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Introducing Psychology for Queensland Units
3 & 4 (Second edition)

Congratulations on choosing Psychology for Queensland Units 3 & 4 as part of your studies
this year!

Psychology for Queensland Units 3 & 4 has been purpose-written to meet the requirements of the
QCAA Psychology 2025 General senior syllabus. It includes a range of flexible print and digital
products to suit your school and incorporates a wide variety of features designed to make learning
fun, purposeful and accessible for all students!

Key features of the Student Books

The Psychology toolkit module

provides an overview of the syllabus, Studving OCE Psvcholo
student-friendly guidance for every ying Q Y &
science inquiry skill and tips for o
success on assessment tasks. o e

ind their

Peychology.

Introducing psychology

¥ Structure of the QCE Psychology course

Each module begins with a

module opener that includes:

+ QCAA subject matter

+ reference to a supporting prior
knowledge quiz that assesses and
informs student understanding of
prerequisite concepts

- alist of practical lessons that
support science inquiry.

Processes of seeing .
and hearing

w
e
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Social learning theory

Key ideas

> takes place 1 that affects
people’s thoughts and behaviours.

~ Vicarious conditioning occurs by observing the behaviours of cthers and the
consequences that follow.

observed. It

modelling and imitating the behaviours of the mode.
Bobo dol

showed vicarious conditioning.

Introducing social learning theory

Youlearnt a

learning theory in

The process of observational learning

i
fearning. There are fi

256 PSYCHOLOGY FOR QUEENSLAND UNTS 3 2.4

Study tp

Summary of types of long-term memory

Figure 4 summarises the different types of long-term memory

FIGURE 4 The

For a complete overview of all the features and benefits of this Student Book:

Attention

e il

making p:

Reproduction (of the behaviour)
Note that

simply means that they hase the p

MODULES LeARNING 257

singing the melody

6 Name the highest mountain in Australia

]

FIGURE S Whatdoe hi sign

4 De e front caver of this book withaut
Tooking atit.
S Recite the narional anthem out loud without

Study tip
Real-world psychology

e Wearing

i most well-documented

amygdala, in an attempt to red
b il b el

inabiliy to make new
es that

understanding of long-term memory storage. (3 marks)

MODULE 7 112 FORMATION AND STORAGE OF LEVORES 195,

Find out more

Each lesson includes:

learning intentions and
success criteria

clearly structured content
written in clear, concise
language

definitions for all key terms on
the page

engaging, relevant and
informative images and
illustrations

a range of tips and features
designed to bring course
content to life including study
tips, worked examples, skill
drills and examples of real-
world science applications
references to supporting digital
resources

Check your learning
activities organised according
to Marzano and Kendall's
taxonomy and incorporating
cognitive verbs.

Each module contains a range

of activities designed to meet

the requirements of science
understanding and science inquiry
subject matter and develop
science inquiry skills.

> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Psychology for Queensland Units 3 & 4" in the “About this course” menu.
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o ¥ Key features of Oxford Digital

Oxford Digital has been designed in consultation with Australian teachers for Australian classrooms.
The new platform delivers fully accessible, reflowable course content with videos, auto-marking
activities, interactives and more embedded right where you need them.

There's also a range of unique features designed to improve learning outcomes.

Key features for students

As a student, you can:

> view all course content in a fully accessible, reflowable format that's delivered in bite-
sized chunks so you can work at you own pace
use the “Read to me” button to have any part of the course read aloud to you
highlight, take notes, bookmark pages, or define words with the built-in Australian
Oxford Dictionary

> watch short content videos, worked example videos and practical demonstration
videos to help you revise anything you don't understand, catch up on things you've missed,
or help you with your homework

> complete hundreds of interactive questions and quizzes as you work through the content
and get the answers and results sent to you.
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Key features for teachers

As a teacher, you can:

> elevate your teaching and reduce planning and preparation time with Live Lesson
mode. This is an Australian first that lets you upgrade from traditional print-based
lesson plans to fully interactive, perfectly sequenced and timed interactive
lessons complete with classroom activities that are ready to go

personalise learning for every student and differentiate content based on student

strengths and weaknesses. Assign support or extension resources to any student using
a range of differentiation resources

revolutionise your planning, marking and reporting with powerful analytics on student
performance and progress.

~roaches to normaity
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For a complete overview of all the features and benefits of Oxford Digital:

> Qactivate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Psychology for Queensland Units 3 & 4" in the "About this course” menu.
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Psychology toolkit

Psychology is recognised as a science because researchers use the scientific method to
establish knowledge, test hypotheses and make systematic observations about human
behaviours.

Psychology stands distinct from the natural sciences due to the complexity and
variability of its subjects: people. Unlike the other sciences, which allow researchers
relatively high control over variables, psychological research must navigate the
complexity of human behaviour, as attempting to control one variable can introduce
other unwanted variables. Thus, research in this field demands careful balance and
considered design while also upholding strict ethical and legal standards to protect
participants.

This module lays the foundation for research in psychology and will serve as an
invaluable resource throughout Units 3 and 4. The aim of this module is to extend
your science inquiry skills for practical application in psychology. You will learn to
generate relevant questions and use the scientific method to collect, process, analyse
and interpret data so that you can answer your questions.

This module is set out in a way that makes each piece of information easy to
access. Science inquiry skills are listed at the beginning of the lesson in which they are
discussed. The module is not meant to be read from beginning to end. Rather, it is like
a toolkit — you dip your hand into it, get the tool you need and then use it.

Prior

k“?""ledge Check your understanding of science inquiry skills before you start.
quiz

OXFORD UNIVERSITY PRESS




DsivelleiclRl Fulllessons for this module are available on Oxford Digital.

Lesson 1.2 Considering First Nations perspectives in Psychology
Lesson 1.3 Understanding the scientific method

Lesson 1.4 Planning investigations

Lesson 1.5 Considering safety and ethics

Lesson 1.9 Communicating scientifically

Lesson 1.10 Preparing for your data test

Lesson 1.11 Conducting your student experiment

Lesson 1.12 Conducting your research investigation

Lesson 1.13 Preparing for your exams

OXFORD UNIVERSITY PRESS MODULE 1 PSYCHOLOGY TOOLKIT 3
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Studying QCE Psychology

Key ideas

— Psychology is the scientific study of human behaviour and mental processes.

@ — Studying psychology can lead to a diverse range of career pathways.

— QCE Psychology is divided into units and topics.

Learning intentions
and success criteria Psychology.

— The science inquiry skills and their application are important for success in QCE

Introducing psychology

psychology Psychology is the systematic study of human behaviour and mental processes. Psychologists
the systematic study use the scientific method to describe, explain, understand and predict relationships between

of the mind (mental
processes) and

our physical body, non-physical mind and other observable behaviours.

behaviour Studying psychology provides a broad foundation that can lead to many different
careers. Direct pathway examples include clinical, forensic, educational, cognitive, sports,
and organisational psychology, neuropsychology, research and contributing to academic
knowledge on human behaviour. Indirectly, a background in psychology can enhance careers

FIGURE 1 Psychology is the study of human
behaviour and mental processes.

QCE Psychology

in human resources, marketing and user experience design, where
understanding human behaviour is crucial. It can also be beneficial
in law enforcement, social work, and any field requiring nuanced
communication and analytical skills. Each pathway utilises the core
competencies of understanding, predicting and influencing human
behaviour.

Structure of the QCE Psychology course

Studying QCE Psychology provides you with the opportunity to
engage in a range of inquiry tasks and develop science inquiry skills.
You will develop an understanding of how the mind works and
what influences behaviour, and you’ll be able to make links between
theory, knowledge and practice.

The structure of the QCE Psychology
course is laid out in the Psychology General
Senior Syllabus. The course consists of four

| ) |

Unit 1 Unit 2 Unit 3
Individual Individual Individual
development behaviour thinking

FIGURE 2 The structure of the QCE Psychology course

4 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

i units. Units 1 and 2 are completed in the first
Unit 4 year of the QCE Psychology course, and Units
i 3 and 4 in the second year. Each unit is divided

into topics and each topic can include science
The influence
of others
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understanding, science as a human endeavour and science inquiry subject matter. You should be

familiar with these categories of understanding from your studies in Years 7 to 10.

An overview of the QCE Psychology units is shown in Figure 2, and Units 3 and 4 are

summarised in Table 1.

TABLE 1 Topics in Units 3 and 4 Psychology

Topic

1 Brain function

2 Sensation and

perception

3 Memory

4 Learning

Topic

1 Social psychology

2 Interpersonal
processes

3 Attitudes

4 Cross-cultural
psychology

OXFORD UNIVERSITY PRESS

Unit 3 Individual thinking
Description

In this topic you will learn about:

* specialised areas of the brain

* the structure and function of the human nervous system
* neurotransmission.

In this topic you will learn about:

* the processes of seeing

* the processes of hearing

* psychological aspects of visual and auditory perception
e cultural influences on visual and auditory perception.
In this topic you will learn about:

* memory processes

* models of memory

+ formation and storage of explicit memories

* how we remember and forget.

In this topic you will learn about:
¢ classical conditioning

¢ operant conditioning

¢ social learning theory.

Unit 4 The influence of others
Description

In this topic you will learn about:

* socialisation

* theories of gender role formation
e groups, status and power

* obedience and compliance.

In this topic you will learn about:
* prosocial behaviour

* aggression

* attraction and relationships.

In this topic you will learn about:

» attitudes

¢ cognitive dissonance

* social identity theory and attribution theory
* Dbiases

*  stereotypes

¢ prejudice and discrimination.

In this topic you will learn about:

¢ community and culture

* multiculturism and pluralism

* psychological challenges of immigration
* the challenges of cultural diversity

* reducing prejudice.

Source: Adapted from Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Assessment in QCE Psychology

In Units 3 and 4, you will complete three assessment pieces and an end-of-year examination.

The structure of your assessment is outlined in Table 2.

TABLE 2 Units 3 and 4 assessments

Assessment type

Data test Students respond to items using 2 Apply understanding of brain function, sensation and
qualitative data and/or quantitative data perception, memory or learning to given algebraic, visual
derived from practicals, activities or case or graphical representations of scientific relationships
studies relevant to Unit 3 subject matter. and data to determine unknown scientific quantities or

eatures.
feat

3 Analyse data about brain function, sensation and
perception, memory or learning to identify trends,
patterns, relationships, limitations or uncertainty in
datasets.

4 Interpret evidence about brain function, sensation and
perception, memory or learning to draw conclusions

ased on analysis of datasets.

based \ f dataset:

Student experiment Students modify (i.e. refine, extend or Describe ideas and experimental findings.
redirect) an experiment relevant to Unit | 2 Apply understanding to modify experimental
3 subject matter to address their own methodologies and process data.
related hypothesis or question. This 3 Analyse experimental data.
assessment provides opportunities to 4 TInterpret experimental evidence.
assess science inquiry skills. . .

5 Evaluate experimental processes and conclusions.
6 Investigate phenomena through an experiment.

Research investigation | Students gather evidence related to a 1 Describe ideas and findings.
research question to evaluate a claim 2 Apply understanding to develop research questions.
relevant to Unit 4 subject matter. This 3 Analyse research data.
assessment provides opportunities to 4 Tnterpret research evidence.
assess science inquiry skills and science . .

] 5 Evaluate research processes, claims and conclusions.
as a human endeavour (SHE) subject .
6 Investigate phenomena through research.
matter.

External examination | Includes two papers that assess content 1 Describe ideas and findings about subject matter.
related to Units 3 and 4 and asks students | 2 Apply understanding about subject matter.
to respond using multiple choice, single | 3 Analyse data about subject matter to identify trends,
words, or sentences or paragraphs. patterns, relationships, limitations or uncertainty.
The examination may ask students to 4 Interpret evidence about subject matter to draw

Assessment description

calculate using algorithms or interpret

unseen stimulus.

Source: Adapted from Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Assessment objectives

conclusions based on analysis.

You can use Lesson 1.10 Preparing for your data test, LLesson 1.11 Conducting your
student experiment, L.esson 1.12 Conducting your research investigation and Lesson 1.13

Preparing for your exams to guide you through these assessments. Note that science as a

human endeavour content will not be directly assessed in your examinations.
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Science inquiry skills

In addition to developing your science understanding in Psychology (which we will cover
in Modules 2 to 18), the QCE course requires you to develop and apply a range of science
inquiry skills. These skills are specified in the QCE Psychology General Senior Syllabus, and
skills relevant to each lesson in this module are listed at the beginning of the lessons. The
lessons will help you develop the skills.

The science inquiry sKkills are applicable to all areas of study in Units 1 to 4 of the QCE
Psychology course. They are especially important for preparing and planning for your data
test, student experiment and research investigation assessment tasks.

Check your learning 1.1: Complete these questions online or in your workbook.

Retrieval and comprehension Knowledge utilisation

1 Define the term “psychology”. (1 mark) S Visit the Australian Psychological Society website

2 Recall the structure of the QCE Psychology and review types of psychologists. Choose the one
course. (1 mark) that interests you the most and conduct further

3 Describe how your knowledge and skills will be research. Create an infographic summarising

assessed in Units 3 and 4. (1 mark) a  role description (1 mark)

. b  career opportunities (1 mark)
Analytical processes S
¢ qualifications needed (1 mark)
d

4 Compare the assessment objectives of the data

. how your chosen field positively impacts the
test and student experiment, by y p y tmp

. o C world. (1 mark)
a  identifying similarities (1 mark)

b  identifying differences. (1 mark)

Considering First Nations
perspectives in Psychology

Key ideas

— First Nations peoples are the traditional custodians of the land we know now as
Australia.

— First Nations cultures are the oldest living cultures in the world.

— Correctly acknowledging cultural and/or language groups, rejecting deficit discourse, @
avoiding Eurocentrism and critically evaluating sources of information can help you to

respectfully engage with First Nations perspectives in QCE Psychology. Learning intentions

and success criteria

OXFORD UNIVERSITY PRESS MODULE 1 PSYCHOLOGY TOOLKIT 7
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Science inquiry skills

This lesson provides support for the following science inquiry skills:
¢ identify strategies to manage risks and environmental impact such as
— cultural guidelines, e.g. protocols for working with the knowledge of First Nations
peoples

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

{0 ollSNEIRIM This lesson is available on Oxford Digital.

Understanding the scientific method

Key ideas
— The scientific method is a framework that helps to eliminate bias in research so that
valid, evidence-based conclusions can be drawn.

— Aresearch question is a clearly formulated question that defines the focus of an
investigation.

— A hypothesis is a scientific prediction about the outcome of a study; there are different
@ types of hypotheses: alternative (either directional or non-directional, and either

o i experimental or correlational) and null.
Learnlng intentions

and success criteria — In psychology, we statistically test the probability of the null hypothesis being true.

Science inquiry skills

This lesson provides support for the following science inquiry skills:

¢ identify, research and construct questions for investigation

¢ identify and operationalise variables to be manipulated, measured and controlled

e predict possible outcomes from investigations, e.g. identify null and alternative hypotheses

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Worked examples

This lesson is supported by the following worked examples:

* Worked example 1.3A Creating a research question

D<o elleicIRA This lesson is available on Oxford Digital.

8 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4 OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Planning investigations

Key ideas

— Each different type of scientific investigation and research design has strengths and
weaknesses that need to be considered.

— Participants in a study can be selected through convenience, random or stratified

sampling methods. @

— Errors and confounds can influence the quality of the results, but they can be

minimised through careful design. Learning intentions

and success criteria

Science inquiry skills

This lesson provides support for the following science inquiry skills:
e distinguish between types of investigations, e.g.
— experiments (independent and dependent variables)
» independent groups
» matched participants
» repeated measures
— correlational research (related variables)
— quasi-experiments
— observational research
¢ identify and use appropriate sampling procedures for selection and allocation of
participants, e.g.
— convenience sampling
— random sampling
— stratified sampling
— random allocation
* identify errors, and extraneous or confounding variables that are likely to influence
results; and implement strategies to minimise systematic and random error, e.g.
— type of participant selection and allocation
— single-blind and double-blind procedures
— counterbalancing

— standardised instructions and procedures

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

D<o ellsicIRA This lesson is available on Oxford Digital.
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Considering safety and ethics

Key ideas

@ — Ethical principles should be applied in psychological research to ensure the safety and

wellbeing of participants.

Learning intentions — Ethical understanding should be applied when conducting research by acknowledging

and success criteria

sources and referencing.

Science inquiry skills

This lesson provides support for the following science inquiry skills:

¢ identify and apply ethical principles, e.g.

acknowledgment of sources and referencing
consideration of the role and bias of the experimenter
protection and security of participants’ information
confidentiality

voluntary participation

withdrawal rights

informed consent procedures

use of deception in research

debriefing

¢ identify strategies to manage risks and environmental impact such as

risk assessment, e.g. workplace health and safety (WH&S) guidelines
disposal methods

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

D40 elleicIRA This lesson is available on Oxford Digital.
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Collecting data

Key ideas

— Data can be classified as qualitative (descriptive), quantitative (numerical), subjective
(personal) or objective (non-personal), continuous or discrete (categorical).
— Levels of measurement include nominal, ordinal, interval or ratio in order of increasing
precision and usability for statistical analysis.
— Psychologists use case studies, observations, self-reports, interviews and computerised @

instruments to systematically and safely collect information for research. o )
Learnlng intentions

— Researchers use logbooks to systematically record information, observations and data. and success criteria

Science inquiry skills

This lesson provides support for the following science inquiry skills:
e use appropriate equipment, techniques, procedures and sources to systematically and
safely collect primary and secondary data
e distinguish between levels of measurement, i.e.
— nominal
— ordinal
— interval
— ratio
¢ design investigations, including the procedure/s to be followed, the materials required,

and the type and amount of primary and/or secondary data required to obtain valid and
reliable evidence

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Introducing types of data

The aim of scientific investigations is to collect and use data to construct evidence-based

arguments. The use of systematically gathered evidence distinguishes scientific ideas from

primary data
) ) ) ) ) data collected
analysing and interpreting data. The two types of data you will work with are: firsthand

opinions and anecdotes. In QCE Psychology you will need to practise collecting, processing,

* primary data — data that is original and has been gathered firsthand through your own secondary data

research, such as surveys or experiments data collected from

.. . . d-hand
¢ secondary data — existing data gathered from second-hand sources such as scientific seconc-hand sotrees

journals, reputable and authoritative websites, and databases. Assessment tip

Data can be further classified as: You need to collect
primary data for the
student experiment
¢ subjective or objective and secondary data
for the research
investigation.

e qualitative or quantitative

e continuous or discrete.

OXFORD UNIVERSITY PRESS MODULE 1 PSYCHOLOGY TOOLKIT 11
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qualitative data
descriptions of the
characteristics of what
is being studied

quantitative data
measurements
(numerical
information) about the
variables being studied

subjective data
information about the
variables being studied
based on opinion, with
no external criterion
by which they are
measured

objective data
data that is measured
according to an
identifiable external
criterion

continuous data
data that can take on
any value within a
range

12 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

Qualitative and quantitative data

Primary and secondary data can be further classified as either qualitative or quantitative.
Qualitative data comes from descriptions of the qualities or characteristics of what is
being studied. Qualitative data is commonly obtained from open-ended questions on surveys
or interviews, focus groups or observations. Qualitative data offers in-depth information that

is particularly useful for exploring context or gaining deep insight into a particular case or
condition. Analysis of qualitative data can be very time-consuming as it involves identifying,
examining and interpreting patterns or themes. More commonly, qualitative data is collected
through surveys using a Likert-type scale, which allows for much faster analysis. For example:
e emotional state — happy/sad/angry

e difficulty of task — easy/moderate/difficult/very difficult.

Quantitative data is information that can be expressed numerically, allowing for
statistical analysis and mathematical computation. As the name suggests, the information
is “quantified”, meaning that the number represents an actual value. This type of data is
typically collected using instruments, and can include counts, scores, times, measurements
and scales of judgment. Most psychological research aims to gather quantitative data because
we can perform statistical procedures on these and, provided the data are accurate and
precise, we can determine whether our results are significant and our hypotheses supported.

Subjective and objective data

Subjective data are based on personal
experience or opinion. If you asked all the

people in your class how they feel about
maths, you would collect a wide range of
responses — all of which are correct because
they are based on the individual’s own

feelings. >, o
Objective data are measured Tt . % 77
according to an identifiable external o &62;%‘\\0 Ly

criterion. Each person using an objective B o N
measure correctly will obtain the same &

& N X
O (9 S

AN »
FOPT & o

result. In simplest terms, if each person in
the class measured the length and breadth FIGURE 1 Self-report surveys collect subjective data.
of a desk, they would all obtain the same
result.

Many standardised measures are used to gain psychological information in an objective
way. This includes different IQ tests, and any psychologist who administers one of these

would obtain the same result for the same person under the same conditions.

Continuous and discrete data

Continuous data can take on any value within a range. This type of data is measurable

and often involves quantities that can be measured to any degree of precision. Examples of
continuous data include height, weight, temperature and time. For instance, a person’s height
can be measured as 1.8 metres or 1.862 metres, and so on, indicating the precision with
which this data type can be expressed.

OXFORD UNIVERSITY PRESS
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Discrete data consists of countable values that can only take specific values within a discrete data

data that can only take
specific values within
arange

range. These are separate, distinct values determined by counting. Examples of discrete data
include the number of students in a classroom, the number of cars in a parking lot, or the
number of books on a shelf. For example, you can have 20 students in a class but not 20.5
students.

Introducing levels of measurement

In order of increasing precision, the levels of measurement used are:

e nominal

¢ ordinal
e interval
e ratio.

Nominal data

Nominal data represents names or labels that cannot be quantified or ranked. Nominal data nominal data
data is organised into
qualitative categories
that cannot be

* sex (male/female/nonbinary) quantified or ranked

» first language (English/Mandarin/Arabic/Vietnamese/Punjabi/other)

represents discrete categories that are mutually exclusive, meaning that a person can only
belong to one category. Examples include:

¢ religion (Islam/Christianity/Hinduism/Buddhism/Sikhism/Judaism/other).

FIGURE 2 Hair colour is an example of nominal data that allows us to allocate individuals to groups.

OXFORD UNIVERSITY PRESS MODULE 1 PSYCHOLOGY TOOLKIT 13
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ordinal data

data that has a definite
sequence, but the gap
between one level and
the next is not constant

interval data
numerical data where
the intervals between
numbers are equal, but
there is no true zero
point

ratio data
measurements that
represent quantities in
terms of equal intervals
and an absolute zero

Study tip

Both nominal and
ordinal levels of
measurement are
discrete or categorical,
meaning that the
scales do not allow for
fractional amounts. In
contrast, both interval
and ratio levels

of measurement

are examples of
continuous data that
allow for fractional
amounts.

14 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

Ordinal data

Ordinal data can be ordered or ranked in a sequence, but the intervals between the data
points are unknown or variable. Data is typically sequenced according to a “more” or “less”
dimension such as small to large, or best to worst. Examples include:

¢ placement (first, second, third): there is no question about the order of achievements but it

is not known how much better or faster the person in first place performed than the person

in second place. Additionally, the difference in performance between first and second is
not necessarily the same as the difference between second and third place

¢ reviews such as number of stars given to movies or hotels: five stars is better than four
stars, but how much better?

e ratings as measured on a Likert-type scale, e.g. strongly disagree/disagree/neutral/agree/
strongly agree

¢ size: small/medium/large

e grades: A/B/C/D/E.

Interval data

Interval data is numerical data where the intervals between numbers are equal, but there is

no true zero point. Examples include:

e temperature in degrees Celsius: this is because 0°C does not indicate the absence of heat
but rather the temperature at which water freezes. For instance, if today is 30°C, does that
mean that it is twice as hot as yesterday when it was 15°C? No, because without a true
Zero, ratios cannot be used

e time on a clock, e.g. one o’clock, two o’clock: the exact interval between the two times is
known (1 hour or 60 minutes) but there is no true zero

¢ psychological measures such as IQ measured on an intelligence scale.

Ratio data

Ratio data has all the properties of interval data, with the addition of a meaningful zero

point, which allows for the calculation of ratios. In ratio data, zero means the absence of a

property. Ratio measurement allows for the most powerful statistical tests to be conducted.

Examples include:

e temperature in degrees Kelvin: this is because 0°K indicates the absence of heat and is
therefore a true zero

e time, e.g. reaction time

¢ length or height

» grades measured as a score out of a total: a score of 0 would indicate the absence of correct
responses.

This work must not be reproduced, stored, transmitted or circulated in any other form.
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Introducing data collection methods

Designing a research method includes choosing the most appropriate type of investigation
(Lesson 1.4) as well as choosing a data collection method. We will now learn about
techniques and procedures used by psychologists to systematically and safely collect data:
e case studies

* observations

e self-reports

e interviews.

Case studies

A case study involves a deep, comprehensive examination of a person, group, organisation
or event. This research method stems from clinical medicine where physicians collect
patient history. In psychology, case studies often involve individuals, and they have led to
advancements in our understanding of the mind—body interaction. For example, Phineas
Gage helped us understand the relationship between the brain and personality, Henry
Molaison helped us discover different types of memory, and “Tan” helped us learn about
areas of the brain related to speech.

Case studies involve collecting both qualitative and quantitative data through various
means like interviews, observations and psychometric tests.

Case studies provide rich, detailed data, which can be used to generate hypotheses for
future studies. Limitations include the lack of replicability due to the uniqueness of a case,
and lack of generalisability due to the small sample size.

Observations

Observation involves recording the behavioural

patterns of people, animals or events in a

systematic manner. It can be naturalistic (in

natural environments) or controlled (in labs or

set environments). It may also include participant

observation (where the observer is part of the group

being studied).

¢ Observational studies typically collect qualitative
data that can be analysed for patterns or themes.

¢ Naturalistic observations have high ecological
validity due to limited control over the
environment.

¢ Controlled observations have fewer confounds
due to higher control over the environment, but
the higher control lowers ecological validity.

OXFORD UNIVERSITY PRESS
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Study tip

Students sometimes
struggle to distinguish
between interval

and ratio scales
because they ask
themselves whether
it is possible to have

a zero measurement.
Itis important to
remember that the
zero on the scale
represents the
absence of something.
For example, height is
ratio because on the
scale, 0 cm indicates
the absence of height.

case study
in-depth examination
of a person, group,
organisation or event
using various methods

FIGURE 3 Children’s behaviour can be observed in a natural
environment, such as a playground.
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self-report
participants’ written
or verbal responses to
questions, statements
or instructions about
themselves

social desirability
bias

the tendency to answer
questions in a way that
one believes will be
viewed favourably by
others

16 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

Self-reports

One of the most used data collection methods in psychology are self-reports. A self-report,
as the name suggests, is participants’ written or verbal responses to questions, statements or
instructions about themselves. Self-reports allow researchers to collect information about
participants that cannot be overtly measured, such as their thoughts, beliefs, emotions or
behaviours.
A limitation of self-reports is their subjective nature. They rely on participants correctly
understanding the questions, and answering honestly and accurately.
Self-reports use questionnaires, a research tool consisting of questions designed to collect
information. Questionnaires come in several forms:
¢ Surveys: May be question-and-answer, or responses to Likert-type scales (rating scales).
Surveys are easy to replicate and allow researchers to quickly gather a large amount of
qualitative data. Likert-type scales can provide a means of quantifying qualitative data by
coding responses using numerical values (Figure 4).

Never Sometimes Often Always

I complete my
Psychology

1 2 3 4
homework

on time. O O O O

FIGURE 4 A Likert-type scale is a rating scale used to measure behaviours, attitudes or opinions. It can also help
turn qualitative data into quantitative data by assigning numerical values to responses.

¢ Psychological tests: Personality and multiple-choice IQ tests are types of psychological
tests. Strengths of psychological tests include being standardised, easy to replicate and
easy to score. Limitations include being difficult to construct and validate.

Interviews

Interviews involve face-to-face interaction between the researcher and the participant.
Interviews can be structured or clinical. In a structured interview, participants are asked a set of
pre-determined, often closed, questions. Clinical interviews include pre-determined questions
and make allowance for additional open questions to gain clarification or more information.

Structured interviews are easier to replicate and enable researchers to compare participant
responses. However, data may be missed through limited choices in responses. Strengths of
clinical interviews are their flexibility and that they are usually high in validity. However, they
rely on the objectivity of the interviewer. Interviews are also more susceptible to social
desirability bias, where respondents answer questions in a manner they believe will be
viewed favourably by others.

Technology in data collection

Technology can make some forms of data collection easier and quicker.

Computerised or automated data collection

Sometimes, a participant will respond to stimuli presented in a computer program or enter
data into a spreadsheet. In animal studies, responses such as pressing a button can be
recorded. A strength of this data collection method is efficiency, as the researcher does not

OXFORD UNIVERSITY PRESS
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need to be present. Other strengths include accuracy, as response rates can be timed to the
millisecond, and ease of analysis — once the computer program has been written, data analysis
can be instantaneous. A limitation of this method is the need for computer programming or
specially constructed measuring devices.

Video/audio taping

For clinical interviews and certain case studies (such as sleep studies), these recordings are
very useful. A strength of this approach is that large amounts of data can be collected and
analysed in detail. A limitation is that the data analysis is time-consuming.

Recording data

In practice, researchers use logbooks to systematically record information, observations, data,

ideas and discoveries. This increases the integrity and reproducibility of their investigations.
Key features of a logbook:

e Date: Each entry is dated, and entries are organised in chronological order.

* Objectivity: Records are factual, and free from personal opinions or bias.

* Completeness: All details are included, such as planning notes, list of equipment used and
settings, description and sequence of activities, all measurements, samples, calculations,
tables and figures, qualitative observations and personal reflections, and acknowledgment
of secondary resources.

¢ Readability: A detailed logbook is of no use if you or others can’t understand and use what
is written!

Check your learning 1.6: Complete these questions online or in your workbook.

Retrieval and comprehension Analytical processes

1 Describe the following types of data and provide 3

an example of each (2 marks)
a nominal (2 marks) 4
b ordinal (2 marks)

c interval (2 marks)

data. (1 mark)

d ratio. (2 marks) Knowledge utilisation

2 Summarise the different methods of data

Study tip

Keeping a logbook is
a great way to collect,
organise and store
the information you
have collected, and
you can also use

it to demonstrate

the authenticity of
your work.

Study tip

For the student
experiment, you will
likely be collecting
data from a group of
participants. The best
way to organise your
raw data is in a table
and, most likely, you
will transcribe the
information directly
into a program like
Excel. However, you
can still use your
logbook to plan your
table with column and
row headings that
describe the variables
and identify the units.

Compare qualitative and quantitative data.

Distinguish between continuous and discrete

5 Contrast interval and ratio data. (1 mark)

6 A researcher wants to investigate student stress

collection by copying and completing the table.
(3 marks per method)

Data
collection
method

Description Strength Limitations

Case studies
Observations
Self-reports

Interviews

OXFORD UNIVERSITY PRESS

levels during exam periods. They design a
questionnaire and distribute it among a group of
students, asking them to rate their stress levels
during their most recent exam period on a five-
point Likert-type scale, where 1 = Little or no
stress and 5 = High stress.

Determine the type of data that will be
collected. Justify your response with reference to
the scenario. (2 marks)
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Processing and analysing data

Key ideas

— Statistics are mathematical procedures that help us to make sense of data.
— Descriptive statistics are numerical or graphical methods used to summarise and
@ organise data in a meaningful way.

— Inferential statistics allow us to interpret meaning from the data such as drawing

o _ conclusions and making inferences and predictions.
Learnlng intentions
and success criteria — Statistics, tables and figures should be represented scientifically.

Science inquiry skills

This lesson provides support for the following science inquiry skills:
¢ use scientific language and representations to systematically record information,
observations and data, e.g.
e measurements
e sample calculations
e statistics
e tables
o figures
e translate information between graphical, numerical and/or algebraic forms
¢ use mathematical techniques to summarise data, establish relationships and identify
uncertainty through
e descriptive statistics
e measures of central tendency: mean and median

¢ measures of uncertainty, including dispersion in a sample (range, interquartile
range, standard deviation) and using a sample to make an inference about the
population from which it was drawn (standard error, confidence intervals)

e correlation, e.g. Pearson r correlation coefficient
e parametric inferential statistics, e.g.

e two-sample z-test (unpaired and paired)

e p-value from Pearson r

e select and construct appropriate representations to present data and communicate
findings, e.g. summary tables/statistics, p-values, sample calculations, column graphs
(with error bars), scatterplots (with trendline and r-value)

e analyse data to identify trends, patterns and relationships; recognising error, uncertainty
and limitations of evidence

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Introducing processing and analysing data

Research originally sets out to draw conclusions and find out something useful about the
population of interest. However, researchers typically can’t collect data from the entire
population of interest. Instead, they sample a smaller subset of the population to participate in
the research.

At the end of the investigation, the confidence and extent to which researchers can
generalise findings from the sample back to the population of interest depends on:
¢ the representativeness of the sample
¢ methodological limitations
¢ reliability and validity of the procedures
e statistical significance of the results.

The good news is that, in psychology, although we use statistics, we never have to calculate
more than the very simplest of them. Computer programs and calculators do it all for us! It is
useful, however, to know how these statistics work and what they mean.

Population:
/ All individuals of interest
Results from sample Sample selected
generalised to population from population

- /

Individuals selected to
participate in the study

Source: Adapted from Gravetter and Wallnau (2014)

FIGURE 1 Researchers generalise findings from a population back to a sample, provided the results are reliable
and valid.

Descriptive statistics

Raw data refers to the original, unprocessed information gathered directly from experiments raw data
and surveys. For example, Julie rolled a die 80 times and recorded the number shown on each original, unprocessed
throw. The raw data she collected: 1, 3,6,5,2,1,6,1,5,2,1,2,5,4,3,6,5,2,3,4, 1,4, 3,
2,5,1,6,2,3,1,5,5,2,3,5,4,1,3,5,3,6,3,1,6,6,3,3,4,3,3,6,3,1,3,4,6, 2,4, 6, 3,
4,5,4,6,2,3,4,5,5,4,2,1,5,4,5,6,1,6, 2, 5.

As you can see, raw data can be unstructured and confusing, making it difficult to work
out what it means and to spot errors. Descriptive statistics are the processes and mathematical

information

procedures that we can use to organise and summarise the information.
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Organising data

Tables

Tables are a helpful way to organise and present data. All tables should include the following:
e Title: The title for a table starts with “Table” followed by a number. Tables should be
numbered sequentially, i.e. Table 1, Table 2 etc. The number is followed by a description
that summarises what the table shows. For example, “Raw data”, “Demographic
information” and “Processed data”. Include units of measurement for the dependent
variable if they can’t be shown in the table.
¢ Column headings:
¢ The independent variable (IV) is recorded in the first column. Each row of the first
column corresponds to a different version of the independent variable.
¢ While it is not required, it is good practice to record the number of participants in
each level or condition of the independent variable. This is given a symbol of “n” for a
sample or “N” for a population.
¢ Raw and/or processed data for the dependent variable (DV) is recorded in subsequent
column(s).
¢ Row headings: If you are summarising different types of information, e.g. demographic
data, then the row headings need to clearly identify what is being shown.

Table X The description of the table sits above the table.

Replace with descriptive names rather
than using “IV” and “DV”, and identify
units where relevant.

Dependent variable (units)

Independent Number of Inferential

statistics

variable Uncertainty

X articipants
(units) p p

+—— Inferential statistics
help the researcher
draw conclusions.
Typically, this is a

p-value.
Conditions are The mean is the sum of Uncertainty (in psychology)
specified here. participant or subject scores is usually quantified through
for that specific condition. standard deviation (SD),

standard error of the mean (SEM)
or confidence intervals (CI).

FIGURE 2 Features of a scientific table

¢ Units of measurement: These should be specified in the row or column headings where
applicable. Sometimes it is clearer to include this in the title description.

« Footnotes: Use footnotes to explain or provide additional context to the data within the
table, such as any superscript letters or symbols.
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Mean employability
rating of participants . -
with and without facial “ M D p-value
tattoos
50 3.5 1.2

With facial tattoo

0.004
Without facial tattoo 50 7.8 0.9

FIGURE 3 Mean employability rating of participants with and without facial tattoos. Employability was rated on a
scale from 1 to 10; higher rating indicates greater perceived employability.

Frequency tables

A frequency table is a tool used in statistics to organise data by
showing the frequencies (counts) of different values or categories of
a variable. Placing the data into a frequency table helps to simplify

frequency table
table that displays the
number of occurrences
of each category of a

the data and makes it easier to perform simple calculations on it. variable
For example, the raw data from the dice rolls could be summarised in
a frequency table (Table 1).
FIGURE 4 Placing data
from rolling a die into a
frequency table makes
calculations easier.
TABLE 1 Frequency table
Number on die Frequency
1 12
2 11
3 17
4 12
5 15
6 13

You can see that this is much clearer and therefore easier to work with than the raw data
list of numbers presented earlier in this lesson.

The information in frequency tables can be converted to a graph called a histogram
(discussed in the next section). Frequency tables also make it easier to perform certain
calculations; for example, calculating the percentage of a dataset represented by a certain
score. This can be calculated using the formula:

number of times the score occurs
percentage = - X
total number of scores in dataset

For example, if we wanted to know what percentage of rolls scored 6, we would substitute
the values from our dataset into the equation:

number of times the score occurs
percentage = - X

total number of scores in dataset
13

=—x100
80

=16.25%
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Worked example 1.7A

Constructing frequency tables

A Psychology class was investigating the effect of emotional stimuli on physiological response. Participants
watched an infomercial on toothpaste in one condition and a scary movie scene in another. Their heart rates

were recorded (Table 2).

TABLE 2 Participants’ heart rate (bpm) measured after 5-minute clip

Participant Heart rate (bpm): informative

NeJRe RN I NS S I SRR

—
o

75
66
88
66
74
58
72
74
61
70

Construct a frequency table for the “informative” condition data.

I

Step 1: Identify data categories (bins).

* Consider the maximum and minimum values across the
dataset.

* For nominal data, list each unique category.

¢ For numerical data, decide on sensible intervals
or “bins” that cover the range of the data. Aim for
an uneven number of bins. The data in this case is
numerical.

Step 2: Tally observation.

* Go through the raw data and count the number of
observations that match the category. Record the tally
in the table.

Step 3: Finalise your table.

* Check the table to make sure all data points have been
included and there are no errors in the tallying process.

* Check that you are communicating scientifically. Does
your table have a title and appropriate headings, and

include units of measurement and footnotes (if needed)?

Heart rate
50-59
60-69
70-79
80-89
90-99

Heart rate
50-59
60—69
70-79
80-89
90-99

Heart rate (bpm)
50-59
60-69
70-79
80-89
90-99

Construct a frequency table for the “horror” condition data. (3 marks)
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Heart rate (bpm): horror

90
74
98
68
81
85
82
77
76
89

The data across both conditions ranges from 50 to 99. It
makes sense to group these into intervals of 10:

Informative

Informative

1
3
5
1
0

Informative (frequency)

1
3
5
1
0
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Presenting data

Tables help to organise the data, but they don’t help us make meaning. Instead, we can
visually present the data in an appropriate graph to help us make sense of the information and
more easily identify trends, patterns and relationships.

All graphs should include DAILS:
¢ D = a description that succinctly describes what the graph is showing
¢ A = axes: the IV goes on the x-axis, DV on the y-axis
¢ I = points on the axes are equally spaced intervals

¢ L =1labels on each axis; the DV and units of measure on the y-axis label and the IV and
conditions on the x-axis

e S = scale appropriate for the graph and the axes start at zero.

Figure 5 is an example of a column graph showing the average scores for each group with
error bars.

Description: Figure number included; describes what the graph
shows and identifies the error bars

Figure 1 The effect of types of stimuli on the average heart rate (bpm) of participants.
Error bars represent SD.

100
90 4
80 4
70 A
60
50 A

Axes: labelled;

DV on the y-axis, includes units of
measurement

40
30 4

Average heart rate (bpm)

20 ~

10 4

0
Informative Horror
Type of emotional stimuli (5-minute video clip)

Equal intervals with an f

appropriate scale that
starts at 0

Axes: labelled;
IV on the x-axis, identifies
conditions

FIGURE 5 All graphs should include DAILS to make sure that the information is
presented scientifically.

There are many different graphs that you can use to visually represent data. Let’s look at
the ones you will most likely need during your study.

Histograms

A histogram is a visual representation of a frequency table. It is a type of column graph where histogram
the columns touch. Histograms are useful for showing the shape of a data distribution such as visual representation

whether it is normal or skewed. of a frequency table in
the form of a column
graph
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Study tip

You can create

a histogram for
each variable to

test whether the
assumption of
normality is met (see
inferential tests in
Lesson 1.8).

pie chart

a circular graph
divided into sections
that are proportional to
the data they represent

column graph
graph typically used
for experimental
designs where the
height of the vertical
bar corresponds to the
mean and each column
represents a condition
of the independent
variable

error bar
graphical
representation of
the variability of
uncertainty in data,
usually either the
standard deviation,
standard error or
confidence interval

Frequency (count)

50-59 60-69 70-79 80-89 90-99
Heart rate (bpm)

FIGURE 6 The histogram shows the number of participants whose heart
rates were in the corresponding range.

Pie charts

A pie chart displays data in a circular graph where each slice represents a category’s
proportion of the whole. Pie charts are helpful for showing the relative proportions or
percentages of a whole. While these are not commonly used in published research, you
can use them to summarise demographic data (data that describes the characteristics of
populations).

Northern Territory 1% Australian Capital Territory 2%
Tasmania 2% F

Western Australia 11%

South Australia 7% New South Wales 31%

Queensland 20%

Victoria 26%

FIGURE 7 The pie chart makes it easier to see relative proportions.
This example shows the percentage of the population living in each
Australian state and territory, as at 30 September 2023.

Column graphs

A column graph uses vertical bars to represent data. Each bar’s height corresponds to the
value it represents (usually the average of participants in a group), and each bar is separated
to distinguish between categories. Error bars are shown by markers drawn over the graph.
Error bars can represent standard deviation (SD), standard error (SE) or confidence intervals
(CI), therefore it is important that the figure description identifies the type of error bars
shown. Figure 8 shows the key features of a column graph.
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Males . Females e—— Key is necessary if

20 A more than one IV.
-
g i
PR 18
2 § 16
°
® g 144
g g . Error bar
> 2 129 Shows Each column represents
28 194 +1SD the mean for each condition
% g above of the independent variable.
§ ) 8 7 the mean This data also shows gender
Top of the column & 6 \ differences for each condition.
represents the mean Q—4——. L
(average) P E
0
Condition A Condition B
Shows -1 SD

below the mean Independent variable

FIGURE 8 Key features of a column graph. In this example, the error bars represent standard deviation.

It is difficult to see error bars on dark-filled columns. To avoid this, columns are often not
filled (coloured in) and may only include the error bars (Figure 9).

Study tip

Column graphs are
different from bar
graphs, where the
bars are arranged
horizontally, but

in everyday use,
the terms are used
interchangeably.

100 + 100 +
,é\ 90 ,g 90 ‘|'
a 80+ a 80 A
& 2
8 70+ 8 70 A I
« «
& _ = 4
c 60 g 60
g 50 P 50 -
EP 40 g;n 40 -
§ 30 § 30 A
< 20~ < 20+
10 H 10 4
0 0
Informative Horror Informative Horror
Type of emotional stimuli (5-minute video clip) Type of emotional stimuli (5-minute video clip)

FIGURE 9 Both graphs show the average heart rate (bpm) for participants when they watched the informative and horror clips. (A) The graph
has filled-in columns that make it difficult to see the error bars clearly. (B) Sometimes, the columns are removed and only the error bars are

shown. They are still interpreted in the same way.

Column graphs are used for experimental research designs where the IV is categorical or
discrete (can only take set values), and the mean is the most appropriate measure of central
tendency. We will learn about measures of central tendency later in this lesson.

Line graphs

If both variables are continuous (meaning that they can have any value within a certain
range) — such as body mass, age in months or IQ — a line graph would be more appropriate
than a column graph. For example, suppose your teacher sets you a group classwork
assignment and you want to find out what sized group is the most efficient.

The data in Table 3 is presented as the line graph shown in Figure 10.

line graph

a pictorial
representation of data
linking two variables,
where one is plotted
on the y-axis and the
other on the x-axis
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box and whisker
plot

graph showing the
distribution of data
that shows the median,
quartiles and outliers

outlier

extreme score that
can be objectively
calculated as an
observation greater
than three standard
deviations above or
below the mean

Study tip

You do not need to
be able construct box
and whisper plots

by hand (you can

use software) but
you must be able to
interpret them and
return values such as
the median (Q2), or
calculate the IQR.

scatterplot
diagram that shows
the values of the two
variables for each
participant in the
sample by representing
the intersection of
those two values with a
dot on a graph

line of best fit

a straight line drawn
through a scatterplot
of data points that
best expresses the
relationship between
those points
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TABLE 3 Time taken to complete classwork for different-sized study groups

Group size Time (hours) e
2 5.0 = 5
=
3 3.0 2
€ 44
4 2.5 Q
£
5 2.0 £ 34
6 25 2
) g,
7 5.0 =
5.

0 T T T T T 1
1 2 3 4 5 6 7
Group size (students)

FIGURE 10 Time taken to complete classwork for
different-sized study groups

Box and whisker plots

Box and whisker plots (or box plots) are used for experimental research designs where the
median is the most appropriate measure of central tendency. The lines extending parallel
from the boxes are known as the “whiskers”, which are used to indicate variability outside the
upper and lower quartiles. Qutliers are sometimes plotted as individual dots that are in-line
with whiskers, as shown in Figure 11.

Lower quartile
01 Median

Min Max

Whisker Outlier

Whisker

Box

t , i
Interquartile range (IQR)

FIGURE 11 Box and whisker plots show median and interquartile range (IQR).

Box and whisker plots can be graphed vertically or horizontally. The convention for
experimental designs is to plot the boxes for each condition vertically next to one another, as it
makes comparisons easier.

Scatterplots

A scatterplot shows the values of the two variables for each participant in the sample by
representing the intersection of those two values, one plotted along the x-axis and the other
plotted along the y-axis, with a dot on a graph. The dots are unconnected; however, adding a
line of best fit is helpful to identify and describe the relationship between the two variables
(Figure 12).
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Relationship between high school ATAR and
university GPA

Relationship between temperature and coffee sales

8 - 3,500
°
7 4 o L= 3,000
6 e--7" e
b - )
o o o  -21%°® ° 2,500 o
2 - &*” Y
~ 54 ___.—‘ \; LT [
E S 8 2,000 1 . .o
- v S -
3 44 ® e | o | Tm--
= 3 1,500 ¢ ® Banhls
< 3 =N °
Ay S ° e
© 1,000 - o
2 4
14 500 +
0 T T T T T T T T T T 0 T T T T T T
50 55 60 65 70 75 80 85 90 95 100 0 5 10 15 20 25 30
Queensland ATAR Temperature (°C)
FIGURE 12 Two scatterplots depicting different relationships as shown by the line of best fit
Scatterplots are used for correlational designs. If the line of best fit slopes upwards
(Figure 12A), it indicates a positive correlation; that is, as one variable increases, there positive
correlation

is an associated increase in the other variable. On the other hand, if the line of best fit
slopes downwards (Figure 12B) it indicates a negative correlation; that is, as one variable
increases, there is an associated decrease in the other variable.

Remember that in a correlation, there is no independent variable, in which case, it does not

matter which variable is plotted on the x-axis. The variable presumed to influence or predict
the outcome of the other (a pseudo IV) is called the predictor variable. The one presumed to
depend on the predictor variable is called the criterion variable. If these are known, then like
the IV, the predictor variable is plotted on the x-axis while the criterion variable is plotted on
the y-axis.

Processing data

While graphs help us to visualise the data, descriptive statistics help us to describe the data.
A graph can be described by three features:
¢ shape (symmetrical or skewed)

central tendency (where the majority of scores are)

spread of scores.

We will discuss each of these in turn.

Shape

When all scores in a set of data are plotted in a graph, the shape of the distribution is noted.
The shape can be symmetrical (Figure 13A) or skewed (Figures 13B and 13C). Skewed
distributions are described according to the direction of the tail (where the data tapers off on
either side). If the tail heads away from zero, the distribution is said to be positively skewed
(Figure 13B). Conversely, if the tail is moving towards zero, is it said to be negatively
skewed (Figure 13C).
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two variables change
in the same direction;
as one increases (or
decreases), so does the
other

negative
correlation

two variables change
in opposite directions;
as one increases, the
other decreases

positively skewed
the tail of the
distribution heads
away from zero

negatively skewed
the tail of the
distribution heads
towards zero
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Symmetrical Positively skewed (right-skewed) Negatively skewed (left-skewed)

“ — Mode

+—Mode +—— Mode
Median —

Median . Median

Mean

— Mean Mean —

FIGURE 13 Histogram examples showing the relationship between mean, median and mode for (A) a normal or symmetrical distribution, and
(B and C) skewed distributions

normal
distribution

a symmetrical, bell-
shaped distribution

of data where most
observations are
clustered around the
mean and decrease
with distance from the
centre

Study tip

When visually
inspecting a
histogram to test

the assumption of
normality, it is unlikely
that you will see a
perfectly symmetrical
distribution. As long
as the distribution
resembles a bell
shape and there is
no obvious skew, the
assumption is met.

Sometimes a dataset will have more than one “peak” (Figures 14B and 14C) or no clear

peaks (Figure 14A). The curve in Figure 14B shows a bimodal distribution — this often
occurs where two distinct populations are plotted on the same curve. What we need to do in
this case is to sort out the members of the two different populations.

Uniform distribution B Bimodal distribution Multimodal distribution

FIGURE 14 Histogram distributions

Normal distribution

The normal distribution is a
probability distribution, characterised
by a bell-shaped curve (Figure 15)
where the area under the curve

I
i
|

o
[3%)
|

equals 1. The probability distribution
describes how the values of a variable
are distributed, with the highest
frequency of occurrence in the centre
(unimodal) and the frequency of
occurrence decreasing with distance
from the centre. If the distribution is
symmetrical, the mean is equal to the
median and mode, so that 50% of all
the data points lie above the mean and
50% below the mean.

Given these properties, we can further break down the proportion of data that lies away
from the mean using standard deviations (we will learn about standard deviations shortly).
As shown in Figure 15, 68% of all the scores in a normal distribution lie within one standard
deviation from the mean, 95% lie within two standard deviations and 99.7% lie within three

2.1%

Probability density
o o
— )
1 |

0.1%

-3 -2 -1 0 1 2 3
Number of standard deviations from the mean

FIGURE 15 The standard normal curve probability distribution
based on standard deviation

standard deviations.
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A percentile is a measure that helps us to understand the position or relative standing of
a score within a dataset. For example, IQ scores are normally distributed with a mean of 100
and a standard deviation of 15. From Figure 15, if a person has an IQ of 115, they are one
standard deviation above the mean, which places them in the 84th percentile (calculated by
adding the percentages in Figure 16: 0.1 + 2.1 + 13.6 + 34.1 + 34.1 = 84). This means that
they performed better on the IQ test than 84% of others.

Introducing measures of central tendency

Central tendency is a statistical measure used to quantify the centre of a distribution, i.e.
where most of the scores are located. While we could find central tendency by looking for
the peak in a histogram, quantifying central tendency makes it easier to compare two or
more distributions. Central tendency is a single value that is most typical or representative
of the entire set of scores. There are three measures of central tendency: mean, median and
mode. The syllabus does not require you to calculate the mode, but it is included here for
completeness.

Mean

The mean (or average) of all the scores is calculated by adding up all the scores and dividing
that total by the number of scores in the dataset. This can be represented mathematically:

XX _xtxn+ox,

M
n n

where x is the raw scores in the dataset and # is the size of the sample.
For example, the mean for the dataset 11, 13, 14, 15, 12, 13, 13 is

_2 X 11+13+14+415+12+13+13 91 _
n 7 7

M 13

Changing a value of a score or adding a new score (not equal to the mean) changes the
mean. If the scores are very large or very small (outliers), they can skew the mean and give a
misleading result.

For example, imagine if the last score in the above data set changed from 13 to 23:

XX 11+13+14+15+12+13+23 101

M — =144
n 7 7

When to use the mean

The mean is only the most appropriate measure of central tendency to use if the following
conditions are met:

¢ level of measurement is interval or ratio (Lesson 1.6)

e there are no outliers

¢ the distribution is normal.

If these conditions are not met, the mean could be misleading and it would be better to use
a different measure of central tendency.
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percentile

measure that indicates
the value below which
a given percentage

of observations in a
group fall

mean

the average of all the
scores, calculated by
adding up all the scores
and dividing that

total by the number of
scores

Study tip

In maths, the mean is
often shown as X. In
psychology it is more
common to use the
APA recommended
statistical symbol

to represent mean,
which is a capital

and italicised M. By
convention, the mean
is typically reported
to the same level of
precision as the data
values, but no more
than 2 decimal places.
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median

the middle number
(or mean of the two
middle numbers) of a
number series listed in
numerical order

mode

the most commonly
occurring score in
the dataset

Median

The median is the middle value (or mean of the two middle values) of a dataset. To calculate
the median, the data first needs to be organised sequentially, before finding the middle
number:

11, 12, 13,13)13, 14, 15
The median = 13.

For an even number of scores, the median is found by calculating the mean of the two

11,12, 13,3, 13)14, 15, 17

_(3+13)

middle scores. For example:

median 13

Changing a value of a score does not change the value of the median, making it less
susceptible to outliers than the mean. Using the same example as before:

11,12, 13,03, 13)14, 15, 23

the median is still 13.

When to use the median

The median is the most appropriate measure of central tendency to use when:
¢ level of measurement is ordinal
¢ level of measurement is interval/ratio but there are outliers

¢ the distribution is skewed.

Mode

The mode is the most commonly occurring score in the dataset. For this dataset — 11, 12, 13,
13, 13, 14, 15 — the mode is 13.

The mode is the most appropriate measure of central tendency to use for nominal data.
(Remember that the syllabus does not require you to calculate the mode.)

Worked example 1.7B

Calculating measures of central tendency

Calculate the mean and median of the dataset in Table 4. (2 marks)

TABLE 4 1Q scores of 12 students in a Year 6 class

Student IQ score Student 1Q score
John 88 Hanna 111
Robert 94 Jacob 111
Kiet 99 Adelina 119
Luke 102 Ahmed 125
Kerry 105 Arisa 125
Shelley 111 Akash 130
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T R

Calculate the mean. X
Step 1: Write the formula. M= u
Step 2: Sum all the values in the dataset — this 1320
is the numerator. - T
Step 3: Count the number of values in the =110
dataset and write it in the denominator. The mean IQ score for this group of students is
Step 4: Solve and present your answer. 110. (1 mark)
Calculate the median. 88, 94, 99, 102, 105, 111, 111, 111, 119, 125,
Step 1: Organise the data sequentially. 125, 130
Step 2: If there is an odd number of scores, the Median = M =111
2

median is the middle number. If there is an
even number of scores, the median is the mean = The median IQ score for this group of students
of the middle two numbers. is 111. (1 mark)

Step 3: Present your answer.

Calculate the mean and median for the following dataset: 2, 5, 7, 3, 9, 6, 4, 6. (2 marks)

Introducing measures of variability (spread)

Another way to describe data is by looking at the spread of scores within a distribution.
Like measures of central tendency, measures of variability provide a quantitative measure to
indicate the degree to which scores in the distribution are spread out or clustered together.
When used along with measures of central tendency, they tell us a great deal about the
features of a dataset. Common measures of spread include range, standard deviation and
interquartile range.

Range

The most basic measure of spread is range. The range is the difference between the highest range

the difference between

the highest score

range =x . —X_ . and the lowest score in
the dataset

score and the lowest score in the dataset.

For the IQ scores listed in Table 4 in Worked example 1.7B, the range would be
130 - 88 = 42.

Range is not a very informative measure of spread because it is based on only two scores
rather than all the data. As such, it gives no indication of how the scores are spread along the
range and it is considered an unreliable measure of variability.

Standard deviation

Standard deviation (SD) is the most common and most precise measure of variability from standard
deviation

the sample mean. The standard deviation uses information for each score in the dataset and at
a statistical measure of

gives us a measure of how much, on average, the scores differ from the mean. the average deviation

of scores from the
mean, calculated as the
square root of variance
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Study tip

The SD indicates the
amount of variability
(or certainty) in

the sample mean.
The higher the SD,
the greater the
variability in the
distribution, which
lowers the certainty
in the sample mean
estimate.

Study tip

The standard
deviation for a

sample is calculated
differently than for a
population. In your
psychology studies,
you will only calculate
the standard deviation
for samples.

Study tip

There is no rule

for determining
whether an individual
standard deviation
of a distribution is
high or not. Typically,
the variability of two
or more datasets is
compared.

The standard deviation:

¢ describes the sample distribution, indicating whether the scores are clustered or more

spread out around the mean

¢ tells us how well the mean represents the sample.

Standard deviation for a sample is given by the formula:

sp— [ZX M)
n—1

where X is the score, M is the mean, and # is the sample size.

When to use standard deviation

Like the mean, standard deviation is sensitive to outliers. Standard deviation is the most

appropriate measure of variability to use when:

¢ level of measurement is interval or ratio

¢ there are no outliers

e data has a normal distribution.

Note that the QCAA General Senior Syllabus for Psychology 2025 does not require you to
calculate standard deviation; however, you must understand what standard deviation is, and
knowing how it is calculated, as shown in Worked example 1.7C, will help you achieve that

understanding.

Worked example 1.7C

Calculating standard deviation

Calculate the standard deviation of the IQ scores shown in Table 5.

Note: The purpose of this worked example is to help you understand what standard deviation is and what it

represents. You may use a calculator.

TABLE 5 1Q scores of 12 students in a Year 6 class

Student

John
Robert
Kiet
Luke
Kerry
Shelley

1Q score

88
94
99
102
105
111

Hanna
Jacob
Adelina
Ahmed
Arisa
Akash

Student

1Q score

111
111
119
125
125
130

T e e

Step 1: Calculate the

mean.

n

M:ZX:nm

12
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T e [

Step 2: Calculate the

Score Subtract the mean Deviance of score Variance, v
difference between each from mean
score and the mean. 88 -110 = 22
94 -110 = -16
99 -110 = -11
102 -110 = -8
105 -110 = -5
111 -110 = 1
111 -110 = 1
111 -110 = 1
119 -110 = 9
125 -110 = 15
125 -110 = 15
130 -110 = 20
Step 3: Square the Score Subtract the mean Deviance of score Variance, v
answers to remove the from mean
negative deviations. 88 ~110 = -22 484
94 -110 = -16 256
99 -110 = -11 121
102 -110 = -8 64
105 -110 = -5 25
111 -110 = 1 1
111 -110 = 1 1
111 -110 = 1 1
119 -110 = 9 81
125 -110 = 15 225
125 -110 = 15 225
130 -110 = 20 400

Step 4: Average the sum b= 484+256+121+64+25+1+1+1+81+225+225+400

of the squared deviations 12-1
(known as variance, v). =1713
Step 5: The standard SD=+1713 =13.1

deviation is equal to
the square root of the The standard deviation of the sample is presented as SD = 13.1.

variance.

SD = «/variance

Standard deviation and outliers

Outliers are extreme scores. As we’ve seen, outliers can skew the distribution, resulting in
misleading descriptive statistics. Therefore, outliers need to be identified so that the most
appropriate statistics can be calculated.

Outliers can be identified by visually inspecting graphs to spot scores that are far away.
However, this relies on subjective interpretation, and researchers prefer to use more objective
ways to identify outliers.
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One such way is to use the mean plus or minus three standard deviations (Howell, 1999).
For example, using the IQ scores from Table 6:
lower limit =M - 3 x SD =110 - (3 x 13.1) = 70.7
upper limit=M + 3 x SD =110 + (3 x 13.1) = 149.3

Since none of the scores in the dataset are less than the lower limit of 70.7, nor higher than
the upper limit of 149.3, we can conclude that there are no outliers.

Interquartile range

The interquartile range (IQR) divides the dataset into four equal quarters and indicates
variability by calculating the difference between the first and third quartiles. This is
represented mathematically as:

IQR = Q3-Ql

Higher IQR indicates greater variability or spread of scores in the dataset.

When to use interquartile range

IQR is the most appropriate measure of variability to use when:
¢ the level of measurement is ordinal

¢ you have calculated the median

¢ the data does not have a normal distribution.

Worked example 1.7D

Calculating interquartile range

Calculate the IQR of the IQ scores shown in Table 6. (2 marks)
TABLE 6 IQ scores of 12 students in a Year 6 class

John
Robert
Kiet
Luke
Kerry
Shelley

1Q score Student 1Q score
88 Hanna 111
94 Jacob 111
99 Adelina 119
102 Ahmed 125
105 Arisa 125
111 Akash 130

T T,

Step 1: Organise the scores sequentially. 88, 94, 99, 102, 105, 111, 111, 111, 119, 125, 125, 130
Step 2: Divide the dataset into four equal portions and 88,94, 99,102,105, 111, 111, 111, 119, 125, 125, 130
identify Q1, Q2 and Q3.
Q1 Q2 Q3
Lower Middle Upper
quartile quartile quartile
(median)
Step 3: Calculate QI and Q3 if needed. 99+102
Ql=—=100.5
119+125
Q3= T =122.0 (1 mark)
Step 4: Subtract Q1 from Q3. IQR =Q3 - Q1 =122.0 = 100.5 = 21.5 (1 mark)
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Calculate the IQR for the following dataset: 13, 16, 30, 17, 20, 29, 20, 24, 30, 16, 20, 28. Show your

working. (2 marks)

Worked example 1.7E

Calculating interquartile range from box and whisker plots

Calculate the interquartile range (IQR = Q3 — Q1) for the noisy test condition. Show your working. (2 marks)

20

Memory recall (out of 20)

Silent test Noisy test

Environment

FIGURE 16 Graph showing the median and IQR of scores for participants in the noisy and silent environments

T e,

Step 1: Identify the cognitive verb.

Step 2: Identify cues in the question.

Step 3: Identify how many marks this

question is worth and plan your response.

Step 4: Draft the response.

Step 5: Check that you have completed
all the steps as per your plan in step 3. If

necessary, update your draft response and

present the final answer.

The cognitive verb is “calculate”, which means to work out the amount or
number of something mathematically.

Cues are instructions or other pieces of information that are needed to
answer the question. Cues in this question include the IQR formula and the
instruction to “show working”.

This question is worth 2 marks, so 1 mark is likely to be for the correct answer
and 1 mark is for showing the working.

1 Inspect the graph and make sure to choose the correct condition.

2 Use a ruler to draw lines from the top of the box (Q3) and the bottom of the
box (Q1) that are parallel to the axis.

3 Read the corresponding y-values and substitute into the formula.
4IQR=Q3-Q1

=16 — 12 (1 mark)

= 4 (1 mark)
The IQR for the noisy test condition is 4.

Calculate the interquartile range (IQR = Q3 — Q1) for the silent test condition. Show your working. (2 marks)
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statistic

numerical value that
describes aspects of a
sample

parameter
numerical value that
describes aspects of a
population

standard error
numerical value

that quantifies the
variability of the
sample mean estimate
with respect to the true
population mean

Study tip

SE indicates the
amount of variability
in the sample mean
estimate. A lower

SE indicates that

the sample mean

is a more accurate
estimate of the
population mean,
which leads to higher
certainty in the
conclusions drawn.
The converse is also
true.

confidence
interval

range of values,
derived from sample
statistics, that is
likely to contain the
value of an unknown
population parameter

confidence level

a percentage that
reflects the proportion
of times the confidence
interval is likely to
contain the true
population parameter
(e.g. mean)
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Introducing uncertainty

A statistic is a numerical value that describes aspects of the data collected from a sample,
while a parameter describes a population. In most psychological investigations, researchers
do not have access to population parameters and instead, use statistics to estimate population
parameters.

All measurements and estimates are subject to uncertainty, or a degree of unknown
variability. Uncertainty arises from many sources including random measurement error and,
of course, variability in people.

Uncertainty reduces the confidence with which we can make inferences and draw
conclusions about the findings. Two methods to help us identify uncertainty in the data are
standard error and confidence intervals.

Standard error

While standard deviation is a statistic that tells us about how well the mean represents the
sample data, standard error (SE) (or standard error of the mean) tells us how well the
sample mean estimates the population mean.

Standard error is given by the formula:

sg=5D

Jn
where SE = standard error, SD = standard deviation, and n = the sample size.

From the mathematical formula, we can see that the lower the variability in the sample
(that is, the lower the SD), the lower the SE. Similarly, increasing the sample size reduces SE.

SE is visually shown as error bars on a column graph.

Confidence intervals

Confidence intervals (CI) provide a range of estimated values within which we can be
confident that the true population parameter lies.

Confidence intervals are associated with a specific confidence level (CL), which
represents the proportion of times that the interval would contain the true population mean if
the study were repeated many times. In psychology, we typically estimate to a 95% confidence
level.

95% confidence level is calculated using the following formula:
95% CL =1.96 x SE
From this, we can calculate the 95% confidence interval:
95% CI =M * 95% CL

The confidence interval is reported as a range: 95% CI [lower bound, upper bound] where
the lower bound is the mean minus the CL and the upper bound is the mean plus the CL.
Similar to SD and SE, CI can be displayed as error bars on a graph.
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Worked example 1.7F

Calculating confidence intervals

The IQ scores of 12 Year 6 students were recorded (M = 110, SD = 13.1). Calculate the 95% confidence
interval of the sample. (2 marks)

T
Step 1: Calculate the 95% CL =1.96x SE
confidence level.

=1.96x sD
Jn
=1.96x B1
V12
=7.4 (1 mark)
Step 2: Calculate the upper and Lower bound = M - 95% CL Upper bound = M - 95% CL
lower bounds of the interval. =110-"7.4 =110 + 7.4
=102.6 =1174
Step 3: Report the confidence 95% CI [102.6, 117.4] (1 mark)

interval.

Calculate the 95% confidence interval for a sample of 24 students with a mean IQ of 111 and a standard
deviation of 13. Show your working. (2 marks)

Making inferences using error bars

There is a lot of controversy over using confidence intervals to draw conclusions because they
are not as precise as using a p-value. However, the appeal is that conclusions about statistical
significance can be drawn by visually inspecting a graph where the error bars represent
confidence intervals. Rules for visually interpreting statistical significance using confidence
intervals are summarised in Figure 17 (Cumming & Finch, 2005).

Experiment 1 Experiment 2 Experiment 3
180 180 120
2 160 B 160 I N et
Z o104 1 E o0 I £ 107
9 1204 T F 9 1204 | TF 9 804 |
< 120 I « <
qé 1004 uE) 1004 qé 60
g 80 g 80 g
G G £
20 20 20
0 0
Control Treated Control Treated Control Treated
No overlap between the error If error bars overlap by less If error bars overlap by more
bars indicates that the difference than 50%, the difference than 50%, the difference
between conditions/groups is between the conditions/groups is between conditions/groups
statistically significant. statistically significant (the 50% is is not statistically significant.
of one CI).
FIGURE 17 Inferring statistical significance from confidence intervals
OXFORD UNIVERSITY PRESS MODULE 1 PSYCHOLOGY TOOLKIT 37

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Study tip

Make sure that you
identify the type

of error bar being
used (SE or Cl) when
interpreting statistical
significance. If in
doubt, refer to the
p-value for a more
objective measure of
significance.

Study tip

When interpreting
correlation
coefficients, identify
the strength and
direction separately.
This is because a

“-" symbol indicates
the direction of the
relationship rather
than an integer value
that is less than zero.
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We can also infer statistical significance using SE error bars. Recall that confidence
intervals are a multiple of standard error (CI = 1.96 x SE) and therefore the bars are always
longer than SE. Thus, CI error bars make it easier to identify when results are not likely to be
significant than SE error bars.

Introducing measuring relationships

Unlike the experimental method, the correlational method makes no attempt to manipulate
variables (Lesson 1.4). Rather, the intent of such a study is usually to establish the strength
and direction of the relationship that may exist between the two observed variables.

Correlation coefficients

A correlation coefficient is a statistical measure of the strength and direction of a relationship.
It is a numerical value, expressed as a decimal between —1.00 and +1.00 (Figure 19). The
direction of the relationship is indicated by the sign, “+ or “=”, of the coefficient.

¢ A “4” sign indicates that the relationship is positive: A positive correlation is one in which
the two variables change in the same direction — that is, as one increases, so does the other,
or as one decreases, so does the other. For example, we might expect to find a positive
correlation between hours spent studying each week and results in Senior Psychology
— meaning that as the number of hours spent studying each week increases, there is an
associated increase in average study scores in Psychology.

e A “=”sign indicates that the relationship is negative: A negative correlation is one in which
the two variables change in the opposite direction — that is, as one increases, the other
decreases. For example, we might expect to find a negative correlation between hours
spent playing online games and study scores for Psychology — meaning that as the number
of hours spent playing online games increases, there is an associated decrease in average
study scores in Psychology.

The strength of the relationship is determined by the absolute value of the correlation
coefficient. The closer the value is to 1.00 the stronger the relationship, while a value of 0
indicates no relationship. The stronger the relationship, the more confidently we can predict
changes in one variable as another changes. It is important to remember, however, that even
with a perfect correlation of 1.00, a causal conclusion cannot be drawn.

Strength
The magnitude of the coefficient
indicates the strength of the
r = O . 6 3 “ relationship.
1 = perfect correlation
0 = no relationship

Direction
* “+” indicates a positive relationship
correlation coefficient ‘(‘tyfi.calyy the symbol. is omitted)
is an italic, lower B 1.nd1ca.tes SjpSsale
—) Felauonshlp (symbol always
included)

The statistical
symbol for a Pearson

FIGURE 18 A correlation coefficient communicates the strength and direction of the relationship between two
variables.
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Describing strength of relationship

The strength of a correlation coefficient can be described based on its numerical value
(Figure 19). A correlation is often described as:
¢ weak or low if the r-value is greater than 0 up to +0.30
¢ moderate if the r-value is greater than +0.30 and less than +0.70
e strong if it is greater than +0.70.

These ranges are a rough guide and can change in different texts. People may also prefer
to use descriptors such as low, moderate and high.

Positive correlation
Moderate

Negative correlation

Strong Moderate Weak Weak Strong

-1.0-0.9 0.8 =0.7 =0.6 =0.5 —0.4 =0.3 =0.2 =0.1 0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 +0.7 +0.8 +0.9 +1.0

< »
% |

FIGURE 19 Negative and positive correlation

Types of correlation coefficients

The Pearson correlation coefficient, denoted r, measures the linear relationship
between two continuous variables: a change in one variable (variable A) is associated with a
proportional change in the other variable (variable B).

In contrast, the Spearman correlation, denoted r,, measures the relationship between two
ordinal variables and uses the ranked values for each to examine how the variables tend to
change together, but not necessarily at a constant rate. Note, if one variable is continuous
while the other is not, you should also use a Spearman’s correlation.

Examining relationships with scatterplots

The relationship between variables can also be examined using a scatterplot (Figure 20). Visual

inspection of the trendline indicates the direction of the relationship, while the spread of dots
indicates the strength. The closer the dots are to the trendline, the stronger the relationship.

Direct relationship

40
x| |y y30
20

Positive correlation

10 20 30 10 20 30
x x
r=+1.00 r=+0.60
Direct relationship
40
x| |y ¥ 30
20
Negative correlation
10 20 30
x
r=-1.00 r=-0.60

Study tip

In statistics, you may
come across the
statistical symbols R,
r, or even r2. These
are all different types
of statistics that offer
different information
about the data.
When reporting your
work, it is important
to communicate
scientifically and use
the correct statistical
symbol. In your

QCE Psychology
course, you are only
concerned with r, the
correlation coefficient.

Pearson
correlation
coefficient

a measure of the
strength of the linear
relationship between
two continuous

variables

10 20 30
x

r=+0.20

FIGURE 20 Scatterplots showing relationships and correlations — the scatterplots show various strengths and directions of correlation, from

perfect positive correlation to perfect negative correlation.
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p-value

decimal value
indicating the
probability that
observed results
occurred by chance
under the assumption
that the null hypothesis
is true

Study tip

Recall from Lesson

1.3 that the null
hypothesis predicts
that there will be

no statistically
significant relationship
(correlation design)

or no statistically
significant difference
(experimental design).

t-test

comparison of means
in data that reveals
how significant the
differences are
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Introducing inferential statistics

As discussed at the start of this lesson, the goal of research is to gather evidence to test the
hypothesis and help answer the research question. Descriptive statistics help us organise,
summarise and present data to make meaning, whereas inferential statistics help us draw
conclusions about the findings.

Inferential statistics, as the name suggests, are mathematical processes that help us make
inferences about the findings of a study. Typically, we use a statistical method called null
hypothesis testing. In simple terms, we calculate the probability (represented by a p-value)
of the null hypothesis being true and compare it to a pre-determined level of statistical
significance (o).

In psychology, the level of statistical significance that is most used is 5%, which is
expressed in decimal form, 0.05. If the probability of the null hypothesis being true is
less than the level of significance, that is, p < 0.05, the results are said to be statistically
significant. This means we are confident that we do not have sufficient evidence to support
the null hypothesis. We consequently reject the null hypothesis and gain confidence that the
alternative hypothesis is true. On the other hand, if the p-value is greater than 0.05 we are
not confident that the evidence is sufficient to reject the null hypothesis, so we accept the null
hypothesis and lose confidence that the alternative hypothesis is true.

So how do we calculate p-values?

Tests of statistical significance

Researchers collect data through experiments or observations and use that data to calculate
a test statistic (e.g. z-statistic) that measures the degree of difference between the observed
data and what would be expected if the null hypothesis were true, and then determine the
probability (p-value) of the observation. Here, we will look at parametric z-tests.

Parametric t-tests

Normal distribution
./ t-distribution, sample size = 20

A parametric ¢-test is a statistical
t-distribution, sample size = 5

method used to determine whether
there is a significant difference
between the means of two groups or
between the mean of one group and a
known standard. The z-test uses the
t-distribution, which is similar to the
normal distribution but flatter. The
shape of the curve depends on the 0

Source: Gravetter and Wallnau (2014)

number of participants.

FIGURE 21 Example z-distributions compared to normal
distribution

The z-test calculates a z-statistic
(symbol z) using the sample data, which
represents the difference between the group means relative to the variability in the data. For
the difference between two sample means, the z-statistic is calculated using the following

formula:
t= M1 _ Mz
SD; N SD?
n n

1 2

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

where:
M, M, are the means of samples 1 and 2 respectively

* SD,, SD, are the standard deviations of samples 1 and 2 respectively
n,, n, are the sample sizes of samples 1 and 2 respectively.

Assumptions of parametric t-tests

Parametric z-tests are widely used in psychological research and other sciences to test
hypotheses about differences in means. They offer robust measures for analysing
experimental data, provided the underlying assumptions are met:

e level of measurement

¢ independence

e normality

¢ equal variance.

Violations of these assumptions can change the interpretation of the results and reduce
the certainty of the conclusion reached. Alternatively, non-parametric equivalent tests can be
used when assumptions are violated.

The first two assumptions, level of measurement and independence, are controlled
methodologically (i.e. through the design of the investigation):
¢ Level of measurement: Is the DV nominal, ordinal, interval or ratio? Parametric tests

require interval or ratio data. For nominal or ordinal data, non-parametric equivalent tests

should be used instead.

¢ Independence: Observations are independent of each other when the occurrence of the
first has no effect on the probability of the other, and the dependent variable is measured
at the interval or ratio level.

The remaining two assumptions need to be assessed during data processing.
¢ Normality: Parametric tests of statistical significance require data that has a normal

distribution. Normality can be assessed by:

— visually inspecting the shape of the distribution. That is, create a histogram, and if it
resembles a bell curve with a hill in the middle that decreases on either side, then you
can state that the normality assumption has been met. If the distributions are clearly
skewed, state that the assumption has been violated

— using the central limit theorem to assume normality if the sample (per group) is greater
than 30 (Field, 2013; Gravetter & Wallnau, 2014). We will look at the central limit
theorem shortly.

¢ Equal variance (or homoscedasticity): The variances in the two groups are equal when
conducting an independent samples z-test. To assess this assumption:

— compare the standard deviation scores to see whether they are similar. Note: this
method is subjective and should consider the context of the data

— use Levene’s test. Academics prefer objective ways to assess homogeneity of
variance, such as Levene’s test. You can use online calculators for this. To interpret
the results of Levene’s test, a p-value greater than 0.05 indicates that the variances are
equal; that is, the assumption is met. If the assumption is violated, choose a ¢-test for
unequal variances.

Presuming the assumptions are met, a z-test can be conducted and the results interpreted

with confidence.

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.

Study tip

You do not need

to know or use this
formula in your

high school studies
because you can
use Excel or other
online calculators to
calculate a t-statistic.
Furthermore, you
don't need to record
or report t-statistics,
only the p-value which
is calculated from
them.

normality

the assumption

that a dataset is
approximately
normally distributed,
following the classic
bell-shaped curve

variance

a statistical measure
of the spread of data,
calculated as the
average of the squared
differences from the
mean

homogeneity of
variance

the assumption that
different samples or
groups have similar
variances in their
respective distributions
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Mann-Whitney
U test
non-parametric test of
statistical significance
used to compare
differences between
two independent
groups with either
ordinal data or
continuous data that
does not have a normal
distribution

Wilcoxon signed-
rank test
non-parametric test
used to compare two
matched samples, or
repeated measurements
with either ordinal data
or continuous data that
does not have a normal
distribution

central limit
theorem

given a sufficiently
large sample size, the
sampling distribution
of the sample mean
will approximate a
normal distribution,
regardless of the shape
of the population
distribution

Types of t-tests

There are different types of z-tests. Make sure that you choose the one that is most

appropriate based on the type of experimental design you have chosen.

¢ Independent samples z-tests (or unpaired z-tests) are used to compare the means of two
independent experimental groups (e.g. males vs females on a psychological trait).
Dependent samples z-tests (or paired z-tests) are used to compare the means of two related
groups; that is, groups from a repeated measures or matched experimental design.

Violations of assumptions

Where testing reveals violations of assumptions, the violations should be identified as limitations

and sources of uncertainty in your evaluation. Alternatively, you could use an equivalent non-

parametric test of statistical significance; however, these are not required by the syllabus.

¢ The Mann-Whitney U test is an alternative to the unpaired z-test as it does not require
the assumption of normal distributions. The U test is used to compare the differences
between two groups when the dependent variable is either ordinal or continuous.

¢ The Wilcoxen signed-rank test can similarly be used as an alternative to the paired
t-test, when the population cannot be assumed to be normally distributed. It is used to
compare two from the same or matched set of participants.

The central limit theorem

Somewhere along the way, some very clever statisticians demonstrated that when samples are
large enough (30 or more), the sampling distribution will approximate a normal distribution
(Field, 2013; Gravetter & Wallnau, 2014). This is known as the central limit theorem
(CLT). Furthermore, z-tests are fairly robust against violations of the normality assumption
(Knief & Forstmeier, 2021), meaning that we can use the CLT to “test” for normality.

Calculating p-values from t-tests using Excel

The good news is that you don’t require fancy or expensive statistical software to calculate
p-value from z-tests, you can use the “Data analysis™ tool in Excel.

Worked example 1.7G

Calculating p-values from t-tests using Excel

Calculate the p-value from z-tests using the Data analysis tool in Excel. (1 mark)

I

Step 1: In the Excel menu, click on “Data”. o
Step 2: Select “Data analysis” from the menu. Data Review View Automate Help Acrobat I Comments | FEgt
. = ; : = Fn A = Data Analys
Step 3: From the pop-up menu, select the type of @ o & H—lf : \;/ Ll B EA «ef ata Analysis
t-test you need. For: P tline
Currencies E
* Repeated measures, select “z-test: Paired Two s 1 aratysis Tools T 9 -
2 — Histogram - -
Sample for Means s g B =
. Random Ni ber Generation
* Independent groups, select either “z-test: 5 G Rakond pencintie T N o
. o Regression =
Two Sample Assuming Equal Variances” sampling
t-Test: Paired Two Sample for Means
if the variances are equal, or “z-test: Two [ e
t-Test: Two-Sample Assuming Unegqual Variances

Sample Assuming Unequal Variances” if the
variances are not equal.
Step 4: Click “OK”.
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z-Test: Two Sample for Means
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T e

Step 5: Select the data range for variable 1 and

) Condition A| Condition B t-Test: Two-Sample Assuming Equal Variances 7 |
for variable 2. 5 8 e e |
. 6 9 Vot Dt ox )
Step 6: Check the “Labels” box if your data 1 s el @ T = ===l
] . . Variable 2 Range SES4.5E514 +
selection from Step 5 includes column headings 7 7 =
. 8 8 Hypothgsized Mean Difference —
(recommended). Leave blank if it does not. 3 5 A o
] Labels
(Hint: including column headings makes it easier 4 9 sipha: 005 @
. 5 7 =
to interpret the result.) G F Output options A
.. e @ Cutput R 5634 +
Step 7: Check the level of statistical significance = 4 R -
_) New Waorksheet Py
(o) is correct; the default is 0.05. D) New Workbaok

Step 8: Choose where in Excel you would like the
results to be displayed.

Step 9: Click “OK”.

Step 10: The results are presented in a table

. . t-Test: Two-Sample Assuming Equal Variances @
and include p-values for both one-tailed (A,

directional hypothesis) or two-tailed (B, non- ConditionA  Condition B
directional hypothesis) z-tests. Mean 5.2 69
Variance 2.4 2.766666667
Observations 10 10
Pooled Variance 2.583333333
Hypothesized Mean Difference 0
df 18
tStat -2.365068368
P(T<=t) one-tail 0.014730267 @
t Critical one-tail 1.734063607
P(T<=t) two-tail 0.029460533 e
t Critical two-tail 2.10092204
(1 mark)

Calculate the p-value using the data shown in the worked example. (1 mark)

Interpreting experimental p-values

When interpreting experimental p-values, keep the following in mind:

o If p < 0.05, then we reject the null hypothesis and accept the alternative hypothesis.

The alternative hypothesis predicts that there will be a statistically significant difference
between the groups and that the difference in the means between the experimental
group(s) and the control group are not due to chance. We are therefore confident that the
measured changes in the DV were caused by changes in the I'V.

e Ifp> 0.05, then we accept the null hypothesis and reject the alternative hypothesis. This
means that the difference in mean values between the groups was not sufficiently large
for us to be confident that it wasn’t just a coincidence. We cannot infer a cause-and-effect
relationship, and therefore conclude that the IV did not affect the DV.

Interpreting correlational p-values

Calculating a p-value from the Pearson correlation coefficient, r, involves assessing the statistical
significance of the observed correlation between two variables. The process typically relies
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on the sample size (7)) and the correlation coefficient itself to determine the likelihood that the

observed correlation could have occurred by chance if the true correlation in the population is

zero (null hypothesis).
When interpreting correlational p-values, keep the following in mind:

o If p < 0.05, then we reject the null hypothesis and accept the alternative hypothesis. The
alternative hypothesis predicts that there will be a statistically significant relationship
between the two variables.

« If p > 0.05, then we accept the null hypothesis and reject the alternative hypothesis. This
means that the sample is not large enough to detect a statistically significant relationship.

Check your learning 1.7: Complete these questions online or in your workbook.

Retrieval and comprehension Analytical processes
1 Identify the three measures of uncertainty that 9 Determine the most appropriate visual
can be represented as error bars. (3 marks) representation for the following types of data
2 Identify what statistic the vertical bar in a a showing an experiment with a categorical
column graph represents. (1 mark) independent variable (1 mark)
3 Describe the characteristics of a normal b plotting raw data points from a correlational
distribution. (3 marks) design (1 mark)
4 Explain how to identify outliers in a dataset. ¢ demonstrating demographic data. (1 mark)
(2 marks) 10 Organise the following correlation coefficients in
5 Explain the central limit theorem. (2 marks) order of increasing strength.
Identify the assumptions that need to be tested r=+40.35,r=-0.60, r = +0.28, r = -0.89,
to use parametric z-tests. (4 marks) r=+0.70 (1 mark)
7 Identify whether the following graphs are 11 Distinguish between the types of conclusions
positively or negatively skewed. that can be drawn from a p-value for experimental
a (1 mark) and correlational studies. (1 mark)
100 12 Analyse the following graph.
o a Identify the median for the silent condition.
0 . . (1 mark)
0 50 100 b Contrast the IQR for the silent and noisy test
b (1 mark) conditions. (1 mark)
N R
20 S 16 - |
0 : : g 14+
0 50 100 = 12+
T 10
8 Calculate the mean, median and mode of the £ g
following data: 20, 23, 23, 25, 25, 26, 29, 33, 35, g j:
31, 29, 22, 27, 28. (3 marks) S 5
0 Silent test Noisy test
Environment
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14 A researcher investigated the effectiveness
of a new sleep hygiene intervention aimed at
improving cognitive performance. Participants

Knowledge utilisation

13 Professor Prada investigated whether personality
type is related to the proportion of income spent

on clothes. She assessed participants on the
extroversion—introversion scale and found the
following results:

(n = 35) were recruited locally. Each participant
underwent a cognitive performance under two
conditions: once after their usual sleep routine
(baseline) and once after 2 weeks of adhering to

Group Proportion of net income the new sleep routine. Cognitive performance is
spent on clothes measured using a scale of 0 to 100, where higher
Extroverts 45% scores indicate better results.
Introverts 33%
Sleep routine M SD
Professor Prada uses a z-test and finds that,
Usual sleep 62 8

for this difference, p = 0.06.

routine (baseline)
a Identify the trend, pattern or relationship

between personality type and income spent

After new sleep 68 7

routine
on clothes. (1 mark)
Determine the most appropriate test of

statistical significance to use. Justify your

b Draw a conclusion about the effect of
personality type on spending. Use evidence 5 -
to support your answer. (2 marks) TespOnE, (2 muas)

¢ Determine the generalisability of the results.
Use evidence to support your answer. (3 marks)

Evaluating evidence

Key ideas

— A conclusion is a judgment about the hypothesis and/or research question.
Generalisations extend conclusions beyond the study to broader population and
context.
— Limitations limit a researcher’s ability to confidently answer the research question,
generalise the findings or extrapolate to a claim.
— The quality of an investigation depends on the extent to which the evidence is reliable
(consistent) and valid (measured what was intended). Uncertainty and confounding
variables reduce the quality of the evidence. @

— Secondary sources should be evaluated for biases, currency, relevance, authority and
accuracy. Peer-review is a control measure to verify the quality of published research.

Learning intentions
and success criteria
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Study tip

Scientists typically
avoid using the

term “prove” in
describing their
findings. The scientific
method allows for
the formulation of
hypotheses, theories
and laws that can

be supported or
refuted by data, but
it seldom offers the
absolute certainty
implied by “proof”
due to limitations of
the methodology,
uncertainty, errors,
complexity and
reasoning flaws.

conclusion

an evidence-based
decision about the
hypothesis and/or

research question

generalisation

a judgment about the
extent to which the
research findings can
be applied outside the
study

extrapolate

to extend or project
known information

to estimate unknown
values or outcomes
beyond the original
observation range,
based on the trends
and patterns identified
in the data

justify

to provide sound
reasons or evidence in
support of a decision
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Science inquiry skills

This lesson provides support for the following science inquiry skills:
« select, synthesise and use evidence to
¢ explain findings
e construct scientific arguments
e draw conclusions, using p-values to infer significance, allowing for the possibility of
type I and II errors
¢ extrapolate findings to determine unknown values, predict outcomes and evaluate claims
¢ use data and reasoning to discuss and evaluate the reliability and validity of evidence
¢ judge the reliability and validity of the experimental process
* reliability of observers (selection, training)
* reliability of psychological tests/measures
¢ internal validity and external validity
¢ validity of psychological tests/measures

e suggest improvements and extensions to minimise uncertainty, address limitations and
improve the overall quality of evidence

* identify and explain the uncertainty associated with conclusions, with reference to limitations
of the data, including violations of the assumptions of inferential tests, e.g. small sample size

e appreciate the role of peer review in scientific research

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Drawing conclusions

A conclusion is the final decision about what the results mean in terms of whether the
evidence “supports” or “does not support” the hypothesis (student experiment) or the claim
(research investigation) and the corresponding answer to the research question. The overall
conclusion takes into account the findings, uncertainty and limitations, and also the overall
evaluation of the quality of the investigation (the reliability and validity of the evidence).

A generalisation is a judgment about the extent to which the research findings can be
applied to populations, environments or tasks outside of the study. The extent to which results
from a sample can be generalised depends on:
¢ the representativeness of the sample
¢ methodological limitations
¢ reliability and validity of the procedures

e statistical significance of the findings.

Extrapolation refers to the process of extending or projecting results beyond the original
scope of the study, to evaluate a claim or make predictions. This means using the data
collected and the trends, patterns or relationships observed within the controlled conditions
of a study to make inferences about what might happen in situations or populations that were
not directly studied.

A justified conclusion is one that:

* logically follows from the collected evidence and adheres to sound reasoning

¢ is supported by empirical data and aligns with established theories, demonstrating
consistency and transparency in how it was derived

¢ acknowledges any limitations that influence the quality and generalisability of the
findings.
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Introducing limitations and uncertainty

Limitations are assumptions, features or constraints from an investigation that limit a
researcher’s ability to confidently answer the research question, generalise the findings or
extrapolate to a claim. Limitations can arise from various aspects of the research process,
including constraints in the research question, the design and methodology (including sample
size), and ethical considerations.

Uncertainty refers to the ambiguity that exists in data or findings. Uncertainty can be
identified by looking for:
e contradictory or incomplete data
e alternative explanations (confounding variables)
e uncertainty calculations
* measurement errors

¢ type I and type II errors.

Sample size as a limitation

Sample size is a methodological limitation that can affect uncertainty, or precision, in

sample estimates.
A larger sample size:

* reduces the effect of outliers and reduces the variability in the results (indicated by lower
standard deviation and interquartile range)

¢ leads to more precise estimates (indicated by lower standard error and confidence
intervals), which enhances reliability

e Dbetter represents the target population, which increases external validity and the ability to
generalise the findings.

The opposite is likely to occur for smaller sample sizes.

What is considered a large or small sample?

There isn’t a strict rule that universally defines a “small” or “large” sample size. In
psychological research, the appropriate size of the sample varies based on the research
question, the specific statistical analysis used, the expected effect size, and variability of the
data. A general rule of thumb is to consider the central limit theorem. Statistically, a sample
of 30 or above is considered to approximate a normal distribution.

There are other factors you can also consider:

e Compare your sample to previous research: LLook at similar studies in the literature to see
what sample sizes have been commonly used. This can provide a point of reference to judge
whether your sample size is in line with what other researchers have used for similar studies.

¢ Consider variability: If your sample size is small, pay attention to the variability within
your data. High variability can reduce the confidence in your findings, while low
variability might make your results more convincing.

¢ Acknowledge limitations: In your research report, acknowledge any limitations related
to sample size. Highlight that a small sample size is less likely to be representative of the
target population, which limits the generalisability of the findings.

e Suggest extension: If your study suggests interesting findings despite a small sample,
recommend that future research with larger sample sizes could further investigate and
validate your findings.
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limitation
assumption, feature

or constraint from

an investigation that
limits a researcher’s
ability to confidently
answer the research
question, generalise
findings or extrapolate
to a claim

uncertainty
ambiguity that exists in
data or findings

precision

the extent to which
repeated observations
or measurements yield
similar results
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type I error

when a true null
hypothesis is
incorrectly rejected,
also known as a “false
positive”

type II error

when a false null
hypothesis is not
rejected, also known as
a “false negative”

reliability

the degree to which an
experiment, test or any
measuring procedure
yields the same results
on repeated trials

internal
reliability

the extent to which a
study or instrument is
consistent within itself
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Type | and type Il errors as a source of uncertainty

It is also important to be aware of errors as a source of uncertainty when deciding to accept
or reject a hypothesis on p-values. Acceptance or rejection of the null hypothesis is based on
the level of statistical significance (o) set by the researcher before conducting the study. In
psychological research, the a-level is usually 0.05; however, in medical research the o-level
is set much lower at 0.01 or even 0.001. Since hypothesis testing is based on probabilities, it
is possible that we incorrectly reject or accept the null hypothesis when the opposite is true.
This gives rise to errors.

o Ifp < 0.05,itis possible that we are making a type I error, which is incorrectly rejecting
the null when it is true. This is also known as a false positive because we have incorrectly
accepted the alternative hypothesis.

e Ifp>0.05, it is possible that we are making a type II error, which occurs if we incorrectly
accept the null hypothesis when it is false. A type II error is also called a false negative.

While there are yet more statistical methods that help us determine the likelihood of a type I
or type II error having occurred, we won’t really know until the study is replicated. You can
identify the type of error that may have occurred as a source of uncertainty in your analysis.

The quality of research

The purpose of conducting research is to be able to provide an answer to the research
question with confidence. Researchers seek answers to important real-world questions
that can have applications in education, health, business, sports, environment, the legal
system, technology, the military, marketing and public policy. However, the research is not
meaningful if the results are not reliable and valid.

Therefore, it is equally important for researchers and those who use their work to be able
to critically evaluate the quality, or the reliability and validity, of the evidence. Experimental
processes and evidence that are reliable and valid can be used to predict outcomes and
evaluate claims.

Reliability

In psychological research, the reliability of the experimental process ensures that the findings
are consistent and replicable. Reliability refers to the degree to which an experiment, test or
any measuring procedure yields the same results on repeated trials. The experimental process
is reliable if it produces similar results under similar conditions. Reliability can be assessed by
using a correlation; the stronger the correlation, the higher the reliability.

There are different types of reliability related to the experimental process; these are
summarised in Table 1.

TABLE 1 Types of reliability related to the experimental process

Type of Description How to evaluate How to improve
reliability
Internal The extent to which a Consider: * Use standardised
reliability study or instrument is « low precision in instructions and

consistent within itself measurements due to processes.

random error * Reduce sources of
+ lack of standardised random error.
instructions and * Increase sample size.

processes.
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Type of
reliability

External
reliability

Validity

Description

Internal consistency
is internal reliability
calculated across items
within a test instrument.
The extent to which

a study or instrument

yields findings that are

consistent across repeated

measures

Inter-rater reliability
is external reliability
calculated across
individuals.

A reliable instrument
should give consistent
results no matter who

administers or grades it.

Test-retest reliability
is external reliability
calculated across time.
Low test-retest reliability
suggests that either the
testing conditions are
not consistent or the

instrument is problematic.

How to evaluate

Measure using correlational
techniques; a higher r-value
indicates higher internal
consistency.

Ask if the findings of the

study are:

* replicable (by the same
researchers, using the
same instruments under
the same conditions)

* reproducible (measuring
the same quantity under
changed conditions)

* consistent with other
researchers.

Consider the level of

agreement or consistency

between different observers
or raters. Lower inter-rater
reliability suggests that the
ratings may be influenced by
rater subjectivity or bias.

Consider the strength of
the correlation between
multiple attempts (by the

same or different researchers).

Stronger correlation indicates
higher test-retest reliability.

How to improve

Use a more reliable
instrument.

* Use reliable and precise
instruments.

* Use standardised
procedures and
instructions.

* Reduce sources of error
and confounds.

» Select properly trained
raters, or train raters on
the techniques to use for
scoring.

* Clearly operationalise
variables (stating how
the variable(s) will be
measured).

» Use a score sheet.

* Use standardised
instructions and
processes.

*  Check the instrument

design.

The validity of the experimental process is the extent to which the research or instrument
accurately measured what it was intended to measure. Validity ensures that the conclusions
drawn from the research are trustworthy and can be used to support broader theories or

applications.

o Internal validity refers to whether the effects observed in a study are due to the

internal
consistency
internal reliability
calculated across
items within a test
instrument

external
reliability
consistency of a
measure Or test across
different occasions or
different observers

inter-rater
reliability

the extent to which
different observers or
raters agree in their
assessments

test-retest
reliability

the stability of

test scores or
measurements over
time with repeated
administrations

Study tip

You will most often
see “observer
reliability” referred
to as “inter-

rater reliability”

in psychology
references.

validity

the extent to which a
study or instrument
accurately measures
what it intends to
measure

internal validity
the extent to which the
observed changes in a
study can be attributed
to the manipulation

of the independent
variable and not other

manipulation of the independent variable and not other factors. It ensures that the study
is methodologically sound and that the cause-and-effect relationships are accurately
identified within the study.

« External validity concerns the extent to which the findings from a study can be generalised
to other contexts beyond the study’s setting, including other populations, locations and times.

It is essential for the applicability of the research findings to real-world settings. factors

external validity
the extent to which the
findings of a study can
be generalised

Both types of validity are reduced by confounding variables. These are summarised in
Table 2.
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TABLE 2 Controlling errors and confounding variables in research

Possible
confound

Description

Systematic error Can be caused by:

Random error

Sample bias

Participant
variables

Demand
characteristics

* confounding variables
and bias

* instrumental errors.

Detect by examining the

experimental process or

inspecting data.

Can be caused by:
* variations in procedures
or instructions
* confounds related to
participants
* unreliable instruments.
Detect by examining the
experimental process or
inspecting data. High
variability in measurements
indicates random error.
Caused by a non-
representative sample.
Detect by comparing the
sample characteristics
to those of the target
population.
Caused by individual
differences among
participants that can
influence the outcome.
Detect by inspecting the
data; for example, did one
group perform much better
than the other because of
the independent variable
or because they had certain
characteristics (such as
higher average IQ) that
could provide an alternative
explanation?
Caused by participants
guessing the aim of the
experiment and changing

their behaviour
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Control procedures (to do
before the experiment)

* Carefully design the
experiment.

* Inspect and test
equipment (e.g. calibrate
and zero before use).

» Use test instruments with
demonstrated validity and
in the manner for which
they are intended.

» Use standardised
instructions and
procedures.

* Increase the sample size.

Use a better sampling
procedure, e.g. stratified
sampling, to obtain a more
representative sample.

Use:
* random allocation
* repeated measures

* matched pairs.

Use:

* independent groups
experimental design

* blinding

* deception

» standardised instructions

and procedures.

This work must not be reproduced, stored, transmitted or circulated in any other form.

Effect on the quality

of the study
Decreases accuracy
and reduces internal
validity

Decreases precision
and reduces internal
reliability, which, in
turn, reduces internal
validity

Reduces external
validity (or population
validity); findings may
not be generalisable to
the target population

Reduces interval
validity if the outcome
could be due to
participant variables
rather than the

independent variable

Reduces the study’s
reliability and internal
validity
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Possible
confound

Order effects

Attrition

Cohort effect

Placebo effect

Experimenter
effect

Situational
variables

Mundane
realism

Artificial
environment

OXFORD UNIVERSITY PRESS

Description

Caused by participants’
responses changing because
of the order in which the
experiment is conducted;
for example:

» practice effect: improved

performance over time
due to repeated testing
» fatigue effect: declined
performance over
time due to fatigue or
boredom
Caused by participants
dropping out of the study

Caused by differences

in characteristics or
experiences of particular
age groups that may affect
outcomes

Caused by actual or
perceived improvements
due to participants’ belief
that they are receiving real
treatment

Caused by cues given by the
experimenter that change
the outcome

Caused by changes in

the environment or
inconsistencies in the
experimental procedure
Caused by using artificial
tasks or stimuli

Caused by conducting the
study in an artificial or
contrived environment

Control procedures (to do
before the experiment)

* Use independent groups or
matched design.

* Counterbalance the order
of conditions or randomise
the order for each

participant.

*  Use designs with
shorter time frames (e.g.
independent groups or
cross-sectional designs).
* Provide incentives.
*  Over-sample initially.
Use cross-sectional methods,
or ensure the sample includes
multiple cohorts.

Use single-blind procedure.

Use double-blind procedure.

Use standardised instructions

and procedures.

Use more realistic tasks.

Use naturalistic observation.
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Study tip

Demand

Effect on the quality
of the study
Reduces internal
validity if performance are confounding
changed due to order

from different
sources. Demand

effects rather than the

independent variable

characteristics and
experimenter effects

variables, but come

characteristics come

from participants
and experimenter

effect comes from the

researcher.

Reduces validity as
the final sample may
differ from the initial
sample

Reduces validity;
results may be specific
to one cohort and not
applicable to others

Reduces interval
validity if performance
changed due to the
placebo effect rather
than the independent
variable

Reduces internal
validity if performance
changed due to the
experimenter effect
rather than the
independent variable
Reduces reliability
and internal validity

Reduces external
validity and the ability
to generalise findings
to the real world
Reduces external,
ecological validity

and the ability to
generalise findings to
the real world
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face validity

a subjective judgment
on the extent to
which a psychological
instrument appears
to measure what it is
supposed to measure

content validity
whether a test
comprehensively
accounts for all the
relevant aspects of the
construct it aims to
assess

predictive
validity

how well a test
score or measure
predicts outcomes
or behaviours in the
future

concurrent
validity

the extent to which
a test correlates with
a benchmark test or
measure taken at the
same time
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Validity and psychological test instruments

There are different types of validity related to psychological test instruments:

¢ Face validity is a subjective judgment of whether a psychological test appears to measure
what it claims to measure. For example, do the questions on your exam appear to assess
the content you learnt in class?

¢ Content validity reflects whether a psychological instrument measures all aspects of
the construct it intends to measure. For example, an IQ test should assess a variety of
cognitive functions related to intelligence, such as verbal skills, abstract thinking and
memory.

¢ Predictive validity gauges the instrument’s ability to predict relevant future outcomes
such as an individual’s performance or behaviour. For example, correlating students’
university GPA with their high school ATAR to determine whether ATAR has high
predictive ability.

¢ Concurrent validity refers to the degree to which scores on one measure of intelligence
are correlated to scores on another measure taken at the same time. This is measured
by correlating test results from the current instrument with those from an established,
validated instrument measuring the same construct.

When psychologists select instruments for evaluation or diagnosis, it is important that the
instruments are valid and measure what they intend to measure.

Evaluating secondary sources

For both your student experiment and research investigation, you will need to conduct

your own research to choose good sources and evaluate the quality of evidence from those

secondary sources.

When you conduct research, seek out credible sources. Credible sources are those that
are current, relevant to your investigation, come from authoritative sources, and have reliable
and valid evidence. Sources of information such as opinions (personal views), anecdotes
(story) and non-scientific ideas have low credibility and may not be suitable to the aim of the
investigation.

Here are some criteria you can use to assess the quality of secondary sources before relying
on them for your investigations:
¢ Currency: Ensure the source is up-to-date and relevant to current understandings in the

field.

¢ Relevance: Choose sources that are directly related to your research question or
hypothesis, and that contribute meaningfully to your investigation.

¢ Authority: Check the credentials of the author or organisation responsible for the
content.

e Accuracy and verifiability: High-quality sources present information that can be
verified through citations and references to primary research, official data or other reliable
secondary sources.

¢ Objectivity: Assess the source for potential biases. Scholarly and peer-reviewed articles
tend to be more objective, whereas materials from advocacy groups or commercial entities
may have inherent biases.
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Peer review is an essential component of scientific research, acting as a quality control
mechanism. When researchers submit a study for publication, other experts in the same
field evaluate their work. These peer reviewers critically assess the study’s methodology, data
analysis, results and conclusions, ensuring the research is robust and sound, and adds value to
the field. Thus, peer-reviewed journal articles make excellent secondary sources.

peer review
process where experts
in a field evaluate the
quality and accuracy
of a research paper,
study or scholarly work
before it is published

It is also important that you don’t only read information that suits your hypothesis or
research question. A well-rounded literature review looks at all sides of a theory. For example,
if you were researching the effects of caffeine on memory, your literature review would need

to present prior research that supports and refutes the impact of caffeine on memory.

Retrieval and comprehension

1

Recall which statistic is used to draw conclusions
in psychological research. (1 mark)

Identify three sources of uncertainty. (3 marks)
Describe what limitations are. (1 mark)
Explain why sample size is important in
research. (1 mark)

Explain how you would detect a potential type I
or type II error. (2 marks)

Analytical processes

6

Distinguish between inter-rater reliability

test-retest reliability. Include examples for each.

(3 marks)

Compare external and internal validity.

(2 marks)

Distinguish between generalisation and

extrapolation. (1 mark)

Explain how you would detect the following

sources of uncertainty when analysing a

secondary source. Determine whether the

uncertainty would impact the reliability, validity

or both of an investigation.

a Results that are inconsistent with other
research (2 marks)

b Bias (2 marks)

¢ Order effects (2 marks)

OXFORD UNIVERSITY PRESS

Check your learning 1.8: Complete these questions online or in your workbook.

10 Dr Johnson conducted a study to investigate

how cultural background affects people’s
perception and therefore preference for Vegemite.
She surveyed 50 Australian students and 50
international students and found that 45 of the
Australian students liked Vegemite, while only 10
international students liked it (p = 0.045).

Infer whether a type I or type II error may
have occurred. (1 mark)

Knowledge utilisation

11 Search online for the news article titled “The

mixed-up brothers of Bogota”. In the article,
journalist Susan Dominus reports the story of
how one twin from each of the two sets born

on the same day in the same hospital were
swapped. They ran into each other by accident
and compared how similar their lives were despite
different upbringings.

Evaluate the credibility of the article as a
secondary source for a research investigation on
the claim “Intelligence is fixed”. Copy the table
and record your evaluation. (1 mark for each step)

Criteria Evaluation
Currency

Relevance

Authority

Accuracy and verifiability

Objectivity
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Communicating scientifically

@ Key ideas

Learning intentions — Scientific writing has its own particular requirements and expectations around
and success criteria terminology, representations, and conventions for reporting and referencing.

Science inquiry skills

This lesson provides support for the following science inquiry skills:

e use appropriate psychological terminology, representations and conventions for reporting
research

¢ acknowledge sources of information with standard scientific referencing conventions

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

OXforddigital > This lesson is available on Oxford Digital.

Preparing for your data test

Key ideas

— The data test requires you to apply understanding of the dataset, analyse the data
@ presented and interpret the evidence presented by the data.

— Prepare for your data test by participating in class practicals and practising your

Learning intentions science inquiry skills.

and success criteria

Assessment objectives

This lesson provides support for achieving the assessment objectives for a data test:

2. Apply understanding of brain function, sensation and perception, memory or learning to
given algebraic, visual or graphical representations of scientific relationships and data to
determine unknown scientific quantities or features.

3. Analyse data about brain function, sensation and perception, memory or learning to
identify trends, patterns, relationships, limitations or uncertainty in datasets.

4. Interpret evidence about brain function, sensation and perception, memory or learning to
draw conclusions based on analysis of datasets.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

5{0 e oIlSNEIRIM This lesson is available on Oxford Digital.
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Conducting your student experiment

Key ideas
— The student experiment requires you to conduct your own practical by modifying an

existing experiment.
— Ensure that ethical and informed consent obligations will be met before you start your @

experiment. - .
Learning intentions

— If you write a scientific report to present your findings, consider following APA style. and success criteria

Assessment objectives

Study tip
"This lesson provides support for achieving the assessment objectives for a student experiment:  gefore writing your
1. Describe ideas and experimental findings about brain function, sensation and perception, student experiment,

make sure you look
at the instrument-
2. Apply understanding of brain function, sensation and perception, memory or learning to specific marking
guide (ISMG) in the
Psychology 2025

3. Analyse experimental data about brain function, sensation and perception, memory or v1.2 General Senior

learning. Syllabus.

memory or learning.

modify experimental methodologies and process data.

4. Interpret experimental evidence about brain function, sensation and perception, memory
or learning.

5. Evaluate experimental processes and conclusions about brain function, sensation and
perception, memory or learning.

6. Investigate phenomena associated with brain function, sensation and perception, memory
or learning through an experiment.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

(Ds{0 ¢ ollSIEIRM This lesson is available on Oxford Digital.

Conducting your research
investigation

Key ideas
— The research investigation requires you to evaluate a claim about a significant issue
from your study of psychology.
— You must use credible sources to answer your research question. Learning intentions
— To avoid bias, it is good practice (but not necessary for your research investigation) to and success criteria
consider sources that both support and refute the claim.
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Learning intentions
and success criteria

Assessment objectives

"This lesson provides support for achieving the assessment objectives for a research investigation:

1. Describe ideas and findings about social psychology, interpersonal processes, attitudes or
cross-cultural psychology.

2. Apply understanding of social psychology, interpersonal processes, attitudes or
cross-cultural psychology to develop research questions.

3. Analyse research data about social psychology, interpersonal processes, attitudes or
cross-cultural psychology.

4. Interpret research evidence about social psychology, interpersonal processes, attitudes or
cross-cultural psychology.

5. Evaluate research processes, claims and conclusions about social psychology, interpersonal
processes, attitudes or cross-cultural psychology

6. Investigate phenomena associated with social psychology, interpersonal processes,
attitudes or cross-cultural psychology through research.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Oxforddigita| E ) This lesson is available on Oxford Digital.

Preparing for your exams

Key ideas

— Exam preparation should be an ongoing process throughout your course, which
includes managing your class time and at-home study wisely.

— Use exam techniques and understanding of the cognitive verbs to maximise your exam
outcomes.

Assessment objectives

This lesson provides support for achieving the assessment objectives for an examination:

1. Describe ideas and findings about brain function, sensation and perception, memory,
learning, social psychology, interpersonal processes, attitudes and cross-cultural psychology.

2. Apply understanding of brain function, sensation and perception, memory, learning,
social psychology, interpersonal processes, attitudes and cross-cultural psychology.

3. Analyse data about brain function, sensation and perception, memory, learning, social
psychology, interpersonal processes, attitudes and cross-cultural psychology to identify
trends, patterns, relationships, limitations or uncertainty.

4. Interpret evidence about brain function, sensation and perception, memory, learning,
social psychology, interpersonal processes, attitudes and cross-cultural psychology to draw
conclusions based on analysis.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

OXforddigital > This lesson is available on Oxford Digital.
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Review: Psychology toolkit

MODULE

summary

* Psychology is the scientific study of human behaviour and mental processes.

* Studying psychology can lead to a diverse range of career pathways.

*  QCE Psychology is divided into units and topics.

» The science inquiry skills and their application are important for success in QCE Psychology.

+ First Nations peoples are the traditional custodians of the land we know now as Australia.

» First Nations cultures are the oldest living cultures in the world.

» Correctly acknowledging cultural and/or language groups, rejecting deficit discourse, avoiding
Eurocentrism and critically evaluating sources of information can help you to respectfully engage with
First Nations perspectives in QCE Psychology.

» The scientific method is a framework that helps to eliminate bias in research so that valid, evidence-
based conclusions can be drawn.

* A research question is a clearly formulated question that defines the focus of an investigation.

* A hypothesis is a scientific prediction about the outcome of a study; there are different types of
hypotheses: alternative (either directional or non-directional, and either experimental or correlational)
and null.

« In psychology, we statistically test the probability of the null hypothesis being true.

» Each different type of scientific investigation and research design has strengths and weaknesses that
need to be considered.

» Participants in a study can be selected through convenience, random or stratified sampling methods.

* Errors and confounds can influence the quality of results, but they can be minimised through careful
design.

» Ethical principles should be applied in psychological research to ensure the safety and wellbeing of
participants.

* Ethical understanding should be applied when conducting research by acknowledging sources and
referencing.

» Data can be classified as qualitative (descriptive), quantitative (numerical), subjective (personal) or
objective (non-personal), continuous or discrete (categorical).

* Levels of measurement include nominal, ordinal, interval or ratio in order of increasing precision and
usability for statistical analysis.

+ Psychologists use case studies, observations, self-reports, interviews and computerised instruments to
systematically and safely collect information for research.

* Researchers use logbooks to systematically record information, observations and data.

» Statistics are mathematical procedures that help us to make sense of data.

» Descriptive statistics are numerical or graphical methods used to summarise and organise data in a
meaningful way.

» Inferential statistics allow us to interpret meaning from the data such as drawing conclusions, making
inferences and predictions.

» Statistics, tables and figures should be represented scientifically.
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* A conclusion is a judgment about the hypothesis and/or research question. Generalisations extend
conclusions beyond the study to broader population and context.

* Limitations limit a researcher’s ability to confidently answer the research question, generalise the
findings or extrapolate to a claim.

* The quality of an investigation depends on the extent to which the evidence is reliable (consistent) and
valid (measured what was intended). Uncertainty and confounding variables reduce the quality of the
evidence.

» Secondary sources should be evaluated for biases, currency, relevance, authority and accuracy. Peer-
review is a control measure to verify the quality of published research.

» Scientific writing has its own particular requirements and expectations around terminology,
representations, and conventions for reporting and referencing.

» The data test requires you to apply understanding of the dataset, analyse the data presented and
interpret the evidence presented by the data.

* Prepare for your data test by participating in class practicals and practising your science inquiry skills.

» The student experiment requires you to conduct your own practical by modifying an existing
experiment.

» Ensure that ethical and informed consent obligations will be met before you start your experiment.

» Ifyou write a scientific report to present your findings, consider following APA style.

» The research investigation requires you to evaluate a claim about a significant issue from your study of
psychology.

*  You must use credible sources to answer your research question.

» To avoid bias, it is good practice (but not necessary for your research investigation) to consider sources
that both support and refute the claim.

» Exam preparation should be an ongoing process throughout your course, which includes managing your
class time and at-home study wisely.

* Use exam techniques and understanding of the cognitive verbs to maximise your exam outcomes.

Revision qustions: Complete these questions online or in your workbook.

(1 mark each)

1 A research study categorises participants into 3 A sociologist uses census data to examine the

» o«

groups such as “creative”, “musical” or “sporty”.

The level of measurement being used is

A nominal.

B ordinal.

C interval.

D ratio.

Dr Brown conducts a study where she observes
children in a playground without participating
or interfering with their activities. What type of
observation is Dr Brown using?

A Controlled

B Participant

C Naturalistic

D Structured

58 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

demographic changes in a region over the past
50 years. What type of data are they using?

A Primary qualitative
B Secondary quantitative
C Primary quantitative
D Secondary qualitative

4 The term that describes the ability to apply
findings from a sample to a larger population,
ensuring that the sample is representative of the
population from which it was drawn, is
A generalisability.
B validity.
C reliability.
D standardisation.

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

5 When researchers manage all variables in a study

to ensure that the results are solely due to the

treatment and not other factors, the study is said to

have high

A external validity.

B internal validity.

C concurrent validity.

D experimental validity.

Professor Bugs is researching the effects of

increased vitamin intake through drinking carrot

juice on eyesight. He gives his experimental group

125 mL of carrot juice each day, while he gives

the control group carrot juice that has been boiled

and cooled to remove the vitamin content. The

purpose of the control group in this experiment

is to

A show the effects of the independent variable.

B control or eliminate the effects of participant
variables.

C form a basis for comparison with the
experimental group.

D show the effects of the dependent variable.

Select the response that correctly identifies

the characteristics of each type of research

investigation.

Experimental Experimental Correlational Correlational

analysis conclusion analysis conclusion
A Scatterplot Causal Column graph Non-causal
B Scatterplot Non-causal Column graph Causal
C Column graph | Causal Scatterplot Non-causal
D Column graph Non-causal Scatterplot Causal

The type of research design that involves testing
different age groups only once is known as

A longitudinal.
B cross-sectional.
C sequential.

D matched pairs.

Inferential statistics are statistical procedures.
They allow us to

A prove or disprove a hypothesis.

B draw conclusions from data.

C describe the properties of the data gathered.
D manipulate data and calculate standard scores.

10 A researcher wishes to use deception in an

experiment, where participants would believe that
they were taking part in research that investigated
their ability to solve visual puzzles on a computer,

OXFORD UNIVERSITY PRESS
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but in reality the computer would “crash” near the

end of the test and their emotional response to the

frustration would be measured.
Identify the statement that best describes this
scenario.

A This research would be ethical if no
psychological or physical harm was caused to
the subjects in the long term and debriefing
procedures were carried out.

B This research would be ethical if the research
aim was considered sufficiently important
and the ethics committee of the researcher’s
university had approved it, and debriefing
procedures were carried out.

C This research would be ethical if the subjects
gave informed consent about the deceit and
debriefing procedures were carried out.

D This research would be unethical since deceit
in research can never be ethical and is not
permitted even if debriefing procedures are
carried out.

How does sample size affect the standard error of

the mean?

A Increasing the sample size has no effect on the
standard error.

B Increasing the sample size increases the
standard error.

C Increasing the sample size decreases the
standard error.

D The standard error is only affected by the range
of the sample, not the size.

12 A researcher investigated the effect playing video

games had on academic success. He compared the

memory skills of students who spent more than

5 hours per week playing video games with the

memory skills of students who spent less than 5 hours

per week playing video games, by having each group
memorise a list of 40 botanical names of plants.

What is the dependent variable and how is it
operationalised in this research?

A Excessive time spent playing video games;
number of hours per week spent playing video
games

B Students who play video games; more than
5 hours per week spent playing video games

C Academic success; average percentage score in
school examinations

D Academic success; score on test of memory of
40 botanical names of plants
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Use the following information to answer questions 13

to 15.

A researcher investigated the effects of using

a lavender-scented pillow on the sleep cycle of

participants. It was hypothesised that the pillows

would decrease nightmares. The study included

two groups of participants: group 1 was given

lavender-scented pillows and group 2 was given

pillows scented with other herbs. The researcher

analysed the subjects’ dreams for negative content

the next day. The subjects were not aware of which

herbs were thought to reduce nightmares and the

researcher was not aware of which subjects were

given the lavender or other herbs.

13 What type of design was used?

A A single-blind design to eliminate the placebo
effect

B A single-blind design to eliminate subject
expectations

C A double-blind design to eliminate
experimenter bias
D A double-blind design to eliminate placebo and
experimenter effects
14 Which one of the following ethical guidelines was
violated in the study?
A Confidentiality of participant information
B Informed consent from participants
C Voluntary participation in the research
D Waithdrawal rights for participants
15 Which of the following is most likely a
confounding variable?
A Attrition
B Order effects
C Demand characteristics
D Participant variable (e.g. whether they have
nightmares)

Revision qustions: Complete these questions online or in your workbook.

Retrieval and comprehension
16 Describe the following types of validity

a ecological validity (1 mark)
b mundane realism. (1 mark)

17 Describe a strength and limitation of using case
studies in research. (2 marks)

18 Explain the role and bias of the experimenter
with respect to ethical conduct of psychological
research. (2 marks)

Analytical processes

Use the following information to answer questions 19 to 23.

A study was conducted to evaluate the effectiveness of
a new teaching strategy aimed at improving test scores
in mathematics for high school students. A sample of
25 students participated in the study. They were given
a maths test before and after being taught for a term
using the new strategy. The scores out of 100 were as
follows:

Raw data:

Pre-teaching strategy test scores: 45, 48, 50, 51, 52, 54,
55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 67, 68, 70, 72,
74, 76, 82, 85
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Post-teaching strategy test scores: 55, 56, 57, 58, 60,
61, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,
76, 78, 80, 86, 92.

Descriptive statistics:

M SD SE
Pre-test 62.36 10.36 2.07
Post-test 68.16 9.32

19 Determine the mode for the pre-teaching strategy
condition. (1 mark)

20 Identify two characteristics of the data that make
the mean the most appropriate measure of central
tendency. (2 marks)

21 Calculate the standard error of the post-test

D
condition. Use the formula SE = ST . (2 marks)
n

22 Identify the trend in the mean values. (1 mark)

23 Contrast the standard deviation scores. (1 mark)

OXFORD UNIVERSITY PRESS
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Knowledge utilisation

Use the following information to answer questions 24 to 30.

A guidance officer wished to compare the moods of Year
10 students after they had role-played being a victim of
bullying (Condition 1) with their mood after they had
role-played helping an injured person (Condition 2).

She decided to measure mood using a 40-item
“mood test” downloaded from the internet. Responses
were given on a scale of 1 to 10, with 1 being
“depressed” and 10 being “elated”.

The first 30 students on the school’s alphabetical
roll were measured. The role-plays took place on
Monday afternoons, 1 week apart. The guidance
officer made sure that half the students role-played
Condition 1 the first week and Condition 2 the second,
with the other half role-playing the conditions in the
opposite sequence.

The results showed that the mean mood score for
Condition 1 was 3.4 and the mean mood score for
Condition 2 was 7.2. This difference was statistically
significant (p = 0.04).

24 Identify the population in this research. (1 mark)
25 With respect to the sample
a identify the type of sampling method used
(1 mark)
b determine whether the sampling method was
appropriate. Justify your response. (2 marks)

Module 1 checklist: Psychology toolkit

OXFORD UNIVERSITY PRESS

26 With respect to the variables in this research

a identify the operationalised independent
variable (1 mark)

b identify the operationalised dependent
variable. (1 mark)

27 Create a directional, alternative hypothesis for the
experiment. (1 mark)
28 Answer the following questions about the design.

a Identify the experimental design used in this
research. (1 mark)

b Explain why the guidance officer made sure
that “half the students role-played Condition 1
the first week and Condition 2 the second, with
the other half role-playing the conditions in the
opposite sequence”. (3 marks)

¢ Identify the type of data collection method.

(1 mark)

d Identify the level of measurement of the
dependent variable. (1 mark)

29 Draw a conclusion about the effect of the role-
play on mood. (1 mark)

30 Evaluate the quality of the evidence by answering
the following questions.

a Identify a potential confounding variable,
describe its effect on the quality of the study
and propose an improvement. (3 marks)

b Identify a limitation and explain how it affects
the quality of the study. (2 marks)
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Unit 3 overview

Psychology is the scientific study of human thoughts, feelings and behaviours. In Unit 3, we will examine all
aspects of human behaviour, from the workings of the brain to larger biological and social influences on our
individual thinking.

We will examine how the structure and function of the human nervous system - including the role of
specialised areas of the brain - enable us to make sense of, and navigate, an incredibly complex world.

We will also learn about the cognitive processes involved in sensation and perception, memory and learning.
We will use visual and auditory perception as our key examples of sensory processes and discuss the biological,
psychological and cultural influences on visual and auditory perception.

How can we learn and remember new information so that we repeat our successes and grow from our
mistakes? There is no easy answer, as our memory mechanisms can be fickle. Sometimes we remember things
vividly, but have vague and sometimes faulty memories of other past events. By examining different models of
memory, we will explore the brain structures responsible for specific aspects of remembering. We will also discuss
different retrieval methods and strategies for improving our memories.

Finally, the different theories of learning will be compared to help us better understand changes in the way
an individual responds based on prior experiences. We will explore how we interact with our world and how we
use physiological and psychological strategies to interpret and understand our environment as well as cope with
adversity.

Unit 3 objectives

1 Describe ideas and findings about brain function, sensation and perception, memory and learning.
Apply understanding of brain function, sensation and perception, memory and learning.

Analyse data about brain function, sensation and perception, memory and learning.

Interpret evidence about brain function, sensation and perception, memory and learning.

u b W N

Evaluate processes, claims and conclusions about brain function, sensation and perception, memory and
learning.

6 Investigate phenomena associated with brain function, sensation and perception, memory and learning.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

Unit 3 topics

Topic Module

Topic 1 Brain function Module 2 The nervous system and the brain
Module 3 Neurotransmission and neurotransmitters
Topic 2 Sensation and perception Module 4 Processes of seeing and hearing
Module 5 Influences on sensation and perception
Topic 3 Memory Module 6 Understanding memory
Module 7 The formation and storage of memories
Module 8 How we remember and forget

Topic 4 Learning Module 9 Learning
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The nervous system
and the brain

Imagine you’re in an aeroplane, flying over Brisbane at night. As you look down, you
can see the amazing network of communication and transport infrastructure: car
headlights dotted along freeways and side streets; trains speeding along designated
routes; arterial roads converging on transport hubs; and CityCats hurtling across

the Brisbane (Maiwar) River towards the Story Bridge. Imagine that all this is being
controlled from one central point. Now you have an idea of the intricacies of your brain
and nervous system — only yours would be more than 20,000 times larger and more
complex!

Sometimes extra pressure can be put on the system — comparable with how a car
accident on the Riverside Express can cause delays both in and out of Brisbane city, or
when a train delay in Ipswich interrupts the ebb and flow of commuters’ working day.
The system is subjected to stress and the same can happen to a person. Strategies to
deal with such stressors and return the system to normal can be implemented through
our understanding of psychological processes. We can also use our knowledge of our
nervous system to help deal with both biological and psychological stress on our bodies
and minds.

In this module, you will learn more about the human nervous system and how
it functions. You will describe the different divisions of the nervous system (central
and peripheral nervous systems and their associated subdivisions) in responding to,
and integrating and coordinating with, sensory stimuli received by the body. You will
understand how brain function can be viewed as both localised and distributed with
some functions. For example, the occipital lobe’s localised role in vision versus the
multiple brain regions involved in memory. Knowledge of the human nervous system is
important for understanding how we navigate, move, survive and make the best of the
everyday world we live in.

Prior

knowledge .
quiz and the brain before you start.

Check your understanding of concepts related to the nervous system
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— Describe the structure of the human nervous system, with reference to the central
(i.e. brain and spinal cord) and peripheral (i.e. somatic and autonomic) nervous
systems.

Describe the role of the spinal cord in the human nervous system, with reference to
monosynaptic and polysynaptic spinal reflexes.
Describe how brain function can be viewed as both localised and distributed, with
* some functions being identified with specific areas in the cerebral cortex,
including the frontal, occipital, parietal and temporal lobes
« some functions being distributed across large or multiple brain regions, e.g.
— the storage of explicit memory is associated with the hippocampus, the
neo-cortex and the amygdala
the formation of implicit memories relies upon the basal ganglia and
cerebellum.
Explain that Broca’s area, Wernicke’s area, and Geschwind’s territory have specific
roles in language processing.
Explain the interaction of the primary motor cortex, cerebellum and basal ganglia
in coordinating voluntary movement.

Explain the importance of the limbic system and the prefrontal cortex for the

experience of emotion.

Appreciate how plasticity assists in the recovery from brain injury.

This lesson provides support for the following science inquiry skills:

identify, research and construct questions for investigation

identify and operationalise variables to be manipulated, measured and controlled

use mathematical techniques to summarise data, establish relationships and identify

uncertainty through descriptive statistics

¢ measures of central tendency: mean and median

analyse data to identify trends, patterns and relationships; recognising error,

uncertainty and limitations of evidence

select, synthesise and use evidence to

¢ explain findings

e draw conclusions, using p-values to infer significance, allowing for the
possibility of type I and II errors.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Learning intentions
and success criteria

central nervous
system (CNS)
comprises the brain
and the spinal cord;
controls the body

by processing and
responding to sensory
input from the
peripheral nervous
system

peripheral
nervous system
(PNS)

comprises all the
nerves and ganglia
outside the brain
and spinal cord
that communicate
information to and
from the central
nervous system
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The human nervous system

Key ideas

— The human nervous system has two main divisions: the central nervous system and
peripheral nervous system.

— The central nervous system comprises the brain and spinal cord.

— The peripheral nervous system comprises the somatic and autonomic nervous
systems.

— The autonomic nervous system comprises the sympathetic and parasympathetic
nervous systems.

Introducing the human nervous system

The nervous system can be divided into two main divisions: the central nervous system
(CNS) and the peripheral nervous system (PNS). Neuroimaging techniques have
enabled scientists to observe the parts of the brain that are active during different types of
cognitive processes, many of which are active at any given time. It is important to remember
that different parts of the brain interact with each other and are not isolated structures. The
brain needs to receive information from the body’s sense organs — the eyes, ears, skin, nose
and tongue — which are constantly receiving information from the environment. The brain is
also connected with the muscles and glands in the body so that an organism is able to respond
to and act on the environment.

The central nervous system

The central nervous system comprises the brain and the spinal cord. It helps the brain to
communicate with the rest of the body by sending messages to the peripheral nervous system.

The brain

The brain is made up of the hindbrain,
the midbrain and the forebrain; each
structure is detailed in Unit 1. The

hindbrain links the spinal cord with the
rest of the brain, and is important for

Forebrain

movement and balance. The midbrain
coordinates movement, sleep and

arousal. The forebrain is responsible
for receiving and processing sensory
information and for higher order

thinking processes, including problem-
solving, planning, memory, language

and emotions (Figure 1). Lesson 2.3
will contain further detail on brain

structure and functioning. FIGURE 1 Forebrain, midbrain and hindbrain
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The spinal cord

The spinal cord is a dense column of
nerve tissue running from the brain

e Brain

(A= Brain stem
J Cervical nerves
o fibres that carries

\ ) sensory and motor
— Thoracic nerves signals between the

peripheral nervous
system and the brain

spinal cord
a bundle of nerve

Spinal

stem down inside the vertebrae to the cord

lower-middle section of the spine. It
carries nerve signals from the brain
to other parts of the body, as well as

Lumbar nerves

receiving signals from the body and
. o . . Sacral nerves
transmitting this information to the brain.
The upper section is responsible for
communication between the brain and the
upper parts of the body; the lower section
is responsible for communication between Central nervous system
the brain and the lower parts of the body,

such as the legs, toes and feet (Figure 2).

M Peripheral nervous system
M Autonomic nervous system

The spinal cord is also involved in spinal B Somatic nervous system

reflexes, which will be discussed in more
detail in Lesson 2.2.

I
/S

FIGURE 2 The human nervous system

The spinal cord contains grey and
white matter. The grey matter (Figure 3)
is surrounded by a column of white

Grey matter
White matter (cell bodies
(axons) and terminals)

matter, containing axons travelling in
both directions, allowing for smooth
communication between the brain and
body, and vice versa.

The spinal cord is divided into several
segments: cervical, thoracic, lumbar,
sacral and coccygeal, each corresponding
to a different region of the body and
containing specific pairs of spinal nerves.
There are 31 pairs of these spinal nerves, FIGURE 3 The spinal cord
with two spinal nerves exiting each side of
the cord through the vertebrae.

Introducing the peripheral nervous system

The peripheral nervous system works with the central nervous system to enable you to
interact with your environment. Imagine that you find a feather. You pick it up and stroke
it and find that it feels soft on your fingers. In this scenario, the motor neurons of your
peripheral nervous system are responsible for initiating the movement of your muscles in

your arm and hand so you can touch the feather. The sensory neurons of your peripheral
nervous system convey the sensation of the feather from the sensory receptors in the skin on
your hand to the brain via the central nervous system. Your brain then registers the feather as

being soft.

In the peripheral nervous system, axons are grouped together in bundles known as

fibres. These fibres combine to form nerves, which also include connective tissue and blood

vessels, extending to muscles, glands and organs throughout the body. The sciatic nerve,
the longest nerve in the human body, begins in the lumbar region of the spine and extends
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axon

the part of a neuron
along which the
electrochemical nerve
impulse is transmitted

motor neuron

a neuron that
communicates
messages from the
central nervous system
to the particular
muscles that an
organism intends to
move at any particular
moment or glands

to support bodily
functions; also known
as efferent

seénsory neuron

a neuron that carries
sensory information
from the body and the
outside world into the
CNS; also known as
afferent
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somatic nervous
system

the branch of the PNS
that transmits sensory
information to the
CNS and carries motor
commands from the
CNS to the skeletal
muscles

autonomic
nervous system
consisting of the
parasympathetic and
sympathetic branches;
responsible for the
communication
between the body’s
non-skeletal (visceral)
and involuntary
striated (heart)
muscles and the
internal organs and the
glands that carry out
bodily functions

sympathetic
nervous system
a branch of the
autonomic nervous
system that changes
the activity levels

of internal organs,
muscles and glands to
prepare for increased
activity during times
of high physical or
emotional arousal

parasympathetic
nervous system

a branch of the
autonomic nervous
system responsible for
maintaining day-to-
day functioning of the
body such as digestion,
heart rate, breathing
and some glandular
functions; reverses
changes in bodily
function caused by the
sympathetic nervous
system
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its branches all the way to the tips of the toes, measuring a metre or more in a typical adult.
The peripheral nervous system has two subdivisions: the somatic nervous system and the
autonomic nervous system.

The somatic nervous system

The somatic nervous system controls the voluntary movement of skeletal muscles (striated
or striped muscles). It contains both afferent nerves (made of sensory neurons sending
information to the CNS) and efferent nerves (made of motor neurons sending information
from the CNS). The nerves in the somatic nervous system are categorised by their location,
either in the spinal or head regions. There are 31 pairs of spinal nerves that carry sensory
information from the periphery to the spinal cord and relay muscle instructions from the
spinal cord to the skeletal muscles. Additionally, there are 12 pairs of cranial nerves that
transmit information to and from the brain stem, playing an essential role in sensation and for
movements of the head, neck and tongue.

The autonomic nervous system

The autonomic nervous system is regulated by the hypothalamus. It is mostly responsible
for the communication of information between the central nervous system and the body’s
non-skeletal muscles, also known as smooth or visceral muscles (found in the stomach and
bladder), together with the internal organs and glands that carry out basic bodily functions
such as digestion and respiration.

For the most part, the autonomic nervous system operates without the organism’s
voluntary control or conscious awareness, enabling it to pay attention to other matters,
such as responding to threats in the environment. However, some actions of the autonomic
nervous system, such as breathing and blinking, can be voluntary. For example, you generally
don’t notice each time you inhale and exhale but, during a medical examination, you can
deliberately hold your breath and then breathe out on demand. Table 1 lists the muscles and
glands controlled by the autonomic nervous system.

TABLE 1 Muscles and glands controlled by the autonomic nervous system

Muscles Glands
¢ In the skin (around hair follicles; smooth muscle) * Pancreas
¢ Around blood vessels (smooth muscle) ¢ Adrenal medulla (adrenal gland)
¢ In the eye (the iris; smooth muscle) ¢ Sweat gland

¢ In the stomach, intestines and bladder (smooth muscle)

¢ Of the heart (cardiac muscle, i.e. involuntary striated muscle)
¢ Gastrointestinal tract

¢ Gall bladder

¢ Liver

The sympathetic and parasympathetic nervous systems

The autonomic nervous system is further divided into two branches: the sympathetic
nervous system and the parasympathetic nervous system. These two systems have
different roles, which are complementary.
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The fight-flight-freeze response is activated by both the sympathetic nervous
system and the parasympathetic nervous system. The sympathetic nervous system is like
an emergency system that becomes active when the organism is threatened. It prepares the
body for action, such as running away or fighting the threat. In contrast, the parasympathetic
nervous system controls the freeze response. This is activated when you are aware that you
are unable to fight or outrun the threatening stimulus. The parasympathetic nervous system
is also responsible for homeostasis; that is, maintaining balance in automatic day-to-day
bodily functions, such as digestion, normal heart rate and breathing.

Parasympathetic division {;‘Jj/ v '{}

Constricts pupils <& SN

Stimulates tear glands <@
-
&
Constricts bronchi “
=) &

Slows heart rate

Stimulates salivation

Stimulates production of bile

Stimulates digestion

Relaxes intestinal muscles

Contracts bladder

v

Sympathetic division
<@ Dilates pupils
<@ No effect on tear glands
e Inhibits salivation

fight-flight-
freeze response

a physiological
response to stress that
causes an organism to
react in a combative
manner (flight),
remove itself from the
situation (flight) or not
react at all (freeze)

homeostasis

a self-regulating
process by which the
body maintains a stable
internal balance while
adjusting to a changing
environment

“ Relaxes bronchi
=)

Increases heart rate

Slows digestion
Stimulates glucose release
Constricts intestinal muscles

Stimulates adrenalin production

Relaxes bladder

FIGURE 4 The role of the autonomic nervous system during different levels of arousal

Check your learning 2.1: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Construct a labelled diagram to illustrate
your understanding of the structure of each
component of the nervous system. Make sure that
you include the following

a central nervous system (brain and
spinal cord) (1 mark)

b peripheral nervous system (1 mark)

¢ somatic nervous system (1 mark)

d autonomic nervous system (sympathetic and
parasympathetic). (1 mark)

2 Describe the structures of the peripheral
nervous system. (4 marks)
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3 Describe the structure of the spinal cord.
(3 marks)

Analytical processes

4 Compare the autonomic nervous system and the
somatic nervous system. (2 marks)

Knowledge utilisation

5 When people sustain an injury to their
nervous system, they can have impaired
motor coordination and movement initiation.
Hypothesise a possible explanation. (HINT:
consider the role of the CNS and the PNS))
(3 marks)
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Learning intentions
and success criteria

reflex

automatic, involuntary
response to sensory
information (stimulus)

reflex arc

the path taken by the
nerve impulses in a
reflex

monosynaptic
spinal reflex arc

a reflex arc made up of
only two neurons (one
sensory and one motor)
synapsing in the spinal
cord

polysynaptic
reflex arc

a reflex arc made up
of multiple neurons,
with one or more
interneurons in the
spinal cord connecting
the sensory and motor
neurons
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Spinal reflexes

Key ideas

— Areflex (or reflex action) is an involuntary, almost instantaneous movement in
response to a specific stimulus.

— Areflex arc is a neural pathway that controls a reflex action.

— A monosynaptic spinal reflex arc consists of only two neurons: one sensory neuron and
one motor neuron.

— A polysynaptic spinal reflex arc involves one or more interneurons connecting sensory
and motor neurons.

Introducing spinal reflexes

For our bodies to respond to what is happening in both our external and internal
environments, messages need to be relayed to and from our central nervous system (CNS; the
brain and the spinal cord). Our peripheral nervous system (PNS) is responsible for ensuring
that we are able to make both voluntary and involuntary movements in response to external
and internal stimuli. The PNS also ensures that we are able to maintain appropriate levels of
arousal, respond to our environment in appropriate ways and maintain homeostasis. Without
these messages, our body would be unable to react to dangers in our environment (such as
pulling away from a hot object or a venomous spider).

Our basic life-preserving processes, such as breathing, are also controlled by the PNS.
Breathing is an unconscious response, which explains why you typically don’t think about
it unless, for example, you're asked to “breathe in and breathe out” or if you are practising
mindfulness. This lesson will examine the role of the spinal cord in the human nervous
system and introduce you to various innate spinal reflexes.

Spinal reflexes

The somatic nervous system is involved in reflex actions without the involvement of the CNS
so that the reflex can occur very quickly. Reflexes are responses to sensory stimuli, which are
innate, not learnt. These responses tend to be simple behaviours that contribute to our safety
and survival. Many of these are controlled within the spinal cord without involving the brain
and are therefore referred to as spinal reflexes. This enables an organism to respond faster
than if a nerve impulse has to be sent to the brain. This means that pulling away from a hot or
sharp object, for example, can be almost instantaneous.
The process of receiving a sensation and responding to it reflexively involves a reflex arc.
There are two forms of spinal reflex arc:
« monosynaptic spinal reflex arc: involving only one synapse, where a sensory neuron
brings a sensation from receptors in the body and a motor neuron carries motor messages
to the muscles of the body (Figure 1)
polysynaptic spinal reflex arc: involving interneurons connecting the sensory and
motor neurons, and, therefore, at least two synapses (Figure 2).
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Muscle spindle

Extensor muscle of knee Spinal cord
(quadriceps femoris) Sensory neuron

-

Reflex 2 rc

Patellar tendon

Motor neuron

En

FIGURE 1 A two-neuron spinal reflex arc (monosynaptic)

Interneuron
Sensory neuron

[ Motor T

\ neuron

Sensory

receptors Spinal cord

FIGURE 2 Three-neuron reflex arcs (polysynaptic spinal reflex arc)
are more common than two-neuron reflex arcs.

Only a few of the simplest reflexes, such as the “knee-jerk” or patellar reflex, are
monosynaptic. An example of a polysynaptic reflex is the pupillary reflex. This reflex
controls the diameter of the pupil and hence the amount of light entering the eye.

The role of the synapse in transmitting neural impulses, such as those in a spinal reflex
arc, is explained in detail in Module 3.

Check your learning 2.2: Complete these questions online or in your workbook.

Retrieval and comprehension 5 Differentiate between monosynaptic and

1 Identify the spinal reflex arc that contains only polysynaptic spinal reflex arcs. (1 mark)
one synapse. (1 mark) Knowledge utilisation

2 Describe a polysynaptic spinal reflex and give 6 Humans have evolved to possess certain physical
an example. (2 marks) and neurological features to increase survival.

3 Identify an example of a monosynaptic spinal Propose how the dilation and constriction of our
reflex arc. (1 mark) pupils is beneficial to human survival. (4 marks)

Analytical processes

4 Consider the effect on survival if you did not
have reflexes. (2 marks)
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Learning intentions
and success criteria

cerebral cortex
the multilayered
outer surface of the
cerebrum responsible
for receiving
information from

the environment,
controlling our
responses, and
allowing complex
voluntary movements
and higher order
thinking processes;
consists of the
neocortex and
allocortex

cerebrum

the part of the brain
most responsible for
voluntary movement
and complex

thought processes
such as perception,
imagination, judgment
and decision-making

corpus callosum
the thick band of about
200 million nerve
fibres connecting

the right and left
hemispheres of the
brain

frontal lobe

the largest lobe of
the brain; has several
functions, including
initiating movement
of the body, language,
planning, judgment,
problem-solving,
aspects of personality
and emotions;
extremely well
developed in higher
order mammals
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Brain function

Key ideas

— The cerebral cortex is the outermost layer of the cerebrum. The cerebrum is divided
lengthways into two cerebral hemispheres.

— Each cerebral hemisphere can be divided into four lobes: frontal, parietal, temporal
and occipital.

— Some functions can be seen as localised to specific areas of the brain.

— The storage of explicit memories is distributed across three main brain regions: the
hippocampus, the neocortex and the amygdala.

— The formation of implicit memories involves the basal ganglia and cerebellum.

— Broca’s area (speech production), Wernicke's area (speech comprehension) and
Geschwind's territory (combine word properties) are brain regions involved in
language processing.

Introducing brain function

Brain function can be understood as both localised and distributed. This means that while
certain functions are associated with specific regions of the cerebral cortex, these functions
may also involve networks that span multiple areas of the brain. Examples of localised brain
function are evident in the cerebral cortices of the lobes; for example, the occipital lobe

is primarily responsible for visual processing. However, many brain activities require the
integration of multiple regions working together. For example, language processing involves
the frontal lobe (Broca’s area) for speech production and the temporal lobe (Wernicke’s area)
for comprehension, along with other areas for reading and writing. This dual nature of brain
function highlights the complexity and interconnectivity of our neural processes.

The cerebral cortex is the outer layer of the cerebrum and crucial to our understanding
of how we process sensory information and how we move and speak. It helps us to detect the
difference between pieces of information, to understand the meaning of this information, and
to think in abstract and symbolic ways, enabling creativity in art, writing, debating and the
use of metaphor (Burton et al., 2015). The cerebral cortex is the name given to the outer area
of the cerebrum. The cerebrum (located in the forebrain) is separated into the left and right
cerebral hemispheres. Each hemisphere is almost symmetrical in appearance and they are
joined by a set of neural fibres known as the corpus callosum.

Lobes of the cerebral cortex

The cerebral cortex of each hemisphere of the brain is made up of four distinct lobes: the
frontal lobe, the parietal lobe, the occipital lobe and the temporal lobe (Figure 1). Both
hemispheres have one of each of these lobes, making eight lobes in total. From the sensory
receptors (for all senses except smell), signals are sent to the thalamus, deep beneath the
cerebral cortex. The thalamus then relays this information to the primary cortex of the relevant
lobe, which then processes and interprets it. We are constantly bombarded by stimuli — sights,
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sounds, smells, feelings and tastes — and we cannot address each one. The thalamus also selects
which incoming information most requires our attention at any given moment.

- Primary motor cortex Primary somatosensory cortex

Parietal lobe (touch,
non-verbal thought,
spatial orientation)

&

Frontal lobe (abstract thought, /
social skills, planning) \H .

Temporal lobe (hearing, 1“ .S
language, visual recognition) ")

Ptz s iy ot Occipital lobe (vision)

FIGURE 1 The lobes of the brain

Frontal lobes

The frontal lobes are the largest of the lobes and are responsible for speech, abstract thought,
planning and social skills. The primary motor cortex is situated at the rear of each

frontal lobe, adjacent to the central fissure; it is responsible for the movement of the body’s
skeletal muscles. The primary motor cortex functions contralaterally, meaning that the left
primary motor cortex is responsible for the movement of the right-hand side of the body, and
vice versa.

Parietal lobes

The parietal lobes enable a person to perceive three-dimensional shapes and designs. They
help you to perceive your own body, the space around yourself, and the location of objects
in your environment. The primary somatosensory cortex is situated at the front of

each parietal lobe, adjacent to the central fissure. It is responsible for processing sensation
such as touch, pressure, temperature and pain. Like the primary motor cortex, it functions
contralaterally: the left primary somatosensory cortex is responsible for processing sensation
in the right-hand side of the body, and vice versa. If the right primary somatosensory cortex
is damaged, a person will be unable to process sensation from parts of the body on the left
side, and the relevant body part will be numb. The reverse will happen if the left primary
somatosensory cortex is damaged. The cortical area responsible for sensation on the toes is
located at the top of the somatosensory cortex, and the area responsible for sensation in the
mouth is located at the bottom.

Temporal lobes

The temporal lobes process auditory information (sensations received by the ears). The
primary auditory cortex is in the upper part of the temporal lobes. The temporal lobes
perform the complex auditory analysis necessary for understanding human speech or
listening to music. Parts of the lobes specialise in sensitivity to particular types of sounds.
People with a damaged right temporal lobe tend to be unable to recognise songs, faces or
paintings. People with a damaged primary auditory cortex often experience forms of deafness
— or complete deafness if the entire primary auditory cortex is removed.
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Primary visual cortex

parietal lobe

the location of the
primary somatosensory
cortex in the brain;
enables a person to
perceive their own
body and where

things are located

in their immediate
environment

occipital lobe

the cerebral cortex

at the rear of the
brain; the location

of the primary visual
cortex and association
areas involved with
integration of visual
stimuli

temporal lobe

the part of the
forebrain beneath the
temporal plate of the
skull, at the side of the
head above the ears;
contains Wernicke’s
area and the primary
auditory cortex

thalamus

a structure in the brain
located between the
cerebral cortex and

the midbrain, just
above the brain stem;
responsible for relaying
motor and sensory
signals to the cerebral
cortex

primary motor
cortex

located at the rear

of each frontal lobe;
responsible for
movement of the
skeletal muscles of the
body

primary
somatosensory
cortex

located at the front

of each parietal lobe;
processes sensations
such as touch,
pressure, temperature
and pain

primary auditory
cortex

located in the upper
part of the temporal
lobe; receives sounds
from the ears
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Occipital lobes

The occipital lobes are responsible for vision. Information from the left side of each retina
is processed in the left occipital lobe and information from the right side of each retina is

processed in the right occipital lobe. Information from the centre of the visual field and the

primary visual centre of each retina is processed in both occipital lobes. The primary visual cortex is

cortex
located at the back
of the occipital lobe;

located at the back of the occipital lobes. Different parts of the primary visual cortex process
different types of visual stimuli. A person with a damaged primary visual cortex would be

processes information unable to process any visual stimuli that their eyes see; it would be as if they were blind. If

from the eyes

some specific visual stimuli would not be processed.

part of an occipital lobe were damaged, there would be a gap in the person’s visual field where

Association areas of the cerebral cortex

The parts of the cerebral cortex dissociated from the lobes are comprised of the association
neuron areas. The neurons in the association areas are typically less specific in their function than

nerve cell, responsible
for communication
within the body

those in the primary cortices (of each lobe). Neurons in the association areas located closest
to a primary cortex for a specific sense specialise in analysing and interpreting that particular

sensory information. Neurons in the association areas that are further from a primary cortex
may be more involved in the integration of information from several senses and memories.

These areas form a large-scale network of interconnected regions involved in higher-order

cognitive functions. This is an example of how brain function can be distributed across areas.

Muscle
movement

Primary motor cortex

- “'
P
Motor >
association 47 . d
cortex /£ Plans for
%) movement

Primary auditory cortex

Auditory association cortex

Auditory
information

Perceptions &
memories

Sensory information
from the body

Primary somatosensory cortex

Sensory
association cortex

Visual association
cortex

Visual
Information

Primary visual cortex

FIGURE 2 The association areas in the left hemisphere of the brain. The arrows indicate the communication

channels.
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Distribution of brain function

Memory is an example of a brain function that is distributed across several brain regions.
Different types of memories are stored in different, interconnected brain regions. For explicit
memories, which include personal experiences (episodic) and general knowledge (semantic),
three key areas are involved: the hippocampus, the neocortex and the amygdala. Implicit
memories, such as those related to motor sKkills, involve the brain regions of the basal ganglia
and cerebellum. Module 7 discusses memory in more detail.

Explicit memory

Explicit memory, also known as declarative memory, involves the conscious recall of general
knowledge, facts and events (semantic memory) and personal experiences (episodic memory).
Three key brain regions are primarily involved in this brain function: the hippocampus, the
neocortex and the amygdala. The hippocampus, located in the temporal lobe, is crucial for
forming and indexing episodic memories. The neocortex, the largest part of the cerebral
cortex, is involved in the long-term storage of these memories, transforming them into general
knowledge over time. The amygdala, a structure located in the temporal lobe, improves

the retention of memories by attaching emotional significance to the memory. Memories
associated with strong emotions like fear and joy are the most difficult memories to forget.
Together, these regions work to encode, store and retrieve explicit memories, allowing us to
recall past experiences and learnt information.

Implicit memory

Implicit memory, also known as non-declarative memory, involves unconscious recall of
motor memories, crucial for skills such as playing the piano or tennis. The main brain regions
involved in implicit memory are the basal ganglia and the cerebellum. The basal ganglia,
located deep within the brain, plays an important role in motor control and habit formation,
which are essential for implicit procedural memories, such as learning to ride a bike or play a
musical instrument. The cerebellum, situated at the back of the brain, is vital for fine motor
skills and coordination, contributing to tasks like typing and using chopsticks. These regions
work together to enable the smooth execution of learnt skills and conditioned responses
without conscious thought. Your study of the involvement of brain structures in memory
(Unit 3 Topic 3) continues in more depth in Module 7.

Processing language

Human communication engages nearly the Arcuate fasciculus

Geschwind’s territory

entire brain. Language processing in the
brain involves several key areas, most notably
Broca’s area, Wernicke’s area and Geschwind’s
territory. It is important to recognise that
modern research suggests that language
functions are distributed across the brain
beyond just these three areas.

Broca’s area

Broca's area

Broca’s area is found in the association area of
the left frontal lobe. It is primarily responsible
for speech production, coordinating the

Wernicke’s area

FIGURE 3 Geschwind’s territory is located between
Broca’s area and Wernicke’s area.
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neocortex

the largest part of the
cerebral cortex, located
on the outermost
regions of the
cerebrum; responsible
for higher-order

brain functions such
as memory, sensory
perception and spatial
reasoning

Study tip

For more information
on the location

of Broca's area,
Wernicke's area and
Geschwind's territory,
review Unit 1 Topic 1.

Broca’s area

part of the left frontal
lobe; the speech
production centre of
the brain
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localisation of
function of the
brain

specific parts of the
brain are responsible
for different functions

Wernicke’s area
part of the left
temporal lobe,
responsible for
language reception
and interpretation
and for creation of
grammatically correct
speech

Geschwind’s
territory

area of the brain that
provides a connection
between Broca’s area
and Wernicke’s area;
helps to process the
multiple properties

of words, and classify
and label things, which
is a prerequisite for
developing concepts
and thinking abstractly

Study tip

Remember:

Broca's area affects
speech production,
Wernicke's area
affects speech
comprehension and
Geschwind's territory
links the two!
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movement of the lips, tongue and vocal cords to articulate words. It is also important in the

use and understanding of grammar. Damage to Broca’s area can result in Broca’s aphasia:
difficulty speaking, putting grammatically correct sentences together and articulating words.
However, people with Broca’s aphasia can comprehend language. This indicates that Broca’s
area is the motor region for language production. Surgeon Pierre Paul Broca conducted
scientific studies of patients with damage (or lesions) to Broca’s area, providing the first
clinical evidence for localisation of function of the brain, whereby specific behaviours were
linked to specific areas in the brain (Burton et al., 2018; Carlson, 2008).

Wernicke's area

Wernicke’s area is located in the left temporal lobe, not too far from Broca’s area. In
contrast to Broca’s area, which is involved with the production of speech, Wernicke’s area is
associated with the comprehension of speech. It is responsible for storing receptor codes that
interpret the meaning of language and for creating grammatically correct speech. Basically,
the main function of Wernicke’s area is to make sure the language makes sense. German
physician Carl Wernicke discovered this area by studying patients who were able to speak,
but unable to comprehend language due to lesions in the posterior region of the temporal
lobes of their brains. Therefore, Wernicke’s area is thought to be the sensory region for
language comprehension. People with damage to Wernicke’s area may suffer from Wernicke’s
aphasia. They struggle to comprehend language, and they produce sentences that are fluent
but meaningless — often referred to as “word salad”. Scientific studies of Wernicke’s area
extended the clinical evidence provided by Broca for localisation of function in the brain
(Burton et al., 2018; Carlson, 2008).

Geschwind’s territory

Geschwind’s territory exists in the inferior parietal lobe. It is a multimodal integration
region directly linked to Wernicke’s and Broca’s areas via the arcuate fasciculus (a bundle of
nerve fibres). This region develops with age and allows people to understand the meaning of
particular words. The connection between the motor (Broca’s area) and sensory (Wernicke’s
area) regions of the brain involved in language helps to explain how we input words we

hear or read, and link them to those areas of the brain responsible for producing speech
(Catani & Mesulam, 2008; Science Daily, 2004; Oestreich et al., 2018; The Brain from Top to
Bottom, 2018a).

Geschwind’s territory is located in an area in the brain where the neurons are multimodal —
capable of simultaneously responding to and processing a range of stimuli, including auditory
and visual stimuli (Science Daily, 20045 The Brain from Top to Bottom, 2018a). It is the ideal
area for processing the properties of words: how they sound, how they look and what they
represent. Geschwind’s territory provides a platform for abstract thinking by enabling the brain
to interpret and classify stimuli. Evidence for the existence and functional role of Geschwind’s
territory was gathered by studying people with aphasia and the neural structure of animals
(rhesus monkeys), and comparing them with human neural structures involved with language.

Challenge

Multilingual speakers

What is the secret of people who can speak multiple languages? Are their brains
different, or is it their ability to persist in learning languages? Investigate current
research to see if you can present a scientific argument that answers this question.
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Check your learning 2.3: Complete these questions online or in your workbook.

Retrieval and comprehension 5 Explain what each of Broca’s area, Wernicke’s
1 Describe the function of each of the following area and Geschwind’s territory is responsible for.
a frontal lobe (1 mark) (3 marks)
b parietal lobe (1 mark) Analytical processes
¢ temporal lobe (1 mark) 6 Select one of the lobes of the brain. Consider its
d occipital lobe. (1 mark) importance in responding to, and integrating and
2 Identify which lobe would be involved in coordinating with, sensory stimuli received by the
processing the following sensory information body. Write a brief paragraph about this process.
a listening to music on the radio (1 mark) (3 marks)
b navigating a crowded room (1 mark) 7 Determine the brain regions involved in playing

¢ looking at beautiful scenery. (1 mark) a musical instrument correctly. (2 marks)

3 Identify the brain regions associated with the Knowledge utilisation
storage of explicit memories. (3 marks) 8 Discuss how brain function can be distributed
4 Describe the role of the cerebellum in the across brain areas, with reference to memory
formation of implicit memories. (1 mark) storage. (5 marks)

Voluntary movement

Key ideas

— The coordination of voluntary movement involves the primary motor cortex,
cerebellum and basal ganglia.

— The basal ganglia helps regulate voluntary movements by processing information from
different brain regions.

— The cerebellum coordinates information about movements from other areas in the @

brain to fine-tune motor activity.
Learning intentions

— The primary motor cortex is crucial in initiating voluntary movements. o
and success criteria

Introducing voluntary movement

We use voluntary movement to control parts of our body (e.g. our arms and legs), to voluntary

move our head to visually explore the world, to control our facial expressions to reflect our f:eoi:e?;g;tal
emotions, and to communicate with each other by moving our lips, mouth and tongue. execution of an action
Voluntary movement can be defined as the intended execution of an action that is the result involving cognitive

of cognitive processes (Schwarz, 2016). The coordination of voluntary movement involves processes

many areas of the brain, with the primary motor cortex, the basal ganglia and the cerebellum
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playing key roles (Figure 1). In this lesson, we will explore how these parts of the brain plan,
coordinate and communicate using feedback loops to cause specific muscle contractions that
allow us to interact with our environment.

Primary motor cortex

Basal ganglia

Cerebellum

FIGURE 1 Voluntary movement is controlled by the basal ganglia, the cerebellum and the primary motor cortex.

Steps in voluntary movement

The brain processes different kinds of information at a rapid pace
to initiate voluntary movement. These voluntary movements are
performed in a series of steps. The first step is to select a response
that will achieve the desired goal of the movement. This is done by
rapidly analysing all the possible responses and choosing the one
that best corresponds with what we want to achieve. For example, if
we want to pick up a glass of water, our brain would “sift” through
all the movements related to picking up an object and choose the

FIGURE 2 Picking up a glass of water is an example of one that best matches grasping and lifting a glass. The second
voluntary movement.

step is the planning stage: working out how the movement will
physically happen. It includes planning and selecting the sequence of muscle contractions
needed to carry out the movement. The third step is to actually carry out the movement by
activating the motor neurons that will trigger the movement (Burton et al., 2018).

The basal ganglia

basal ganglia Before we can engage in voluntary movements, our motor cortex (located in the frontal lobes)
a set of structures must gather information from other areas of the brain. This includes information such as our
involved in the N o . . .. .
body’s current position, what goal the movement will achieve, a strategy for attaining this
control of movement,
gathering and goal, and memories of strategies we have previously used to achieve this goal successfully.
channelling This information-gathering process is controlled by the basal ganglia, a group of structures
information from . . . .
different areas of the in the brain that includes the caudate nucleus, the putamen and the globus pallidus, and the
brain subthalamic nucleus. The basal ganglia enables voluntary movement by operating a complex
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feedback loop. It channels information from various regions of the brain to the motor cortex
to initiate and regulate motor commands. It also acts to block movements that may not suit
the goal of the movement. It receives input from the frontal, parietal and temporal lobes.

The cerebellum

The cerebellum is located in the hindbrain at the back of our brain, playing an essential cerebellum

role in motor movement regulation and balance control. It stores sequences of movements the area of the brain
hat h b . vl h . Ived in the f . £i lici . responsible for

that have been previously learnt (where it is involved in the formation of implicit memories coordinating and

and motor learning). It also coordinates and integrates information about movements from remembering smooth,

other areas in the brain to help us move in ways that are smooth and well sequenced, and well-sequenced

seem effortless. The cerebellum communicates with the primary motor cortex by sending movements

signals through a dense nerve bundle that consists of a large number of axons, supporting the

coordination and fine-tuning of voluntary movements.

Primary motor cortex

The primary motor cortex is located at the rear of each frontal lobe next to the central fissure.

It is responsible for movement of the body’s skeletal muscles, and activates the neural impulses

that initiate and execute voluntary movement. The left primary motor cortex is responsible

for the movement of the right side of the body. The right primary motor cortex is responsible

for the movement of the left side of the body. This is called contralateral organisation. If

damage occurs to the right primary motor cortex, a person will be unable to move parts of

their body on the left side such as their left hand and leg; the reverse will happen if the left

primary motor cortex is damaged.
The extent of the primary motor cortex devoted to voluntary movement of different parts

of the body is proportional to the number of neurons required to move different anatomical

parts. For example, the mouth and hands require more motor neurons to move the many

small muscles for fine motor activity; other parts of the body require fewer neurons and

therefore have less space on the primary motor cortex.
Neuroplasticity helps with recovery from brain injury
Psychologists once believed that our brains were new neural connections and neural pathways, and to
structured and that they functioned in a fixed fundamentally change how it is wired.
way. They thought that the only changes to our An example of this is the case of a 25-year-old
brains occurred through normal development piano player who sustained major damage to the left
from childhood to adulthood, and that they side of her brain after a stroke (Azari & Seitz, 2000;
would then deteriorate in old age. In Unit 1, you Pekna et al., 2012). She was subsequently unable to
learnt how researchers have discovered that the use her right hand or speak properly. This makes
brain and neural networks are not fixed, but they sense when we remember our brains are organised
change dynamically throughout life depending contralaterally (the left side controls the right side
on the experiences that we have (Burton et al., of our body, and vice versa), and the language
2018; Demarin et al., 2014; Su et al., 2016). The structures (e.g. Wernicke’s area and Broca’s area)
rewiring occurs in response to environmental are located on the left-hand side of the brain. Her
experiences including disease, injury and learning therapy involved repeated training of the right-hand
experiences (Kolb & Gibb, 2008). This is known side of her brain. Eventually she recovered her ability
as neuroplasticity and is the brain’s ability to form to speak, and the ability to use her right hand again. )

OXFORD UNIVERSITY PRESS MODULE 2 THE NERVOUS SYSTEM AND THE BRAIN 79

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

4 Remarkably, she was able to play the piano as well
as she had before her stroke. Neuroplasticity can
therefore help explain why some patients are able to
recover from serious brain injuries, such as strokes.

Although we still have much to learn about
neuroplasticity, the case study documented here
highlights the amazing ability of our brain to
change, reorganise itself and learn new ways to
behave. Neuroscientists continue to investigate
this process in the hope that new treatments and
therapies can be developed to enrich the lives of

people with brain injuries. FIGURE 3 Neuroplasticity can help explain why some
patients recover from brain injury

Apply your understanding

1 Describe how our understanding of brain 3 Identify two types of experiences that can lead
structures and functions has changed over to the rewiring of neural networks. (2 marks)
time. (1 mark) 4 Describe how the piano player’s recovery from

2 Describe neuroplasticity. (1 mark) stroke demonstrates neuroplasticity. (1 mark)

Constructing a research question

Science inquiry skill: Understanding the scientific method (Lesson 1.3);
Evaluating evidence (Lesson 1.8)

The concept of neuroplasticity is relatively new to modern science, but a wealth of
research supports the idea that neuroplasticity can help patients with brain injuries.
The brain is able to do this by rerouting its neurons to essentially cover the damaged
area so that normal functioning can be again achieved by the patient.

As we learnt in the real-world feature in this lesson, after a 25-year-old piano player
sustained major damage to the left side of her brain after a stroke, training the right-
hand side of her brain helped her recover the ability to speak and to use her right hand.

The following claim was made: “The environment has a profound effect on
neuroplasticity.”

The research investigation requires you to create a research question based on a
provided claim. An example of a possible research question may look like this: “Does
an enriched environment of weekly rehabilitation with physiotherapy (for 6 months)
compared to no physiotherapy affect neuroplasticity in adults suffering from a brain

injury due to stroke, as measured by walking gain?”
Study tip

Read the abstract of a
journal article before
you read the whole

Practise your skills

Identify the key words in this claim. (3 marks)

article. Abstracts can 2 Construct a research question for this claim starting with either “To what extent ...”,

tell you whether the “Can ...” or “Does...”. (It may help to define the key terms first.) (3 marks)

article will be useful for . X i i

your research question. 3 Identify the dependent variable in the research question example. (1 mark)

Make sure you are 4 Identify the independent variable in the research question example. (1 mark)

using credible sources . . . .

that are scientific and 5 Identify a peer-reviewed journal that may contain relevant research that could
peer-reviewed. be used in response to your research question. (1 mark)
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Check your learning 2.4: Complete these questions online or in your workbook.

Retrieval and comprehension Knowledge utilisation
1 Identify the three regions of the brain involved 4 Propose how voluntary movement may be
in voluntary movement. (3 marks) affected in someone who has damage to the
2 Summarise how each of the three regions is primary motor cortex. (1 mark)
involved in voluntary movement. (3 marks) 5 Propose how voluntary movement may be

. affected in someone who has suffered an injury to
Analytical processes )
the basal ganglia. (2 marks)

3 Differentiate between the role of the cerebellum
and the role of the basal ganglia in voluntary
movement. (1 mark)

Emotion and the brain

Key ideas

— The limbic system and prefrontal cortex are brain regions involved in experiencing and
regulating emotion.

— Structures in the limbic system include the amygdala, hippocampus, hypothalamus and
thalamus.

— The amygdala is involved in regulating and processing emotion, such as aggression and fear.

— The hippocampus works together with the amygdala to connect memories with
emotions, which generate an emotional response.

— The hypothalamus plays a role in activating various emotional responses.

— The thalamus receives sensory information and relays this to the sensory cortex and @

the amygdala.
Learning intentions

— The prefrontal cortex contributes to the regulation of emotion. -e
and success criteria

Introducing emotion and the brain

In Unit 2, you learnt about the role of the brain in the interpretation, production and
regulation of emotion. The limbic system is located on both sides of the thalamus. It includes
the hippocampus, hypothalamus and amygdala; the prefrontal cortex is also implicated in
emotion. This lesson further explores how the experience of emotion is linked to the limbic
system and prefrontal cortex.
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limbic system

a group of structures
in the brain consisting
of the amygdala,
hypothalamus and
midbrain; involved

in memory, emotion,
behaviour and
motivation

amygdala

an almond-shaped
structure, located in
the medial temporal
lobe of the brain, that
is central to emotion,
aggression and implicit
learning; it is vital

in initiating and
processing emotional
responses and in
forming emotional
memories

hippocampus

a finger-sized curve
structure that lies in
the medial temporal
lobes; responsible

for consolidation of
explicit memories and
transfers these to other
parts of the brain for
storage as long-term
memory; provides
context for emotional
meaning by recalling
previous experiences

hypothalamus

a structure in the
forebrain that plays
a major role in
homeostasis, and
controlling emotion
and motivated
behaviours such as
eating, drinking and
sexual activity

HPA axis

a major
neuroendocrine
system that includes
the hypothalamus,
pituitary gland

and adrenal gland;
these structures
interact through a
feedback system to
regulate a number
of functions such as
a person’s digestion,
immune system,
mood, emotions and
responses to stress

The limbic system

The limbic system is one of the oldest
structures in the brain, first appearing in
small mammals over 150 million years

ago.. It consists of a collection of structures,
including the amygdala, hypothalamus,
thalamus and midbrain areas (Figure 1).
The limbic system is implicated in memory,
emotion, behaviour and motivation. As you
learnt in Unit 2, LLeDoux proposed that there
was a short or long route to processing and
acting on emotion. This is shown in Figure 2.

Amygdala

The amygdala is involved in the activation
of certain emotions, particularly fear. It

is also strongly involved in conditioning:

a type of learning covered in Module 9

and implicated in social processing and
recognising emotions. The amygdala is
located in the temporal lobes of the brain;

its role is specialised in each hemisphere.
The right side is involved in how we perceive
emotion, particularly negative emotion.
Specifically, the amygdala is responsive to
the fear stimulus and fear conditioning. The
amygdala appears to modulate our reactions
to events that impact our survival. As well as
processing emotion, the amygdala is involved
in memory recollection and storage.

Hippocampus

Basal ganghi S— Cingulate gyrus

r\, " ’ ) 2 | Thalamus
Hippocampus
Hypothalamus
Amygdala
FIGURE 1 The limbic system
Cortex
Long route \
Hippocampus
Short route l
Thalamus Amygdala

Emotional Emotional
stimulus response

FIGURE 2 LeDoux’s model of emotion with the long
and short pathways

The hippocampus is involved in the regulation and expression of emotion. It is sent
emotional information directly from the amygdala. For example, when we are presented with

emotionally charged stimuli, our hippocampus aids us in recalling any information relevant

to the situation, providing context for us to make meaning of the emotion. This is where the
role of the hippocampus in memory is also relevant in the experience of emotion. When we
process emotional stimuli via L.e Doux’s “long route”, sensory information is also processed

in the hippocampus, then sent to the amygdala.

Hypothalamus

The hypothalamus is implicated in basic survival actions such as running, fighting and
reproduction. The hypothalamus is part of the HPA axis (the hypothalamic-adrenal-
pituitary gland response, which controls our reactions to stressful situations), and is involved
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in physiological responses to fear-inducing emotional stimuli. It is why our bodies can “feel”
the emotions of our brain. For example, when you watch a horror movie, the amygdala will
send a signal to the hypothalamus that something scary has occurred in the movie. This
results in the hypothalamus triggering the fear response (fight-flight-freeze response) or an
adrenalin rush by activating the sympathetic nervous system.

Thalamus

The thalamus plays a crucial role in experiencing emotion by acting as a relay station in the
brain for sensory information and connecting with other brain regions involved in emotional
processing. When sensory information enters the brain, the thalamus processes and
transmits it to the cerebral cortex and other structures in the limbic system (amygdala and
hippocampus) for interpretation and generation of appropriate emotional responses.

Challenge

The brain and depression

Depression is a mood disorder involving decreases in pleasurable experiences from
rewards and an overemphasis on negative emotions. Chronic stress has been linked

to the development of depression as it can cause changes in how the brain balances
positive and negative information. Consider the role of the limbic system in the stress
response, specifically the HPA axis.

The prefrontal cortex

The prefrontal cortex (PFC) is the part of the cerebral cortex (neocortex) that sits at the prefrontal cortex
very front of the brain. Specifically, the ventral (underside) of the PFC is associated with and (PFC)

connects brain regions that are involved in emotional processing and production. The PFC is Sz;:eif:}?:ti?;szlts
involved in regulating and modifying emotions by integrating them with cognitive processes. brain regions that

It interacts with the limbic system to assess emotional responses and applies rational thought are involved ”;the
processing an

to emotional experiences. The PFC is also involved in executive functioning and deciding production of emotion;

between good and bad actions. plays a crucial role
in executive control

and higher cognitive
functions such as
decision-making

Check your learning 2.5: Complete these questions online or in your workbook.

Retrieval and comprehension Analytical processes

1 Describe the role of the amygdala in 4 Compare the role of the hippocampus and the
emotion. (1 mark) role of the hypothalamus in influencing emotion.

2 Identify four components of the limbic system. (2 marks)
(4 marks) 5 Determine which area of the limbic system

3 Explain the role of the prefrontal cortex in is likely to be damaged if a person is unable to
experiencing emotion. (2 marks) experience fear. (1 mark)

OXFORD UNIVERSITY PRESS MODULE 2 THE NERVOUS SYSTEM AND THE BRAIN

This work must not be reproduced, stored, transmitted or circulated in any other form.

83



MODULE

Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Review: The nervous system and
the brain

Ssummary

¢ The human nervous system has two main divisions: the central nervous system and peripheral
nervous system.

e The central nervous system comprises the brain and spinal cord.

* The peripheral nervous system comprises the somatic and autonomic nervous systems.

e The autonomic nervous system comprises the sympathetic and parasympathetic nervous systems.

* A reflex (or reflex action) is an involuntary, almost instantaneous movement in response to a
specific stimulus.

e A reflex arc is a neural pathway that controls a reflex action.

* A monosynaptic spinal reflex arc consists of only two neurons: one sensory neuron and one
motor neuron.

* A polysynaptic spinal reflex arc involves one or more interneurons connecting sensory and motor neurons.

e The cerebral cortex is the outermost layer of the cerebrum. The cerebrum is divided lengthways into two
cerebral hemispheres.

* Each cerebral hemisphere can be divided into four lobes: frontal, parietal, temporal and occipital.

* Some functions can be seen as localised to specific areas of the brain.

¢ The storage of explicit memories is distributed across three main brain regions: the hippocampus, the
neocortex and the amygdala.

* The formation of implicit memories involves the basal ganglia and cerebellum.

e Broca’s area (speech production), Wernicke’s area (speech comprehension) and Geschwind’s territory
(combine word properties) are brain regions involved in language processing.

¢ The coordination of voluntary movement involves the primary motor cortex, cerebellum and basal
ganglia.

» The basal ganglia helps regulate voluntary movements by processing information from different brain
regions

» The cerebellum coordinates information about movements from other areas in the brain to fine-tune
motor activity.

* The primary motor cortex is crucial in initiating voluntary movements.

e The limbic system and prefrontal cortex are brain regions involved in experiencing and regulating
emotion.

» Structures in the limbic system include the amygdala, hippocampus, hypothalamus and thalamus.

¢ The amygdala is involved in regulating and processing emotion, such as aggression and fear.

* The hippocampus works together with the amygdala to connect memories with emotions, which
generate an emotional response.

* The hypothalamus plays a role in activating various emotional responses.

e The thalamus receives sensory information and relays this to the sensory cortex and the amygdala.

» The prefrontal cortex contributes to the regulation of emotion.
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(1 mark each)

1

The central nervous system is made up of

A the brain and the spinal cord.

the cerebral cortex and the spinal cord.

the spinal cord and somatic nervous systems.

cow

the autonomic and the somatic nervous

systems.

The peripheral nervous system is made up of

A the brain and the spinal cord.

B the central and somatic nervous systems.

C the somatic and autonomic nervous systems.

D the sympathetic and parasympathetic nervous
systems.

Moving your leg is an action that is made by which

system?

A The somatic nervous system

B The autonomic nervous system

C The sympathetic nervous system

D The parasympathetic nervous system

What do motor neurons enable us to do?

A Play the piano.

B Smell the scent of a flower.

C See a ball when it is thrown.

D Feel the silky coat of a puppy.

Sensory neurons in your toes are part of which

nervous system?

A Central

B Sensory

C Peripheral

D Autonomic

Which of the following is a true statement about

the parasympathetic nervous system?

A It operates at a level of conscious awareness.

B It is part of the somatic nervous system that
operates on the body.

C In normal daily life it works all the time to
ensure that the body’s metabolic systems are in
balance.

D In normal daily life it has nothing to do; it
is used to return the body functions to their
normal levels after sympathetic arousal.

OXFORD UNIVERSITY PRESS

Review questions: Complete these questions online or in your workbook.

Use the following information to answer questions 7 and 8.
Henry was on a hike when he saw a tiger snake. He
quickly picked up a stick and tried to hit it. His friend
Tom, who also saw the snake, quickly ran away to a
safer place on the track.
7 Which division of the nervous system was most
likely in control of their reactions to the snake?
A Limbic B Central
C Somatic D Autonomic
8 What were Henry and Tom demonstrating?
A Reflex response
B Reticular activating system
C Fight-flight-freeze response
D Sympathetic arousal response
9 The left cerebral hemisphere generally controls the
right side of the body, and vice versa. What is this
known as?
A Bilateral organisation
B Unilateral organisation
C Ipsilateral organisation
D Contralateral organisation
10 Damage to which region of the brain can result in
deficits in the ability to plan and problem solve?
A Thalamus
B Temporal lobe
C Occipital lobe
D Association area
11 Wernicke’s area plays a critical role in
A comprehending language and forming
meaningful sentences.

B controlling muscles responsible for the
production of articulate speech.

C coordinating muscle movements and
maintaining posture and balance.

D regulating emotional balance, resulting in
disconnected brain activities.

12 Which brain region is responsible for coordinating
the hand movements that musicians use when
playing a musical instrument?

A Thalamus
B Cerebellum
C Prefrontal cortex

D Primary motor cortex
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13 Which part of the brain is linked to memory for
motor skills?
A Amygdala
B Cerebellum
C Basal ganglia
D Hippocampus
14 The hippocampus plays an important role in
A facial recognition.
B the storage of explicit memories.
C implicit memory of learnt skills and actions.

D mathematical, spatial and logical reasoning.

15 Which region of the brain is most likely damaged
if a person has difficulty coordinating muscle
movements?

A Cerebrum
B Cerebellum
C Basal ganglia
D Hypothalamus

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

16 Identify two parts of the brain that are responsible

for voluntary movements. (2 marks)

17 Identify which component of the peripheral
nervous system involves voluntary activity and
which component involves involuntary activity.
(2 marks)

18 A patient has a head injury that resulted in an
inability to move his left hand. Identify which
part of his brain has most likely been damaged.
(1 mark)

19 The lobes of the cerebral cortex play a role in
processing and responding to sensory information.
Describe the role of the following primary
cortices in processing information from our
external environment
a primary somatosensory cortex (1 mark)

b primary auditory cortex (1 mark)
¢ primary visual cortex. (1 mark)

20 Describe the interaction of the brain regions
involved in coordinating voluntary movement.
(3 marks)

21 Describe the role of the amygdala in emotional
expression. (1 mark)

86 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

22 Summarise the functions of the given parts of
the brain by copying and completing the table.
(5 marks)

Brain part Function
Neocortex

Thalamus

Primary cortices

Association areas

Frontal lobe

23 Explain the term “spinal reflex”. Use a diagram to
illustrate a polysynaptic spinal reflex arc. (2 marks)

24 Identify the location and the main role of the
amygdala in experiencing emotion. (2 marks)

25 Explain the role of the basal ganglia in voluntary
movement. (2 marks)

26 Explain the structure and function of the
primary motor cortex, including what is known as
contralateral organisation. (3 marks)

27 Summarise the role of Geschwind’s territory in
producing and interpreting language. (2 marks)

28 Noabh tries to pick up a hot saucepan, but burns
his hand and quickly retracts it. Describe what
occurred when Noah removed his hand rapidly.

(1 mark)

29 Explain how the limbic system and the prefrontal
cortex are involved in emotional regulation.
(2 marks)
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Analytical processes Knowledge utilisation

30 Distinguish between a monosynaptic and 33 Assess why we may not always be aware of bodily
polysynaptic spinal reflex arc. (1 mark) functions such as breathing. Be sure to describe

31 Contrast the central nervous system and the the part of the nervous system involved in this
peripheral nervous system. (4 marks) day-to-day bodily function. (3 marks)

32 Differentiate between the function of Broca’s 34 Discuss how the sympathetic and parasympathetic
area and Wernicke’s area in language. (1 mark) nervous systems are involved in the fight-flight-

freeze response, using an everyday example of
when the two systems may be activated. (5 marks)

Data drill

Role of the amygdala in violent behaviour TABLE 1 Mass of the amygdala in rats displaying low
aggression (control) and high aggression

Jimmy conducted a study on rats to further

understand the role of the amygdala in violent Group 1 (g) Group 2 (g)
behaviours. He observed 20 rats for 3 months and 35 2.4
noted the number of aggressive behaviours, such 4.8 3.0

as biting and scratching, exhibited by the rats on a 3.8 2.2
daily basis. Once he had collected all the data, he 4.2 3.1
separated the rats into two groups. The first group 5.0 3.5
consisted of 10 rats, each of which performed 5.1 3.3
less than 30 displays of aggressive behaviours 4.3 2.8
throughout the 3-month period; the second group 4.7 3.1
consisted of 10 rats that had displayed more than 5.2 2.1

30 acts of aggression throughout the 3-month 4.9 3.4
period. All the rats were humanely euthanised, Mean = 4.55 Mean =
strictly adhering to ethical committee guidelines. SD = 0.58 SD = 0.50

He then measured the mass of their amygdala in
grams. The results are shown in Table 1. Apply understanding

Jimmy performed a paired two-sample z-test on 1 Calculate the mean of the data for Group 2.
the data. The p-value was found to be 0.045. (2 marks)

Analyse data

2 Identify the group that has the greatest
uncertainty. (1 mark)

Interpret evidence

3 Determine whether the results were
statistically significant based on the inferential
statistic. (1 mark)

4 Draw a conclusion from Jimmy’s study based
on the results. (1 mark)

Module 2 checklist: The nervous system and the brain
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Neurotransmission
and neurotransmitters

The neurons and neurotransmitters in our bodies are crucial parts of our internal
and external experience. The messages we send from our brain to our body, and from
our body to our brain, are dictated by the structure and proper functioning of these
minuscule components. The way we crave a bar of chocolate while watching our
favourite movie, how we feel hanging out with friends over the weekend, the surge "
of adrenalin we get when competing in an athletic event or even the pain we feel
when we trip over the finish line and sprain our ankle — these are all governed by the ¢
coordinated firing of millions of minuscule neurons in our nervous system.

The way we think, feel and behave — our emotions, our responses to the world
we live in, and our physical and psychological experiences — can all be broken
down into a highly coordinated chemical message system controlled by our brain,
neurotransmitters and neurons. In this module, we will investigate how these messages
are relayed via neurotransmission, contrast the role of inhibitory and excitatory
neurotransmitters, describe the physical and psychological functions of different types
of neurotransmitters in our nervous system, and explore the impact that interference in
neurotransmitter functioning can have on our minds and bodies.

T

Prior

knowledge )
quiz and neurotransmitters before you start.

Subject matter 20 "

Check your understanding of concepts related to neurotransmission

— Describe neurotransmission, with reference to action potentials and synaptic
transmission.

— Contrast excitatory and inhibitory neurotransmitters, e.g. glutamate (Glu) and
gamma-amino butyric acid (GABA).

— Describe the physical and psychological function of acetylcholine, epinephrine,
norepinephrine, dopamine and serotonin.
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— Explain the impact of interference in neurotransmitter function, with reference to
Parkinson’s disease and Alzheimer’s disease, considering causes, symptoms and
treatments.

— Recognise that changes to neurotransmitter function may have beneficial and/or

harmful and/or unintended consequences.

This lesson provides support for the following science inquiry skills:
') — identify and operationalise variables to be manipulated, measured and controlled
— distinguish between types of investigations, e.g.
¢ experiments (independent and dependent variables)
— independent groups
— matched participants
5 0 Q — repeated measures

e correlational research (related variables)

e quasi-experiments

e observational research

use mathematical techniques to summarise data, establish relationships and identify

uncertainty through descriptive statistics

¢ measures of central tendency: mean and median

analyse data to identify trends, patterns and relationships; recognising error,

uncertainty and limitations of evidence

select, synthesise and use evidence to

¢ draw conclusions, using p-values to infer significance, allowing for the
possibility of type I and II errors

suggest improvements and extensions to minimise uncertainty, address limitations
and improve the overall quality of evidence.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024

-
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©

Learning intentions
and success criteria

neuron

a nerve cell, responsible
for communication
within the body

dendrite

a branch-like segment
of a neuron that
receives signals from
other neurons or
sensory receptors

via the synapses and
delivers these to the
cell body

cell body (soma)
the largest part of a
neuron, containing
the nucleus; it controls
the metabolism and
maintenance of the
neuron

axon

the part of the neuron
along which the
electrochemical nerve
impulse is transmitted

axon terminal
located at the end of
the axon; it transmits
messages to the next
neuron by releasing

neurotransmitters from

terminal buttons
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Neurotransmission

Key ideas

— Neuron structure consists of dendrites, cell body, axon, myelin sheath and axon
terminals.

— Neurons communicate with each other via a process called synaptic transmission.
Neural pathways allow different parts of the nervous system to communicate with
each other.

— Neurotransmitters are chemicals that help communicate across synapses between
neurons. They can either excite (e.g. glutamate) or inhibit (e.g. gamma-amino butyric
acid) a neuron from firing its own action potential.

— An action potential transmits an electrical signal along a neuron’s axon to communicate
with other neurons, muscles or glands.

Introducing neurotransmission

To understand how information is processed in the brain, it is important to know that it is
a physiological process. Specialised cells, called neurons, receive information from other
neurons, process this information, and then communicate it to other neurons. These cells
share similarities with other cells in the body: they are surrounded by a cell membrane,
have a nucleus that contains DNA, and are made up of cytoplasm, mitochondria and other
organelles. However, they differ in structure and how they communicate with each other.

Neuron structure

Remember from Unit 1 that there are different types of neurons of different shapes and
sizes. They are generally comprised of dendrites, the cell body (soma), which includes the
nucleus, the axon and the axon terminals. Most axons are coated with myelin (a myelin
sheath). Figure 1 shows the structure of a neuron, and Table 1 describes the different
features of a neuron.

Dendrites

Nucleus

Cell body

Axon terminal ——

FIGURE 1 Structure of a neuron

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

TABLE 1 Features of a neuron

Structure
Dendrites

Description
A neuron can have dozens to hundreds of dendrites that look like branches coming off the soma (the word dendron is
Greek for “tree”). The dendrites receive information (neurotransmitters) from other neurons, which they carry from

the synapse to the soma.

Cellbody @ The largest part of the neuron is the soma or cell body. It controls the metabolism and maintenance of the

(soma) neuron. In most neurons, the cell body receives messages from other neurons.

Axon The axon is a nerve fibre that extends from the cell body and carries information (as an electrical impulse) towards
the axon terminals, which communicate with other neurons. Some axons have two or more offshoots, and some can
be up to a metre long.

Myelin The axons of most neurons are covered in a myelin sheath, which is an insulating fatty coating that facilitates the

sheath transmission of information to other neurons. Axons with myelin are white rather than grey. Myelin protects the
axon from potential chemical and physical interference to the electrical impulses that travel along it. The insulation
provided by the myelin sheath also enables information to travel much faster — up to 400 km/h.

Axon Axon terminals are found at the end of the axon branch and transmit messages to the next neuron. Axon terminals

terminals  have terminal buttons. These terminal buttons have sacs that release a chemical called a neurotransmitter whenever

electrical impulses are sent down the axon (Figure 2). Although they never actually touch, the axon terminals of one

neuron link with the dendrites of the next neuron.

The role of neurotransmitters in transmitting information

Neurotransmitters are chemicals that transmit information from one neuron to the next.
Neurons are not actually in contact with each other; rather, there is always a tiny space, or
synapse, between them. The exact location of synapses along the neuron can vary, but it is
easiest to think of communication between neurons as beginning with information, in the
form of an electrical impulse. This impulse is transmitted from the cell body along the axon
to the axon terminal buttons. A neurotransmitter is then secreted from the terminal buttons
into a synapse shared with dendrites of other neurons. The process of neurons transmitting
information between each other is known as synaptic transmission (Figure 2).

Presynaptic neuron Axon terminal

Myelin sheath
around axon

Dendrites Terminal buttons

of axon terminals

Nucleus

Presynaptic
neuron

Terminal button
of axon terminal

(Receiving end)
Postsynaptic neuron

Postsynaptic
neuron

(Transmitting end)

Synapse

FIGURE 2 Information received by dendrites travels along the axon to the terminal buttons at the end of the
axon terminals.
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myelin

a white, fatty, waxy
substance that

coats some axons
and insulates them,
protecting them from
electrical interference
from other neurons;
this increases

the efficiency of
transmission of nerve
impulses

myelin sheath

an insulating

fatty coating that
helps facilitate the
transmission of
information (electrical
impulse) to other
neurons

neurotransmitter
chemical released from
a neuron following an
action potential that
helps communication
across nerve synapses

synapse
the junction between
two neurons through
which the two neurons
communicate

synaptic
transmission

the process of neurons
sending information
to each other via
neurotransmitters
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presynaptic
neuron

a neuron that transmits
information to another
neuron

postsynaptic
neuron

a neuron that receives
information from
another neuron

excitatory
synapse

a synapse that causes
the target neuron to
become excited, and
more likely to fire and
propagate an action
potential

inhibitory
synapse

a synapse that causes
the target neuron to
become inhibited, and
less likely to fire and
propagate an action
potential

action potential

a momentary change in
the electrical potential
of a cell, which allows

a nerve cell to transmit
a signal or impulse
towards another

nerve cell

Challenge

Synapses

Not all synapses are the same. In the brain, the synapses are often located on other

parts of the cell, besides the dendrites. Additionally, in other parts of the nervous

system, neurons might send their signals to the glands or muscles rather than other

neurons. Consider potential evolutionary reasons for this.

The lock and key process

Neurotransmitters are contained in small

sacs, known as synaptic vesicles, within the
terminal button of each neuron’s terminal
axon. When a presynaptic neuron fires, the
synaptic vesicles move towards the presynaptic
membrane. Some synaptic vesicles stick to

the membrane and break open to release the
neurotransmitter into the synaptic cleft.

Once in the synaptic cleft, some of the
neurotransmitters will bind with protein
molecules known as “receptors” that are
located in the dendrites of the postsynaptic
neuron. The receptors act like locks that can
only be opened with one particular “key” or
neurotransmitter. When a receptor binds with
the neurotransmitter that “fits” (it has the
appropriate molecular structure and electrical
charge), the postsynaptic neuron is either
activated or inhibited.

This is referred to as the “lock and key
process” (Figure 3).

Neurotransmission

There are two main types of synapses
involved in communication between neurons:
excitatory (which cause the neuron to fire)
and inhibitory (those that inhibit neurons
from firing).

When an axon of a neuron fires, the
terminal buttons of the excitatory synapses
release a neurotransmitter (e.g. glutamate)
that “excites” the postsynaptic neuron or
causes it to reach its action potential. This
“excitement” increases the amount of firing

) Axon terminal
Presynaptic

membrane

Postsynaptic
receptor

Synaptic cleft

v

Postsynaptic membrane

v

Molecules of
neurotransmitter
being released from
terminal button

Activation of
postsynaptic *

Postsynaptic
receptor has receptor
excitatory or activated by
inhibitory effect neurotransmitter

on postsynaptic
neuron

FIGURE 3 The lock and key process, where the

neurotransmitter (the key) fits into the receiving
postsynaptic neuron receptor (the lock)

of the axon of the postsynaptic neuron. In contrast, when inhibitory synapses are activated

by inhibitory neurotransmitters (e.g. gamma-amino butyric acid) the “firing” rate of the

postsynaptic neuron is reduced, and sometimes it does not fire at all.
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How much a neuron “fires” will depend on the level of activity of all of the synapses
on the dendrites of the neuron, and also on how active the cell body of the neuron is. For
example, if the excitatory synapses are mostly active, the neuron will fire much more than if
the inhibitory synapses are mostly active. The excitation or inhibition effects produced by a
synapse only last for a fraction of a second.

Action potential

An action potential is a brief electrical event that travels along the axon, triggering the

release of neurotransmitters into the synapse and signalling that the neuron is active. This
process occurs through the movement of ions in and out of the cell membrane channels. The
difference in electrical charge inside and outside the neuron is called the membrane potential,
which fluctuates depending on excitatory or inhibitory neurotransmitters. When the

membrane potential reaches the action potential threshold, the neuron fires. The following membrane
potential

the difference in
1 Depolarisation results when positively charged sodium ions (Na+) enter rapidly into the electrical charge inside

neuron through the open voltage-gated sodium channels, resulting in the reversal of the and outside the neuron
membrane potential’s polarity from —70 mV to +40 mV for a moment.

three main phases of an action potential (Figure 4) occur in just a few milliseconds.

2 Repolarisation follows when the sodium channels slowly close and the voltage-gated
potassium (K+) channels open, resulting in the membrane permeability to sodium ions
declining to resting levels. The potassium ions rapidly exit the cell through the potassium
channels, causing the localised negative membrane potential of the cell to be restored.

3 Hyperpolarisation is the phase where some of the potassium channels stay open, and
the sodium channels are reset. During this phase, there is a short period of time when the
membrane is more permeable to potassium and these positive ions rapidly exit before the
potassium channels close. This results in a slight dip in membrane potential below resting
membrane potential (<70 mV).

The neuron is not capable of responding to any new stimulus and propagating an action
potential, regardless of its intensity, during a period of time called the refractory period. This
period is essential for ensuring proper timing and direction of neuron communication.

Neurotransmission involves the following steps:

1 Initiation: An action potential is triggered in the presynaptic neuron when the membrane
potential reaches a certain threshold (typically =50 mV) due to more excitatory inputs.

2 Propagation: The action potential travels down the axon to the axon terminals. This
movement is facilitated by the opening and closing of voltage-gated ion channels along
the axon.

3 Arrival at axon terminal: Upon reaching the axon terminal, the action potential
causes voltage-gated calcium channels to open, allowing Ca?* ions to enter the
axon terminal.

Action potential

4 Neurotransmitter release: The influx of A
calcium ions results in the synaptic vesicles filled
with neurotransmitters fusing with the presynaptic
membrane, releasing the neurotransmitters into
the synapse.

5 Binding to receptors: The neurotransmitters
diffuse across the synapse and bind to specific
receptors on the postsynaptic neuron.

6 Postsynaptic response: Binding of

neurotransmitters to receptors can either excite or

inhibit the postsynaptic neuron, depending on the
type of neurotransmitter involved. FIGURE 4 An action potential
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glutamate

an excitatory
neurotransmitter in
the brain involved in
memory and learning

GABA
(gamma-amino
butyric acid)

an inhibitory
neurotransmitter;
imbalance of GABA

is implicated in severe
anxiety disorders; also
involved in arousal and
sleep

Glutamate and GABA

Glutamate is the most abundant excitatory neurotransmitter in the central nervous system
and can excite almost every neuron in the brain. It does this by increasing the likelihood that
the neuron will fire an action potential. Glutamate is different from other neurotransmitters
that only bind to one receptor as it has the ability to bind to four different receptors. This
allows glutamate more opportunities to be involved in many psychological processes,
particularly in learning and memory, where fast signalling and information processing

is important.

"
A

FIGURE 5 This illustration represents a glutamate receptor being activated by glutamate. The dots at the bottom of
the image represent the electrical impulse being released to the postsynaptic neuron.

GABA (gamma-amino butyric acid) has an inhibitory effect on the brain. It decreases
the likelihood that a neuron will fire an action potential. Approximately one-third of all
neurons in the brain use GABA. It regulates arousal by counteracting the effects of excitatory
glutamate (and some other neurotransmitters), thus providing a sense of calm. A lack of
GABA predisposes individuals to developing anxiety disorders such as phobias. Maintaining
a balance between glutamate and GABA is essential for correct brain function and overall
psychological wellbeing.

Check your learning 3.1: Complete these questions online or in your workbook.

Retrieval and comprehension 6 Construct a diagram to explain

1 Describe a synapse. (1 mark) neurotransmission. (4 marks)

2 Describe an action potential. (1 mark) Analytical processes

3 Identify the phase in an action potential when 7 Differentiate between a presynaptic neuron and
the threshold membrane potential is met. a postsynaptic neuron. (1 mark)
(1 mark) 8 Distinguish between excitatory and inhibitory

4 Describe the process of synaptic transmission. neurotransmitters and give an example of each.
(1 mark) (3 marks)

5 Identify an excitatory neurotransmitter. (1 mark)

94 PSYCHOLOGY FOR QUEENSLAND UNITS 3 &4 OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Neurotransmitters

Key ideas

— There are many different types of neurotransmitters that act as chemical messengers
in synaptic transmission and have distinct physical and psychological functions.

— Acetylcholine is involved in muscle contractions, learning, memory and REM sleep.
— Epinephrine is involved in the stress response.

— Norepinephrine is involved in stress responses, alertness, arousal, emotional

regulation and attention. @

— Dopamine is involved in thoughts, feelings, motivation and behaviours.

— Serotonin is involved in the regulation of mood, sleep, eating, arousal and pain. Learning Intentions
and success criteria

Introducing neurotransmitters

A single neuron can release more than one neurotransmitter. So far, research has identified
more than 100 neurotransmitters in existence. Although hormones and neurotransmitters
are different kinds of chemical messengers, some molecules function as both hormones and
neurotransmitters. For instance, norepinephrine is excreted as a hormone by the adrenal
glands, but it can also be excreted as a neurotransmitter by nerve endings. In this lesson we
will look at five key neurotransmitters:

e acetylcholine

e epinephrine

e norepinephrine

¢ dopamine

e serotonin.

Acetylcholine

Acetylcholine is a neurotransmitter found in the brain, the spinal cord and the peripheral acetylcholine
nervous system. Acetylcholine stimulates muscular contractions, is involved in learning and a neurotransmitter in
the brain, spinal cord
and peripheral nervous
contractions that help control breathing (respiratory system), digestion and the cardiovascular  system involved in
system. It also helps the quality and intensity of communication between neurons in the brain muscle contractions,

. . . . . learning and memory,
associated with learning (e.g. the hippocampus, the basal ganglia and the hypothalamus). and REM sleep

memory, and promotes REM sleep. This neurotransmitter is responsible for the muscular

Acetylcholine is also involved in the process of neuroplasticity; that is, the way the neural
structure of the brain changes itself in response to neural, environmental and behavioural
experiences. Evidence of its role in memory and learning comes via studies of rats (Burton
et al., 2018). For example, when rats are involved in certain learning activities, acetylcholine
activity in their brains appears to increase.

Acetylcholine has also been linked to memory through studies of patients with Alzheimer’s
disease who have deficits in their memory functioning (Kandimalla & Reddy, 2017; Reddy,
2017). These patients have been shown to have depleted amounts of acetylcholine in their
brains. Scientists continue to explore how best to treat Alzheimer’s disease by using neural
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stem cell therapy to regnerate neurons that make acetylcholine in patients with Alzheimer’s
disease (refer to Lesson 3.3 for more details)

\/
0 >N

FIGURE 1 Among other things, acetylcholine is FIGURE 2 Chemical structure of acetylcholine
responsible for the muscular contractions that help
control digestion.

Epinephrine

epinephrine Epinephrine, also known as adrenalin, is a hormone (secreted by the adrenal glands) and

a neurotransmitter and neurotransmitter (secreted from axon terminals). It is released in response to situations
hormone involved in

SO provoking anxiety, fear and emotional arousal and is regulated by the autonomic nervous

system. It plays a key role in the fight-flight-freeze response. Epinephrine causes increased
heart rate, heightened blood pressure and increased respiratory rate. Epinephrine is
released in the brain and also in the organs of the body, therefore, it functions as both a
neurotransmitter and hormone (Burton et al., 2018; Carlson, 2008).

OH
HO
HN
~
HO
FIGURE 3 Epinephrine is released in response to FIGURE 4 Chemical structure of epinephrine
situations provoking anxiety, fear and emotional arousal.
Investigations
Science inquiry skill: Understanding the there is stress or threat around you, there will be an
scientific method (Lesson 1.3); Planning increase in epinephrine to activate your sympathetic
investigations (Lesson 1.4) nervous system, which, in turn, increases your blood
Epinephrine is released when the body experiences pressure so that you have enough blood supplied to
the fight-flight-freeze response. If you perceive your muscles to fight or run away from a threat.
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Thomas decides to test what type of stress can TABLE 1 Blood pressure recordings (mmHg) in each condition
increase blood pressure, and therefore increase .
i . P i Name Start Movie Test
epinephrine concentration, the most. Thomas .
. .. Jimmy 120/80 140/80 130/80
measured the blood pressure of his four participants
. . Charlotte 110/70 180/90 140/90
at the start of the experiment, and then again after Kimberl 130/90 120/80 140/90
the two conditions he subjected them to. In the rmberiey
Adam 100/80 150/80 140/80

first condition Thomas showed the participants
a scary movie trailer and measured their blood 1 Identify the independent variable and the

pressure. After 10 minutes Thhomas subjected his dependent variable in Thomas’s experiment.
participants to the second condition, which consisted (2 marks)
of a mathematics test that was very tricky but still 2

o Consider the type of investigation used in the
doable. Thomas measured the participants’ blood

experiment.
pressure as they started the test. Thomas recorded

all blood pressure measurements for each participant
in Table 1.

a Identify the research design used and
explain one possible limitation of this
design. (2 marks)

b Propose a modification to this research
design to avoid the limitation identified in
part a. (1 mark)

Norepinephrine

Norepinephrine, like epinephrine, affects the way the brain attends to and responds to norepinephrine
triggers in the environment. Like epinephrine, it is both a hormone and a neurotransmitter. a neurotransmitter
N . hri bili he brai d bod Tti ible for i . h and hormone involved
orepinephrine mobilises the brain and body to act. It is responsible for increasing heart rate, in regulating stress
triggering the release of glucose into our bloodstream, and increasing blood flow into the responses, alertness,

arousal, emotional

muscles. As a neurotransmitter, its main function is to increase alertness and arousal as well o P
regulation an

as speed up our reaction times. It is also involved in regulating our moods and our ability to
concentrate. LLow levels of norepinephrine are related to attention deficit hyperactivity disorder,
low blood pressure (hypertension) and depression (Burton et al., 2018; Griffith, 2013).

attention

OH

HO NH,

HO
FIGURE 5 Norepinephrine mobilises the brain and FIGURE 6 Chemical structure of norepinephrine
body to act.
Dopamine _

dopamine
. .. . . . . . . a neurotransmitter

Dopamine is involved in thoughts, feelings, motivation and behaviour. Dopamine neural involved in thoughts,
pathways are involved in emotional arousal, the experience of pleasure and learning to feelings, motivation

associate particular behaviours with rewards (Brookshire, 2017; Carlson, 2008). and behaviour
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Dopamine helps control the brain’s reward and pleasure centres. Dopamine release can
help explain why we engage in pleasurable activities such as listening to our favourite music
or eating our favourite foods. It plays diverse roles in our everyday behaviour, including how
we move, what we choose to eat and how we learn. Dopamine also plays a pivotal role in
addictive behaviours (e.g. illicit drug use and excessive screen use).

Dopamine is involved in reinforcing our behaviour. It motivates us to engage in activities
over and over again in order to obtain “pleasure”. It is why we often overindulge in food we
love, such as chocolate. It affects our moods, as we tend to feel in a “good mood” when we
engage in pleasurable activities. Dopamine is also involved in attention, as we tend to focus
on things in our environment that bring us pleasure. Low levels of dopamine are related to
a joyless state known as anhedonia, where we lose any sense of pleasure in activities such as
eating and drinking.

Dopamine deficiency is also associated with Parkinson’s disease (refer to Lesson 3.3),
a disorder characterised by uncontrollable tremors, difficulty initiating movement (e.g.
standing up) and stopping movements already in progress (e.g. walking). Dopamine
deficiency is also linked to depression, reduced facial displays of emotion, and a general
slowing of thoughts and behaviours. Finally, dopamine is also associated with sensation-
seeking (or risk-taking) behaviours.

HO
NH,
HO
FIGURE 7 Dopamine motivates us to engage in activities FIGURE 8 Chemical structure of dopamine
over and over again to obtain “pleasure”. It is why we
often overindulge in food we love such as chocolate!
Interpreting graphs
Science inquiry skill: Processing and analysing "
data (Lesson 1.7) ~
. . . A 10 e‘\
Dopamine is a neurotransmitter that regulates the ¢ ..
. o 8 &~<
brain’s reward and pleasure centres. Chocolate can g DTS
. . . . Z °~
increase the level of dopamine in our brain, and ] 6 e r = —0.8D53
. . . > S~ -
therefore gives us a sense of pleasure from eating it. g 4 -
o . . . - !
This sense of pleasure is often why we overindulgein @ 2
certain foods. 0
. . . 0 2 4 6 8 10 12
Mel decided to conduct correlational research into Number of chocolates consumed per week

the relationship between eating chocolate and the
FIGURE 9 Scatterplot and the correlation coefficient (r) between

erception of stress. She gave questionnaires to her .
p p g q chocolate eaten per week and perceived stress

students asking questions about their average weekly

chocolate consumption and their feelings of stress in An appropriate inferential statistic test was used,
a normal week. Her results are shown in Figure 9. and the p-value was found to be 0.001.
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Practise your skills 2 Determine the appropriate inferential statistic

1 Identify the direction and strength of the gel. |JRSEIR e mEn s, (2 M0rs)

relationship between chocolate consumption and 3 Draw a conclusion about the relationship

perceived stress. (2 marks) betwe'en the chocolate eaten each week and
perceived stress. (1 mark)

Serotonin

Serotonin helps regulate mood and social behaviour, appetite and digestion, sleep, memory serotonin

and sexual functioning. It is often referred to as a “feel-good” chemical as it affects our ':‘;?::;"Iﬁl’;“:;ﬂ;ﬂ

feelings of wellbeing and happiness (Burton et al., 2018; Carlson, 2008; McIntosh, 2018). the regulation of mood,
Serotonin is also thought to be involved in the constriction of smooth muscles (i.e. slow, sleep, cating, arousal

automatically constricting muscles of blood vessels and organs). Furthermore, serotonin helps and pain

regulate our body’s sleep—wake cycle and is responsible for our “internal” body clock.
Decreased serotonin levels in the brain have been linked to depression. This is why many

of the medications that are used to treat depression increase serotonin activity. For example,

popular antidepressants such as fluoxetine (Prozac) work by boosting serotonin levels.

Diet, exercise, exposure to sunlight and increasing our positive mood states can help reduce

depression and increase wellbeing by boosting serotonin levels. Serotonin usually plays an

inhibitory role by affecting neural circuits involved in aggression, antisocial behaviour and
other forms of social behaviour (Burton et al., 2018).

NH,

HO

FIGURE 10 Serotonin is often referred to as a “feel-good” FIGURE 11 Chemical structure of serotonin
chemical as it affects our feelings of wellbeing and happiness.

Summary of neurotransmitters

Table 2 summarises the physical and psychological functions of the neurotransmitters and
hormones we have looked at in this lesson.
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TABLE 2 Functions of selected neurotransmitters and hormones

Neurotransmitter

Acetylcholine .
Epinephrine .
(adrenalin)
Norepinephrine .
(noradrenalin)
Dopamine .
Serotonin .

Challenge

Physical functions
Stimulates muscle contraction
enabling movement
Regulates autonomic functions
(such as heart rate, digestion and
respiratory rate)

Stimulates secretion of saliva and sweat

Regulates and facilitates motor
control and movement

Suppresses appetite
Affects sleep patterns

Increases heart rate, dilates airways
and boosts blood flow to muscles
Mobilises energy stores (glucose
release)

Constricts blood vessels, increases
heart rate and blood flow to skeletal

muscles and regulates blood pressure

Regulates and facilitates motor
control and movement

Suppresses appetite
Affects sleep patterns

Regulates appetite and bowel
movements

Regulates the sleep cycle by influencing
the production of melatonin

Affects cortical arousal, leading to
alertness and readiness

Monosodium glutamate

Psychological functions
Enhances memory and learning

Promotes REM sleep

Increases alertness and arousal
Involved in stress response (fight
or flight) preparing the body for
action

Increases alertness and arousal
Affects mood and memory
Plays a key role in executive
functioning, regulating
cognition and motivation
Involved in stress response (fight
or flight) preparing the body for
action

Regulates attention and the
reward pathways and pleasure
centres in the brain

Plays a key role in motivation,
interest, drive, addiction and
positive stress states, e.g. sexual
attraction

Regulates mood and emotional
wellbeing, such as feelings of
happiness

Monosodium glutamate (MSG) is a savoury flavour enhancer that was first extracted
in 1908 by Japanese chemist Kikunae Ikeda. After eating it, some people display
neurological symptoms, such as tingling or a feeling of numbness in the face, neck and

chest; this is because their glutamate receptors have been activated. Based on your

knowledge of neurons, neurotransmitters and the human nervous system, discuss why

this occurs.
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Check your learning 3.2: Complete these questions online or in your workbook.

Retrieval and comprehension 4 Consider two effects of having too much

1 Describe one physical and one psychological norepinephrine. (2 marks)

function for each of these neurotransmitters: Knowledge utilisation

acetylcholine, dopamine, serotonin A . . .
y > GO > > 5 Investigate brain research to see if there is

something that can cause an increase in the
production of serotonin and hence has potential

norepinephrine, epinephrine. (10 marks)
2 Describe how some neurotransmitters also work

as hormones and give an example. (2 marks) to be a treatment for depression. (3 marks)

Analytical processes 6 Select two neurotransmitters. Predict what

3 Differentiate between dopamine and serotonin. might happen if someone had increased levels of
(1 mark) these. Discuss how this could influence their

daily life. (4 marks)

Changes to neurotransmitter function

Key ideas

— Parkinson'’s disease is a neurodegenerative disease where the substantia nigra of the basal
ganglia does not produce sufficient levels of dopamine to control motor movement.

— Alzheimer's disease is a neurodegenerative disease where changes in brain tissue @
and decreased levels of acetylcholine result in a person suffering symptoms such as
memory loss and confusion. Learning intentions

and success criteria

Introducing changes to neurotransmitter function

Neurotransmitters that do not function normally can cause problems for the nervous system.
For instance, acetylcholine affects many things including memory. Interference in the nervous
system caused by neurotransmitter malfunction is thought to stem from both environmental
and genetic factors. Anything from ongoing high levels of stress to simple things such as diet
(like too much sugar or caffeine) can have an impact. However, some people are just born
without the ability to synthesise certain neurotransmitters.

Impaired functioning of neurotransmitters can result from neurons not manufacturing
enough of a particular neurotransmitter, the release of too much of a particular
neurotransmitter, the deactivation of too much of a neurotransmitter by enzymes, or
neurotransmitters being reabsorbed too quickly. Parkinson’s disease and Alzheimer’s disease
have been associated with impaired functioning of neurotransmitters. Psychological disorders
such as depression, schizophrenia and drug addiction can also be related to deficits in
neurotransmitters (Burton et al., 2018).

OXFORD UNIVERSITY PRESS MODULE 3 NEUROTRANSMISSION AND NEUROTRANSMITTERS 101

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Parkinson’s
disease

a progressive
neurological condition,
known to affect the
ability to control
movement

Dopamine pathway

Substantia nigra

In Parkinson’s patients,
dopamine neurons in the
nigro-striatal pathway
degenerate.

Introducing Parkinson'’s disease

Parkinson’s disease is a progressive neurological condition of the central nervous system
that affects more than 80,000 people in Australia. A variety of motor and non-motor
symptoms are caused by the impairment of the neurotransmitter dopamine, specifically the
degeneration of dopamine-releasing neurons in the substantia nigra. The substantia nigra is
part of the basal ganglia, located in the midbrain, and is responsible for reward, addiction
and, most importantly for Parkinson’s disease, the coordination of movement. Dopamine is
a neurotransmitter that helps control the brain’s reward and pleasure centres, including the
basal ganglia. Dopamine is needed to control messages as they pass between neurons in the
substantia nigra and the striatum (responsible for balance and control of movement). Without
enough dopamine, the neurons of the striatum fire uncontrollably, which essentially prevents
someone with Parkinson’s disease from adequately controlling their movements.

People with Parkinson’s disease develop symptoms such as slowness of movement,
rigidity and involuntary movement of the hands, arms, feet, legs, jaws or head. They might
experience difficulty starting or stopping body movements such as walking. They can also
experience non-motor symptoms including reduced facial expressions, pain, depression,
dementia and difficulty sleeping.

Symptoms of Parkinson’s disease only develop when the drop in dopamine levels is
significant enough to affect functioning. This usually equals an approximate 80 per cent
drop, accompanied by a 50 per cent drop in the substantia nigra neurons (Figure 1).

A drop in dopamine also influences acetylcholine, a neurotransmitter that also affects
movement. The striatum requires a balance of dopamine and acetylcholine for effective
motor function. The imbalance of these neurotransmitters contributes to the progression of
Parkinson’s disease and its symptoms.

Caudate nucleu

S
:| Striatum
Putamen

FIGURE 1 The substantia nigra is located in the midbrain and is affected by Parkinson’s disease.

Causes of Parkinson's disease

Scientists are still searching for the reason why dopamine levels drop in people with
Parkinson’s disease; however, it appears to be activated by a combination of factors including
those outlined in Table 1.
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TABLE 1 Suspected causes of Parkinson’s disease

Cause Description

Genetics * Protein mutations have been linked to the disease where this blocks the disposal of
abnormal cells.

Environmental + The pesticide Rotenone (which is used in Australia to control pests on fruit and

factors vegetables) has been found to cause Parkinson’s disease in rats.

*  MPTP, a common contaminant found in street drugs, can cause Parkinson’s

disease in users.

Diet » Vitamin B (folic acid) deficiency has been linked with the development of
Parkinson’s disease.

Treatments for Parkinson’s disease

Treatment of Parkinson’s disease includes drugs that are converted to dopamine in the brain,
which then restores depleted levels. Other treatments involve drugs that block the action of
chemicals that affect dopamine. One such drug inhibits the action of the enzyme monoamine
oxidase B (MAO-B), which would otherwise act to break down dopamine in the brain. Surgical
treatments such as deep brain stimulation may be used when medications are no longer
effective. This involves implanting electrodes in specific brain areas to reduce the movement-
related symptoms of Parkinson’s disease, such as tremor, rigidity and slowness of movement.

Challenge

Caffeine and Parkinson’s disease

Consumption of caffeine has been found to reduce Parkinson’s disease symptoms.

A trial in Japan found that sufferers of the disease who were administered a pill
equivalent to three cups of coffee a day over six weeks showed a decrease in their
tremors and an increase in mobility. Consider why caffeine consumption may lead to
a decrease in Parkinson’s disease symptoms.

Real-world psychology

A new treatment for Parkinson’s disease

Scientists at Rutgers and Stanford universities “If you can transplant cells in a way that mimics
have created a new technology that could how these cells are already configured in the brain,
someday help treat Parkinson’s disease and other then you’re one step closer to getting the brain
devastating brain-related conditions that affect to communicate with the cells that you’re now
millions of people. transplanting,” said Moghe ... “In this work, we’ve

The technology — a major innovation — involves done that by providing cues for neurons to rapidly
converting adult tissue-derived stem cells into network in 3D.”
human neurons on 3D “scaffolds”, or tiny islands, Moghe said a 3D scaffold, developed by the
of fibres, said Prabhas V. Moghe, a distinguished scientists, consists of tiny polymer fibres. Hundreds of
professor in the departments of Biomedical neurons attach to the fibres and branch out, sending
Engineering and Chemical and Biochemical their signals. Scaffolds are about 100 micrometres
Engineering at Rutgers University. wide — roughly the width of a human hair. >
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“We take a whole bunch of these islands and then
we inject them into the brain of the mouse,” he said.
“These neurons that are transplanted into the brain
actually survived quite miraculously well. In fact,
they survived so much better than the gold standard
in the field.”

Indeed, the scaffold technology results in a 100-
fold increase in cell survival over other methods,
Moghe said. And that may eventually help people
suffering from Parkinson’s disease, multiple sclerosis,
amyotrophic lateral sclerosis (ALS), or Lou Gehrig’s

Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

the number of implanted neurons in the brain.
“T'he more neurons we can transplant, the more
therapeutic benefits you can bring to the disease,”
Moghe said. “We want to try to stuff as many
neurons as we can in as little space as we can.”

The idea is to “create a very dense circuitry of
neurons that is not only highly functioning but also
better controlled,” he said, adding that testing of
mice with Parkinson’s disease is underway to see if
they improve or recover from the illness.

Eventually, with continued progress, the

disease, Alzheimer’s disease, spinal cord and

traumatic brain injuries, and concussions, he said.
The next step would be to further improve the

scaffold biomaterials, allowing scientists to increase

researchers could perform studies in people. Moghe
estimated that it would take 10 to 20 years to test the
technology in humans.

Source: B. Bates, Rutgers Today, 4 April 2016

Apply your understanding

1 Identify an application of the new treatment.

(1 mark)

2 Describe the advancements in technology that

3 Identify the research direction required to
further support this technology to be used in
humans. (1 mark)

may one day help treat Parkinson’s disease.

(1 mark)

Alzheimer’s
disease

a condition that
progressively destroys
neurons in the brain,
causing memory loss
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Introducing Alzheimer’s disease

Alzheimer’s disease is a neurodegenerative disease that occurs mostly in older people and
involves gradual, severe memory loss, confusion, impaired attention, disordered thinking and
depression (Kalat, 2008). The prevalence of this disease increases with age, affecting 1 in 10
Australians over 65 years of age and 3 in 10 Australians over 85 years (Health Direct, 2024).
It involves both anterograde and retrograde amnesia because the disease affects both the
hippocampus and the prefrontal cortex. The earliest symptom is usually impaired declarative
memory, where the patient has difficulty remembering events from the day before, forgets
names and has difficulty finding the right word when speaking. Next, the patient might repeat
stories or questions, and eventually will fail to recognise familiar people and family members.

Alzheimer’s
disease

Healthy

Healthy
neuron

Amyloid
plaques

FIGURE 2 A healthy neuron compared with a neuron with amyloid plaques typically found in Alzheimer’s patients
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Changes in brain tissue in people with Alzheimer’s disease include tangled neurons and
protein deposits disrupting the functioning of cells in the cortex. Alzheimer’s patients also
have abnormally low levels of several neurotransmitters, most importantly acetylcholine,
which plays a central role in memory functioning. Neuroimaging researchers have found
connections between the extent of temporal lobe damage, particularly to the hippocampus
and axons connecting it to the cortex, and the degree of cognitive impairment in Alzheimer’s
patients. This helps explain why Alzheimer’s disease has such a debilitating effect on explicit
memory, including difficulty in remembering what happened moments earlier.

Causes of Alzheimer’s disease can be both genetic and neurological — and both can
contribute to memory loss and cognitive decline.

Causes of Alzheimer’s disease

Amyloid plaques (proteins that form among axon terminals and interfere with
communication between neurons) typify Alzheimer’s disease. In addition, patients’ brains
have neurofibrillary tangles (an abnormal build-up of protein inside the neurons) and these
are associated with the death of brain cells. Alzheimer’s patients also have lower levels of
important memory neurotransmitters, especially acetylcholine.

One of the first brain structures to be affected by Alzheimer’s disease is the
hippocampus. When the cells are lost here, it causes the brain to atrophy (deteriorate) and
the damage to the temporal lobes means that the hippocampus becomes isolated. This
is probably why there is early memory loss (Hyman et al., 1984). Plaques and tangles in
the frontal lobes cause more memory problems and difficulty with attention and motor
coordination. In the occipital lobes, the disrupted link between the primary visual cortex
and the visual association areas in the parietal and temporal lobes can cause visual problems
for the patient. The nature of the brain damage caused by Alzheimer’s disease means that
declarative memory, in particular, is impaired.

Healthy brain Brain affected by
Alzheimer’s disease

Reduced volume
due to cell

Increased
ventricle size

/_\q. T-—\ IK‘T ?’ degeneration

FIGURE 3 The brain on the right indicates the cell loss caused by Alzheimer’s disease, seen in the decreased size of
the cortex compared to the healthy brain on the left.

Neurotransmitters send signals across synapses and play an important role in
maintaining synaptic and cognitive functions. When the appropriate signal is given by a
neuron, neurotransmitters are released into the synapse and establish connections through
the synaptic cleft when they bind to their appropriate receptors on the postsynaptic
neuron(s). Impairment to neurotransmitter (specifically acetylcholine) functioning
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interrupts these messages and causes symptoms such as those experienced by people with

Alzheimer’s disease.

A decrease in the concentration of acetylcholine in the central nervous system is the

hallmark of both progressive dementia, and Alzheimer’s disease. Acetylcholine is found

in cells called cholinergic neurons, which are involved in cognitive processes and motor

functions. Cholinergic neurons release acetylcholine, which latches onto neighbouring neuron

receptors, allowing signals to be passed from cell to cell. When acetylcholine functioning is

impaired, or levels are depleted, the neural pathways used in memory and learning start to
deteriorate. These pathways are predominantly found in the hippocampus and the frontal and

temporal lobes.

Treatments for Alzheimer's disease

Medications are designed to replace depleted levels of acetylcholine, or to prevent
acetylcholine from being broken down, and in doing so they help rebuild the communication
between the neural pathways involved in memory. One such drug is acetylcholinesterase

inhibitors, which prevent enzymes from breaking down acetylcholine, meaning more of it is

available at the sites where neurons transmit messages. Another treatment involves glutamate

blockers, which prevent excess glutamate from destroying neurons. This treatment is typically

used with moderate to severe disease, whereas the cholinergic treatments may be prescribed

for people with mild to moderate disease. While there is no cure for Alzheimer’s disease,
treating the symptoms can ease the suffering for the individual, as well as their family.

Retrieval and comprehension

1

Identify the neurotransmitter impaired in
Parkinson’s disease. (1 mark)

Describe the symptoms of Parkinson’s disease.
(3 marks)

Identify the neurotransmitter impaired in
Alzheimer’s disease. (1 mark)

Describe the symptoms of Alzheimer’s disease.
(3 marks)

Explain why it is important for neurotransmitters
to function as intended. (2 marks)
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Check your learning 3.3: Complete these questions online or in your workbook.

Analytical processes

6 Compare neurotransmission in Alzheimer’s
disease and Parkinson’s disease. (2 marks)

Knowledge utilisation

7 Evaluate current treatments available for both
Alzheimer’s disease and Parkinson’s disease.
(4 marks)
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Review: Neurotransmission and
neurotransmitters

MODULE

summary

* Neuron structure consists of dendrites, cell body, axon, myelin sheath and axon terminals.

* Neurons communicate with each other via a process called synaptic transmission. Neural pathways allow
different parts of the nervous system to communicate with each other.

e Neurotransmitters are chemicals that help communicate across synapses between neurons. They can
either excite (e.g. glutamate) or inhibit (e.g. gamma-amino butyric acid) a neuron from firing its own
action potential.

* An action potential transmits an electrical signal along a neuron’s axon to communicate with other
neurons, muscles or glands.

* There are many different types of neurotransmitters that act as chemical messengers in synaptic
transmission and have distinct physical and psychological functions.

* Acetylcholine is involved in muscle contractions, learning, memory and REM sleep.

* Epinephrine is involved in the stress response.

* Norepinephrine is involved in stress responses, alertness, arousal, emotional regulation and attention.

* Dopamine is involved in thoughts, feelings, motivation and behaviours.

» Serotonin is involved in the regulation of mood, sleep, eating, arousal and pain.

» Parkinson’s disease is a neurodegenerative disease where the substantia nigra of the basal ganglia does not
produce sufficient levels of dopamine to control motor movement.

* Alzheimer’s disease is a neurodegenerative disease where changes in brain tissue and decreased levels of
acetylcholine result in a person suffering symptoms such as memory loss and confusion.

Review questions: Complete these questions online or in your workbook.

(1 mark each)

1 What are the components of a neuron? 4 What is the direction of transmission of the neural
A Cell body, axon, GABA and acetylcholine impulse across a synapse?
B Cell body, axon, dendrites and terminal buttons A Postsynaptic neuron to presynaptic neuron
C Cell body, synapse, myelin sheath and axon B Presynaptic neuron to postsynaptic neuron
terminals C Either presynaptic neuron to postsynaptic
D Cell body, neurotransmitter, synapse and neuron or postsynaptic neuron to presynaptic
axon terminals neuron, at random
2 What are most axons coated with? D Either presynaptic neuron to postsynaptic
A GABA B Myelin neuron or postsynaptic neuron to presynaptic
C Adrenalin D Noradrenalin neuron, depending on whether the

. neurotransmitter is excitatory or inhibitor
3 Which part of the neuron releases the y y

neurotransmitters into the synaptic cleft?

A Axon B Cell body
C Dendrites D Axon terminals
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5 Synaptic transmission can be best described as

A the formation of neurons.

B the path of an electrical impulse along a neuron.

C the space between the presynaptic neuron and
the postsynaptic neuron.

D the process by which one neuron can transmit a

message to another neuron.

6 What is the name given to the information carried

along a neuron, which consists of brief changes in
the electrical charge of the axon?
A The action potential
B The axon potential
C Axon transmission
D Synaptic transmission
7 Which of the following are all neurotransmitters?
A GABA, dopamine and nitrogen
B GABA, glutamate and dopamine
C GABA, glutamate and synapses
D Dopamine, glutamate and potassium
8 Parkinson’s disease is associated with a reduction
of dopamine-producing cells in which area of the
brain?
A Striatum
B Amygdala
C Terminal button
D Substantia nigra
9 Which statement is true?
A Changes to levels of dopamine and melatonin
play key roles in Parkinson’s disease.
B Changes to levels of dopamine and serotonin
play key roles in Parkinson’s disease.

C Changes to levels of dopamine and
acetylcholine play key roles in Parkinson’s
disease.

D Changes to levels of serotonin and acetylcholine

play key roles in Parkinson’s disease.

10 Which of the following best characterises
Parkinson’s disease?

A Memory loss
B Immune system breakdown
C Deterioration in the myelin sheath

D Deterioration of dopamine-releasing neurons
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11 Which of the following best characterises

Alzheimer’s disease?

A Immune system impairment

B Deterioration of Wernicke’s area

C Amyloid plaques, memory loss and impaired
acetylcholine functioning

D Slowed movement, rigidity and involuntary
movement of the hands, arms, feet, legs, jaws
or head

12 Which of the following best describes an excitatory

synapse?

A Tt is less likely to result in an action potential.

B It causes the target cell to become inhibited.

C It inhibits the target cell and causes an action
potential.

D It is more likely to cause the target cell to fire,
resulting in an action potential.

13 What is acetylcholine involved in?

A Regulation of mood, sleep, eating, arousal
and pain

B Muscle contractions, learning, memory and
REM sleep

C Muscle contractions, learning, memory,
attention and arousal levels

D Regulation of attention, and the reward
pathways and pleasure centres of the brain

14 What is dopamine involved in?

A Regulation of mood, sleep, eating, arousal
and pain

B Muscle contractions, learning, memory and
REM sleep

C Regulation of attention, and the reward
pathways and pleasure centres of the brain

D Blood flow and energy supply while enhancing
alertness to respond to stress or danger

15 How do some medications designed to treat

Alzheimer’s disease work?
A They replace levels of serotonin in the brain.

B They prevent dopamine from being broken
down in the brain.

C They cure Alzheimer’s disease by restoring
memory functioning.

D They prevent acetylcholine from breaking down
and replace depleted acetylcholine.
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Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

16 Describe a neurotransmitter and give an example.
(2 marks)

17 Identify an excitatory neurotransmitter. (1 mark)

18 Identify the brain structures affected by
Alzheimer’s disease. (2 marks)

19 Summarise the main symptoms of, and possible
treatments for, Alzheimer’s disease. (4 marks)

20 Explain the role of dopamine and give an
example of how it can influence everyday
behaviour. (2 marks)

21 Explain what Parkinson’s disease is and how
it is affected by the presence or absence of
neurotransmitters. (2 marks)

22 Explain how Alzheimer’s disease is affected by the
presence or absence of neurotransmitters. (2 marks)

23 Explain how neurotransmitters influence the
transmission of messages between neurons.

(2 marks)

24 Describe the process of synaptic transmission.

(1 mark)

Data drill

Relationship between serotonin levels and
anxiety diagnoses

An estimated 19 per cent of Australians in 2021
reported that at some point in their life they
had been diagnosed with depression, anxiety or
another serious psychological disorder. Anxiety
can be diagnosed as an affective disorder as it is
characterised by feelings of prolonged fear and
worry. Lower serotonin levels in the brain have
been linked to anxiety disorders. Table 1 shows
data gathered from a sample of people ranging
in age from 15 to 25, some of whom have been
diagnosed with an anxiety disorder and some
who haven’t.

OXFORD UNIVERSITY PRESS

25 Explain why myelin is important in the
transmission of information. (2 marks)

Analytical processes

26 Differentiate between the effects of glutamate
and GABA. (1 mark)

27 Consider the role of neurotransmitters in
neurotransmission. (1 mark)

Knowledge utilisation

28 Discuss the possible treatments for Parkinson’s
disease. (3 marks)

29 Explain why the lock and key process is important
for biological functioning. Justify your response
using an example. (3 marks)

30 The neurotransmitter acetylcholine facilitates
muscle movement. Predict what might occur if
neurons producing acetylcholine are damaged.

(1 mark)

31 Discuss the impacts of low or high levels of
serotonin on a person’s physical and psychological
functioning. (3 marks)

TABLE 1 Blood serotonin levels in sample

Serotonin blood levels (nanograms/millilitre)
Diagnosed with an No diagnosis of an

anxiety disorder anxiety disorder

154 120
121 156
145 206
178 256
167 221
200 159
104 145
Mean = 152.7 Mean =
SD =32.96 SD =48.26

p-value (one-tailed z-test) = 0.118
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Apply understanding Analyse data

1 Calculate the mean serotonin blood level 3 Contrast the uncertainty of the results for the
for the group of subjects without an anxiety two groups. Provide evidence to support your
disorder diagnosis. (2 marks) answer. (2 marks)

2 Determine the range of the serotonin blood Interpret evidence

levels for the group with an anxiety disorder

. . 4 Draw a conclusion about whether there is a
diagnosis. (1 mark)

difference in blood serotonin levels between the
two groups tested. Provide evidence from the
dataset to support your answer. (2 marks)

n Module 3 checklist: Neurotransmission and neurotransmitters
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Topic 1 review

Multiple choice 6 The lock and key process involved in

neurotransmission is
(1 mark each)

. A the process of neurons transmitting information
1 The central nervous system consists of
i . from one to another.
A the brain and brain stem. ) )
) ] B what occurs in the brain of someone who
the brain and spinal cord. . s g
suffers from Parkinson’s disease.

the brain and peripheral nerves. C when the dendrites of one neuron lock with the

oW

the nerves in the centre that make the brain and axon terminals of another neuron.

essential organs work. . . .
g D when a neurotransmitter “fits” (i.e. has the

. . . S
2 Which task is most likely to use Wernicke’s area of appropriate molecular structure and electrical

the brain? charge) and binds to the receptor on a
A Painting a picture postsynaptic neuron, resulting in its activation
B Recognising a picture or inhibition.
C Putting a jigsaw puzzle together 7 Why would a person with Parkinson’s disease have
D Understanding English subtitles in a difficulty coordinating their movement?
foreign film A Too much serotonin
3 Which is a function of the temporal lobe? B Too much dopamine
A Taste C Not enough serotonin
B Hearing D Not enough dopamine
C Receiving smell sensory information 8 Which of the following is an inhibitory
D Receiving tactile sensory information neurotransmitter located in the brain?
4 The process in which neurons transmit A Serotonin
information from one to another is called B Glutamate
A myelination. C Dopamine
B proliferation. D Gamma-amino butyric acid
C synaptic transmission. 9 Alzheimer’s disease can often be explained by a
D the lock and key process. decrease in which neurotransmitter?
5 Which of the following lists shows the order A GABA
in which neuron structures are involved, from B Dopamine
receiving signals to transmitting signals? C Glutamate
A Axon, nucleus, myelin, dendrites D Acetylcholine
B Dendrites, cell body, axon, axon terminals 10 A person experienced damage to their limbic
C Dendrites, axon terminals, cell body, axon system resulting in a reduced ability to recognise
D Cell body, dendrites, axon, axon terminals the intensity of fearful expressions in other people.
Where did this damage most likely occur?
A HPA axis
B Amygdala
C Prefrontal cortex
D Primary visual cortex
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11 Which regions of the brain contribute to
coordination, precision and accurate timing of
voluntary muscle movement?

A Cerebrum and forebrain
B Basal ganglia and cerebellum
C Amygdala and prefrontal cortex

D Frontal lobe and Geschwind’s territory

12 A symptom of Alzheimer’s disease is

A tremor.

B disorientation.

C rigid muscles.

D impaired posture.

13 The cerebellum plays a critical role in
A regulating emotional balance.

B controlling muscles responsible for speech
articulation.

C comprehending language and forming
meaningful sentences.

D coordinating muscle movements and
maintaining posture and balance.

14 Which language-processing region of the brain
has been damaged if a person has difficulty
comprehending language but can still speak and
form grammatical sentences?

A Broca’s area

B Wernicke’s area

C Parkinson’s territory
D Geschwind’s territory

15 What two divisions make up the autonomic

nervous system?

A Brain and spinal cord

B Brain and somatic nervous system

C Sensory neurons and motor neurons

D Sympathetic nervous system and
parasympathetic nervous system
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16 The hand movements that musicians use when
playing the guitar are most likely coordinated by
which brain area?

A Thalamus
B Cerebellum
C Prefrontal cortex
D Primary motor cortex
17 Which ion is primarily responsible for initiating

the release of neurotransmitters at the synaptic
cleft?

A Sodium (Na*)

B Potassium (KY)

C Calcium (Ca?)

D Chloride (CI)

Short response
18 Identify the area that is likely to be damaged if a

patient is unable to move their right hand. (1 mark)

19 Identify which branch of the nervous system the
spinal cord belongs to and describe a polysynaptic
spinal reflex referring to the role of interneurons in
the process. (2 marks)

20 Identify the two brain areas implicated in the
formation of implicit memories. (2 marks)

21 Describe the brain function that is distributed
across the regions of the basal ganglia and the
cerebellum. (1 mark)

22 Describe neurotransmission, with reference
to action potentials and synaptic transmission.
(2 marks)

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

23 Differentiate between sensory and motor 26 Describe the role of acetylcholine in memory
neurons. (1 mark) formation and how its deficiency is related to
24 Describe the functions of the brain regions Alzheimer’s disease. (2 marks)
involved in the storage of explicit memory. 27 Explain the importance of the limbic system and
(3 marks) prefrontal cortex for the experience of emotions.
(2 marks)

28 Chronic alcoholism is often associated with a
disturbed gait and balance, typically due to alcohol
damage to neural systems.

a Identify the brain area most likely affected by
chronic alcoholism. (1 mark)

b Explain the interactions that occur in the
brain to coordinate voluntary movement.
(3 marks)

29 Discuss the impact of interference in
neurotransmitter function on the symptoms of
Parkinson’s disease. (3 marks)

. . . . TOTAL MARKS
25 Differentiate between excitatory and inhibitory
. . o 142 marks
neurotransmitters, with specific reference to
glutamate and gamma-aminobutyric acid (GABA).
(2 marks)
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Processes of seeing
and hearing

MODULE

What do cookies smell like? What about sunscreen? And what memories did thinking
about those smells bring to mind? Perhaps cookies remind you of Christmas, while
sunscreen reminds you of summer holidays at the beach. Smell is a powerful and
primal sense, closely linked to memory and emotion. This is because unlike our

other senses, the olfactory bulb, which is responsible for processing smell, bypasses
the thalamus and connects directly to the hippocampus and amygdala, brain regions
involved in memory and emotional processing (Herz, 2016; Wilson & Stevenson,
2006). This ancient system is vital for animals that rely on smell for survival, such as
for tracking food, detecting predators and identifying mates. Humans, however, have
evolved to depend far more on vision and hearing. Vision allows us to perceive a wide
spectrum of colours, judge distances and process intricate details. Similarly, humans
are one of the few species capable of creating, understanding and interpreting complex
auditory patterns, such as language and music (Patel & Demorest, 2013).

As you will learn in this and the next module, seeing and hearing are far more
complex than simply receiving stimuli. Our experiences, emotions and motivations
play a big role in how we see and hear things. In this module we will explore sensation
and perception with a focus on vision and hearing.

Prior Check your understanding of concepts related to the process of
==J knowledge . .
quiz seeing and hearing before you start.

— Describe the processes of seeing and hearing, with reference to:
e reception by accessory structures
e transduction by sensory receptors and receptive fields
¢ transmission to the CNS via the optic/acoustic nerves
¢ preliminary processing in the thalamus

¢ organisation and interpretation by the primary visual/auditory cortex.
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— Consider that senses apart from seeing and hearing involve different modes of
reception from the environment and different transmission pathways, e.g. the sense
of smell is received chemically and is the only sense not transmitted by the thalamus.

This lesson provides support for the following science inquiry skills:
— identify errors, and extraneous or confounding variables that are likely to influence
results; and implement strategies to minimise systematic and random error, e.g.

¢ type of participant selection and allocation
* single-blind and double-blind procedures
e counterbalancing

e standardised instructions and procedures

— select, synthesise and use evidence to

«
¢ explain findings
e draw conclusions, using p-values to infer significance, allowing for the
/‘ possibility of type I and II errors

— judge the reliability and validity of the experimental process
« reliability of observers (selection, training)
» reliability of psychological tests/measures
¢ internal validity and external validity
« validity of psychological tests/measures
— acknowledge sources of information with standard scientific referencing conventions.
Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Learning intentions
and success criteria

sensation

detection of energy by
specialised receptors in
sense organs

stimulus
physical energy from
the environment

reception
stimulus energy is
received by the sense
organ

absolute
threshold

the minimum level of
energy required for a
stimulus outside our
body to be detected by
our internal senses

transduction
receptor cells convert
stimulus energy into
electrochemical nerve
impulses
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Sensation and perception

Key ideas

— There are five human senses, which enable us to survive and thrive.

— Sensation is the process of detecting stimulus energy. It occurs in three sequential
stages: reception, transduction and transmission.

— The minimum level of stimulus energy required for perception is called the absolute
threshold.

— Perception is the process whereby our brains create meaning out of the received
sensory information. The three stages of perception are selection, organisation and
interpretation.

Introducing sensation and perception

We interact with our environment through our five primary senses — vision, hearing, touch,
taste and smell. These senses allow us to detect and respond to the world around us, playing
an essential role not only in surviving (e.g. detecting danger) but also in thriving (e.g.
appreciating music and complex flavours). This interaction, for any of our senses, involves
two interconnected processes: sensation and perception.

Sensation

Sensation refers to the process of detecting stimuli — physical energy from the environment.
Sensation involves three stages: reception, transduction and transmission.

Reception

Reception is the process through which sensory organs, such as the eyes, receive and
detect external stimuli. Each of our senses have their own sensory organs and receptors that
specialise in receiving the respective types of energy (Table 1).

For detection to occur, the stimulus energy must reach the sense organ at a level sufficient
(the threshold) to activate the sense receptors. For example, you can hear your friend
whispering if they are next to you, but not if they are on the other side of the room because
the sound wave does not reach you with sufficient energy for the receptors in your ears to
detect it. Researchers define absolute threshold as the minimum amount of stimulus energy
needed to perceive a stimulus, in ideal conditions, 50 per cent of the time (Gustav Fechner,
1860, as cited in McBurney & White, 2009). Table 1 provides examples of the absolute
threshold for each of our senses.

Modern researchers argue that detecting a stimulus is not that straightforward. For
instance, signal detection theory suggests that stimulus detection involves both sensory
processes and decision-making processes (Macmillan & Creelman, 2005). Factors such as
attention, fatigue and motivation influence whether or not a stimulus is perceived. We will
learn more about the influence of psychological factors on perception in the next module.

OXFORD UNIVERSITY PRESS
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TABLE 1 Overview of our five major senses including examples of absolute thresholds. While these thresholds are scientifically established,
they can vary due to environmental factors (e.g. noise, light) and psychological factors (e.g. fatigue, stress, motivation). For instance, someone
who has experienced a break-in may become more sensitive to sounds at night, lowering their absolute threshold for hearing.

Sense

Vision

Hearing

Touch

Taste

Smell

Transduction and transmission

Transduction is the process by which
receptors change the energy of the stimulus

Stimulus energy

Light waves (our eyes can only
detect the visible portion of
the electromagnetic spectrum)
Sound waves (humans detect
vibrations between 20 Hz and
20 kHz)

Mechanical energy (pressure),
thermal energy (temperature)

Chemical molecules in food

Chemical molecules

into an electrochemical signal (nerve

impulse). Once the stimulus energy has been
converted into an electrochemical nerve
impulse, it is then sent to the central nervous
system for processing through a process

called transmission.

Perception

Sense Sensory receptors

organ

Eyes Rods and cones in the
retina at the back of the eye

Ears Hair cells in the cochlea

Skin Mechanoreceptors
(pressure), thermoreceptors
(temperature) and free

nerve ending (pain)

Tongue Gustatory receptors in
taste buds
Nose Olfactory cilia

Brain regions
involved in initial
processing

Occipital lobe
(primary visual
cortex)

Temporal lobe
(primary auditory
cortex)

Parietal lobe
(somatosensory
cortex)

Frontal and
temporal lobes
(gustatory cortex)
Frontal lobe
(olfactory bulb)

FIGURE 1 A candle flame is relatively small in size, but
your eyes can detect it from 50 kilometres away on a
clear, dark night.

Perception is an active process whereby our brains create meaning out of the received

sensory information. Several brain regions specialise in processing sensory information

(Figure 2). Like sensation, it involves three stages: selection, organisation and interpretation.

* Selection - filtering out unimportant information to focus on relevant stimuli. We

can’t pay attention to all the millions of stimuli that we receive at the same time, so we

pick out the ones that are important to us and pay attention to those. The thalamus

is a structure in the brain that acts as a relay station, processing information from all

senses (except smell). The thalamus helps to direct attention by filtering out irrelevant

stimuli, before relaying the information to appropriate regions of the primary sensory

cortices for further processing. For example, visual information is relayed to the primary

visual cortex in the occipital lobes, while auditory information is relayed to the primary

auditory cortex in the temporal lobes for processing.

* Organisation — grouping sensory information to form a coherent pattern

+ Interpretation — assigning meaning to the sensory input based on our prior knowledge

and expectations, motives and emotion.

OXFORD UNIVERSITY PRESS
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Absolute threshold
example

The flame of a
candle 50 km away
on a clear, dark night
The ticking of a
watch 6 m away

The wing of a fly
falling on the cheek
from a height of 1 cm

One teaspoon of
sugar dissolved in
10 L of water

One drop of perfume
in a large house

transmission
nerve impulses are sent
to the central nervous
system

perception

the brain’s process of
making meaning of raw
sensory stimuli

selection

the process of selecting
important and filtering
out unimportant
information to focus
on relevant stimuli

thalamus

a structure in the brain
located between the
cerebral cortex and the
midbrain, just above the
brain stem; responsible
for relaying motor and
sensory signals to the
cerebral cortex

organisation
grouping sensory
information received
in the brain to make
sense of it

interpretation
giving meaning to
stimulus in the brain
based on our past
experiences, motives,
values and context
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- Primary motor cortex Primary somatosensory cortex

Somatosensory association cortex
Frontal lobe

Parietal lobe

Gustatory cortex

Temporal lobe
Primary visual cortex

Olfactory bulb

Occipital lobe

Auditory and visual

Primary auditory cortex

FIGURE 2 Specialised regions in the brain process sensory information.

Sensation and perception are considered adaptive processes. From an evolutionary
perspective, the ability to see, hear, touch, smell and taste has developed over thousands
of years and through millions of changes — leaving our senses perfectly suited to our
environment and helping us survive and reproduce (‘Tooby & Cosmides, 1992).

Just as frogs have an inbuilt “bug-detecting” function in their visual system, which is
designed to activate when a tasty insect is in view, humans have specialised areas in the brain
that allow the perception of faces and facial expression. This can be seen in infants, who have
an innate or inborn tendency to show greater interest in objects that look like a human face

(Adolphs et al., 1996).

Real-world psychology

Sensory adaptation

On a scorching summer day in Australia, stepping
into the ocean for a swim can feel shockingly cold at
first. However, after a few minutes, the icy sensation
fades, and the water begins to feel comfortable. This
phenomenon is an example of sensory adaptation,
where prolonged exposure to a stimulus causes a
gradual decline in sensitivity.

Sensory adaptation occurs during the stages of
sensation and perception. Initially, in the reception
stage, cold receptors in the skin detect the sharp
change in temperature as you enter the water. In
the transduction stage, these receptors convert the
physical sensation of cold into electrical impulses,
which are transmitted to the brain. The brain then
selects the most critical sensory input, such as
the feeling of temperature, while filtering out less

118 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

relevant stimuli, such as the sound of waves. Over
time, during the organisation and interpretation
stages, the brain adjusts to the consistent
temperature, reducing the intensity of the cold
sensation.

Sensory adaptation allows humans to focus
on changing or more important stimuli, like a rip
current or a sudden rise in wave height, which
might indicate danger. However, it can also have
downsides. For example, in industries where workers
are exposed to prolonged loud noises, sensory
adaptation may reduce sensitivity to sound, delaying
awareness of potential hearing damage.
This natural adjustment demonstrates how
sensory systems enhance survival by managing
environmental stimuli efficiently.
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Apply your understanding

1 Identify the stage of sensation at which
temperature receptors in the skin detect the cold
water. (1 mark)

2 Explain why the cold sensation fades after
prolonged exposure. (2 marks)

Strategies to minimise bias and errors

Science inquiry skill: Planning investigations
(Lesson 1.4), Processing and analysing data
(Lesson 1.7)

The Pepsi Challenge, launched in 1975 during the
“Cola Wars”, was a marketing campaign featuring a
single-blind taste test in which participants sampled
two unmarked cups, one containing Pepsi and the
other Coca-Cola, and indicated their preference.
Pepsi claimed the test results showed a preference for
Pepsi. However, critics such as Malcolm Gladwell
(2005) have argued that the “sip test” method is
flawed. Tasters often favour the sweeter beverage

for a single sip, though their preference may differ
when consuming a full can. The labelling of cups
(e.g. “M” for Pepsi and “Q” for Coke) may also have
biased the results by appealing to letter preferences.

3 Describe one benefit and one potential
drawback of sensory adaptation in
real-world contexts. (2 marks)

4 Identify the part of the brain where preliminary
processing of stimuli occurs. (1 mark)

Furthermore, prior branding or participant
expectations could have influenced results when the
drinks were revealed.

Practise your skills

1 Identify three potential sources of bias that
could have influenced the results. (3 marks)

2 Distinguish between random and systematic
error. Use examples from the scenario to support
your answer. (3 marks)

3 An independent lab wants to conduct a more
scientific study of the Coke versus Pepsi
challenge. They propose to use a double-blind
methodology with counterbalancing. Discuss
how these strategies would improve the validity of
the findings. (4 marks)

Check your learning 4.1: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Identify the absolute threshold for vision.
(1 mark)
Identify the three stages of sensation. (3 marks)
Describe what absolute threshold is. (1 mark)

4 Describe the role of the thalamus in sensation
and perception. (2 marks)

OXFORD UNIVERSITY PRESS

Analytical processes

5 Contrast the brain regions involved in
processing taste and smell. (1 mark)

=)

Distinguish between sensation and perception.
Use examples to support your answer. (3 marks)

Knowledge utilisation

7 Predict what might happen if a person’s sensory
receptors for touch were damaged. (2 marks)
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Learning intentions
and success criteria

light
the visible part of
the electromagnetic
spectrum

amplitude
maximum
displacement of a
wave from equilibrium
(resting position)

wavelength

the distance from
peak to peak or trough
to trough
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Seeing

Key ideas

— Light (the visible part of the electromagnetic spectrum) is the physical energy that
enables human vision.

— Vision depends on the three stages of sensation:
- reception, when light enters the eye

- transduction, when photoreceptors in the retina convert light into an electrochemical
signal

- transmission, when visual information from the retina is sent along the optic nerve
to the thalamus and primary visual cortex for further processing.

— Vision also depends on the three stages of perception:

- selection of relevant information, performed by the thalamus, filtering out irrelevant
information

- organisation of visual information, when the brain uses perception principles to
make sense of stimuli

- interpretation of visual information, when the brain coordinates between multiple
brain regions, including the temporal lobe (to identify what) and the parietal lobe (to
identify where).

Sensing and perceiving visual stimuli

We do not consciously process visual stimuli. Right now, you are not telling your eyes to
read the words on the page or to notice the colour of the images. Your brain is processing the
visual stimuli (this text) unconsciously. Interestingly, when we see something, the image (or
visual stimulus) that appears on our retinas (back of the eye) is upside down, back to front,
blurred, crisscrossed by a network of veins, and patched by holes. Yet when this image has
been sent to the brain, it is processed so that we see a crystal-clear picture and it is positioned
correctly. The process itself — from receiving an image to ultimately interpreting what we see
—is complex and has been studied extensively from a number of psychological perspectives.
As with the other senses, vision involves six stages: reception, transduction and transmission
(sensation), followed by selection, organisation and interpretation (perception). In this
module, we’ll look at how each of these stages works in the context of vision.

Light

The physical energy that our eyes detect is light, a form of electromagnetic radiation
that travels in waves. Humans can only perceive a small portion of the electromagnetic
spectrum, known as the visible spectrum. Light waves, between wavelengths of 360 and
760 nanometres, form the visible spectrum (1 nanometre = 1 billionth of a metre).

The amplitude of a light wave determines the brightness of what we see: the higher the
amplitude, the brighter the light would appear. On the other hand, wavelength affects our
perception of colour. For instance, shorter wavelengths correspond to blue or violet light,
while longer wavelengths appear red.
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OXFORD UNIVERSITY PRESS



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Wavelength in nanometres

FM television Broadcast
Ultra- AC
Gamma olet Infrared bands
rays X-rays violes rays Radar Shprtwave circuits
rays radio waves
T T T 7 S~ T T Al T T T
1072 10710 10 -7 10 ~~.10" 1072 1 10? 104 10°
F ey,
- ‘. ’ k -~
It The visible spectrum N
s S -~
5o a.; ENE
7B & " 5 E g
- e g 3 g 3 £ T Tl
-7 > = /A o > o ~ TR

400 500

Perceived colour

Challenge

Animal vision

In 2009, researchers used isolated patches of peripheral primate retina and recorded neural
activity ex vivo (outside the living body) using a multielectrode array (MEA). This method
allowed them to simultaneously record information from hundreds of retinal ganglion
cells without the need for invasive procedures on live animals (Gauthier et al., 2009).

This approach is common in retinal research because the retina can remain functional
for several hours after being removed and kept in a nutrient-rich solution, allowing precise
and ethical study of visual processing. Consider the use of animals, in regards to ethics, in

discovering this information.

Reception

Light enters the eye through the cornea (Figure 2), a tough transparent tissue that covers and
protects the eye. It then passes through the pupil — the hole in the middle of the coloured part

of the eye (the iris) — and the lens. The lens can
adjust its shape to focus (bend) the incoming
light onto the retina, which is located at the
back of the eye. The retina contains specialised
photoreceptors, which are light-sensitive cells
called rods and cones (Kolb, 2003).

Rods are sensitive to black, white and shades
of grey. They function well in low-light
conditions, such as night, but the trade-off
is that they provide limited detail. Rods
outnumber cones by 20:1, and they are
located primarily in the peripheral retina,
helping us with peripheral (side) vision.
Cones are concentrated in the central
retina and are responsible for colour vision.
They help us see fine details (high visual
acuity) and operate best in bright light.

FIGURE 2 The eye. The eye is a fantastic organ — it is very
complex in construction, but we only need to know about a
few of its structures.
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Vitreous humour

Retina

Blind spot

FIGURE 1 The visible
spectrum is part of the
electromagnetic spectrum.
The wavelengths are shown
in nanometres. The human
eye can see a limited part
of the electromagnetic
spectrum.

photoreceptor

a specialised cell
located in the retina
that detects and
transduces light energy

rod

a photoreceptor
providing peripheral
vision in black and
white; works in dim
light

cone

a photoreceptor
providing clear vision
in colour; works in
bright light

visual acuity
the clarity or sharpness
of vision

Aqueous humour
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electrochemical
signal

an electrical or
chemical signal used
for cell communication

receptive field
the specific area of
sensory space (such
as a region of the
retina for vision) that
a sensory receptor or
neuron responds to

ir

FIGURE 3 This boy can see clearly when swimming because the goggles allow the cornea to function properly.
We are unable to see clearly underwater because the cornea of the eye is designed to refract or bend light travelling
through air, not through water. We correct this by wearing swimming goggles or a diving mask; the layer of air
between the water and the cornea allows us to see more clearly.

Transduction

Transduction in vision is the process by which light energy is converted into electrochemical
nerve impulses that can be transmitted to the brain for processing. Transduction occurs

in the retina. The process begins at the back of the retina, where light energy strikes the
photoreceptors (rods and cones). Photoreceptors contain photopigments (light-sensitive
molecules) that convert the light energy into electrochemical signals.

These electrical signals move forward through the layers of the retina. Bipolar cells act
as an intermediatory, synapsing onto several rods and/or cones on one end and ganglion
cells on the other. Each ganglion cell is connected to a specific region of the retina known as
its receptive field, which determines the portion of visual space that the cell responds to.
Smaller receptive fields, like those in the fovea, allow for greater visual acuity and detail, while
larger receptive fields in the periphery detect general shapes and motion. Ganglion cells’
axons bundle together to form the optic nerve.

Direction of light
optic nerve Light / represented
a bundle of ganglion as waves
axons that transmits
visual information Y -«——" Fibres of the optic nerve
i =) .
from th.e retina to A 8 al o — Ganglion cell
the brain -5 g
S Amacrine cell
B
Ag | Bipolar neuron
Y
< Horizontal cell
Retina -
e V/J
— Cone
. -
Retina e Photoreceptor
| Rod cells
Pigment layer
—— Choroid layer
— Sclera
FIGURE 4 Structure of the retina
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Transmission

During transmission, visual information travels from the retina along the optic nerves, one
from each eye, to the optic chiasm then the thalamus and occipital lobes for processing. At the
optic chiasm, half of the fibres from each retina cross over to the opposite side of the brain.
This arrangement ensures that visual information from the left visual field of both eyes is
processed by the right hemisphere of the brain, and information from the right visual field is
processed by the left hemisphere.

I eft visual field Right visual field

Retina

Optic nerve -
Optic chiasm ——————
Optic tract —
Thalamus
§ Preliminary processing
:, and relaying visual
FIGURE 5 Visual information from information to the
each eye is transmitted along the visual cortex
optic nerve via the optic chiasm % Primary visual cortex
and thalamus to the primary visual Where stages of perception
cortex in each occipital lobe. occur
S e I e ct | on feature detector
a specialised neuron
L . . . . . found in the optic
Preliminary processing of visual information occurs in the thalamus (Lesson 4.1), where nerve and primary
irrelevant stimuli are filtered out. The information is then directed to the primary visual visual cortex that

individually responds
. . . . R . to visual elements of
respond to visual elements of an image such as lines of a certain length, angle or direction of an image

cortex, where the image is broken up by specialised cells called feature detectors. These cells

movement. Feature detector cells are found in the optic nerve and in the primary visual cortex.

Referencing journal articles

Science inquiry skill: Communicating of psychology. Psychology uses a system called APA
scientifically (Lesson 1.9) (American Psychological Association) referencing.
In Psychology’ most of your research should focus This has a standard structure for books and articles.
on journal articles. Understanding referencing and Books
being able to reference research are important parts For books, the following format is used:

Book title

Author’s surname and initials

Year of publication Book edition Publisher
Curnow, Z. A. (2023). 2024 Science (8th ed.). Oxford University Press. b
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4Journal articles

For journal articles, the following format is used:

Journal title—sFournal of Oxford, 28(8), 145-151.
]

Practise your skills

Practise referencing journal articles for the research
question: Is a cat’s vision innate or acquired? Cats

Author's surname and initials

Article title

l

Curnow, Z. A. (2023). 2024 Science: Exploring the science education of the future.

Year of publication

Start page-end page

https://doi.org/10.20232024/j0x.2023.145 L Volume number(issue number)
!

Digital object identifier (DOI) or URL

are also key researchers in this area; their findings

suggest that vision in cats is learnt.

1 Investigate one resource by Hubel and Wiesel
that investigates cat vision.

play an important role in the field of understanding

vision. In the 1960s, scientists started a series of
research investigations to understand how brains
process visual inputs from the eye. Cats, which have
relatively sharp vision, were their major subjects. In
1981, Hubel and Wiesel won a Nobel Prize for their c
research on cats’ vision. Blakemore and Cooper

Study tip

Keeping track of all
your sources and
research from the
start will make it easier
to write a rounded
discussion. Using a
logbook to keep a list
of your references, the
date of publication,
methodology and
results is a great way
to have an overview of
your learning

primary visual
cortex

located at the back

of the occipital lobe;
processes information
from the eyes
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a Identify the date of publication. (1 mark)
b Identify whether the publication is an
example of a journal article, book or news
article. (1 mark)

Identify the publisher. (1 mark)

Write the reference in APA style. (1 mark)

Organisation and interpretation

Organisation and interpretation are stages of visual perception that occur in the brain after
sensory information has been transmitted to the primary visual cortex. In the organisation
stage, the brain arranges and assembles visual information into a meaningful pattern using
visual perception principles (e.g. perceptual constancies, Gestalt principles and depth cues;
see Lesson 5.2). Once the image is re-assembled using these principles, it travels along two
pathways simultaneously: to the temporal lobe, to identify the object; and to the parietal lobe,
to judge where the object is in space (in relation to our visual field and ourselves).

Interpretation is the stage whereby the visual stimulus is given meaning. The temporal
lobes identify the stimulus by comparing incoming information with information already
stored in memory. Past experiences, motives, values and context help us understand what
we are looking at by contributing to our perceptual set (discussed in Module 5). While
information is sent to the temporal lobes, it also travels to the parietal lobes, which assist in
judging where the object is in space (in relation to our visual field and us).

Patients who have damage or tumours in parts of the temporal lobe that are responsible
for identifying a visual stimulus may be unable to recognise an object or a familiar face
(this is called prosopagnosia). Patients who have damage to the parietal lobe will be able to
recognise an object, but they may constantly bump into furniture or misjudge picking up
their knife and fork.
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FIGURE 6 When people are whale watching, they process the stimulus (humpback whale) when light enters the
eye via the cornea. They are able to identify the stimulus as a whale when they reach the interpretation stage.
This happens so quickly we are unaware it is happening.

Visual-spatial pathway is
directed to the parietal lobe
to establish the positional
relationship between

objects in the visual scene;
motion is also analysed here.

Frontal lobe 7—. ,
A Parietal lobe

Motion and direction are
directed to the parietal lobe.

Shape and colour perception
are directed to the temporal lobe.

Temporal lobe interprets
and identifies objects.

Occipital lobe
FIGURE 7 The brain makes sense of what we see.
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Reception
Stimulus is recognised

l by the photoreceptors.

Interpretation
The temporal lobe applies Transduction
meanings to the stimulus based on Stimulus information
memories and stored information. is processed by
- receptive fields.

Organisation .

We use visual cues to interpret
details, which are then passed to
the temporal lobe for identification
and the parietal lobe to judge the
location of the stimulus in space.

Selection ,
Feature detectors focus on

particular elements of the
stimulus to determine what is

Transmission
The optic nerve carries
this information to
the occipital lobe.

and is not attended to.

FIGURE 8 The first three steps show the process of sensation, while the
remaining steps show the process of perception.

Check your learning 4.2: Complete these questions online or in your workbook.

Retrieval and comprehension Analytical processes
1 Describe the following stages of seeing in your 4 You have soccer practice after school during
own words winter and your coach wants you to play until it’s
reception (1 mark) almost dark. Determine which photoreceptor

transduction (1 mark) would be better suited to low-light conditions.
(1 mark)

5 Grandma is busy knitting you a pair of woollen

transmission (1 mark)

a
b

c

d selection (1 mark)
e socks. She is sitting in her lounge with her
f

spectacles on and a bright light next to her. She
needs to focus on what she’s doing. Determine

organisation (1 mark)
interpretation. (1 mark)

2 Describe what is meant by receptive field.

(2 marks) activities that require clear vision in bright light.
3 Describe the role of feature detectors in visual (1 mark)

perception. (2 marks)

which photoreceptors would be best suited to

Knowledge utilisation

6 Predict how psychological factors such as stress
or emotion could influence visual perception.
(2 marks)
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Hearing

Key ideas

— Sound is the physical energy that enables human hearing.
— Hearing depends on the three stages of sensation:
- reception, which occurs when sound enters the ear

- transduction, which occurs when specialised receptors (hair cells) in the cochlea
convert vibrations into an electrochemical signal

- transmission, which occurs when auditory information from the cochlea is
sent along the auditory nerve to the thalamus and primary auditory cortex for
further processing.

— Hearing also depends on the three stages of perception:

- selection, when relevant information is selected by the thalamus and irrelevant
information is filtered out

- organisation, when the brain organises auditory information into meaningful patterns @

- interpretation, when auditory information, such as recognising music, occurs when

the brain compares incoming auditory signals with stored memories. Learning intentions

and success criteria

Sound
Sound is a form of physical energy that is created by the vibration of objects and transmitted Study tip
as a wave through a medium (e.g. air or water). Key characteristics of a sound wave (Figure 1) Remember. the
include amplitude, wavelength and frequency. stages of sensation
and perception
. are the same for
Amplltude all our senses. To

Direction of sound waves simplify your study,

The amplitude of a learn definitions

v

sound wave refers ©0 060 o6 0000 066 o6 o0 0000 500 0 o0 for the stages given
. e o o oo e o 0o oo e e o o o o .
to the maximum sirrIramlIIrIraNniiiiil  inlessondiand
displacement of particles TR R ERERE] ERERER then summarise key
) ) o0 0 0 o0 o0 o0 oo o0 0 0 00 differences such as
in the medium (such ce e o o ec s s oo - the sensory organs
. . e o o oo o0 o 0o oo e 0o o o o o .
as air, water or a solid) oo o 0 o0 o0 00 oo o0 0 0 00 (i.e. eyes vs ears),
. . sensory receptors (i.e.
from their rest position l y pors (i.e.
T o photoreceptors vs hair
(equilibrium). This is Rarefaction Compression cells) and regions of
caused by the transference Wavelength the brain that process

. the information (i.e.
of energy to the medium, — &— Crest primary visual cortex
such as the force.apphed Amplitude vs primary auditory
by plucking a guitar v cortex).
string. The greater the
applied force, the larger «— Trough
the amplitude of the
wave, which results in a

FIGURE 1 Sound is a longitudinal wave consisting of alternating compressions
and rarefactions (top image). The graph is a representation of the wave in a
different form where the compressions correspond to peaks, and rarefactions
(higher volume). to troughs.

louder perceived sound

OXFORD UNIVERSITY PRESS MODULE 4 PROCESSES OF SEEING AND HEARING 127

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 02/09/2025 under licence.

Wavelength

Wavelength is the distance between two consecutive peaks or troughs in a wave. It is inversely
related to frequency; higher frequencies have shorter wavelengths, while lower frequencies

have longer ones.

Frequency

Frequency is a measure of the number of wave cycles per second. It is measured in hertz (Hz).
Humans can detect a frequency range of approximately 20 Hz to 20,000 Hz (Figure 2), with
our sensitivity to pitch decreasing as we age (Figure 3; Wasano et al., 2021).

Infra sound

3

Audible frequencies
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Ultra sound

FIGURE 2 Humans can detect frequencies in the range of 20 Hz to 20,000 Hz. Other animals, like bats and dogs,
can detect much higher, ultrasonic sounds, while elephants detect lower frequencies.
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FIGURE 3 Our sensitivity (ability to detect) pitch changes with age. The diagram shows the change in mean

hearing thresholds for (A) Japanese men and (B) Japanese women.

Reception
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Our ears are the sensory organs that transform vibrations in the air into electrochemical
signals that our brain can interpret and make meaning from. The ear (Figure 4) has three
main sections: outer ear (to collect and magnify sounds), middle ear (which converts air
vibration into movement of tiny bones) and inner ear (where transduction occurs).

This work must not be reproduced, stored, transmitted or circulated in any other form.
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Incus

Malleus

Auditory nerve

dnna — Cochlea

Basilar
membrane

Eardrum

Auditory

St
canal apes

Hair cells

FIGURE 4 The structure of the human ear

Sound waves are collected by the pinna (the outer, visible part of the ear) and travel through
the auditory canal to the eardrum. The eardrum vibrates in response to sound waves, and
these vibrations are amplified by three small bones in the middle ear: the malleus (hammer),
incus (anvil) and stapes (stirrup). The vibrations pass into the cochlea, a fluid-filled, spiral-
shaped structure in the inner ear. The cochlea contains the basilar membrane, lined with hair
cells (sensory receptors for hearing).

Transduction

Transduction, the conversion of sound waves into electrochemical signals, occurs in the

cochlea. The movement of fluid in the cochlea, caused by the mechanical vibration of the

small bones in the middle ear, bends the tiny hair cells along the basilar membrane. When the

hair cells bend, they generate electrical signals that are sent to the brain via the auditory nerve.
The way these hair cells respond depends on the frequency, or pitch, of the sound (Moore,

2003, and Yost, 2009, as cited in Weiten, 2013):

* Low-frequency vibrations are detected by the rate at which the entire basilar membrane
vibrates, a process known as frequency coding.

* High-frequency sounds cause specific areas of the basilar membrane to vibrate more
intensely than others, a process known as place coding. Study tip

* For complex sounds (e.g. musical chords or speech), the brain uses a combination of For a more detailed
frequency and place coding to accurately interpret the pitch and tone. explanation of how
Hair cells have a limited capacity to regenerate, making them particularly vulnerable to liﬁi;csi\fs?;m’

damage from loud sounds or ageing, which can lead to hearing loss (Figure 3).
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auditory nerve

a bundle of axons that
transmits auditory
information from the
cochlea to the other
regions in the brain

Transmission and selection

Auditory information is transmitted along the auditory nerve, from the cochlea to the thalamus,
via the brain stem. After preliminary processing, the thalamus directs auditory information to the
primary auditory cortex in the temporal lobes. Within the auditory cortex, specialised neurons
that function similarly to the feature detectors found in the visual cortex, respond to specific
sound attributes, such as frequency modulation and amplitude changes (Nelken, 2002).

Primary auditory cortex

Auditory nerve

Cochlea
(in the inner ear)

FIGURE 5 Auditory information is transmitted from the cochlea in the ears, through the brain stem and thalamus,
to the primary auditory cortex in the temporal lobes.

Organisation and interpretation

The brain organises auditory information into meaningful patterns. It determines the source

of a sound using cues like differences in the timing and intensity of sound reaching each ear
(binaural cues). For example, we can identify the direction of a car horn even without seeing the
vehicle. The temporal lobes also help us to interpret sounds, such as understanding speech, and
recognising music and familiar sounds, by comparing incoming auditory signals with stored
memories. The Mondegreen effect (Wright, 1954) is a hearing illusion where a person mishears
or misinterprets words or phrases in, for example, a favourite song. This illusion highlights how
the brain organises and interprets auditory information, and doesn’t just detect vibrations.

Check your learning 4.3: Complete these questions online or in your workbook.

Retrieval and comprehension Analytical processes

1 Identify which part(s) of the ear are involved in 3 Distinguish between which aspects of sound the
the stages of hearing amplitude and frequency of a wave correspond
a reception (1 mark) to. (1 mark)
b transduction (1 mark) 4 Compare the roles of the thalamus and the

¢ interpretation. (1 mark)

auditory cortex in processing sound. (2 marks)

2 Identify the sensory receptor in the ear. Knowledge utilisation

(1 mark)

5 Discuss the effect of damage to hair cells on a
person’s ability to hear. (3 marks)
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MODULE

Review: Processes of seeing and
hearing

Ssummary

There are five human senses, which enable us to survive and thrive.

Sensation is the process of detecting stimulus energy. It occurs in three sequential stages: reception,

transduction and transmission.

The minimum level of stimulus energy required for perception is called the absolute threshold.

Perception is the process whereby our brains create meaning out of the received sensory information.

The three stages of perception are selection, organisation and interpretation.

Light (the visible part of the electromagnetic spectrum) is the physical energy that enables human vision.

Vision depends on the three stages of sensation:

— reception, when light enters the eye

— transduction, when photoreceptors in the retina convert light into an electrochemical signal

— transmission, when visual information from the retina is sent along the optic nerve to the thalamus and
primary visual cortex for further processing.

Vision also depends on the three stages of perception:

— selection of relevant information, performed by the thalamus, filtering out irrelevant information

— organisation of visual information, when the brain uses perception principles to make sense of stimuli

— interpretation of visual information, when the brain coordinates between multiple brain regions,
including the temporal lobe (to identify whatr) and the parietal lobe (to identify where).

Sound is the physical energy that enables human hearing.

Hearing depends on the three stages of sensation:

— reception, which occurs when sound enters the ear

— transduction, which occurs when specialised receptors (hair cells) in the cochlea convert vibrations into
an electrochemical signal

— transmission, which occurs when auditory information from the cochlea is sent along the auditory
nerve to the thalamus and primary auditory cortex for further processing.

Hearing also depends on the three stages of perception:

— selection, when relevant information is selected by the thalamus and irrelevant information is
filtered out

— organisation, when the brain organises auditory information into meaningful patterns
— interpretation, when auditory information, such as recognising music, occurs when the brain compares
incoming auditory signals with stored memories.
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(1 mark each)

1

What part of the brain processes sensations such
as pressure and temperature?

A Frontal lobe

B Parietal lobe

C Occipital lobe

D Temporal lobe

What does the absolute threshold refer to?

A The lowest intensity of stimulus energy that
can be detected

B The greatest intensity of stimulus energy that
can be detected

C The lowest intensity of stimulus energy that
can be detected 50 per cent of the time

D The lowest intensity of stimulus energy that
can be detected 100 per cent of the time

What is the correct sequence of stages in sensation

and perception?

A Reception, transmission, transduction;
selection, interpretation, organisation

B Reception, selection, transmission;
transduction, organisation, interpretation

C Reception, selection, organisation;
transmission, transduction, interpretation

D Reception, transduction, transmission;
selection, organisation, interpretation

Which statement about visual receptors is correct?

A Rods and cones both distinguish colours.

B Rods and cones both distinguish black and white.

C Rods can respond in bright light but not in
low levels of light.

D Cones can respond in bright light but not in
low levels of light.

What is the role of the retina in vision?

A It regulates the amount of light entering the eye.

B It focuses light onto the lens to create a
clear image.

C It converts light into electrochemical signals
for the brain.

D It transmits visual information directly to the
occipital lobe.
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6

7

8

9

Review questions: Complete these questions online or in your workbook.

Cones are most responsive to electromagnetic
energy of which colour?

A Violet/blue
C Green/yellow

B Blue/green

D Orange/red
Where are feature detector cells found?

A In the cornea and retina

B In the retina and primary visual cortex

C In the optic nerve and primary visual cortex

D In the cornea, retina, optic nerve and primary
visual cortex

Which statement about depth cues is correct?

A They are principles used during the
organisation stage of visual perception.

B They are principles used during the
interpretation stage of visual perception.

C They are principles used during the
organisation stage of auditory perception.

D They are principles used during the
interpretation stage of auditory perception.

Which are the sensory organs of vision and hearing?

A Eyes and ears

B Retina and cochlea

C Photoreceptors and hair cells

D Primary visual cortex and primary auditory cortex

10 Which is the correct statement?

11

A The pupil helps to focus light onto the retina.

B Light initially enters the eye through the retina.

C The actual image on our retina is upside down
and back to front.

D The auditory nerve contains light-sensitive cells
called photoreceptors.

In relation to vision, sensation involves which of

the following processes?

A Transduction, reception and selection

B Transmission, reception and transduction

C Interpretation, organisation and reception

D Selection, organisation and interpretation

12 Which accessory structure in hearing amplifies

sound vibrations?

A Pinna

B Cochlea

C Eardrum

D Middle ear bones (malleus, incus, stapes)
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13 Which nerve transmits visual information to

the brain?
A Optic nerve B Auditory nerve
C Olfactory nerve D Vestibular nerve

14 How does the amplitude of a wave influence our
perception of sound?
A Amplitude corresponds to pitch.
B Amplitude corresponds to colour.
C Amplitude corresponds to volume.

D Amplitude corresponds to brightness.

15 What is the correct definition of a receptive field in

the context of sensory perception?

A The entire sensory organ that detects
environmental stimuli, such as the eye or ear

B The region of the brain that processes sensory
signals detected by a specific neuron

C The area of the retina that transmits signals
directly to the optic nerve for visual interpretation

D The precise area within sensory space where
a stimulus must occur to activate a particular
sensory receptor or neuron

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

16 Identify the role of the retina in vision. (1 mark)

17 Identify the part of the brain that relays sensory
information to the appropriate cortex. (1 mark)

18 Describe how amplitude and wavelength of light
affect perception. (1 mark)

19 Copy and complete the following table to
summarise the stimulus energy and location of
receptors involved in sensation. (6 marks)

Sense Stimulus  Main organ Location of
energy receptors
Seeing
Hearing

20 Describe the function of feature detector cells in
visual and auditory perception. (2 marks)

21 Identify the stage(s) of sensation that involve
photoreceptors. (2 marks)

22 Describe how hair cells respond to differences in
frequency or pitch with reference to low frequency,
high frequency and complex sounds. (3 marks)

Analytical processes

23 The components of visual and auditory sensation
and perception are shown.
Vision Hearing
Rods and cones Ear
Ganglion axons Temporal lobe
Lens Auditory nerve
Eye Hair cells
Light waves Sound waves
Retina Eardrum

Occipital lobe Cochlea

OXFORD UNIVERSITY PRESS

a Match the components for visual sensation
and perception with their auditory processing
equivalents. (7 marks)

b Organise the components in the Vision
column in the correct order of visual sensation
and perception. (1 mark)

¢ Organise the components in the Hearing
column in the correct order of auditory
sensation and perception. (1 mark)

24 Distinguish between perception and sensation.

(1 mark)

25 Compare the role of the ganglion cells in
transduction and transmission. (2 marks)

26 Identify the two neural pathways involved in the
visual organisation process and compare their
roles. (4 marks)

27 Jake was looking at a tree in the distance. Jake’s
friend told him that his eyes were actually seeing the
tree upside down, but that his visual system was
correcting this image for him. Determine the
process that Jake’s friend was referring to. (1 mark)

28 Shoko recently got her driver’s learner permit
and has been practising driving to and from
school in daylight hours. Recently, she has also
begun to drive to her netball game, which is at
8 pm on a weeknight. Shoko has discovered that
it is harder to see while driving at night. Based on
your understanding of photoreceptors in visual
perception, explain why Shoko is finding it harder
to see at night. (2 marks)
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Knowledge utilisation

29 Predict how damage to the temporal lobe would
affect a person’s visual and auditory perception.
Justify your response with reference to the
organisation stages. (4 marks)

30 Visual perception involves the integration and
coordination of several systems in the brain. Each
lobe plays a different part in perception.

Data drill

Subliminal advertising and consumer
behaviour

The concept of subliminal advertising gained
widespread attention when James Vicary claimed
to have increased sales of Coca-Cola and popcorn
in a movie theatre by flashing subliminal messages
on the screen. Although Vicary’s findings were
later exposed as a hoax, the idea of influencing
consumer behaviour without conscious awareness
remained intriguing.

Karremans and colleagues (2006) examined
whether subliminal priming — a process in which
stimuli are presented below the threshold of
conscious perception — can influence consumer
behaviour. Participants were exposed to a
subliminal message promoting Lipton Ice, after
which participants chose between Lipton Ice or
Spa Rood, a brand of mineral water, if they were
offered a drink.

Their intention to also drink Lipton Ice, Spa
Rood or Coca Cola was also measured.

It was hypothesised that subliminal priming
would influence participants’ drink choices, but
only if they were thirsty.

Design and method
¢ Independent groups experimental design
¢ Participants: 105 Dutch students, 30% male,
70% female
¢ Independent variables:
o Level of thirst (thirsty vs non-thirsty).
Level of thirst was manipulated by giving
participants a salty treat.

o Subliminal message. Participants completing
a perception task on a computer were flashed

Module 4 checklist: Processes of seeing and hearing
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a Identify the role the frontal lobe contributes to
visual perception. (1 mark)

b Infer the role the hippocampus plays in visual
perception. (1 mark)

¢ Predict what would happen to someone’s
vision if their right occipital lobe were
damaged. (2 marks)
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Percentage choosing Lipton Ice

Control  Subliminal Control  Subliminal
priming priming
Thirsty Not thirsty

FIGURE 1 Percentage of participants who chose Lipton Ice.
Statistical analysis on differences between drink choices in
thirsty condition p < 0.001, and not-thirsty condition p < 0.07.

25 times with either “Lipton Ice” or “Npeic
Tol” for 23 milliseconds (beyond conscious
awareness).
¢ Dependent variable: Proportion of participants
who chose to drink Lipton Ice

Apply understanding

1 Identify which group was least affected by
subliminal priming. (1 mark)

2 Determine the number of thirsty participants

in the control condition that chose Lipton Ice.
(1 mark)

Analyse data

3 Identify the relationship between subliminal
priming and drink choice with reference to the
trends within and between thirst conditions.
(4 marks)

Interpret evidence

4 Draw a conclusion about the effect of
subliminal priming on drink choice. (4 marks)

OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Influences on
sensation and

perception

What if T told you that colour doesn’t exist? Two people can look at the same image and

“see” it entirely differently. Remember the viral internet sensation of The Dress: was

it blue and black, or white and gold? This phenomenon captivated millions because it
revealed a simple truth — we don’t see the world as it is, but rather as the by-product of
our biology, culture and experiences. Similarly, sound exists only as vibrations in the air
until our auditory system transforms them into the rich tapestry of music and voices.

In the previous module, we explored sensation and perception. Sensation is the
process by which we collect raw data about our physical environment — it is shaped by
our biology. For example, a person with colour blindness perceives the same light waves

DA N 0 VLN LN | WO | VI

differently, and someone with hearing loss won’t hear certain frequencies. Perception,
on the other hand, is the cognitive process by which our brain organises, interprets and
assigns meaning to physical stimuli. Perception is influenced by psychological factors,
such as emotion, motivation and past experience including culture and language.

VAVAY WAVAV, \VAVAY WaVAV, \VaVa
XX

Prior . .
knowledge Check your understanding of concepts related to the influences on
T

quiz sensation and perception before you start.

— Explain psychological aspects of sensation and perception including:
» perceptual set with respect to past experience, context, motivation and
emotional state
visual perception principles, e.g. Gestalt principles, depth cues, and visual
constancies
* loudness, pitch and timbre.
— Describe the effect of cultural influences on visual (de Bruine, Vredeveldt &
van Koppen 2018) and auditory (Patel & Demorest 2013) perception.
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— Appreciate that seminal research into the effect of cultural influences on perception
(e.g. Hudson 1960; Deregowski 1972) has continued to be modified and replicated
by later researchers (de Bruine, Vredeveldt & van Koppen 2018; Morrison &
Demorest 2009).

— Consider the effect of expectation on perception, e.g. the role of frequency in
developing perceptual sets in Bugelski & Alampay 1961.

This lesson provides support for the following science inquiry skills:
— identify and operationalise variables to be manipulated, measured and controlled
— analyse data to identify trends, patterns and relationships; recognising error,
uncertainty and limitations of evidence
— select, synthesise and use evidence to
¢ explain findings
¢ draw conclusions, using p-values to infer significance, allowing for the
possibility of type I and II errors.

Source: Psychology 2025 v1.2 General Senior Syllabus © State of Queensland (QCAA) 2024
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Psychological influences on
perception

Key ideas

— Bottom-up processing builds perception from raw sensory data, relying on the
environment without prior knowledge.

— Top-down processing uses prior experience, expectations and context to assign
meaning and significance to stimuli.

— Perceptual set, shaped by past experiences, context, motivation and emotions, acts
as a mental framework that influences how we interpret sensory information, helping
us focus on relevant stimuli but also sometimes leading to biased or misinterpreted
perceptions.

Top-down and bottom-up processing

Perception operates through two complementary and parallel processes: bottom-up
processing and top-down processing.

Bottom-up processing (Figure 1) builds perceptions from raw sensory data,
constructing a whole stimulus by combining its individual parts. This process is stimulus-
driven, meaning it relies on sensory information from the environment without influence
from prior knowledge or expectations. Bottom-up processing typically starts in the primary
sensory cortex, where raw sensory data is processed, and then moves to the association
cortex for higher-level integration (Koch, 1993).
2 Pieces of sensory 3 A representation is

1 The sense organs 4 The representation of the

formed in the mind
from the detailed
sensory information.

receive stimuli. information are stimuli formed is integrated

transmitted to the brain. into our memory.

e}

FIGURE 1 Bottom-up processing

In contrast, using top-down processing (Figure 2), our perceptions of stimuli are
influenced by our prior knowledge, expectations and context. Top-down processing involves
integrating information from our memory, to assign meaning and significance (McClelland &
Plaut, 1993).
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Learning intentions
and success criteria

bottom-up
processing
perceptions are built
from incoming sensory
data, constructing

a whole stimulus

by combining its
individual parts

primary sensory
cortex

specialised region

of the brain where
raw sensory data is
processed

association
cortex
specialised region
of the brain where
multiple streams
of sensory data are
integrated

top-down
processing
perceptions of stimuli
are influenced by

our prior knowledge,
expectations and
context
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Study tip

Recall that perception
includes organisation,
where sensory data is
arranged into stable,
recognisable forms,
and interpretation,
where meaning is
assigned by drawing
on past experiences
and memory. For
instance, organisation
may help us perceive
the shape of an object,
while interpretation
identifies what the
object is and its
significance.

perceptual set

a predisposition to
interpret stimuli

in a particular

way, according

to expectations
influenced by

past experience,
context, emotion and
motivation
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2 Pieces of sensory 3 The brain quickly draws on 4 The interpretation is

information are

1 The sense organs
tested against the detailed
sensory information.

existing schemata to form a
bigger-picture hypothesis of
what is being presented.
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FIGURE 2 Top-down processing

receive stimuli.
transmitted to the brain.

For example, using bottom-up processing of the image
shown in Figure 3 would interpret the image as it is, a collection
of curved black lines on a white background. Using top-down
processing, we would use our prior experience and knowledge

to identify the intersecting circles as a symbol for the Olympics. .
FIGURE 3 Perception of a

stimulus involves both bottom-up
and top-down processing.

Perceptual set

Our experiences play a significant role in shaping how we perceive the world around us.
Experiences create perceptual expectations, which act as a top-down influence on perception.
Perceptual set refers to the mental framework that influences how we interpret sensory
information, making certain interpretations more likely based on our past experiences,
context, emotion and motivation. Perceptual set helps us focus on relevant information but
can also lead to bias or misinterpretation.

Past experience

Knowledge gained from our experiences, including education, culture and language, can
affect perception. For example, red beverages might be perceived as sweeter, based on an
individual’s experience of beverages in the past. Past experience can be especially influential
if the experience holds significant personal meaning.

Context

The environment in which a perceived stimulus is observed, context, can have an immediate
effect on our expectations. Bruner and Minturn (1955) presented participants with an
ambiguous image, which could be interpreted as a “B” or “13”, following either a sequence of
letters or numbers. Most participants’ interpretation matched the prior stimuli.

Motivation

Motivation, the drive to achieve what we desire or need at any given moment, directs our
attention and influences the stimuli we attend to. This, in turn, influences our perception,
as we are more likely to perceive stimuli related to that goal. For example, a hungry person is
more likely to notice the smell of food.

Emotion

Emotions can bias perception by heightening sensitivity to stimuli that align with our
emotional state or expectations. For example, in film and television, music significantly
influences viewers’ emotional responses. Studies have shown that when participants viewed
film scenes, they perceived those without music as neutral while scenes accompanied by
emotionally expressive music led viewers to perceive characters’ emotions in line with the
music’s tone (Tan et al., 2007).
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Perceptual set can influence both visual and auditory perceptions. Specific examples for

each are given in Lessons 5.2 and 5.3 respectively.

Real-world psychology

Emotion, attention and colour in marketing

People make subconscious judgments about products
within 90 seconds of seeing them, with colour
influencing up to 90 per cent of these decisions
(Singh, 2006). This connection between colour and
perception may have evolutionary roots (Hupka

et al., 1997). For example, red is linked to readiness
and danger, which could stem from its association
with ripe fruit, signalling readiness to eat, or blood,
indicating potential threats. These associations make
red particularly effective in marketing, as it captures
attention and conveys urgency or importance.

This is why red is commonly used in sale signs and
warning symbols.

Marketers carefully select colours to direct
attention, evoke emotional responses and develop
brand identity (Jin et al., 2019). Apple’s minimalist
white design, chosen by Steve Jobs, conveys
simplicity, innovation and purity, appealing to
modern consumers seeking streamlined, functional
products. Similarly, Cadbury’s use of royal purple
signifies luxury and sophistication, rooted in
historical associations with royalty.

Among all colours, blue consistently emerges as
a global favourite. A 2015 survey across 10 countries
revealed that people from diverse cultural and
demographic backgrounds selected blue as their
preferred colour (Jordan, 2015). This universal

appeal is likely tied to its connection with natural
elements such as clear skies and clean water, which
evoke feelings of calmness and reliability. Research
suggests that these associations help explain why blue
is often used in branding to inspire trust and serenity,
particularly in industries like finance and healthcare.

Apply your understanding
Identify the extent to which colour can
influence consumer decisions. (1 mark)

Explain how emotion influences visual
perception. Provide an example from the
scenario. (2 marks)

3 Evaluate the validity of the claim: People prefer
blue. (4 marks)

T ]

FIGURE 4 Many brands of bottled water use blue labelling, as
blue is associated with clean water.

Check your learning 5.1: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Identify which processing theory states that our
perceptions of stimuli are influenced by prior
knowledge. (1 mark)

2 Describe how perceptual set influences
interpretation of sensory stimuli. (1 mark)

Analytical processes

3 Distinguish between the perceptual stages of
organisation and interpretation. (1 mark)

OXFORD UNIVERSITY PRESS

4 A person sees a shadow in the shape of an animal
in a poorly lit room and thinks it might be a dog.
Compare bottom-up and top-down processing
with reference to the scenario. (3 marks)

Knowledge utilisation

5 A person enters a room with a faint smell of
smoke. They interpret the smell as coming from a
fireplace rather than a fire hazard. Explain how
perceptual set explains the person’s interpretation
of the smell. (3 marks)
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Learning intentions
and success criteria

Gestalt principles
of visual
perception

used to organise and
interpret perceptual
stimuli; includes figure—
ground organisation,
closure, continuity,
similarity, proximity
and symmetry

figure—-ground
organisation

a Gestalt principle

of perceptual
organisation wherein
images are organised
into the central object
of attention (figure)
and a background
(ground)
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Psychological influences on visual
perception

Key ideas

— Our brains can maintain a constant perception of an object’s size, shape and colour,
despite changes to the size of the image on our retina, changing perspective or
changes to lighting conditions respectively.

— Gestalt principles of visual perception are used to organise and interpret visual stimuli
and include figure-ground organisation, closure, continuity, similarity, proximity and
symmetry.

— Depth perception is the ability to judge three-dimensional space and distance based on
binocular (using both eyes) or monocular (using one eye) cues.

— Binocular depth cues include retinal disparity, where we contrast the slightly different
images because of the distance between our eyes, and convergence, where our eyes
will turn inwards to watch an object approaching.

— Monocular depth cues use one eye to judge depth and distance. The eye does this via
accommodation where the eye changes the curvature of the lens to focus an image on
the retina via pictorial depth cues.

— Pictorial depth cues include linear perspective, interposition, texture gradient, relative
size and height in the visual field.

Gestalt principles

Gestalt psychology, developed in the early twentieth century, is based on the principle that
“the whole is greater than the sum of its parts”. Gestalt principles of visual perception
are applied during the organisation stage of perception to convert the incoming sensory
information into meaningful shapes and patterns.

Figure-ground organisation

The first Gestalt principle of visual
perception that develops in infants is figure—
ground organisation. This principle
describes how we organise a visual scene by
distinguishing a central object of focus (the
figure) from its surrounding background
(the ground). A distinct border or contour,
typically owned by the figure, or high
contrast between the figure and ground
helps create this separation. For example,
children’s drawings often use a black line

around a figure, emphasising the separation

FIGURE 1 Rubin’s vase is a special case of figure—
ground organisation.

of figure and ground. Rubin’s vase (Figure 1)
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demonstrates how the figure and ground can
alternate depending on perception — viewers
may see either a vase or two faces.
Camouflage exploits the figure—
ground principle by blending the contour
or reducing contrast to make distinguishing
the figure from the ground more difficult.
Camouflage is a strategy seen in nature;
for example, with leopards, tigers and
giraffes. Soldiers in the army use camouflage
uniforms to blend into their surroundings
and avoid detection (Figure 2).

Closure

The principle of closure refers to the brain’s
tendency to fill in gaps in incomplete images,
allowing us to perceive them as whole. Many
company logos use such incomplete figures
in their designs (Figure 3).

Continuity

Similarly, the principle of continuity refers
to the brain’s natural tendency to organise
visual elements that appear to sit on a
straight or curved path as continuous. For
example, in Figure 4, you likely perceive
the image of the dots as two lines: one that
forms a straight path and one that forms

a curved path. Without using the Gestalt
principle of continuity, we would simply
see a collection of dots.

Similarity

Similarity is when the individual parts of a

stimulus pattern are similar (for example, size,
shape or colour). We tend to group them together

as a meaningful “whole” — a single unit. In
Figure 5, we tend to perceive rows of “X” and

“0O” in Group A, and columns of “X” and “O”

in Group B.

Proximity

Proximity is when the individual parts of a

stimulus pattern are close to each other. We tend to
group them together as a meaningful “whole” —
single unit. We can choose how to perceive a group
of shapes, such as those in Figure 6 (as rows or

columns), but we tend to perceive the ones in group

A as rows and group B as columns.
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FIGURE 2 Can you see the soldier in camouflage? The
contour is broken up and enables the figure to blend in
with the background.

FIGURE 3 The Gestalt
principles of figure—
ground and closure are
used when we perceive the
World Wildlife Fund logo
as a giant panda.

FIGURE 4 The Gestalt
principle of continuity

°
e0cccceleccccee
% refers to the tendency

.

®%eee of the brain to follow
continuous paths.
A B
XX XXX X 0 X 0X
OO0 O0O0O0 X 0 X 0 X
X X X X X X 0 X 0 X
OO0 O0O0O0 X 0 X 0 X

FIGURE 5 We tend to perceive rows of “X” and
“O” in Group A, and columns of “X” and “O” in

Group B.

A B
XXXXX X X X X X
XXX XX X XX XX

X X X XX

a XXXXX X X X X X

XXXXX X X X XX
XXXXX

FIGURE 6 We tend to perceive group A as
rows and group B as columns.

camouflage
exploitation of the
figure—ground
principle whereby

the contour of the
figure blends with the
background, making it
more difficult to see

closure

a Gestalt principle that
refers to the brain’s
tendency to perceive
incomplete images as

a whole

continuity

a Gestalt principle that
refers to the brain’s
tendency to perceive
elements that appear
to sit on a straight

or curved line as a
continuous path

similarity

a characteristic that is
alike between those in
the relationship

proximity
the individual parts are
close together
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symmetry

a balanced
arrangement of parts
around a central axis

perceptual
constancies

the tendency to
maintain a stable
perception of a
stimulus, although the
properties of the image
on the retina may
change

size constancy

the constant perception
of an object’s size, even
though the size of the
image on the retina
alters as the object
moves nearer to or
further from us

shape constancy
the constant
perception of an
object’s known shape
despite the changing
perspective from which
it is observed

colour constancy
the ability to perceive
colours as relatively
constant even under
varying lighting
conditions

Symmetry

The principle of symmetry is related to
proximity. Symmetry relies on the balanced
arrangement of parts around a central axis,
and these symmetrical elements are often
perceived as unified because they are visually
close to each other and align in a structured
way (Figure 7).

Perceptual constancies

Perceptual constancies enable us to

FIGURE 7 Symmetrical elements are often perceived as
unified because they are visually close to each other.

maintain a stable perception of a stimulus, although the image on the retina changes. The
more familiar we are with the observed object, the more likely it is that we will maintain
perceptual constancy of it. Perceptual constancies are usually learnt early in childhood

(Table 1).

TABLE 1 Perceptual constancies

Factor Description

Size The ability to maintain a constant

constancy perception of an object’s size, even
though the size of the image on
the retina changes as the object
moves closer or farther away

Shape The ability to perceive an object’s

constancy shape as remaining the same, even
when its retinal image changes
due to a change in perspective

Colour The ability to perceive an object

constancy as maintaining its colour under

varying illumination conditions

Example
When we look at a friend from a distance of
5 metres, he produces a retinal image twice the
size of the one he produces when he is 10 metres
away. But because we are familiar with his height,
we don’t change our perception of him — instead,
we use the size of the image as a cue to provide
information about how far away he is (Figure 8).
Watching a door open: although the shape on the
retina changes from a rectangle to a trapezium, we
still perceive the door as rectangular.

The brain adjusts colour perception to maintain
consistency under different lighting (Figure 9;
Foster, 2011).

%

FIGURE 8 The young man casts a larger image on the retina as he moves closer to us, but we know he remains the
same size; we use this information to establish his distance from us.
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FIGURE 9 Our brains maintain the colour of the flowers as red to accommodate changes in lighting conditions.
However, analysis of the colours (raw data) shows they are completely different.

Depth perception

Another aspect of organisation is depth perception. Depth perception is the ability to
accurately judge three-dimensional space and distance by using cues in the environment.
Depth cues are vital, because we exist in a three-dimensional world but can only use two-
dimensional images on our retinas to judge depth and distance. There are two types of depth
cues: binocular depth cues and monocular depth cues.

Binocular depth cues

Binocular depth cues use information from both eyes to estimate depth. Two types of
binocular depth cues are retinal disparity and convergence.

Retinal disparity

Retinal disparity occurs because our eyes are set about 6 to 7 centimetres apart (pupillary
distance). When an object is within about 20 metres of a viewer (with the strongest depth
cue occurring within 7 metres), each eye receives a slightly different image on the retina as a
result of the different angles from each eye to the object being observed. The brain compares
the differences (or disparities) in the images to perceive depth. The larger the disparity, the
closer the object is to the viewer.

The process of retinal disparity is artificially recreated in “magic eye” pictures from two
flat, two-dimensional patterns viewed from about 20 centimetres. Each eye observes a slightly
different view of the same scene, and the brain fuses the two images together in the same way
it would when observing a real (three-dimensional) scene.
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depth perception
the ability to accurately
judge three-
dimensional space and
distance, using cues in
the environment

binocular depth
cue

using information from
both eyes to estimate
depth

retinal disparity
the binocular depth
cue that arises as the
brain compares the
two slightly different
images obtained
because of the distance
between the two eyes

Study tip

Breaking down the
words can help you
understand and
remember their
meaning:
» Bi- means “two”, and
mono- means “one”.
+ Ocular refers to the
eyes.
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convergence

a binocular cue for
depth perception; the
automatic turning of
the eyes inwards as
we watch an object
approaching

monocular depth
cue

using information from
one eye to estimate
depth

accommodation
the process by which
the ciliary muscles

of the eye change the
curvature of the lens to
focus an image on the
retina

pictorial depth
cue

a monocular depth cue
used by artists to create
a three-dimensional
perception of
something that exists
on a two-dimensional
surface

linear perspective
a monocular depth cue
in which parallel lines
appear to converge as
they retreat into the
distance

144 PSYCHOLOGY FOR QUEENSLAND UNITS 3 & 4

Convergence

Convergence is a binocular depth cue that occurs when
your eyes rotate to maintain focus on an object as its
distance changes. Convergence is illustrated in the
following example: as an object comes closer to us, our
eyes turn inwards to keep the object centred on the

retina. Again, this cue operates for objects within about 7
centimetres. The brain reads the amount of turning from
the tension of the muscles that move the eyes and uses this
to make judgments of distance. The more our eyes turn,
the closer the object is to the viewer (Figure 10). This is

FIGURE 10 This person is
experiencing convergence as she
focuses on the pencil moving
towards her face.

demonstrated in the next challenge.

Challenge

Retinal disparity

Retinal disparity can be demonstrated with the following simple test. Hold a pen at
arm’s length and look past it at the other side of the room. Close one eye and then the
other and watch how far the pen “jumps” from side to side. Now bring the pen closer
—about 40 centimetres from your eyes — and repeat the process. Summarise your
findings.

Monocular depth cues

Monocular depth cues use information from one eye alone to judge depth. Two types of
monocular depth cues enable us to judge depth and distance using one eye: accommodation
and pictorial cues.

Accommodation

Accommodation involves the eye’s lens (located behind the iris) changing shape so that it
can focus light rays onto the retina. Small muscles called ciliary muscles control whether the
lens bulges (for closer objects) or flattens (for more distant objects). At the same time, the
tension in the ciliary muscles is received by the brain to confirm the location of the object
being viewed; the greater the tension, the closer the object.

Pick up a pen and close one of your eyes. Move the pen as close to you as you can while
maintaining focus. You should be able to focus on an object between 8 and 10 centimetres
away (depending on your eyesight). Keep focusing on the pen until you feel the tension within
your eye. That’s your ciliary muscles at work keeping your brain informed.

Pictorial depth cues

Pictorial depth cues are used by artists to create a three-dimensional perception of

something that exists on a two-dimensional surface.

¢ Linear perspective (first described by Leonardo da Vinci) is one of the most basic
skills an artist uses to create apparent depth. Parallel lines are made to converge as they
extend along the page to an imaginary point (where in theory they meet) at the horizon
(Figure 11).
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Interposition (overlap) is based on the
partial blocking or obscuring of one
object by another. The obscured object
appears to be further away than the
object obscuring (overlapping) it. This

is an effective cue for determining which
objects are closer than others, but it is not
as effective for judging distance.
Texture gradient is used to make
surfaces in a picture appear to recede
into the distance. Artists draw less and
less detail as a surface is more and more
distant, the same way we see it in real
life. This is illustrated by the photo of the
Marcoola Boardwalk on the Sunshine
Coast, Queensland (Figure 12). In the
foreground, we can see every detail of
the wood and the railing, but as the
boardwalk gets further away it becomes
much less detailed.

Relative size is based on our tendency to
perceive the object producing the largest
retinal image as being the nearest, and
the object producing the smallest retinal
image as being the farthest. For this cue,
it is necessary to know the real size of the
objects so that accurate comparisons can
be made. Think about watching a game
of rugby from behind your team’s goal —
you realise that the players at the opposite
goal are far away; you don’t think they
are tiny!

Height in the visual field shows depth
by portraying objects farther away as
being closer to the horizon. In a picture,
objects in the sky — such as aeroplanes,
clouds and birds — will be perceived as
farther away as they become lower in the
visual field (closer to the horizon). On the

FIGURE 11 Linear perspective shows parallel lines
converging in the distance.

FIGURE 12 The Marcoola boardwalk on the
Sunshine Coast — the interposition caused by the trees
overlapping, the linear perspective from the boardwalk
rails and the relative size of the trees allow people to
judge depth.

other hand, objects on the ground — such as trees, houses and people — will be perceived as

farther away as they become higher in the visual field (closer to the horizon).

Perceptual set

Recall from Lesson 5.1 that perceptual set can influence our interpretation of visual

stimuli based on our expectations derived from past experiences, context, our motivation

and emotions. These expectations direct our attention to relevant aspects of the sensory

information; see the examples in Table 2.
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interposition

a monocular depth
cue in which objects
further from the
observer are partially
obscured by those in
the foreground

texture gradient
a monocular depth cue
in which texture in

the foreground is seen
in finer detail than
texture further away

relative size

a monocular depth cue
based on our tendency
to perceive the object
producing the largest
retinal image as being
the nearest, and the
object producing the
smallest retinal image
as being the farthest
away

height in the
visual field

a monocular depth
cue that shows depth
by portraying objects
further away as being
closer to the horizon
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TABLE 2 Factors that influence visual perception

Factor Description
Knowledge gained from our
past experiences, including
education, culture and language,

can affect visual perception.

The environment in which a
perceived stimulus is observed;
context sometimes has an
immediate effect on our
expectations.

The drive or desire to achieve
a particular outcome directs
attention and influences which
stimuli we attend to, and can
also influence how we perceive
the stimulus.

We could interpret someone’s
facial expression as laughing or
crying, depending on how we

are feeling ourselves.

Challenge

The farmyard

Researchers found that when they
presented a picture of a farmyard
to a group of subjects and then
asked them to describe it from
memory, the subjects were able to
do so quite well. However, when
shown the picture in Figure 14, the
subjects were surprised by the giant
octopus outside the barn — it is out
of context, so they concentrated on
this and failed to pay attention to
the other items in the picture.

Example
Hansen and colleagues (2006) altered the colours
of objects away from their natural hues and asked
participants to adjust the images to grey. The
adjustments participants made revealed that their past
experiences with the natural colours of the objects
(e.g. bananas are yellow) influenced their perception.
A study by Bugelski and Alampay
(1961) showed participants N ) )
2

ambiguous images (e.g. “rat-man”)
and found that context, prior
exposure to image sets, influenced
their interpretation of the same
ambiguous stimulus (Figure 13). FIGURE 13 Can you
Participants exposed to animal-  see the rat and the man?
related images perceived the ambiguous image as a rat,
while those exposed to human faces perceived a man.
For example, on a long drive, if you’re running low

on petrol, a sign reading “FOOD AHEAD” might be
interpreted as “FUEL AHEAD”.

Gilchrist and Nesberg (1952) found that participants
who were hungry or thirsty perceived food and drink
items as brighter.

Similarly, Proffitt and colleagues (2003) found that
unmotivated participants perceived hills as steeper

than they actually were.

Emotional states influence perception (Niedenthal

et al., 1997). Participants induced to feel happy or

sad recognised words related to their emotional state

faster.

FIGURE 14 The farmyard illustration

Consider a scenario where this may be important.
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Real-world psychology

Solving a puzzle: Past experiences decide what we see

Until the 1980s, many believed vision relied solely
on the eye and visual cortex, with little consideration
given to interpretation and perception. Research

has since revealed that visual perception involves
multiple brain areas working together to interpret
stimuli through the eyes.

Prior experiences or fears significantly influence
how stimuli are interpreted. For instance, a person
with a spider phobia might mistake black cotton
on the floor for a threat. Here, the visual system
hasn’t failed; rather, prior knowledge and fear shape
the interpretation.

A 2018 study by Gonzalez-Garcia and colleagues
demonstrated that visual perception heavily depends
on prior experiences. Using fMRI imaging, the
researchers showed participants blurred Mooney
images (low information, two-tone images typically
of a face; Figure 15). When images were clear,
participants identified objects easily, but when
unclear, they relied on past experiences, leading to
both correct and false identifications.

The study found that two brain networks, the
default-mode network (DMN) and frontoparietal
network (FPN), are involved in image recognition,
highlighting that visual perception relies more on
cognitive processes than biological mechanisms.

Psychological and

social factors, such as
cultural expectations
and prior experiences,
strongly influence visual
interpretation.

Apply your

understanding

1 Identify two brain
networks involved
in visual perception
as revealed by the
Gonzalez-Garcia and
colleagues (2018)
study. (2 marks)

FIGURE 15 An example of a
Mooney face

2 Determine the type
of neuroimaging
used in the study. (1 mark)

3 Explain the role of prior experiences in visual
perception using an example from the text.

(2 marks)

4 Evaluate the claim that visual perception relies
more on cognitive processes than on biological
mechanisms. Use evidence from the text to
support your response. (4 marks)

Check your learning 5.2: Complete these questions online or in your workbook.

Retrieval and comprehension
1 Identify the two types of binocular depth cues.
(2 marks)
2 Describe the effects of motivation and emotion
on visual perception. (2 marks)
3 Describe the overall Gestalt principle of visual
perception. (1 mark)
4 Identify which perceptual set would be used in
the following scenarios:
a Joe is really happy because he has been sailing.
Joe looks across at another boat and sees a child.
Joe decides the child is laughing. (1 mark)

b Rachel is walking down her childhood street.
Ahead, she sees the words “Harry’s cafe”;
however, when she gets closer, she realises it
says “Hair styles”. (1 mark)

5 Explain why we find it difficult to see animals

when they are camouflaged in their environment.
(2 marks)

Analytical processes

6 Distinguish between size constancy and shape
constancy. (1 mark)

7 Contrast monocular and binocular depth cues.
(1 mark)
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Knowledge utilisation Linear perspective (1 mark)

8 Create your own examples to demonstrate each Interposition (1 mark)

of the six Gestalt principles of visual perception. Texture gradient (1 mark)
(6 marks)

9 Construct a picture using the following pictorial

Relative size (1 mark)
Height in the visual field (1 mark)

(LI =P e B~

depth cues. Label your picture with the pictorial

cues.
Psychological influences on
auditory perception
Key ideas
— Characteristics of a sound wave influence perception. Loudness is determined by
the amplitude of the wave (higher amplitude equals a louder sound) and pitch is
determined by frequency (higher frequency equals a higher pitch).
— The brain interprets pitch by identifying which hair cells along the basilar membrane in
the cochlea are activated.
@ — Timbre refers to the unique quality or character of a sound that allows us to distinguish
between different sources of sound, even if they have the same loudness and pitch.
Learning intentions — Perceptual sets influence our interpretation of auditory stimuli.

and success criteria

Organising auditory information

Recall from Lesson 4.3 that our auditory perception of sounds is related to characteristics of
sound waves, such as amplitude and frequency (Figure 1), and the way our brains interpret
the sounds. Ampli