Filigree
appendage

a fibre that
grows by
sprouting

from the axon
terminal of the
presynaptic
neuron

Synaptogenesis
the formation of
new synapses
that result from
the process of
sprouting

Rerouting

the formation of
new connections
between neurons
to establish
alternative
neural pathways
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@ CHAPTER 3 NERVOUS SYSTEM FUNCTIONING

Pruning
Pruning Synaptic pruning allows the brain to fine-tune its neural networks and strengthen the
gierg" :ZS:O?L connections between neurons that are important for brain functioning. This is similar to
and synaptic how a gardener prunes or trims away excess branches on a fruit tree so that the resulting
o ?:fg;ggs branches can produce healthier and better-tasting fruit. As we previously established,
E?engll‘j‘rig:grllcy the process of LTD usually involves some pruning, where excess neurons and synaptic
N . connections are eliminated in order to increase the efficiency of neuronal transmissions.

Excess dendritic spines and filigree appendages are formed when we learn something and
activate this pathway each time we practise the skill or revise the information and form a
long-term memory of it. Over time, our brain works out which route(s) is/are most efficient
or optimum so that excess branches can be pruned away once this is established, making
communication between neurons in this pathway more direct and efficient.

Main pathway associated with the orginal

serving technique
’u L ) . Hi E ‘ :

Minor pathway

t

The new serving technique uses the minor
pathway more and strengthens it through
sprouting new fibres and synaptogenesis

As the original pathway is now used less,
its connections are pruned through LTD

//'
L,::%‘*\ y '

The serving technigue has become rerouted to the
minor pathway, which now becomes the main pathway

A

R

:
!

Ej Figure 3C-7 Rerouting a neural pathway and pruning less-used connections through
Li long-term depression when learning a new tennis serve
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3C SYNAPTIC PLASTICITY @
Check-in questions — Set 2

1 Describe two modifications that occur as a result of sprouting at a synapse.

2 Explain the difference between sprouting and pruning

3 Using your own example, explain the role of rerouting when learning and forming
a memory.

3C SKILLS

VIDEO 3C-2
Synaptic plasticity as the fundamental mechanism of memory formation that leads gﬂll_/l\-g:ﬂc
to learning PLASTICITY

You have read in this section how synaptic plasticity and in particular the processes of
LTP and LTD are essential to learning and memory formation. The involvement of both
processes enhances neural pathways, making them more efficient. This underpins the

topics of memory and learning covered later in this unit.
WORKSHEET 3C-1

Assessment questions in relation to synaptic plasticity are often based on a scenario in o ’}‘?"SSDJE'T?QEONS

which someone is learning a new skill. It is essential that you can explain the importance &) rowm

of both LTP and LTD in this case. ANDLTD

The following question is based on the question from the 2020 VCAA examination that l%lgUR OTRANS.

you looked at in 3B Skills. MITTERS AND
NEUROMODULA-

Question (4 marks): TORS

When Raafe learnt to type when he was a child, he used only the index finger on each
hand to develop his skills. As an adult, Raafe applied for a job as an administrative
assistant and needed to learn a technique called touch-typing, which uses all

fingers on both hands. His touch-typing skills would be tested as part of the job
selection process.

Explain how both LTP and LTD were involved when Raafe learned the new touch-
typing technique.

Answer:

LTP involves a relatively permanent strengthening of synaptic connections as a result
of repeated activation of a neural pathway. In Raafe’s case, each time he practises the
new touch-typing technique, the neurons in this pathway are activated, strengthening
his memory of the technique and making it easier for him to perform the technique
in future.

LTD involves a relatively permanent weakening of synaptic connections as a result of
minimal stimulation. So as an adult, Raafe’s neural connections and memory of how to
type using only his index finger would have been weakened due to minimal activation,
as he learned how to use the new touch-typing technique, using this old pathway less
and less.
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@ CHAPTER 3 NERVOUS SYSTEM FUNCTIONING

Section 3C questions

1 Identify whether these statements are true or false.
a The ability of the entire brain and its neural networks to change, grow and reorganise
themselves is referred to as neural plasticity.
b Glutamate is an excitatory neurotransmitter, meaning it slows activity in a pathway,
and does not promote neural plasticity, making memories weaker.
¢ Only the process of LTP is involved in the consolidation of long-term memories in
specific brain regions such as the hippocampus.
d A relatively permanent strengthening of synaptic connections due to repeated
activation is referred to as long-term potentiation.
2 Identify whether the following changes are associated with LTP or LTD.
a Presynaptic neurons appearing bushier as a result of filigree appendages growing
on axon terminals
b An increase in the number of synapses between presynaptic and post-synaptic
neurons
¢ New connections formed between neurons in an alternative neural pathway
d Post-synaptic neurons appearing bushier because of dendritic spines growing
e A decrease in the number of synapses between presynaptic and post-synaptic
neurons
3 Rico is going on a skiing trip with his friends for his 30th birthday. He learned how to
ski when he was a child but has not been skiing since.
a Explain the role of LTP in the formation of Rico’s memory of how to ski that he
would have learned and practised as a child.
b Describe the associated modifications that would occur to Rico’s neural pathway
associated with skiing as a child.

¢ When Rico goes skiing on the first day of his trip, he realises his skiing skills are
a little rusty. He finds it difficult to stop and to perform turns. In terms of LTD,
explain why Rico is finding it harder to ski as an adult.
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Chapter 3 review

Summary

Create your own set of summary notes for this chapter on paper or in a digital document. A model

summary is provided in the Teacher Resources, which can be used to compare with yours.

Checklist

In the Interactive Textbook, the success criteria are linked from the review questions and will be
automatically ticked when answers are correct. Alternatively, print or photocopy this page and
tick the boxes when you have answered the corresponding questions correctly.

Success criteria — | am now able to: Linked questions

3A.1 Identify the different divisions of the nervous system 10

3A.2 Explain the role of the central nervous system, including the brain 18c]
and spinal cord

3A.3 Explain the role of the peripheral nervous system, including the 2], 50J
somatic and autonomic subdivisions and the further subdivisions of
the sympathetic and parasympathetic nervous systems

3A.4 Compare and contrast the roles of the different divisions and 170J
subdivisions of the nervous system

3A.5 Apply my understanding of the role of each division and subdivision 170
of the nervous system to real-life examples of sensory stimuli received
by the body

3A.6 Describe the key features of both a conscious and unconscious 18al], b[]
response and provide examples of each

3A.7 Distinguish between the key features of conscious and 18al], b[]
unconscious responses

3A.8 Correctly identify a conscious or an unconscious response from a 18al], b[J
real-life example

3A.9 Explain the role of the spinal reflex as an example of an adaptive, 18e[]
unconscious response

3A.10 Explain how a spinal reflex occurs when responding to 30, 18d0J
sensory stimuli

3A.11 Apply my understanding of the spinal reflex to a real-life example 18b[]
of sensory stimuli received by the body

3B.1 Explain the role of neurotransmitters in transmitting information 40, 190
across a neural synapse

3B.2 Distinguish between the excitatory and inhibitory effects of 6], 70J
neurotransmitters on the post-synaptic neuron

3B.3 Explain the role of glutamate in the production of excitatory effects 9]

3B.4 Explain the role of GABA in the production of inhibitory effects 8, 1901
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Success criteria — | am now able to: Linked questions
3B.5 Explain the role of neuromodulators and their effects on brain activity 14(], 2100
3B.6 Explain how dopamine and serotonin both work as neuromodulators 12[1], 20a[]J
in the brain
3B.7 Compare the effects of dopamine and serotonin on brain activity 1403, 2100
3B.8 Distinguish between neurotransmitters and neuromodulators 1301
3C.1 Explain what is meant by synaptic plasticity 1001, 160
3C.2 Describe the modifications that occur to connections between 150]

neurons as a result of sprouting, rerouting and pruning

3C.3 Explain how both long-term depression and long-term potentiation o0d, 110J
modify the connections between neurons

3C.4 Explain the relationship between synaptic/neural plasticity and the 100
formation of memories that leads to learning

Key Science Skills

Skills Questions and Skills boxes

Identify, research and construct aims and questions for investigation 3A Key Science Skills
Chapter review — 17¢

|dentify independent, dependent and controlled variables in 3A Key Science Skills
controlled experiments Chapter review — 17b—f
Formulate hypotheses to focus investigations 3A Key Science Skills
Chapter review — 17g
Predict possible outcomes of investigations Chapter review — 17b
Design and conduct investigations; select and use methods Chapter review — 17e

appropriate to the investigation, including consideration of sampling
technique (random and stratified) and size, equipment and
procedures, taking into account potential sources of error and
uncertainty; determine the type and amount of qualitative and/or
quantitative data to be generated or collated.

Multiple-choice questions

1 The central nervous system is composed of
A all of the nerves and neurons throughout the body.
B the somatic and autonomic nervous systems.
C the brain and spinal cord.
D the sympathetic and parasympathetic nervous systems.

2 The autonomic nervous system
A consists of the somatic and peripheral nervous systems.
B functions mostly without our conscious awareness and controls involuntary bodily functions
such as heart rate, blood pressure and digestion.
C functions consciously and controls voluntary movements of skeletal muscles.
D consists of the brain and spinal cord.
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A spinal reflex is
A a conscious response because it involves input from the brain in order to perform
the movement.
B an unconscious response because it involves input from the brain in order to respond to
a stimulus.
a conscious response because it involves awareness in order to ensure our response to the
stimulus is quick.
an unconscious response because it occurs before the brain provides input and is initiated by
the spinal cord.

(g}

|w)

Which of the following correctly identifies the specialised structure and corresponding function
at any given synapse?

Structure Function

A | synaptic gap neurotransmitters are stored

B | post-synaptic neuron action potential is initiated

C | receptor site neurotransmitters travel across this space
D | presynaptic neuron releases neurotransmitters from vesicles

Dion is playing soccer with his father. His father is defending the goals when Dion kicks the ball
with his left foot and shoots a goal. Which of the following identifies the correct response and
nervous system division/subdivision involved?

Response Nervous system

A | muscles in his left leg contract somatic

B | spinal reflex initiated CNS

C | spinal reflex initiated autonomic
D | muscles in his left leg relax somatic

Which of the following is correct in relation to excitatory effects of neurotransmitters?

A They involve the increased likelihood of presynaptic neurons firing and include
neurotransmitters such as glutamate.

B They involve the decreased likelihood of post-synaptic neurons firing and include

neurotransmitters such as GABA.

They involve the increased likelihood of post-synaptic neurons firing and include

()

neurotransmitters such as glutamate.
They involve the decreased likelihood of presynaptic neurons firing and include
neurotransmitters such as GABA.

w)

The two main neurotransmitters that need to be in balance for optimal functioning of the
brain are

A glutamate because it is inhibitory and dopamine because it is excitatory.

B dopamine because it is both excitatory and inhibitory, and GABA because it is inhibitory.
C dopamine because it is inhibitory and glutamate because it is excitatory.

D glutamate because it is excitatory and GABA because it is inhibitory.
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8 In terms of neurotransmitters, anxiety can be explained by
A alack of GABA, causing increased neural activity in the brain.
B excess GABA, causing decreased neural activity in the brain.
C alack of glutamate, causing increased neural activity in the brain.
D excess dopamine, causing decreased neural activity in the brain.

9  Which of the following identifies a difference between long-term potentiation and long-term

depression?
A | changes are relatively permanent changes are not relatively permanent
B | occurs in the synapse does not occur in the synapse
C | involves the neurotransmitter glutamate involves the neurotransmitter dopamine
D |involves an increase in the activity of the does not involve an increase in the activity
post-synaptic neuron because of the of the post-synaptic neuron
increased release of glutamate

10 The role of synaptic plasticity in the formation of a memory leading to learning is that

A it enables a relatively permanent or stable connection between neurons to be formed as a
result of neural activation.

B atemporary or unstable connection between neurons is formed as a result of a lack of
neural activation.

C it promotes neural disconnection in general, making our memories weaker.

D it promotes the stability of the brain’s neural structure, making it more difficult to change
and adapt as a result of experience.

11 Which of the following correctly identifies a modification that would occur as a result of

LTD at the synapse?

A The post-synaptic neuron becomes more sensitive in response to presynaptic
neurotransmitter release because of additional receptor sites growing.

B More neurotransmitters (glutamate) are released over time, as a larger amount is required
to stimulate the post-synaptic neuron.

C The post-synaptic neuron becomes faster at detecting a signal, speeding up the firing of an
action potential and more efficient communication overall.

D The post-synaptic neuron becomes less sensitive in response to presynaptic
neurotransmitter release because of a reduction in the number of receptor sites.

12 Which of the following is correct in relation to dopamine and hunger?

A Dopamine levels in the brain decrease below the baseline level when we are hungry, and
increase above the baseline after we eat and are satiated.

B Dopamine levels in the brain decrease below the baseline level when we are hungry, and
increase back to baseline after we eat and are satiated.

C Dopamine levels do not change from our baseline in relation to hunger.

D Dopamine levels in the brain increase above the baseline level when we are hungry, and
decrease below the baseline after we eat and are satiated.
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13 Which statement about neuromodulators is incorrect?
A They only communicate across the synapse.
B Their speed of action is moderately slow.
C They alter the effectiveness of neural transmission in entire regions of the brain.
D They transmit a signal to groups of neurons in brain tissue.

14 Which of the following is true of dopamine’s effect on brain activity?
A Hunger results from an increase in the baseline dopamine levels in the brain.
B Dopamine acts as a motivating agent for avoiding pleasurable activities
C When we are thirsty, there is a surge of dopamine in our brain.
D Dopamine release decreases during the moments leading up to a potential reward or win
when gambling.

15 Rerouting primarily involves the
A formation of new connections in order to establish alternative neural pathways.
B removal of excess neurons and synaptic connections.
C formation of filigree appendages on the post-synaptic neuron.
D formation of dendritic spines on the post-synaptic neuron.

16 Synaptic plasticity
A only involves the process of long-term potentiation.
B is defined as the ability of the entire brain and its neural networks to change, grow
and reorganise.
C involves the release of GABA when forming and storing a memory.
D is defined as the specific changes that occur within the synapse, between neurons.

Short-answer questions

17 Outline two differences between the somatic and autonomic nervous systems. (4 marks)

18 Kira is cooking spaghetti bolognese for her sister Verity. While she prepares the finishing
touches to the meal, the oven timer goes off, letting her know that the garlic bread she has
baked is ready. As Kira reaches into the oven to take it out, she begins to salivate and her
stomach rumbles in response to the delicious smell wafting out of the oven.

a Describe what is meant by a conscious response and provide an example from

the scenario. (2 marks)
b Use another example to distinguish the response you chose in part a from an

unconscious response. (2 marks)
¢ Identify one role of Kira’s brain while she prepares dinner for her sister. (1 mark)

d As Kira reaches into the oven to take out the garlic bread, her forearm brushes the side of
the oven. Her arm quickly withdraws, and she realises that she has burned herself. Identify
the type of response involved in Kira’s arm quickly withdrawing and outline the neural
process involved. (4 marks)

e Explain why Kira’s response in part d is considered to be adaptive for her. (2 marks)

19 With reference to GABA, explain how a neural message is communicated at the synapse
between two neurons. (3 marks)
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20 Professor Rankin plans to conduct a study to determine whether changes to dopamine levels
in the brain are linked to computer gaming addiction in males aged 14—16 years. She and
her team believe that gaming addiction occurs because of depleted levels of the modulating
neurotransmitter dopamine in the reward pathway of the brain over time.

Professor Rankin wishes to observe the patterns of brain activity and levels of dopamine
associated with computer gaming. She plans to obtain teenage male volunteers who respond to
an advertisement to schools in her local area. She wishes to have a control group of 20 teenage
males who do not play computer games at all, who will be compared to an experimental group
of teenage males who play computer games for more than 20 hours a week, a level which she
considers problematic.

Brain scanning will be used to observe the neural activity of dopaminergic neurons (neurons

that produce dopamine) and therefore the level of dopamine present in the reward pathway

before and after playing a computer game in the laboratory.

a Provide two roles of dopamine as a neuromodulator within the nervous system. (2 marks)

b Using your understanding of the relationship between dopamine and computer gaming,
predict an observation Professor Rankin is likely to make when measuring the neural
activity of dopaminergic neurons in the reward pathway of teenage males in the control

group compared to those in the experimental group. (1 mark)
¢ Construct an aim for Professor Rankin’s research. (1 mark)
d Identify the independent variable. (1 mark)
e Identify a possible source of error and explain how Professor Rankin could use a
controlled variable to account for this. (2 marks)
f Identify the DV. (1 mark)
g Formulate a hypothesis for the study. (3 marks)
21 Distinguish between the neuromodulators dopamine and serotonin. (2 marks)
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CHAPTER

4

STRESS AS AN EXAMPLE OF A
PSYCHOBIOLOGICAL PROCESS

Introduction

Stress is an unavoidable part of our lives. Daily hassles such as waiting in a queue at the
supermarket checkout, life events such as completing your final VCE examinations and receiving
your ATAR, and traumatic events such as being in a car crash, will result in some level of stress.
These experiences cause familiar symptoms such as increased heart rate, muscle tension,
headaches, upset stomach and sleepless nights.

The bad news is that stress can affect us both psychologically, within our mind, and biologically,
within our body. In particular, it can affect our nervous system functioning, which you already have
an understanding of from Chapter 3.

The good news is that stress is normally an adaptive response that primes you to confront a
challenge if it gets out of hand or is unnecessary, it can be managed. In this chapter, you will explore
the different ways in which stress can affect nervous system functioning, the role that our thought
processes can have on the stress we experience, and how emerging research indicates there is a two-
way relationship between our brain and gut when it comes to experiencing stress and anxiety.

Curriculum
Area of Study 1 Outcome 1
How does the nervous system enable psychological functioning?

Study Design: Learning intentions — at the end of this chapter | will be able to:

e |[nternal and external 4A Internal and external stressors
stressors causing 4A.1 Understand that internal and external stressors cause
psychological and psychological and physiological stress responses,
physiological stress including the flight-or-fight-or-freeze response, and
responses, including the understand the role of cortisol in chronic stress
flight-or-fight-or-freeze 4A.2 Define ‘stress’, ‘stressor’ and ‘stress response’
response in acute stress 4A.3 Distinguish between internal and external stressors and
and the role of cortisol in provide examples of each
chronic stress 4A.4  Explain what is meant by acute stress
4A.5 Explain the features of the flight-or-fight-or-freeze
response as an example of an acute stress response
4A.6  Apply my understanding of the flight-or-fight-or-freeze

response
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Study Design:

The gut-brain axis
(GBA) as an area of
emerging research

with reference to the
interaction of gut
microbiota with stress
and nervous system

in the control of
psychological processes
and behaviour

The explanatory

power of Selye’s
general adaptation
syndrome (GAS) as

a biological model of
stress, including alarm
reaction (shock/counter
shock), resistance and
exhaustion

The explanatory

power of Lazarus and
Folkman'’s transactional
model of stress and
coping to explain stress
as a psychological
process (primary and
secondary appraisal
only)
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Learning intentions — at the end of this chapter | will be able to:

4A.7
4A.8

4A.9

Explain what is meant by chronic stress

Describe the role of the hormone cortisol in chronic

stress responses

Apply my understanding of the role of cortisol to examples
of chronic stress

The gut-brain axis

Understand the GBA, and how stress can interact with
gut microbiota and the nervous system, affecting our
psychological processes and behaviour

Explain the structure and role of the GBA

Understand the relationship between gut microbiota and
the nervous system

Explain how stress can influence the relationship between
gut microbiota and the nervous system and how this
affects our psychological processes and behaviours
Apply the relationship between stress, gut microbiota
and the nervous system to psychological processes

and behaviours

A biological model of stress

Understand the explanatory power of Selye’s GAS as a
biological model of stress

Describe the key features of Selye’s GAS, including the
stages of alarm reaction (shock/counter shock), resistance
and exhaustion

Apply my understanding of the GAS to explain real-world
examples of responses to stressful events

Evaluate the explanatory power of the GAS as a biological
model of stress, by outlining its strengths and limitations

A psychological model of stress

Describe Lazarus and Folkman’s transactional model of
stress and coping, including the stages of primary and
secondary appraisal

Understand how Lazarus and Folkman'’s transactional
model of stress and coping explains stress as a
psychological process

Outline why Richard Lazarus and Susan Folkman
propose that stress is a psychological process that is
unigue to the individual

Apply my understanding of the transactional model

of stress and coping to explain real-world examples of
responses to stressful events

Evaluate the explanatory power of the transactional model
of stress and coping, as a model used to explain stress as
a psychological process

Compare and contrast the GAS and the transactional model
of stress and coping as models used to explain stress

Gallagher et al
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Study Design: Learning intentions — at the end of this chapter | will be able to:

e Use of strategies 4E Strategies for coping with stress and improving
(approach and mental wellbeing
avoidance) for coping 4E.1 Identify and describe strategies for coping with stress and
with stress and improving mental wellbeing
improving mental 4E.2 Explain and apply strategies for coping with stress and
wellbeing, including improving mental wellbeing
context-specific 4E.3 Explain the importance of context-specific effectiveness
effectiveness and and coping flexibility in relation to the successful use of
coping flexibility coping strategies

VCE Psychology Study Design extracts © VCAA; reproduced by permission

Key Science Skills

o Determine appropriate investigation methodology: case study; classification and identification;
controlled experiment; correlational study; fieldwork; literature review; modelling; product,
process or system development; simulation

« Work independently and collaboratively as appropriate and within identified research

ALNAINY /2

constraints, adapting or extending processes as required and recording such modifications

Glossary

Acute stress Countershock Irrelevant

Alarm reaction stage Enteric nervous system (ENS)  Microbe

Appraisal Exhaustion stage Primary appraisal
Approach strategy External stressor Resistance stage
Avoidance strategy Flight-or-fight-or-freeze Secondary appraisal
Benign/positive response Shock

Challenge General adaptation syndrome  Stress

Chronic stress (GAS) Stressor
Context-specific effectiveness ~ Gut Threat

Coping Gut microbiota Transactional model of stress
Coping flexibility Gut-brain axis (GBA) and coping
Coping strategy Harm/loss Vagus nerve

Cortisol Internal stressor
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CONCEPT MAP @

Concept map

The flight-or-fight-or-freeze response and the role of cortisol in chronic stress

\

4A Internal and external stressors

Flight Fight

Selye’s general adaptation
syndrome, including alarm
reaction (shock/counter

Lazarus and Folkman'’s
transactional model
of stress and coping

Emerging research into the
interaction of gut microbiota
with stress and nervous

system shock), resistance and (primary and
exhaustion) secondary appraisal)
4B The gut-brain axis 4C A hiological model of stress 4D A psychological

model of stress

Increasing *

Stage 1 Alarm reaction
Shock Counter
shock

Stage 3
Exhaustion

Weak and
vulnerable

Decreasing ~

I ey
How am | going to deal with this?
What do | need to o to cope?
AN AR

Use of different strategies such as approach and avoidance for coping with the physiological
and psychological symptoms of stress

1 4

4E Strategies for coping with stress and improving mental wellbeing

Approach strategies: involve confronting

Towards the stressor directly

‘ Avoidance strategies: involve evading a

Qraien stressor and dealing with it indirectly

See the Interactive Textbook for an interactive version of this concept map
interlinked with all concept maps for the course.
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@ CHAPTER 4 STRESS AS AN EXAMPLE OF A PSYCHOBIOLOGICAL PROCESS

2%, Internal and external stressors
4 B
A ’ '.

Study Design: Glossary:

Internal and external stressors causing Acute stress

psychological and physiological stress Chronic stress

responses, including the flight-or-fight-or- Cortisol

freeze response in acute stress and the External stressor

role of cortisol in chronic stress Flight-or-fight-or-freeze response
Internal stressor
Stress
Stressor

G eneace

Stress levels in healthcare workers during the COVID-19 pandemic
During the COVID-19 pandemic, healthcare workers were on the front line,
participating directly in the care, diagnosis and treatment of patients with COVID-19.
This exposed them to a higher
risk of developing chronic

stress, psychological distress,
and many other mental health
symptoms. In a study conducted
with a population of around 200
healthcare workers at a hospital
in Buenos Aires, Argentina,
workers provided hair samples
that were tested for the hormone
cortisol. In this section, you will
learn about the role of cortisol (a
hormone) in the stress response
and how it is associated with
chronic stress.

Figure 4A-1 Healthcare workers experienced high levels
of stress working during the COVID-19 pandemic.

The healthcare workers also completed surveys about their perceived stress, social
support, burnout scale and life event scales. The results showed that 40% of the
healthcare workers had hair cortisol levels outside the healthy reference range. These
higher cortisol levels were correlated with higher perceived stress levels, as well as
emotional exhaustion and burnout. This study concluded that healthcare workers were
subjected to significantly increased levels of stress and burnout, which could have had
long-term effects on their health that would need to be managed.

:ﬁ EXPLAIN
Stressors and the stress response

Stressor We experience many events that can be stressful. These range from minor irritating events,
any event that p Y g g

causes stress or such as being stuck in a traffic jam or having a lot of homework, through to challenging,

is perceived as e . . .. . . .

athront ard o life-changing events suc.h asa s1gn1f1ce?nt injury or losing your home in a bu‘sbflre. Stressful
challenge to our events can also be positive, such as being offered entry into two equally exciting university

ability to cope .
y P courses. Any event that causes stress is referred to as a stressor.
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When we feel stressed, we
experience both psychological

and biological symptoms (Figure
4A-2). This is because stress is a
psychobiological process, a state of
mental, emotional and physiological
tension in response to something
that is perceived as challenging

or threatening our ability to cope.
This ‘something’ is a stressor. The
biological response includes various
symptoms, such as an increase

in heart rate and muscle tension.
Psychologically, we experience
feelings and thoughts that are unique

4A INTERNAL AND EXTERNAL STRESSORS @

Psychological, Biological, including
including feelings physical responses
such as fear, such as increased
excitement and heart rate and
thoughts such as increased muscle
‘| can't cope'. tension
Stress is a
psychobiological
process

Figure 4A-2 Stress is a psychobiological process
involving psychological components, such as thoughts
and feelings, and biological components, such as
increased heart rate and muscle tension.

to us and subjective, such as fear, anxiety or excitement and anticipation. We will generally
only experience stress if we believe that the demands of the situation are threatening our
ability or resources to cope. However, if we believe we can cope, then an event may be

perceived as challenging, but not necessarily as a stressor. For example, some people may
find a job interview extremely stressful and anxiety provoking, but others may see it as an
opportunity to highlight their skills to a potential employer.

Stress

a state of
mental,
emotional and
physiological
tension, resulting
from a stressor

VIDEO 4A-1
STRESS AS
A PSYCHO-
BIOLOGICAL
PROCESS

Figure 4A-3 Some situations or events that can cause stress: a traffic jam, schoolwork, arguing with a loved one or losing
your home in a bushfire
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@ CHAPTER 4 STRESS AS AN EXAMPLE OF A PSYCHOBIOLOGICAL PROCESS

Check-in questions — Set 1

1 Define ‘stress.
2 Use an example to explain why stress is considered to be a psychobiological process.
3 Use an example to explain the relationship between stress and a stressor.
Internal stressor
a cause of
stress that
originates within

an individual; Internal and external stressors

can be both : : ; ; i
psychological Stressors can be classed as either internal or external. Both the physical pain from an injury
and biological/ and the high expectations you have of yourself are internal stressors. These are causes of
physiological

stress that originate within an individual and can be both psychological and biological.

Figure 4A-4 Some internal stressors are having high expectations and the pain from an injury.

Pain that results from an injury is a biological internal stressor because it is caused by
physiological damage to cells in the body, activating pain receptors in the nervous system,
thus potentially resulting in stress. Other biological internal stressors are having an illness,
disease or condition that causes unpleasant physical symptoms; for example, a virus,
cancer or chronic fatigue syndrome, which cause aches and pains or a lack of energy. These
physical symptoms could impair your ability to complete daily tasks, meet deadlines or
attend school or work, therefore causing you stress.

Psychological internal stressors result from a person’s mental processes — their thoughts,
mindset and feelings such as fear. Having high expectations of yourself is a psychological
internal stressor because it places unrealistic pressure on you to be perfect, leading to
negative thoughts and inevitably causing you stress.

External stressor External stressors are sources of stress that originate outside of an individual. They include
tahg?%sr?g?:asttgsss environmental events and social or cultural stressors, such as:
from outside an o loud noises and extreme temperatures
individual, such . . . . .
as an event o « life events, such as planning a wedding or graduating from high school
environmental « loss of a significant relationship, such as through divorce or death
extreme . .
« environmental catastrophes such as earthquakes, bushfires and floods.
ISBN 978-1-009-25416-8 Gallagher et al © Cambridge University Press & Assessment 2022
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Figure 4A-5 summarises the features of internal and external stressors.

Internal External
Originate inside the Originate outside the
individual individual
Y Y Y Y
Psychological Biological ) Environmental Sociocultural
e expectations ® pain e |oud noises e daily hassles
e feelings e illness e extreme e |ife events
e mindset e sleep deprivation temperatures e |oss of significant
relationships
e catastophes

h 4

ﬁj Figure 4A-5 The features of internal and external stressors

ACTIVITY 4A-1 YOUR SOURCES OF STRESS E‘ES‘E gggrgF

STRESS
To distinguish between the

different internal and external
stressors in your life right now,
draw an outline of your body
such as the one shown here (or
download a copy of this activity
from the Interactive Textbook).
Inside the body outline, write
all the internal stressors you
are currently experiencing.
Outside the body outline, write
all the external stressors you are
currently experiencing.

Are you experiencing more
internal or more external
stressors? Why? Even though
they can be distinguished from
one another, how might internal
and external stressors be
related? Discuss this by referring
to examples from your own life.
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Check-in questions — Set 2

1 Distinguish between internal and external stressors.

2 Identify whether these stressors are internal or external.
a A stomach-ache

A deadline for an assignment

A heatwave of 40°C

A loud party next door when you are trying to sleep

Feeling overwhelmed

A headache

Moving house and changing schools

Having a mindset that you are going to fail your next SAC

An argument with your best friend

Expecting to get a 99.95 ATAR

oSl 0 o O T

— —

Acute and chronic stress
Our environment is constantly changing, which exposes us to a variety of stressors of

Acute stress different severity and time frames. Acute stress usually occurs because of a sudden threat
3!3:3;?&% that only lasts for a short time and can include situations such as sitting an exam, starting
because of a a new job, giving a speech, or being faced with a work deadline. This type of stress can be
sudden threat . . . . . .

and only|lasts beneficial because it can help us deal more effectively with the challenge. However, it can
for a short time also be more intense and involve life-threatening situations, such as being the victim of an
Chronic stress assault. Once the stressor is removed or is successfully dealt with, we tend to make a quick

stress that lasts
for a long time

recovery, and our body promptly returns to homeostasis.

In contrast, chronic stress involves a prolonged and constant feeling of stress. This might be
due to social isolation and loneliness, relationship problems, bullying, or living in an unsafe
environment such as a war zone. Chronic stress tends to be worse for your body because it
can suppress your immune system, upset your digestive and reproductive systems, increase
the risk of heart attack and stroke, and speed up the ageing process. It can leave you more

vulnerable to anxiety, depression and other mental health problems.

Despite being worse for your ongoing physical health and mental wellbeing, chronic stress
tends to be less intense or severe than acute stress. However, recovering from chronic stress
can take a lot longer, given the ongoing problems it can cause.

e Sudden or short term
e More intense or more severe
e Can be beneficial and help us deal with challenges

e Ongoing, prolonged or long term
e | ess intense or less severe
e Generally, more detrimental to our health

Figure 4A-6 The features of acute and chronic stress
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Check-in questions — Set 3

1 Describe acute stress and provide an example.

2 Describe chronic stress and provide an example.

3 Explain why chronic stress is detrimental to our ongoing physical and mental health.
4 Create a Venn diagram to compare and contrast acute and chronic stress.

Flight-or-fight-or-freeze response

An example of an acute stressor is an upcoming interview for the school captaincy. If you
really wanted the position and you were worried about whether you had done enough
extracurricular work to secure the captaincy, you might experience a variety of physiological
symptoms in the lead-up to your interview, such as a racing heart rate, sweaty palms or an
upset stomach. These symptoms are the result of involuntary, biological processes that we all
experience automatically, irrespective of the type of stressor to which we are exposed.

These physiological changes occur very rapidly, without our awareness, because of the

flight-or-fight-or-freeze response. This is an automatic, biological response to a perceived

stressor that increases our chances of survival in our environment. It is an acute stress

response and is also considered to be adaptive, in that it minimises possible harm, and

enables us to deal with the stressor most effectively by instinctively adopting one of three

options:

o a flight’ response — which involves evading or escaping the stressor; for example, quickly
running out of your home to escape an intruder

 a fight’ response — which involves dealing with the stressor directly; for example, picking
up a cricket bat to potentially hit an intruder in your home

 a freeze’ response — which involves the immobilisation of the body such as minimising
movement or vocal sounds to avoid detection; for example, hiding quietly in a cupboard
when an intruder is in your home.

Flight Fight

Figure 4A-7 In a flight response, we run away or escape. In a fight response, we respond to deal with
or confront the stressor. In a freeze response, we hide or remain still to avoid the stressor.

Freeze

Fight or flight responses

In fight or flight responses, you experience similar physiological responses, such as
increased heart rate, sweaty palms and dilated pupils as a part of an acute stress response.
This is because the fight or flight response is activated by the sympathetic subdivision of
the autonomic nervous system. As was discussed in Chapter 3, the autonomic nervous
system works unconsciously, without our awareness, to regulate our arousal and internal
bodily functions. In the case of a fight or flight response, our arousal is increased because a
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response
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biological
response to
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increases our
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survival in our
environment

. 3ATHE CENTRAL

. AND PERIPHERAL
NERVOUS
SYSTEMS

© Cambridge University Press & Assessment 2022



@ CHAPTER 4 STRESS AS AN EXAMPLE OF A PSYCHOBIOLOGICAL PROCESS

threat or stressor has been identified by our nervous system. This increased arousal helps
prepare us to deal with the situation and increase our chances of survival.

Table 4A—1 includes some examples of how these changes may benefit us in a fight or
flight situation.

Table 4A-1 The adaptive benefit of different fight or flight responses for survival

Physiological changes Adaptive benefit of these changes

Increased heart rate, breathing To quickly transport oxygenated blood to the muscles in

rate and blood pressure our extremities to prepare them for action

Dilated pupils To increase the amount of light entering the eye to
potentially see more clearly

Slowed digestion rate and To divert energy to where it is needed most, such as the

decreased salivation muscles in our extremities

Increased sweat production To keep the body cool when increased energy is expended

Increased muscle tension To prepare our muscles for action

Freeze response

The freeze response is also thought to have adaptive value. When attacked by a predator,
some animals freeze or ‘play dead’ This type of response is often referred to as ‘tonic
immobility’ and includes motor and vocal inhibitions. It is also thought that freezing is

a way for the nervous system to prepare to immediately shift into fight or flight action.
Therefore, freezing is not considered to be a passive state but rather a parasympathetic
brake on certain body systems. For example, our skeletal muscles will be inactive in order to
conserve energy but will still remain ready for action by being slightly tense. If we are hiding
from an intruder in our home, the freeze response would enable us to remain quiet and

still to avoid detection. However, if we could sense that we were about to be found, it would
enable us to run and escape if needed, because our muscles are prepared to do so.

Fight or flight

Y Y v

Example:

Sympathetic Can involve aggressive !
. . confronting an
nervous system is responses or fleeing .
) o attacker or running
dominant the situation

away from them

v v v

: Used when fleeing a Example:
Parasympathetic N _—
; situation or when hiding from an
nervous system is ) .
. aggressive responses attacker and being
dominant

are likely to be ineffective  as quiet as possible
ﬁj Figure 4A-8 A brief summary of the key features that distinguish a freeze

response from a fight or flight response
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Check-in questions — Set 4

1 a Whatis the flight-or-fight-or-freeze response?
b Explain why it is considered to be adaptive.

2 Why is a flight-or-fight-or-freeze response also considered to be an example of
acute stress?

3 Use an example other than those in the text to explain the fight, flight and freeze
responses.

4 Using the table, list two different physiological changes that occur as a result of the
flight-or-fight-or-freeze response and explain their potential adaptive benefit for
someone completing their driving test to obtain their P plates.

Physiological changes Adaptive benefit

5 Provide one similarity and one difference between a fight or flight response and a freeze
response.

Role of cortisol in chronic stress
When we are stressed, a cascade of hormonal and physiological responses occur. If we

. . . . Cortisol
perceive an event to be stressful, the adrenal glands, which sit on top of each of the kidneys, a?:rolrsn(q’one
are activated as a part of the flight-or-fight-or-freeze response (Figure 4A-9). A surge of gg‘;g#gl‘?;;’r{(}:e
stress hormones, including adrenaline (or epinephrine), occurs and is associated with the that regulates
various biological responses we experience, such as increased heart rate and respiratory gg’é‘ﬁ; gfgf:sgés
rate. In times of prolonged and chronic stress, when the stressor persists and the body including ’
continues to perceive it as a threat, another stress hormone called cortisol is produced and Qﬂz’igﬁ!fg; »
is released from the adrenal cortex, the outer layer of the adrenal glands (Figure 4A-10). in response
Cortisol allows the body to continue to stay on high alert over long periods of time. to stress
Adrenal
/ glands Adrenal cortex
ﬁx

Figure 4A-9 The adrenal glands are small, . o _
triangular-shaped glands on top of both Figure 4A-10 Cortisol is produced in the adrenal
kidneys. They produce hormones that help ~ cortex, which is the outer layer of each adrenal gland.
regulate your metabolism, immune system,
blood pressure and response to stress.
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Cortisol regulates a wide range of processes throughout the body, including metabolism
and the immune response. It is released directly into the bloodstream and transported
throughout the body. Almost every cell in your body contains receptors for cortisol, so it
can have many different actions depending on the cells it is acting upon. In conjunction
with other hormones, cortisol modifies the body’s glucose levels, regulates metabolism,
acts as an anti-inflammatory agent, controls salt and water balance and influences
blood pressure. It also has a very important role in helping the body respond to stress.
It predominately benefits us in times of chronic stress by:
« boosting our energy levels and increasing blood glucose levels
« heightening our alertness, increasing the brain’s use of glucose
o increasing the body’s ability to repair tissue
« diverting energy from non-essential bodily functions such as digestion, growth

and reproduction.

Despite the benefits of cortisol (Figure 4A—11), high levels of cortisol in our bloodstream
for prolonged periods can be detrimental. Cortisol suppresses the immune system, making
us more susceptible to colds and contagious illnesses. When we experience ongoing chronic
stress, our risk of cancer and autoimmune diseases, as well as psychiatric conditions such as
anxiety and depression, increases.

Increased
blood glucose
for brain
and body
Heightened ‘ Increased
alertness ability to
_—" repair tissue
Chronic
stress
Diversion of
Increased energy from
energy non-essential
functions

Figure 4A-11 The benefits of cortisol in times of chronic stress

Check-in questions — Set 5

1 What is cortisol?

2 List the general functions of cortisol within the body.

3 How does cortisol benefit us in times of stress?

4 Why is having high levels of cortisol in the body for a prolonged period problematic?
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Comparing concepts throughout the course for deeper understanding
Already; in this first section of the chapter, you will notice how useful it is to compare

and contrast different concepts when trying to understand them at a deeper level. Even
if the key knowledge dot point does not explicitly use a word such as ‘distinguish; you
could still be asked to do it in assessment questions on any dot point. You might find it
useful to put together a summary table, Venn diagram or other tool to identify the key

similarities and differences between important concepts. When stating differences, make
sure you use a word or phrase such as ‘whereas’ or ‘in contrast to’ If possible, state more

than one similarity and more than one difference for each comparison made.

Table 4A-2 is an example of a summary table for the main concepts covered in this

section.

Table 4A-2 A summary of the similarities and differences between concepts

Concept for

comparison

Similarities

Differences

chronic stress

Both increase arousal and
activate the sympathetic
nervous system.

Internal and Both are stressors that cause a Internal stressors originate
external stress response. within the person, whereas
stressors Both can cause psychological external originate outside of the
and biological stress individual in their environment.
responses. Internal stressors tend
to include biological and
psychological stressors,
whereas external stressors
can also include sociocultural
stressors.
Acute and Both are stress responses. Acute stress is short term,

whereas chronic stress is
prolonged or long-term.
Acute stress is more intense,
whereas chronic stress is
less intense.

Flight-or-
fight-or-freeze
response

Both prepare us for an
encounter with a perceived
stressor.

Both increase our chances of
survival in the environment.

In a flight-or-fight response,
the sympathetic nervous
system is dominant, whereas
in a freeze response, the
parasympathetic nervous
system is dominant.
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Section 4A questions

1 Explain how a stressor and stress are related.

2 A student is nervous about presenting at the next school assembly and speaking in front
of their peers. Using examples, explain why the stress response to this event would be a
psychobiological one.

3 a Provide an example of a source of acute stress.

b Provide an example of a source of chronic stress.

¢ How could a person’s response to the source of stress you identified in part a be
beneficial for them?

d Why would the source of stress you identified in part b be detrimental to a person’s
mental and physical health?

4 Dinushi is out for her daily walk when a car backfires, startling her. She notices her
palms are sweaty, her heart rate has increased, and her breathing rate is faster. However,
once she realises it is only a car and not a gunshot, she immediately feels relieved.

a Identify the response that Dinushi is experiencing and explain why it is adaptive.

b Why is Dinushi’s response to the car backfiring an example of acute stress?

¢ Choose two examples of Dinushi’s physiological responses to the car backfiring, and
explain the adaptive value of each response.

5 a Where in the body is cortisol produced and released?

b Provide two functions of cortisol in the body and how these might be adjusted to
benefit us.
¢ How is cortisol linked to chronic stress and an increased susceptibility to illness?

Figure 4A-12 The eastern hog-nosed snake, found in parts of North America, ‘plays dead’ in the face
of predators. It will roll onto its back, stick its tongue out, and even defecate to convince an attacker
that it is no longer alive.
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‘9‘ The gut—brain axis

Study Design: Glossary:

The gut-brain axis (GBA) as an area Enteric nervous system (ENS)
of emerging research with reference Gut

to the interaction of gut microbiota Gut microbiota

with stress and nervous system in the Gut-brain axis (GBA)

control of psychological processes Microbe

and behaviour Vagus nerve

ﬁ ENGAGE

Using faecal transplants to treat mental illness

Our nervous system and gut are connected in a complex way that researchers are still
trying to fully understand. As a result, many people who struggle for years with mental
health issues are willing to try experimental treatments such as a transplant of faeces
from a healthy person into their own gut.

i

\‘.';

Kerwin, a 45-year-old industrial engineer who lives in Peru, tried many medications

for his depression and anxiety, with little success. As a result, he sank into a deep
depression. ‘I kept crying, feeling trapped. I had many suicidal thoughts! The illness
affected all aspects of Kerwin’s life; he could not work, and it was very difficult for his
wife and five children. While Kerwin was in the depths of his depression he came across
a website describing a radical new treatment for bipolar disorder — faecal transplant.
This involves taking stools from a person with a ‘healthy’ gut microbiome and
transplanting it into the gut of another.

Kerwin used his wife’s stools and after several treatments, he noticed gradual improvement
in his symptoms. ‘It took at least two months; he said. ‘I was feeling much better and I was
totally recovered by three months in, to the point that I was able to go back to work’ He
also maintained his healthier gut by sticking to a microbiome-friendly diet, which included
more vegetables, high fibre and probiotics (tablets with live bacteria in them). He now
takes a more holistic view of maintaining his mental health and wellbeing.

ﬁ EXPLAIN
What is the gut—brain axis?
The gut-brain axis (GBA) refers to the connection that exists between the central nervous
system (CNS) and a further division of the autonomic nervous system called the
enteric nervous system (ENS). The GBA enables bidirectional communication between
the brain and the gastrointestinal tract. This
means that communication can occur in both
directions, from brain to gut and gut to brain.

Enteric nervous system

Alongside the sympathetic and
parasympathetic nervous systems, the ENS
controls the digestive system and is directly
connected to the CNS. It is hidden in the

walls of the digestive system and is similar

in structure and function to the brain. It
comprises 200—600 million sensory, motor and

Figure 4B-1 The small and large intestines
are part of the enteric nervous system, which
runs from the oesophagus to the rectum and
interneurons that line the gastrointestinal tract_ - ool §| 0 more than (ggam illion neurons
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Gut-brain axis
(GBA)

the connection
between the
central nervous
system and

the enteric
nervous system,
that enables
bidirectional
communication
between the
brain and the
gastrointestinal
tract

Enteric nervous
system (ENS)

a subdivision of
the autonomic
nervous system;
it consists of
nerve cells
lining the
gastrointestinal
tract and
controls the
digestive system
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Vagus nerve

a nerve that
connects the
brain (central
nervous system)
to organs within
the autonomic
nervous system,
via nerve fibres
that directly link
organs such as
the lungs, heart,
oesophagus and
intestinal tract
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from the lower part of the oesophagus to the rectum. This is many more neurons than are
in any other peripheral organ and is similar to the number of neurons in our spinal cord.

The ENS coordinates the rhythmic muscle contractions that move material along the digestive
tract; it also regulates gastric acid secretion, changes in local blood flow and the release of gut
hormones; and it interacts with the immune system. As in other peripheral nervous systems, the
connections between the enteric nervous system and the brain contain both afferent (sensory)
nerves and efferent (motor) nerves. The bidirectional communication that occurs between the
CNS and the ENS happens via the vagus nerve and gut microbiota.

Human nervous

system

\

Central nervous
system

I

<

Peripheral
nervous system
-

Y Y \ Y
B
Y Y Y

Parasym pathetﬁ

nervous system
%

nervous system
-

Sympathetic ] Enteric nervous]

system

=

Figure 4B-2 The divisions of the human nervous system, including the enteric
nervous system, one of the subdivisions of the autonomic nervous system

Vagus nerve

The vagus nerve is one of the body’s biggest
nerves, connecting the brain (CNS) to organs
within the autonomic nervous system,

via nerve fibres that directly link to the
pharynx (throat), larynx (voice box), trachea
(windpipe), lungs, heart, oesophagus and
intestinal tract. It originates in the brain stem
and extends to the colon.

The vagus nerve controls many crucial
bodily functions, including mood, immune
response, digestion and heart rate. It
establishes one of the connections between
the brain and the gastrointestinal tract. For
example, information about the state of the
gastrointestinal tract, including pain and
discomfort from the gut and feelings of
hunger and satiety (fullness), can be sent ‘up’
from the gut to the brain. Signals are also
sent ‘down’ to the gut from the brain, such as
initiating salivation and gastric acid secretion
on smelling food and anticipating eating.

Gallagher et al

Vagus
nerve

Lungs

Heart
Spleen
Stomach
Pancreas
Kidney
Small
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Liver

Gallbladder

Large —r-
intestine

Figure 4B-3 The vagus nerve and its
connection from the brain stem to the
organs of the peripheral nervous system,
such as the heart, lungs, stomach and
intestinal tract
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Check-in questions — Set 1

1 What is the gut—brain axis (GBA)?

2 What is meant by the GBA being able to communicate in a bidirectional manner?

3 Which nervous system is the enteric nervous system (ENS) a subdivision of?

4 What is the ENS made up of?

5 List three functions of the ENS.

6 Describe the vagus nerve.

7 Why is the vagus nerve an important part of the GBA?

Gut microbiota

Our gut contains more than 1000 microbe species, also referred to as gut microbiota. These Gut

microbes digest the components of our food to provide their own nutrition while also tggitrointestinal

simultaneously providing us with energy and nutrients. Gut microbiota are also involved in tract or long

the production of some neurotransmitters, which can affect the concentrations of related ;li t;ﬁ et hn?lzjha]rts

neurotransmitters in the brain. Interestingly, certain microbiota in the gut are involved in and ends at the

regulating the production, storage and release of neurotransmitters by neurons in the ENS. ants

This can have effects within the ENS itself as well as enabling fast signals to be transmitted ﬁ]‘g nTiiCcr?tl)JGiOta

to the brain via the vagus nerve. population
found in the
gut (digestive
system)
Microbe
a microscopic
living thing

found in water,
soil and the air

Figure 4B-4 A representation of microbiota in the human intestine. The pink is the intestinal lining
(intestinal villi) and the coloured parts are different species of bacteria (microbes).

Ultimately, it is neurotransmitters that allow the bidirectional communication between the
CNS and ENS to occur. The ENS uses more than 30 different neurotransmitters, just like
the brain.

Emerging research indicates that neurotransmitters in the gastrointestinal tract affect the

neuronal activity and cognitive functions of the brain. One study involves the neurotransmitter ﬁlEUR OTRANS.
gamma-aminobutyric acid (GABA), which, as you learned in Chapter 3, is the main inhibitory MITTERS AND
neurotransmitter in the nervous system. In 2018, researchers at Weill Cornell Medicine in the [‘KTUORROSMODU'
United States determined that certain microbiota in the gut are associated with the production
of GABA. The bacterium Bacteroides was found to produce GABA within the ENS.
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Figure 4B-5 A representation of bacteria (pink) on the lining of
the colon, called the epithelium
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The researchers scanned the brains of 23 people
diagnosed with depression and found that

those people with fewer Bacteroides in their gut
had a stronger pattern of hyperactivity in their
cerebral cortex, which has been associated with
severe depression.

In further research with rats, the researchers
also determined that Bacteroides produce
GABA in the rat digestive tract, which can
increase GABA levels in the brain. More
GABA-producing bacteria in the gut were
found to reduce learned helplessness (a
symptom of depression) in those animals.

It was also observed that rats with more
Bacteroides were more likely to stay longer on
an uncomfortably warm surface (a test of pain

tolerance), perhaps because elevated GABA
reduced their stress response.

Check-in questions — Set 2

1 What are gut microbiota and what is their main function?
2 How are gut microbiota linked to neurotransmitter levels in the brain?
3 Explain the relationship between bacteria such as Bacteroides and the neurotransmitter

GABA.

4 What does research indicate about the link between the level of Bacteroides in the gut

and depression?

Stress, gut microbiota and nervous system function
Earlier in this chapter, you learned how chronic stress increases the levels of cortisol in the
body. This has detrimental effects on our physical health, suppressing the immune system

and increasing the risk of heart attack and stroke.

More recent research also indicates that
chronic stress and increased levels of cortisol
can have a profound impact on our gut
microbiota as well as our psychological
processes and behaviour. For example, rhesus
monkeys and rats that were stressed by
separation from their mothers early in life and
had high cortisol levels, showed associated
changes in their gut microbiota, which

have been linked to anxiety and depression.
Another study conducted in 2020 at Swansea
University, United Kingdom, involved Atlantic
salmon that were stressed because they were
confined for two weeks. It was demonstrated
that the fish had increased cortisol levels in
their gut and that this was associated with
significant changes to their microbiome.

Gallagher et al

High levels
of stress
Changes to gut
microbiota,
+ . associated with
anxiety and
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Figure 4B—6 The combined effects of
stress and increased cortisol levels can
lead to imbalanced gut microbiota, which
is associated with anxiety-based behaviours
and depression.
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Some emerging research has looked at mice that were delivered surgically and raised under
sterile conditions with no microbial exposure. These ‘germ-free’ mice also demonstrated
that gut microbiota can influence stress-related behaviours, including those relevant

to anxiety. These mice are particularly useful because they have very low levels of gut
microbiota. Scientists can manipulate the microbiota to determine the effects of changes to
specific gut microbes on behaviours compared with ‘normal’ mice that have a variety of gut
flora or microbiota.

Germ-free (GF) mice Normal (control) mice
Delivered surgically and raised Have a normal variety of
in a sterile environment gut flora or microbiota

Figure 4B-7 Much emerging research into the relationship of stress and the gut has used germ-free
mice and compared them with mice that have normal gut bacteria.

For example, when microbiota associated with stress were transferred to germ-free mice,
the mice showed more anxiety-related behaviours than mice with normal gut microbiota.
However, these effects were reversed when microbiota from normal mice were transferred
to germ-free mice — the germ-free mice showed reduced anxiety-related behaviour
compared with normal mice.

Gut microbiota have also been found to play a role in regulating stress-related changes in
physiology, behaviour and brain function. In 2004, researchers found that germ-free mice
who have less variety of gut flora had an exaggerated response to stress in comparison to
normal (non-germ-free) mice. Importantly, the researchers also discovered that this could
be reversed by colonising the gut of germ-free mice with specific bacteria their gut was
depleted of. Results from subsequent studies with humans have continued to support a
connection between gut microbiota and stress responsiveness, including reports that stress
exposure early in life or in adulthood can change a person’s microbiota composition, and
that the types and variety of microbe populations we have in our gut can shape our stress
responsiveness.

In summary:

« stress causes changes in gut microbiota and deficiencies in certain bacteria, which have
been linked to anxiety and depression

« specific gut microbiota associated with stress have been shown to increase anxiety-
related behaviours

+ stress exposure early in life or in adulthood can change an organism’s microbiota
composition

« the types and variety of microbe populations we have in our gut can shape our stress
responsiveness

 treatment with healthy microbiota can reduce anxiety-like behaviour and reduce stress
responsiveness in humans and mice.

WORKSHEET
4B-1 ANALYSIS
OF EMERGING
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Check-in questions — Set 3

1 How do increased stress and high levels of cortisol affect our gut microbiota?

What is meant by ‘germ-free’ mice and why are they used in research about the links
between gut microbiota and conditions such as anxiety?

Explain the relationship between microbiota associated with stress and anxiety-related
behaviours in germ-free mice.

Explain the link between gut microbiota and the regulation of the stress response in
‘germ-free’ mice.
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4B SKILLS

Analysis of ‘emerging research’

The term ‘emerging research’ is used by VCAA in various dot points throughout

the Psychology study design. ‘Emerging research’ includes any research topic that

is particularly innovative and is a rapidly developing area of interest, usually with
considerable scientific impact. In this case, no particular pieces of research are named or
identified. This means that in an exam or assessment situation, you could be presented
with any study conducted in this area of interest and be asked to implement one or more
of the Key Science Skills to interpret the procedures and results, discuss conclusions and
implications or evaluate its merits in terms of generalisability or validity.

ACTIVITY 4B-1 EMERGING