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HOW TO USE THIS BOOK

Nelson Physical Education VCE Units 3 & 4 provides a complete teaching and learning solution designed to engage and

support VCE Physical Education students.

Written to comprehensively support the revised Victorian Certificate of Education Physical Education Study Design
(2025-2029), this edition has been informed by our highly experienced author team’s deep expertise, up-to-date research
and evidence-based pedagogical approaches to learning and assessment. The result is a fresh approach to this trusted
series with a renewed focus on maximising opportunities for all students to actively engage, explore, practise and critically

apply their key knowledge and skills.

Our expert author team have seamlessly interwoven explicitly aligned coverage of the content in the revised Study
Design with preparation for both internal assessment and the end-of-Year 12 exam to help build students’ confidence in
their knowledge, equipping them for exam success and ultimate study score attainment.

STUDENT BOOK FEATURES

The PE Gameplan section at the
beginning of this student book

that they can refer to throughout
the course. The PE Gameplan
covers key concepts and skills,
including unpacking data literacy,
a glossary of command terms in a
VCE Physical Education context,
and in-depth advice on preparing
for and tackling the end-of-year
exam with valuable insights and
useful tips.

provides students with a toolkit p———

Welcome to VCE Physical Education
Units 3&4

\\\\\\

VCE Physical Education course
overview
vee

MOVEMENT SKILLS
AND ENERGY FOR
PHYSICAL ACTIVITY,
SPORT AND EXERCISE
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Unit opener pages provide an
overview of the content that will
be covered across the chapters in
this unit.




CHAPTER

2

COACHING

TO ENHANCE
PARTICIPATION
AND

PERFOR

Study Design alignment is
signposted throughout, including
on the chapter opening page.
Chapters are organised to explicitly
follow the structure of the Study
Design and are divided into
modules to better support students.

Learning goals based on key
knowledge and key skills from
the Study Design are clearly
described at the beginning of
each module.

0 | CHOPING 8 CRON 1) (NN AR e ) L S

Concept maps at the beginning
of each chapter clearly show
the relationship between key
concepts in the Study Design.

11 CLASSIFICATION OF
MOVEMENT SKILLS

Pulse check quizzes at the start
of each chapter are designed to
activate and assess students' prior
knowledge of the key concepts
and topics to be covered in

port-

Chapter 2
n Chapter2,
feadoack,

Check-in questions at the end of
each module and Chapter review
questions use VCAA command
terms and model a wide range of
different exam-style questions to
boost students' exam preparation
and readiness. Answers to

all questions are available on
Nelson MindTap.

o Jl 9.5 CHECK-IN QUESTIONS 2

same aorobic-based taining the midfeld and ruck players perorm.

the chapter.
i s oo oy 43
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INTEGRATED EXTENDED-
QUESTIONS

DID YOU KNOW?

£,
i
L

LOOKING BACK
Muscle fibre type s

TR AN  OURPIN 1 MELLLAN MAVALE WHCHAMEALS SN U IR R A HYESEEIY AT TP

Unit reviews feature exam-style
extended-response questions.
These questions have been
developed to allow students to
draw on the knowledge and skills
that they have developed across
the areas of study in each unit.
Exemplar responses and advice
on answering all questions are
available on Nelson MindTap.

Worked examples of exam-style
questions demonstrate the steps
required to complete a task or solve
a problem, and include helpful
annotations, exemplar responses
and advice on avoiding potential
pitfalls or common misconceptions.

Unit1

store more CP,but ae auick o fatgue. Saw-wiich fore tke longer 0 fatgue but o
ot have the capacity 1 tore a5 much CP.

LOOKING FORWARD :
Training methods

Chapter 13

in Chapler

and o this enhances performance.

REAL WORLD APPLICATIONS

Highlighting the cross-threading
of concepts throughout the
course with Looking forward and
Looking back features.

M AND 50-METRE SWIM SPRINTS

TABLE 7.05 Blood lctatsresponse tosprints

Real world applications and
Case studies are designed to
provide students with multiple
opportunities to encounter,
engage with, and elaborate on
new knowledge and skills.

ofthe ATR.
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Command terms are highlighted
in all questions, with margin
definitions to build awareness and
exam readiness in students.




Reflective folio and data

8, analysis icons remind students
to document their findings and
observations.

Collaborative tasks and Data
analysis activities maximise
opportunities for students to apply
and practise their knowledge

and skills.

Torque
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Above and beyond the Study
Design sections provide students
with opportunities to extend their
understanding outside the scope
of the Study Design, but with clear
links to knowledge included in the
Study Design.

Signpost boxes provide
directions for extending students’
understanding of a concept, with
links to research, videos and
other resources.

EIEIETE Blood redistribution during exercise
REAL WORLD APPLICATIONS

Eating bt

ABOVEAND
BEYOND

THE STUDY
DESIGN

ne
201 66 e o the ek chint tins of Foss v,

T LIS MR PIRATATIN YR AT e B

DRI Sex differences at the respiratory,
cardiovascular and muscular levels

AR | CHAPTNN S | A1 PSR PGS 11 P 228

The CHO/fat relationship with intensity

Did you know? boxes have
been designed to spark students'
interest and engagement with a
topic or concept.

fuels used toprovide nergy fo me

LOOKING FORWARD .
Fuel and glycogen sparing

Chapter 15
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Integrated exam support can

be found throughout, providing

students with advice and useful

insights as they work through

each chapter, including:

- Learning shortcuts

- Learning hacks.

- Key term definitions, which
are collated in the Glossary at
the end of the book.




Chapter summaries provide

students with a concise overview

9.1 Purpose of an activity analysis

B

of the key knowledge in each
chapter, which is ideal for revision
and exam preparation.

9.3-0.5 Collecting and analysing different types of data

skill frequencies
uthe

b
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NELSON MINDTAP

This series features Nelson MindTap, an online learning environment that puts
you at the centre of your learning. Nelson MindTap for Nelson Physical Education
gives you access to an eText with integrated activities and assessments.

o Nelson MindTap

An online learning space that provides
students with tailored learning experiences.

<l
4
O‘.

Access tools and content that make learning simpler yet smarter.

Flexible formats: choose how you navigate using either the online

eText or offline PDFs.

Margin links in the student book signpost multimedia student

resources found on Nelson MindTap.

For students:

e Watch Masterclass and In Focus video
tutorials featuring expert teacher advice
to unpack new concepts and develop
your understanding.

Revise using quizzes and templates
to practise your skills and build your
confidence.

Navigate your own path, accessing the
content, analytics and support as you
need it.

Track your progress and guide your

revision using self-assessment checklists.

Prepare for the end-of-year exam with
access to hundreds of exam-style and
past exam questions; tailored and expert
exam support as well as support for
revision.

Security and privacy:

Video
Chapter 2
Masterclass

For teachers:

Tailor content to different learning needs
— assign directly to the student, or the
whole class.

Monitor progress using assessment
tools like Gradebook and Reports.

Get expert and detailed advice on
preparing SACs with scaffolded support
and detailed modelling.

Use teaching plans and curriculum guides
to support easy program and assessment
planning.

Help build your students’ exam readiness
with Cognero Assess — a test bank
containing hundreds of questions and
answers to create, assign or export
formative and summative tests.

Chapter summary presentations are in
PowerPoint for you to edit and build upon.

Complimentary access to these resources is only
available to teachers who use this book as part
of a class set, book hire or booklist. Contact your
Cengage Education Consultant for information
about access and conditions.

Nelson MindTap joined the Safer Technologies 4 Schools (ST4S) Product Badge Program
in 2024. The annual ST4S assessment is part of our commitment to supporting the online
security and safety of students and schools. Learn more at st4s.edu.au.
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NELSON PHYSICAL EDUCATION VCE PEAK
PERFORMANCE WORKBOOKS

The Nelson Physical Education Peak Performance workbooks for VCE

Units 1 & 2 and Units 3 & 4 provide complete coverage of the Victorian
Certificate of Education Physical Education Study Design (2025-2029). These
comprehensive workbooks scaffold questions to gradually build student
understanding and skills. They are designed to provide students with the
opportunity to apply their knowledge in a range of question types, while also
preparing them for their internal assessments and the VCE Physical Education
exam in Year 12.

WORKBOOK FEATURES

A range of multiple-choice, short-answer and extended-response questions
for valuable end-of-year exam practice is included.

» The workbooks include both past VCAA exam questions and exam-style
guestions to emulate the exam as closely as possible.
Unigue exam-style questions are crafted by a trusted author team with
experience in writing the VCE exam, and are designed to maximise
exam success.
Questions contain up-to-date data and research and case studies to allow
students to apply their skills and understanding to real-world situations.
Exemplar answers are provided to all questions.

NELSON |

PHYSICAL S
EDUCATION 3+4

NELSON n

PHYSICAL
EDUCATION

VCE Units

sting Author

PEAK PERFORMANCE WORKBOOK

PEAK PERFORMANCE WORKBOOK
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PEGAMEPLAN

Welcome to VCE Physical Education
Units 3&4

Your decision to study VCE Physical Education (PE) will reward you not only throughout this
year but also well into the future, Studying PE will allow you to explore the way your body
performs, along with factors that influence the decisions you make. Hopefully, your ‘learnings’
in physical education will contribute to a healthier and more physically active lifestyle
throughout this year and the rest of your life.

This student book, the accompanying workbook and the digital resources located on
Nelson MindTap have all been designed and written to meet the requirements of the
Victorian Certificate of Education Physical Education Study Design 2025-2029. All key
knowledge and key skills will be addressed and, more importantly, via close links between
theory and active participation in practical activities, you will develop and expand your
physical knowledge and behaviours through movement and physical activity.

You will take learnings and key knowledge from the classroom and make real world
connections by applying these to physical activity, sport and exercise contexts. This will
occur through participation in practical classes, school sport and any form of physical
activity you undertake outside school as well.

We hope that you engage in your PE studies in a positive way and that this sets up a
lifelong pattern of participation in physical activity.

Best wishes from
Rob Malpeli, Rachael Whittle, Monique Sharp, Mark Corrie & Amanda Telford

VCE Physical Education course
overview

VCE Physical Education consists of four units of study, with at least 50 hours of scheduled
instruction for each. Each unit addresses specific and, in some cases, integrated content
and is designed to enable students to achieve a set of outcomes for that unit.

There are no prerequisites for entry to Units 1, 2 and 3. Students must undertake Unit 3
and Unit 4 as a sequence. Units 1-4 are the equivalent standard of the final two years of
secondary education.
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Unit and content with areas of study | Student/Study requirement

Unit 3: Movement skills and energy for physical activity, sport and exercise

Area of Study 1: How are movement skills improved?
(Chapters 1,2, 3 and 4)

analyse and classify movement skills

analyse the link between motor skill development, participation and
performance

participate in, describe and develop coaching strategies to enhance
participation and performance considering the needs of the learner and
the performance requirements of the skill

analyse, interpret and apply graphical, visual and physical
representations of biomechanical principles to improve movement skills
perform a qualitative movement analysis of a movement skill using
video and systematic observation to analyse and improve a variety of
movement skills

Area of Study 2: How does the body produce energy?
(Chapters 5,6 and 7)

explain the changes in oxygen demand and supply at rest, and during
submaximal and maximal exercise

participate in laboratory activities to collect and analyse data on the
range of physical responses the body experiences during exercise
perform, observe, analyse and report on practical activities designed to
explore the relationship between the energy systems during activity and
recovery

participate in a variety of physical activity, sport and exercise and
describe, using appropriate terminology, the interplay and relative
contribution of the energy systems

explain the muscular fatigue mechanisms associated with the use of the
three energy systems and the individual and environmental factors that
influence fatigue under various intensities and durations

develop nutritional and hydration strategies used to enhance
performance, delay fatigue and improve recovery

Unit 4: Training to improve performance

Area of Study 1: What are the foundations of an effective
training program? (Chapters 8, 9 and 10)

undertake an activity analysis and analyse associated data to justify the
required physiological requirements

justify the selection of standardised, recognised fitness tests for the
specific physiological requirements of the activity

perform and observe a reliable, valid and accurate assessment of fitness

Area of Study 2: How is training implemented effectively
to improve fitness? (Chapters 11, 12, 13, 14 and 15)

participate in and reflect on training sessions by recording physiological,
psychological and sociological data in a reflective folio

participate in and conduct components of an exercise training session
design a training program that demonstrates the correct application

of training principles and methods to enhance and/or maintain fitness
components

analyse training data to identify and prescribe appropriate modifications
to a training program

evaluate and critique the effectiveness of different training programs
explain how the cardiovascular, respiratory and muscular systems'
chronic adaptations to training lead to improved performance

Area of Study 3: Integrated movement experiences
(reflective consideration summary based on all chapters)

reflect on primary data from participation in a practical activity

use primary data to demonstrate integration of theory and practice
analyse interrelationships between skill acquisition, biomechanics,
energy production and training knowledge for the practical activity
completed and for their impact on performance between movement
skills or performers

9780170480994 / PE GAMEPLAN xvii




Assessment in VCE Physical Education
Units 3 and 4 Physical Education assessments

Unit and content with areas of study | Internal assessment tasks

Unit 3: Movement skills and energy for physical activity, sport and exercise

Area of Study 1: How are movement skills improved? | Levels of achievement in Units 3 and 4 will be determined by School-assessed Coursework.
School-assessed Coursework tasks (SACs) will be completed mainly in class and within a
limited timeframe. SACs for Unit 3 will contribute 20 per cent to the study score.

Outcome 1: Analyse primary data collected from participation in physical activity, sport
and exercise to develop and refine movement skills from an individual and coaching
perspective, through the application of biomechanical and skill acquisition principles.
Task: Structured questions that draw on primary data, which analyses a
movement skill using biomechanical and skill acquisition principles.

Area of Study 2: How does the body produce Outcome 2: Use data collected in practical activities to analyse how the major body
energy? and energy systems work together to enable movements to occur, explain the factors
causing fatigue and recommend suitable recovery strategies.

Task: A laboratory report based on primary data collected during participation in a
practical activity, which analyses the acute responses to exercise, energy system
characteristics, energy system interplay fatigue and recovery.

Unit 4: Training to improve performance

Area of Study 1: What are the foundations of an SACs for Unit 4 will contribute 30 per cent to the study score.

effective training program? Outcome 1: Analyse data to assess and justify the physiological requirements

of an activity that informs an appropriate assessment of fitness, demonstrating
correct implementation of testing protocols.

Task: A written report analysing data from an activity analysis to determine the
relevant fitness components and energy system requirements in a selected activity,
including a justification of the selection of appropriate tests to assess fitness.

Area of Study 2: How is training implemented Outcome 2: Participate in a variety of training methods, design and evaluate
effectively to improve fitness? training programs and explain performance improvements due to physiological
adaptations dependent on the type of training undertaken.
Tasks:
A written report that draws on experiences from the participation in at least
five training sessions to design a personalised six-week training program
used for evaluation with a given case study.
A response in one or more of the following formats, which links chronic
adaptations of the cardiovascular, respiratory and muscular systems to
training methods and improved performance:
- acase study analysis
- adata analysis
- structured questions.

Area of Study 3: Integrated movement experiences Outcome 3: Participate in and reflect on a movement experience that integrates
theoretical and practical knowledge related to skill acquisition, biomechanics, energy
production and training to improve fitness and performance.

Task: An extended response question drawing on personal experiences from

a chosen practical activity recorded in the reflective folio, which analyses the
interrelationships between skill acquisition, biomechanics, energy production
and training program theoretical knowledge for their impact on participation
and/or performance. An emphasis is placed on using a suitable tool, such as a
concept/mind map to plan a response.

Note that achievement levels for Units 3 and 4 are also assessed by an end-of-year examination, which contributes
50 per cent to the study score.
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Using a reflective folio to
consolidate learning

Students undertaking VCE PE must maintain a reflective folio of practical activities
completed in each of Units 1-4. These can include activities conducted in a classroom,
field or gym setting. They do not necessarily need be dedicated as ‘pracs’ - for example,
they might involve a teacher demonstration of a concept followed by a brief set of activities
performed in and around the classroom, and might not require students to change into
their PE gear. This will strengthen the understanding of concepts across areas of study and
be used for reflection and assessment purposes.

Making connections

The use of a reflective folio throughout Units 1-4 gives students the opportunity to reflect
on their participation and make interdisciplinary theoretical connections that extend
beyond the key knowledge and key skills being explored at that time. Due to the standalone
nature of Units 1 and 2 and the absence of Area of Study 3, students completing Units 1and
2 are encouraged to use the reflective folio to make connections to knowledge across each
unit in an integrated manner.

Source of data

Your reflective folio will be a source of primary data (see data e =

collection section) and as a requirement for satisfactory completion

of each unit.

The reflective folio gives students the opportunity to reflect

on and record perspectives on their participation in each activity

completed. When you reflect on an activity, don't just describe

what happened during the session. Instead, think about how the
activity connects to the content being covered in class and what
you learned as a result of your participation. Reflective folio data
may include:

a description of the activity and any session goals

physical experiences of the activity - how did it feel physically?

« emotional experiences within the activity - was it enjoyable?

- social experiences within the activity - if applicable, describe the
interaction and/or teamwork within the activity You will find a Reflective Folio
mental experiences within the activity - describe your motivation icon beside practical activities
to undertake and complete the activity. What was the level of thr°“9h°“t this student boc?k as
challenge during the activity? a reminder to record th? brimary

. . i - . data and your observations after
spiritual experiences within the activity - was the activity each activity.
relaxing? Did you find yourself thinking deeply within the activity?

« theoretical links within the activity - guide questions and
discussion points provided by teachers give students the
opportunity to connect concepts. What other theoretical
concepts explored this year can you connect to this activity?

Respiratory rate at rest and varied exercise intensity
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Recording your reflections

Reflective folio entries can be in one or more formats: written, visual (drawing, photo), audio
(a self-recorded audio) or audiovisual (self-recorded video). Some students may decide to
record their reflective folio on their mobile phones via interview-style recordings. Students
are expected to make direct reference to their involvement in practical activities via entries
in their reflective folio.

Participant: Goal:

Day/Date: Time: Venue: Weather:

Session details

Frequency

Intensity

Time
Type
Form of physical activity

Reflection:
Barriers
Enablers

Benefits
Sketch

Understanding command terms

While being assessed in VCE Physical Education, you will be asked
questions that include specific ‘command terms! These are ‘action words'
and are also known as ‘cognitive verbs! They ask you to demonstrate
your level of understanding of key knowledge, and are also highlighted
in text with margin definitions. The following table is based on one
provided by VCAA that lists the command words and their definitions.
We have added sample questions as examples of their use in the form of
an exam question.

Giorgio Fochesato/Westend61 on Offset/Shutterstock.com

You can use your smartphone to
complete your reflections.
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Term Explanation Sample question using command term
account of Describe a series of events or transactions. Give an account of how participation in the ‘early bird
fitness classes' has affected your motivation to participate
in higher levels of physical activity.
account for State reasons for; report on. After considering the heart rate data, account for why
there was a higher frequency of walking and jogging by
the midfielder in the second half of the game.
analyse Identify components/elements and the significance of the Analyse the effect working above the lactate threshold
relationship between them; draw out and relate implications; | has on performance.
determine logic and reasonableness of information.
apply Use; employ in a particular situation or context. Apply your understanding of force summation in a
demonstration of the hockey push.
assess Make a judgment about, or measure, determine or estimate, | Assess the validity and reliability of the fitness test
the value, quality, outcomes, results, size, significance, chosen to measure levels of muscular endurance.
nature or extent of something.
calculate Determine from given facts, figures or information; obtain Calculate the maximum heart rate for a 30-year-old and
a numerical answer showing the relevant stages in the state the range of their continuous training zone.
working; determine or find (e.g. a number, answer) by using
mathematical processes.
clarify Make a statement or situation more comprehensible. Clarify what is meant by the term ‘reciprocal inhibition!
compare Recognise similarities and differences and the significance | Compare three characteristics of slow-twitch and fast-
of these similarities and differences. twitch muscle fibres.
construct Make, build, create or put together by arranging ideas Construct a flow chart to show the sequencing of body
or items (e.g. an argument, artefact or solution); display parts involved in performing the shot-put.
information in a diagrammatic or logical form.
contrast Show how things are different or opposite. Contrast the different distances a baseball can be struck
from the tee when using different types of grip.
deduce Draw a conclusion from given information, data, a narrative, | Based on your data/survey results, deduce a program
an argument, an opinion, a design and/or a plan. that might increase the number of students who meet the
sedentary behaviour guidelines.
define Give the precise meaning and identify essential qualities of | Define the term ‘qualitative movement analysis!
a word, phrase, concept or physical quantity.
demonstrate | Show ideas, how something can be done or that something | Demonstrate your understanding of how constraint-
is true by using examples or practical applications, or by based coaching can be used to improve performances in
applying algorithms or formulas. hockey.
describe Provide characteristics, features and qualities of a given Describe the type of coaching and feedback a national
concept, opinion, situation, event, process, effect, argument, | level soccer player is likely to be receiving.
narrative, text, experiment, artwork, performance piece or
other artefact in an accurate way.
discuss Present a clear, considered and balanced argument or prose Discuss possible reasons why there is a sharp drop-off
that identifies issues and shows the strengths and weaknesses | in participation rates in sport and recreational pursuits
of, or points for and against, one or more arguments, concepts, | among students once they complete Year 10.
factors, hypotheses, narratives and/or opinions.
distinguish Make clear the differences between two or more By referring to the case study data, distinguish why
arguments, concepts, opinions, narratives, artefacts, data males will almost always have faster running times in the
points, trends and/or items. marathon than females.
evaluate Ascertain the value or amount of; make a judgment using Evaluate the effectiveness of performing a warm-up on

the information supplied, criteria and/or own knowledge

and understanding to consider a logical argument and/

or supporting evidence for and against different points,
arguments, concepts, processes, opinions or other information.

the ability of a muscle to produce force.
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Term Explanation Sample question using command term
examine Consider an argument, concept, debate, data point, trend Examine the playing intensities in the last 3 minutes
or artefact in a way that identifies assumptions, possibilities | of the game and discuss the energy system interplay.
and interrelationships. Your response should include fatigue factors that might
influence energy system use.
explain Give a detailed account of why and/or how with reference to | Explain why people living in areas with high-density
causes, effects, continuity, change, reasons or mechanisms; housing are likely to have lower participation rates in
make the relationships between things evident. physical activity than those living in regional areas.
extract Select relevant and/or appropriate detail from an argument, | Refer to the table and extract any evidence that supports
issue or artefact. the notion that centre players have higher levels of
aerobic power than key defenders.
extrapolate Infer and/or extend information that may not be clearly The graph shows the heart rate during 3 minutes of a
stated from a narrative, opinion, graph or image by passive recovery. Extrapolate and draw what you believe
assuming existing trends will continue. this would be like if the subject had performed an active
recovery.
identify Recognise and name and/or select an event, feature, Identify the top three barriers VCE students find
ingredient, element, speaker and/or part from a list or to participating in more physical activity than they
extended narrative or argument, or within a diagram, currently do.
structure, artwork or experiment.
infer Derive conclusions from available information or evidence, | Use the graph to infer the relationship between practice
or through reasoning, rather than through explicit frequency and performance improvement.
statements.
interpret Draw meaning from an argument, point of view, description | Use the information presented in the case study to
or diagram, text, image or artwork and determine interpret the influence peers have on participation in
significance within context. physical activity.
investigate Observe, study or carry out an examination in order to Investigate the effectiveness of different types of practice
establish facts and reach new conclusions. on performing open and closed skills.
justify Show, prove or defend, with reasoning and evidence, an Justify the decision to include performing bone-
argument, decision and/or point of view using given data strengthening activities in the Australian physical activity
and/or other information. guidelines for older adults (65+ years of age).
list Provide a series of related words, names, numbers or items | List two factors that affect the application of muscular
that are arranged consecutively. power.
name Provide a word or term (something that is known and Name the mechanism that summarises the redistribution
distinguished from other people or things) used to identify | of blood to different parts of the body during exercise.
an object, person, thing, place etc.
outline Provide an overview or the main features of an argument, Outline two reasons why an informed consent process
point of view, text, narrative, diagram or image. needs to be undertaken before any fitness testing is
conducted.
persuade Induce (someone) to do something through reasoning or After considering the evidence presented, persuade
argument; convince. another classmate that warm-ups do not reduce the
likelihood of injury during competitions.
predict Give an expected result of an upcoming action or event; Predict what would happen to the rate of improvement
suggest what may happen based on available information. | if the subject applied overload to training volumes by
5 per cent every week.
propose Suggest or put forward a point of view, idea, argument, Propose a way of improving the outcomes of the training
diagram, plan and/or suggestion based on given data or program given the training diary entries and reflections.
stimulus material for consideration or action.
recall Present remembered ideas, facts and/or experiences. Recall the key stages in the socio-ecological model.
recommend | Put forward and/or approve (someone or something) as Recommend two ways in which bone density can be
being suitable for a particular purpose or role. maintained once people retire from full-time work at the
age of 65.

xxii

PE GAMEPLAN / 9780170480994




Term Explanation Sample question using command term

recount Retell a series of events or steps in a process, usually in order. | Recount the four parts of a RAMP protocol.

state Give a specific name or value or other brief answer without | State the antagonist muscle while performing a biceps
explanation or calculation. curl (elbow flexion).

suggest Put forward for consideration a solution, hypothesis, idea or | Suggest the main cause of fatigue experienced by the
other possible answer. netball centre by referring to the graph below.

summarise Retell concisely the relevant and major details of one Summarise primary and secondary data about enablers
or more arguments, text, narratives, methodologies, and barriers to physical activity in your chosen group and
processes, outcomes and/or sequences of events. provide three recommendations that might increase the

uptake and continued participation in physical activity.

synthesise Combine various elements to make a whole or an overall The movement sequence synthesised elements from each of

point. the three fundamental movement skills developed as a child.

Collecting and using data

As well as the key knowledge covered in class, you will be required to conduct research
and collect data. Knowing how to collect, analyse and draw appropriate conclusions from
your data will increase your understanding of key factors influencing participation and
performance in physical activity. During the study of Physical Education you will be required
to draw on a combination of primary and secondary data.

Primary data

Primary data is data that you collect (either individually or as a team), and includes the

following.

Observations: these are data gathered while watching performances, events or
behaviours, and should be supported by note-taking for future reference. Recording/
data sheets and checklists are often used when collecting data in this way. The data
can be either qualitative or quantitative, or a combination of both. Plan ahead, think
about what it is you are hoping to observe/capture and, if possible, practise beforehand
to become familiar with what is involved.

» Digital recordings: these include recordings made using mobile phones, tablets, drones
and other digital video equipment. Prepare ahead of time and consider what needs to be
captured/collected, the best positioning of the recorder, and whether wide-angle or close-
up will give the best capture. Downloading and saving your recordings allows them to be
archived and shared with others, as well as ensuring they are not deleted or recorded over.
Reflective folios: this record of your feelings, opinions and thoughts on participation
in an activity is an important way of collecting primary data. This is qualitative data,
on the whole, and provides links to key knowledge covered in class as well as the
performance context and outcomes.

Interviews: these are generally conducted face to face and allow you to collect qualitative
data. It is a great idea to record discussions (audio or video) so this can be stored and
referred to in future. Plan ahead, prepare questions you will ask and rehearse these on a
classmate. Be prepared to expand on your list of questions and change them based on
the responses provided by the person being interviewed.

Surveys/questionnaires: these involve respondents answering a set of questions in writing or
online. Both qualitative and quantitative data can be collected. Questions need to be carefully
constructed: you cannot provide further explanation as they are completed remotely.
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Secondary data

Secondary data is data that has been collected by others, which you can use to increase

your understanding and apply to your existing knowledge; it includes the following.

« Published sources: these include textbooks, magazines, newspapers, journals, TV news
reports, and reports by governments and sporting associations.

»  Online sources: this option offers the easiest access and can include websites, online
journals, news sites and blogs.

Data collection and analysis

Data collection and analysis follows a detailed step-by-step process and should include
the following.

Defining goals
Starting with a clear objective is an essential step in the data collection process. Before you
start collecting data, you need to first understand why you are collecting data and what you
anticipate doing with it.

Data collection
What type of data do you need to help your investigation, and where are you going to source
it from - primary or secondary sources?

Data ‘cleaning’
Data cleaning converts ‘raw’ data into data that is suitable for analysis. This process involves
removing incorrect, invalid and inaccurate data and checking for any inconsistencies.
This is a vital step in the data analysis process because the accuracy of your analysis will
depend on the quality of your data.

Data analysis
In this step, you'll begin to make sense of your data to extract meaningful insights, information
and recommendations. Here are three different data analysis techniques and processes
you might consider:

= Descriptive analysis seeks to answer the question, ‘What happened?’
This method will identify what is doing well and what needs improvement.

= Diagnostic analysis seeks to answer the question, ‘Why did this happen?’
This method of analysis is the most abstract and involves detecting correlations
between different variables.

= Prescriptive analysis seeks to answer the question, ‘What should we do?’
This method of analysis determines the best course of action based on previous analyses.

Communication of findings
This involves converting the data into formats that can easily be understood by the people
you are communicating with. Consider converting large amounts of information that might
be in a table, survey or interview and ‘chunking'’ it into graphs, infographics or short
summary videos. This should include summaries and conclusions of your findings.

Adapted from Erdelyi, L. (2020), ‘The five stages of the data analysis process, Lighthouse Labs
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Acknowledging sources and citations

While conducting research, you need to keep a record of details that will be cited in your
reference list or bibliography. You should check with your teacher as to which style or format
is required (e.g. APA or Harvard). In most cases, details need to include:

author surname(s) and initial(s)

year of publication

title of book/document

date of publication/posting

publisher/organisation name

page(s)/URL/web address.
Here is an example:

Malpeli R, Whittle R., Sharp M., Corrie M and Telford A (2025), Nelson Physical
Education VVCE Units 3&4 7ed, Cengage Australia, p. xxv.

Using Al in your research

Most schools will have their own policy regarding the use of artificial intelligence
(Al) so it is very important that you check with your teacher before you begin any
research using Al to ensure that your school allows it.

If you use Al to generate text or images, you should acknowledge this in your citations,
just as you would for a human author, artist or photographer. If your school and your teacher
allow you to use Al, you must cite each time you include something Al-generated.

Several citation guides have released official or semi-official guidance on how to cite
Al-generated content. You can cite Al in your work using the following APA guidelines:

author - the creator of the Al (e.g. OpenAl or Google)

date - the date the content was generated

title - the name of the Al tool (e.g. ChatGPT or Bard)

version - the version of the Al tool (be as specific as possible)

description - in brackets, clarify whether this is a large language model, or another

specific type of generative Al

location - the URL for the tool. If possible, give the URL for the specific content. (Note: It

is now possible to send someone a URL of your ChatGPT conversation. This is the URL

you should use in your citation.)
Here is an example:

OpenAl. (2023). ChatGPT (Mar 14 version) [Large language model].
https://chat.openai.com/chat.

How to cite your sources

Citations and their formatting are time-consuming and might seem irritating, but they are an
important part of providing reliable information to an audience. Writing gets its credibility from
sourcing the claims it makes. Readers need to be able to fact-check a writer's sources and trace
where the claims made in a piece come from.
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Preparing for your exams
Examination format

An end-of-year examination will contribute 50 per cent of the final study score for Units
3 and 4 Physical Education. Physical Education examinations will typically include three
sections:
Section A: multiple-choice questions
Section B: short-answer and extended-answer questions, including integrated questions
with multiple parts. One of the extended-answer questions will be worth 6-10 marks and will
not have multiple parts.
Section C: extended and integrated response questions, requiring students to make
connections to knowledge across each unit in an integrated manner. This will contain
multiple inclusions/parts and will be worth 8-12 marks.
The examination may include questions that refer to visual and/or written material,
including scenarios. All questions and sections are compulsory.

Examination conditions

The end-of-year exam for Units 3 and 4 is 2 hours in duration, with 15 minutes of reading time.
It is developed by the VCAA, to be completed under supervision and in the same conditions
(same time, same date etc.), and is externally marked. Any Unit 1and 2 examinations, where
conducted by schools, are developed by your teachers and, if there are multiple classes, will
usually be sat under the same conditions. These are internally marked by PE teachers at
your school.

Reading time

As the name suggests, during this time you can only read and not write anything down. You
are not allowed to pick up your pen, so do not even write your name or student number.
Wait for the supervisor or teacher to give you the all-clear to start writing. Reading time is
vital to familiarise yourself with each question and the associated stimulus material (graphs,
images, tables etc.) and start to mentally plan your responses. It is also important that you
mentally note the command words in questions and zero in on how you are being asked to
respond to a question (more on this to come).
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Reading time is when you work out a ‘plan of attack’ - how you intend to approach the
responses. You do not need to answer the questions in any specified order or numerically
and should answer questions you feel most comfortable first - this forms part of your plan.
Some students like to answer the multiple-choice section first, while others leave this until
they have attempted the other section(s) - it's totally up to each individual student.

Research has shown that students who first answer questions they feel most comfortable
with approach the exam with a more positive mindset, tend to have more time to devote
to longer questions, and generally perform better than those who are more challenged
by questions they consider in numerical order. It is worth noting that the VCAA tends to
develop exams in which Question 1 is fairly straightforward in an effort to ease any nerves
students may have. This should allow you to proceed with higher levels of confidence than
if the question had been more difficult to respond to, requiring more information-processing
and cognitive thought in creating a response.

Writing time

Do not start writing anything until you have reread the question and underlined or
highlighted the command words and anything that is relevant from the stimulus material.
Images, graphs, tables etc. are not placed in exams to make them look pretty or to confuse
students; they contain important information that should inform your response.

Unpacking any stimulus material

All stimulus material needs to be Serve accuracy in badminton
. 90

carefully considered and referred to 80 — Key
. . 70 —] 0O Player 1
in some way in your response. Before 60 | B Playor 2
responding to the question, underline accuracy (%) ig—
the axis labels and heading in a graph 30 —

. . . 20 —
or highlight the key parts of a table (this 10 —]

. N E—

could be column headings) and look 0 y 2 3 4
for trends and relationships between {raining session
variables being presented for your

. . a. Identify one method of data collection that a coach could have used to obtain the data above
consideration. and provide one benefit of using this method. 2 marks

Identifying command

words

Command words or ‘action words' are

also known as cognitive verbs (see the

list on pages xxi-xxiii). These actions are used to demonstrate your level of understanding
of key knowledge and in most cases appear at the start of a question. This tells you how
you should respond.
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Let's consider two different commands for an otherwise identical question and how this
significantly changes the way you are expected to respond.

Sample question: Justify why progression was applied during week 6 of the training
program.

Justify: show, prove or defend an argument

Sample answer: Progression was applied during week 6 because the subject indicated that
training was becoming easy and the fitness test results showed significant improvement from
pre-test values.

Sample question: Identify how progression was applied during week 6 of the training
program.

Identify: recognise and name an example

Sample answer: Progression was applied during week 6 by increasing the duration of the
continuous run from 25 minutes to 27 minutes. Additionally, the training diary reveals an
additional repetition was undertaken for each of the long-interval runs. The subject went from
three sets of 5 x 600 m runs at 85% max HR to three sets of 6 x 600 m.

Multiple-choice questions

Multiple-choice questions will not include the same command words, and are generally
structured to ask you ‘what’, ‘why’, ‘which’, 'now' etc. They will most likely refer to stimulus
material, and once again this needs to be carefully considered before you try to eliminate the
responses that cannot be correct, and thus end up with the correct, or most correct, response.
Once you have 'knocked out’ each incorrect response, put a line through this letter on the
exam booklet. Why? If you find yourself thinking that there could be two possible responses
to a multiple-choice question, asterisk the question or use another signal that reminds you to
come back to it before the end of the exam. If you have already drawn a line through incorrect
options, you will then only need to decide between two, rather than all four, options. Never
leave a multiple-choice question unanswered: at least make an educated guess!

What the marks and answer lines for a question
can tell you

Pay attention to the marks allocated per question (or question part) as well as the number
of lines or amount of space provided for your response. Both indicate the depth and level of
detail your response needs. For example, a question asking you to outline may be worth 2
marks, whereas another that seeks you to explain may have 4 marks associated with it and
twice the number of lines provided. If you find yourself needing to write more than the space
provided, it may be that you have included irrelevant information.

Remember - clear and concise responses score better than long and convoluted ones.
If you find it difficult to contain your responses into the space provide during trial exams,
make sure to work on this. Otherwise, you may find yourself running out of time and not
answering all the questions on the exam or rushing to complete them all (both will result in
you performing below your best). Similarly, if you have many lines left after you have finished
your response, ask yourself if you have addressed all aspects of the question.

Do not restate the question in your answer or simply state facts and/or chunks of
information, hoping the assessor will sift through these to find marks for the correct parts!
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The key knowledge you have attained during the year has been applied to practical
activities, SACs and other internal tasks via key skills you have developed. These skills will
allow you to interpret, analyse, explain and evaluate what is in the question and structure an
appropriate response.

Extended-response questions

Extended-response questions will consist of multiple parts and require students to call
upon their knowledge of different key concepts and parts of coursework contained in
different units of study. It's often a good strategy to make a list of bullet points you intend
to include before starting your response. This will encourage you to think about all relevant
aspects and possible links between them. This is like creating a plan before writing an
English essay, and referring back to it will ensure you have covered everything.

Make sure you address every part of the extended question being asked. You can
use diagrams to assist your response and demonstrate your understanding (in some
questions this is a stated requirement). Extended responses require careful attention to
ensure you have linked together the different parts of the course, as required. For example,
you might be required to discuss different practice settings and types of feedback that
can be used alongside biomechanical principles to improve movement sequences. Or
you could be required to discuss how energy system fatigue needs to be considered
when designing a program to target certain fitness components for improvement, while
maintaining others identified as strengths.

FINAL NOTE

Participating in practical activities with regular reflections throughout the year will strengthen
links between the theory/key knowledge covered in class and physical activity (real world
and sporting) contexts. Making strong connections between the two throughout the year,
as well as your participation in sport outside school, is vital in consolidating key learnings
and understandings.

Jeffrey Isaac Greenberg 18+/Alamy Stock Photo
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MOVEMENT SKILLS
AND ENERGY FOR
PHYSICAL ACTIVITY,
SPORT AND EXERCISE




covers many principles used to analyse human movement from a
biophysical perspective

presents several tools and coaching techniques used to analyse
movement skills and apply biomechanical and skill-acquisition
principles to improve and refine movements and skills

considers the cardiovascular, respiratory and muscular systems and
their roles in supplying oxygen and energy to the working muscles
investigates the characteristics and interplay of the three energy
systems for performance during physical activity, sport and
exercise

explores the causes of fatigue and consider different strategies
used to postpone fatigue and promote recovery.

CHAPTER1 Classification of skills

CHAPTER 2 Coaching to enhance participation and
performance

CHAPTER 3 Biomechanical analysis of human movement
CHAPTER 4 Performing a qualitative movement analysis
CHAPTER 5 Acute physiological responses to exercise

CHAPTER 6 The production of energy for human
movement

CHAPTER7 Muscular fatigue mechanisms and nutrition
and hydration strategies
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UNIT 3

CHAPTER

CLASSIFICATION
OF SKILLS

- AREA OF STUDY 1

[
EpicStockMedia/Adobe Stock

FIGURE 1.01 Surfing is undertaken in unpredictable environments.

Quizzes

Chapter 1 Pulse check

11 Check-in questions

1.2 Check-in questions

Chapter 1 Review questions

-
1

¢ Nelson MindTap

Videos
Masterclass: Chapter 1
11 In focus: Transferability

11 In focus: Stability of the
environmental context

Resources

Chapter 1 Self-assessment checklist

To access resources above, visit
cengage.com.au/nelsonmindtap




classification of movement skills, including fundamental movement skills, sport- KEY
specific skills, open and closed skills, gross and fine skills, and discrete, serial and KNOWLEDGE
continuous motor skills

» the link between motor skill development, participation and performance

» analyse and classify movement skills

KEY SKILLS

» analyse the link between motor skill development, participation and performance

Source: Victorian Certificate of Education Physical Education Study Design (2025-2029)

Y [ NS S

— Developmental context

Size of primary musculature
required

Specificity of where
skills begin and end

\ Stability of the environmental
context
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CHAPTER 1

-l Skill acquisition is an area that explores how we learn movement skills. It is influenced by the
"< type of skills to be learnt, the developmental stage of the learner and the environmental context.

Video t« PULSE CHECK

Masterclass: Chapter 1

You may have come across some of these concepts before while studying Physical
Education. Take the pulse check quiz to check your prior knowledge and understanding
of these concepts.

List five examples of fine motor skills.

Assessment
Pulse check

Identify three characteristics of gross motor skills.
Suggest an example of a discrete motor skill.
Describe what is meant by a closed motor skill.

Explain the difference between an open and a closed motor skill.

o a0 A O NN =

Discuss the link between motor skill development, participation and performance in
activities.

1.1 CLASSIFICATION OF
MOVEMENT SKILLS

In this module you will learn about:
classification of movement skills, including fundamental movement skills, sport-
specific skills, open and closed skills, gross and fine skills, and discrete, serial and
continuous motor skills
and learn to:
analyse and classify movement skills.

When you throw a ball, walk, hit a tennis ball, play computer games, drive a car, dance, get
dressed or play a musical instrument, you are performing a motor skill. As part of this study,
you will be considering biomechanical and skill acquisition principles that can be applied
when analysing and improving movement skills for participation and performance. As a
starting point, it is important to gain an understanding of the broad categories that are used to
classify motor skills. Skills can be classified based on their characteristics. Understanding the
characteristics and demands of a skill enables coaches and teachers to assess performance,
plan skill development and training sessions, and provide relevant, tailored and developmentally
appropriate feedback.

LOOKING FORWARD
Feedback
Chapter 2

In Chapter 2, we will be taking a close look at the importance of frequency and type of
feedback.
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We can classify movement skills in many ways. For the purpose of this chapter, we will use
four one-dimensional motor skill classification systems, based on:
« developmental context
« size of primary musculature required (precision required)

specificity of where actions begin and end (type of movement)

stability of the environmental context (predictability).

a Size of primary musculature required (precision required)

Gross motor skill Fine motor skill
Primary musculature Primary musculature
required = large muscles required = small muscles

Primary musculature

o Walking required = large and small muscles o Signing a document
« Hopping . Pitchipg a baseball' « Buttoning a button
o Jumping e Shooting an arrow in archery o & el
e Putting a golf ball e Typing a word on a
keyboard

e Throwing a dart or
spinning a cricket
ball when bowling

b Specificity of where actions begin and end (type of movement)

Continuous motor skills Discrete motor skills

e Arbitrary beginning and end e Specified beginning and
of the action end of the action

e Repetitive movements ¢ Single movement

Serial motor skills

o Steering a car Continuous series of discrete « Serving in tennis
movements

e Walking e Swinging a golf club

e Swimming e Throwing a javelin e Performing a somersault
e Dribbling a soccer ball
e Figure skating

c Stability of the environmental context (predictability)

Open motor skills Closed motor skills
Skills that are more Skills that are more
externally paced, and have internally paced, and have
lower predictability and higher predictability and
higher variability lower variability
e Driving a car e Picking up a cup
e Catching a thrown ball e Buttoning a shirt
e Surfing e Shooting a free-throw
e Defending in Australian in basketball

Rules football o Hitting off a tee
e Kayaking on white e Throwing at a

water stationary target

FIGURE 1.02 Movement classification systems

Adapted from Magill, R. & Anderson, D. (2021), Motor Learning and Control:
Concepts and applications, McGraw Hill
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motor skill

A skill that requires
voluntary body and/or
limb movement to achieve
its goal

fundamental movement
skills (FMS)

Basic learnt patterns that
do not occur naturally, and
that form the basis of more
complex sport-specific skills

>

Video
In focus: Transferability

What are motor skills?

A motor skill is a skill that requires voluntary body and/or limb movement to achieve its goal.
Motor skills are considered an activity that we learn through practice and experience. Learning
motor skills is a crucial part of child development and daily living throughout the rest of our
lives; from getting dressed to playing sport, motor skills are essential.

Azee Jacobs/peopleimages.com/Adobe Stock

ﬂ‘ i

FIGURE 1.03 Goal shooting in netball is an example of a motor skill.

Developmental context

Fundamental movement skills developed during childhood are considered to be the building blocks
for sport-specific movement patterns. Within a sport-specific environment, mastery of fundamental
movement skills can separate children for potential success in sport. Some people believe that
without the effective development of fundamental movement skills in childhood, future sporting
success at a higher level may be unattainable (Jukic, Prnjak, Zoellner, Tufano, Sekuli & Salaj, 2019).

Fundamental movement skills

Fundamental movement skills (FMS) are defined as basic learnt patterns that do not occur
naturally (Barnett, Stodden, Cohen, Smith, Lubans, Lenoir et al.,, 2016) and that it is suggested
are foundational for more complex physical and sporting activities (Newel, 2020). The terms
‘fundamental motor skills', ‘fundamental movement patterns’ and ‘fundamental movements' are
often used interchangeably with ‘fundamental movement skills’. FMS are considered important
to the initiation and maintenance of participation in physical activity as they provide the
foundation for competent and confident participation in a range of physical activities, including
more sport-specific movement skills.

Transferability

Most advanced skills used in sports are advanced or specific versions of the fundamental
movement skills. For example, Figure 1.04 (State Government Victoria, 2009) shows a range of
movement skills that have a similar basic action - in this case the fundamental movement skill
of the overhand throw. This forms the basis for throwing a baseball, a softball or a cricket ball
overarm, the serve in tennis or volleyball, the smash or overhead clear in badminton and the
shoulder pass in netball or basketball.
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Baseball  Cricket Volleyball Badminton Netball Javelin Softball Tennis

FIGURE 1.04 The relationship between a fundamental motor skill (overarm throw)
and specific sports skills

aastock/Shutterstock.com
David Madison/Getty Images

Flying Colours Ltd/Getty Images

FIGURE 1.05 All these sport-specific skills are advanced forms of the overarm throw.

Classifying fundamental movement skills

Fundamental movement skills can be classified into three distinct categories:

stability (body control) skills involving balance and control of the body (e.g. balancing,

dodging, twisting)

locomotor (movement) skills that enable us to move through space (e.g. walking, skipping,

hopping)

manipulative (object control) skills involving the control of an object (e.g. throwing, catching,

striking).

There are many lists available that attempt to categorise fundamental movement skills. In fact,
there is no universal consensus on what skills should be included, nor is there a universally accepted,
definitive list. Figure 1.06 is just one example, and it includes an extensive list of components of
the various classifications of fundamental movement skills. You would most likely be engaging in
many of these skills within a quality secondary physical education and sport program. In primary
school Physical Education (PE) programs, the list of fundamental movement skills is kept simple
toinclude:

locomotor and non-locomotor skills - rolling, balancing, sliding, jogging, running, leaping,

jumping, hopping, dodging, galloping, skipping, floating and moving the body through water

to safety

object control skills - bouncing, throwing, catching, kicking, striking.

9780170480994 / CHAPTER 1 / CLASSIFICATION OF SKILLS 9
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Fundamental

movement skills
(FMS)

Locomotor skills Manipulative skills Stability skills
Walkin
. : Catching
Running .
. Underhand throwing Stretching
Jumping .
Hopping Overhand throwing Bending
Leaping Kicking Stopping
. Striking with the hand Balancing
Swinging L o
. - Striking with implement Landing
Side-stepping . . .
Skipping Two-handed strike Twisting/rotating
. Pivoting Turning
Dodging N
. Foot dribbling Rolling
Galloping e
L Hand dribbling Climbing
Climbing .
. Shaking
Lunging

FIGURE 1.06 Categories of fundamental movement skills

Critical window to develop fundamental
movement skills

The ages from 6 to 10 years are considered a critical window for children to develop their
fundamental movement skills. This is considered an optimal time to train skill and movement
competency because the neuromuscular system is most susceptible to change and neural
plasticity at this age (Tompsett, Burkett & McKean, 2014). Motor control, although age-related,
is not age-determined nor linear with chronological age, and development beyond age 10 is
possible but will occur at a much slower rate. Research has shown that fundamental movement
skill (FMS) competence is associated with participation in physical activity during childhood,
and intervention programs have the potential to increase daily levels of moderate to vigorous
physical activity (Graham, Azevedo, Wright & Innerd, 2022). Often, fundamental movement
skills have been considered developmental. They have been mapped for individual children
and compared on an average age-group basis (Newell, 2020). Several studies have shown
that intervention programs targeting early childhood that provide well-equipped free play time
do not significantly improve FMS; only when children are provided instruction do they display
significant improvement in FMS (Newell, 2020).
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Teaching fundamental movement skills

In Chapter 2 we will explore in more detail considerations for enhancing skill development
and refinement of skills. In the meantime, here are a few key points to note about the instruction
of FMS:
It can address individual student learning styles and developmental levels.
A broad range of both ‘instructional models’ and teaching strategies can be implemented.
It can be taught and practised within a game-like environment, where game play, either
structured or non-structured, is integrated in the curriculum or practice environment.
Expertise in skills can be taught within the game context.
Teachers who exhibit a deep understanding of game-centred pedagogy can balance the
teaching of skills/tactics in a game-play context.
Simultaneous development of FMS and tactical skill has been demonstrated using a game-
sense approach.
Promoting a mastery or high-autonomy climate is an approach that aids learning through
autonomous motivation and can be attached to both skills-based and games-based
pedagogies.
Using a mastery approach promotes the development of skills in a non-competitive,
non-threatening learning environment. In this inclusive environment, all students have
an opportunity to succeed and receive instruction and positive reinforcement, and are
encouraged to improve, which can lead to higher levels of intrinsic motivation, enjoyment
and perceived competence (Newell, 2020).

THE USE OF EXERGAMING TECHNOLOGY TO DEVELOP
CHILDREN’'S FUNDAMENTAL MOVEMENT SKILLS

CASE STUDY

Typically, screen-based technology is considered in a negative light for young people
as it promotes long hours of passive screen use and sedentary behaviour. However,
advances in technology have enabled users to actively interact with digital screens
using their body (exergaming) rather than just by pressing a button on a controller. You
might own an Xbox or a Nintendo Sports or Ring Fit. These immersive technologies
offer new opportunities to develop children’s fundamental movement skills through
digital engagement. Exergaming enables the child to explore and adapt to a wide
range of movement activities, such as tenpin bowling, boxing, baseball, tennis, golf,

Chanbara, volleyball, badminton, football and many others. In exergaming, in contrast Chanbara
to the traditional pressing of buttons on a controller, children can interact within games ':;:&?:5?&?&;% arts
using movements of their body while holding a controller, with the manipulation of their to film

body parts in space and movement of the controller allowing them to see the movement
on screen. This technology has enormous potential for children with low fundamental
movement skills, who might find it difficult to participate in real activities.

A systematic review and meta-analysis (Oppici, Stell, Utesch, Woods, Foweather &
Rudd, 2022) of the impact of exergaming technologies on fundamental movement skills
development in children aged 3-12 years found a small positive effect in favour of the
use of exergaming. The researchers recommend the quality of future outcomes will be
enhanced by technical design to ensure that specificity of the skills used in the games
compares closely to the real skills.
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list

Provide a series of related
words, names, numbers
or items that are arranged
consecutively

identify

Recognise and name
and/or select an event,
feature, ingredient, element,
speaker and/or part from

a list or extended narrative
or argument, or within a
diagram, structure, artwork
or experiment

constraints

Limitations or restrictions. A
constraints-based approach
allows the learner to explore
movement skills and to

find solutions to movement
problems with less input
from the coach and greater
interaction with other
learners.

>

QUESTIONS

1 List five fundamental movement skills that could be developed using exergaming.

2 Identify three active games you have engaged in or observed someone else play.

3 Describe an advantage of using exergaming with children to develop fundamental
movement skills.

4 Discuss an example of a situation where exergaming might be a useful tool to
develop fundamental movement skills for children who might find it difficult to
participate in real activities.

5 Justify whether or not you think exergaming should be made accessible during
lunchbreaks on wet-weather days in primary schools.

6 Explain why the researchers mentioned that specificity is important when designing
future games.

LOOKING FORWARD

Specificity
Chapter 12

In Chapter 12, we will look more closely at the training principle of specificity.

REAL WORLD APPLICATIONS

Learn FMS with parents

The ‘Active 1 + Fun’' program (Ma, Lonsdale, Lubans, Ng & Ng, 2021) was evaluated with
171 families over nine months of free sporting equipment and 10 coach-led workshops
and activity sessions. The program was effective in improving children’s fundamental
movement skills, and a secondary outcome of the program was that parents spent more
time participating in physical activity with their children.

ABOVE AND BEYOND THE STUDY DESIGN

Cross-cultural comparison of fundamental movement skills, page 27

Sport-specific movement skills

Sport-specific skills are the technical skills that apply specifically to the demands of a particular
sport. As mentioned earlier, fundamental movement skills provide the building blocks that
enable a child to progress to develop sport-specific skills. Many coaches think training starts
with sport-specific skills, but the most successful coaches understand the importance of
ensuring the foundation is solid. Perfecting your sport-specific skills in terms of technique is
important; however, practising those skills in a highly varied environment, simulating game-like
scenarios and manipulating different constraints will enhance adaptability and the ability to
adjust to any situation.

12 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



m CHAPTER 1

COLLABORATIVE TASK

Prac activity/Lab activity

Analysing sport-specific skills
Sport-specific skills often combine several different movements. In Figure 1.07, agility is
displayed as the example of sport-specific skills. Agility is a common feature of many sports
and will look and feel different in different contexts: for example, the nature of the agility
needed by a hockey goalkeeper will be very different from that of a baseball catcher. An agile
movement can be made up of a combination of locomotion, stabilisation and manipulation
skills combined into a rapid sequence of movement. Our baseball catcher might need to
make a rapid throw over to second base because the baserunner on first base has stolen
to second base. The catcher uses locomotion to leap up into a semi-standing position,
stabilisation to rotate their body to make the throw, and manipulative skills to throw the ball.
Participate in a sport as a class (e.g. basketball, netball, cricket). Nominate some
students to observe the activity and record examples of sport-specific skills.

QUESTIONS

1 Discuss the sport-specific skills identified and what combinations of fundamental
movement skills would be involved in those skills.

2 Complete this thinking exercise for one of your chosen sports.

Locomotion Stabilisation Manipulation
Examples: Examples: Examples:
Running Turning Pushing
Hopping Landing Pulling
Leaping Extending Dribbling

FIGURE 1.07 The sport-specific skill of agility can be made up of a combination of
fundamental movements, depending on the context.

LOOKING FORWARD
Enhancing adaptability
Chapter 2

In Chapter 2, we will look more closely at strategies coaches can implement to enhance the
variability of a practice environment using a constraint-based approach to coaching.
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analyse

Identify components/
elements and the
significance of the
relationship between
them; draw out and relate
implications; determine
logic and reasonableness
of information

synthesise

Combine various elements
to make a whole or an
overall point

Movement similarities across different contexts

You will know from playing sport that many sports use similar movement skills - for example,
the leap is used in gymnastics, parkour, basketball layups and long jump.

CASE STUDY ANALYSING MOVEMENT SIMILARITIES

Table 1.01 displays the association between fundamental movement skills and sport-
specific skills and play activities.

TABLE 1.01 Association between selected fundamental movement skills and sport
skills

Fundamental movement skill | Example in sport or play activities

Vertical jump Jumping up on a surfboard

Landing from a jump or height

Skipping-rope games, elastics games, leapfrog
Shooting a hoop

Dodge Evading an opponent

Overarm throw Badminton smash or clear
Baseball/cricket/softball overarm throw
Volleyball serve or spike

Javelin throw

Forehand strike Tennis/badminton/squash/pickleball/racquetball forehand
Two-handed strike Baseball/softball swing

Cricket hit

Hockey swing

Golf swing
Catch Rugby

Baseball/softball
Netball/basketball
Cricket/rounders
Gymnastics (rhythmic)

Kick Football (AFL) passing and kicking for goal
Soccer passing and shooting
Rugby field goal kick

Run Track - all distances

All invasion sports
Basketball fast break
Cricket running to field a ball

1 Identify three sport-specific skills associated with the catch.

2 List three sport and/or play skills you engage in while participating in your favourite
sport,

3 Describe how fundamental movement skills link to sport-specific skills.

Discuss how sport-specific skills can share similarities across different sports.

5 Consider the sport of basketball and analyse which sport-specific skills are
mentioned in the table by making a list and explaining when each of these
movements would be used during a game of basketball.

6 Synthesise this table by adding a different sport-specific example to each row.

n
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The following two FMS models have been provided for context and comparison to demonstrate ABOVE
the progression of skill development. The Victorian Certificate of Education Physical Education
Study Design 2025-2029 does not expect students to memorise these or any other FMS models. AND

BEYOND

The Seefeldt (1980) Pyramid Taxonomy EHE;SGTNUDY

Probably the most comprehensive taxonomy of motor skill development was proposed by
Seefeldt (1980). It overviews development from birth to adulthood (see Figure 1.08). The
pyramid formation represents the idea that motor skills at different developmental stages
are the preceding building blocks for subsequent development of new motor skills. The
pyramid includes one of the most comprehensive lists of fundamental movement skills, )t::gr']‘:n':‘gof
particularly in contrast to that of the Victorian Government (see Figure 1.09). There is debate classification
about the usefulness of the transitional motor skills layer (Newell, 2020). Seefeldt (1980) also

introduced the notion of a proficiency barrier to the transitional and complex skills of sport

and physical activity that needed to be crossed to ensure a child would have success in

their sport of interest. The barrier represented a competency level in the FMS necessary to

achieve successful learning in more complex activities of sport.

SPECIFIC
SPORTS SKILLS
AND DANCES

Judo
Baseball Polo
Canoeing  Rugby
Diving Swimming
Fencing Tennis
Gymnastics Volleyball
Hiking Wrestling

TRANSITIONAL MOTOR SKILLS

Backstroke Paddletennis Street hockey
Foursquare Rope skipping  Surface dive
Newcombe Schottische Wiffleball

PROFICIENCY BARRIER

FUNDAMENTAL MOTOR SKILLS

Q
S, Bounce Gallop Roll Stop
Ny Catch Hop Run Sway
S Crawl Jump Sit Swing
T Creep Kick Skip Throw
_f’ Dodge Leap Slide Trap
& Dribble Pull Stand Turn
< Fall Push Strike
&
o REFLEXES - REACTIONS
v’fv. Crossed extensiorGalant Magnet Placing Startle
%OQ Eyeblink Grasp Moro Plantar Tonic neck
49@ Doll's eye McCarthy Oral Plantar grasp Walking
< Parachute

FIGURE 1.08 Seefeldt (1980) Pyramid Taxonomy of fundamental motor skills

Source: Seefeldt, V. (1980), 'Developmental motor patterns: Implications for elementary school physical fitness', in Nadeau, C.H.,
Halliwell W.R., Newell, K.M. & Roberts, G.C. (Eds), Psychology of motor behavior and sport, pp. 314-323, Champaign, IL: Human Kinetics
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6 AND

BEYOND
THE STUDY
DESIGN

Javelin throw, baseball pitch,
badminton clear, tennis
serve, gridiron pass,
overhand
volleyball serve

Golf swing, hockey drive,
baseball swing, forehand
drive, cut shot

Sport-
specific
skills

Sport skill

Two-hand
side-arm
strike

Overhand
throw

Proficiency barrier

Fundamental motor
skills

Rudimentary movement skills

Infant reflexes and reactions

FIGURE 1.09 Effects of fundamental motor skills instruction on the performance of
sport-specific skills

Source: Adapted from Fundamental Motor Skills: A manual for classroom teachers,
State of Victoria, 2009

Victorian model of FMS to sport-specific skills

The ‘Effects of Fundamental Motor Skills Instruction on the Performance of Sport-specific
Skills'model (Victorian Government, 2009) suggests mastery of skills is necessary not only for
development of higher-level skills, but also to foster students’ persistence with difficult tasks
as they will avoid activities that might expose them to ‘public failure’. The model proposed
that, if children encounter a sport skill proficiency barrier they are unable to pass, they will
reject participation in physical activity as part of their lifestyle. Critics of this framework call
for a broader range of activities to be considered fundamental motor skills, and what makes
a person physically educated to form a lifespan approach across a full range of motor skills
and inclusion of activities of daily living, self-help and communication skills (Newell, 2020).

Size of primary musculature required
(precision required)

Another method we can use to classify movement skills is based on the size of the muscle
groups and muscles required to perform a particular movement.

Gross motor skills

gross motor skill Gross motor skills involve the recruitment of large muscle groups or the whole body. There is
A motor skill that less emphasis on precision, and they are generally considered easier to learn than fine motor
requires the use of large . . . .

musculature to achieve the skills. Gross motor skills develop from birth and become progressively more complex. Examples
goal of the skill include running, swimming, throwing, kicking, jumping, skipping and tackling.
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FIGURE 1.10 Gross motor skills are used constantly in sports.

Fine motor skills

Fine motor skills involve the recruitment of smaller muscles associated with movements
requiring precision, such as bouncing the ball before serving in tennis, or the precise finger and
hand movement required when throwing a dart. Other examples include:
- volleyball - tap of the ball for a set (finger touch)

snooker - hand movement to take a shot

baseball - adjustment of grip to throw a slider or curve ball.

FIGURE 1.11 We use fine motor skills in sports and in our everyday lives.

iStock.com/MJPS

Serhii Kucher/Alamy Stock Photo

CHAPTER 1

fine motor skill

A motor skill that requires
control of small muscles

to achieve the goal of the
skill. Typically it involves
eye-hand coordination and
requires a high degree of
precision of hand and finger
movement.
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discrete motor skill

A motor skill with clearly
defined beginning and end
points, usually requiring a
simple movement

serial motor skill
A motor skill involving a
series of discrete skills

DID YOU KNOW?

Even the finest movements that we perform when holding a pen or pencil use multiple
muscles, including the flexor pollicis longus, the flexor digitorum superficialis and the
flexor digitorum profundus. The flexor pollicis longus enables us to flex the thumb, while
the other muscles allow for finger flexion.

COLLABORATIVE TASK
Activity

Classifying movement skills

Reflect on three physical activities you engage in regularly at school, at home or within
the community. Identify several motor skills that you use to engage in these physical
activities. For each skill, analyse whether it would be classified as a gross or a fine motor
skill, and also whether it would be classified as a discrete, serial or continuous motor
skill. Discuss with at least one other person.

Specificity of where actions begin and
end (type of movement)

Movement skills can also be classified according to the type of movement, as:
discrete motor skills
serial motor skills.
continuous motor skills,

Discrete motor skills

Discrete motor skills have an obvious beginning and end, such as kicking a ball or making a
netball pass.

Serial motor skills

Sometimes, several discrete skills are performed in a sequence, such as in a gymnastics floor
routine. This combination of discrete skills is classified as a serial motor skill. Serial skills
are a group of discrete skills combined to make a new and complex movement. For example,
a basketball layup combines dribbling, catching, jumping and shooting, and the triple jump
consists of the hop, step and jump. Other examples include:

a dance routine with deliberate choreography

specific strokes in swimming

higher-level gymnastics

arally in tennis.
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Continuous motor skills

Continuous motor skills have no definite beginning or end point and include activities such  continuous motor skill
as walking and running. For cycling, the end of one cycle of movement is the beginning of the éemizt;fkgmt:jrb:ﬁ;y
next and the skill is on a repeated cycle that can be stopped at any time. Sometimes, such as USSa”y in%/olving rep?etitivé
in a 100-metre running race, beginning and end points are assigned, but the actual motor skill movements
is continuous in nature. Other examples include:
- juggling

rowing
« skipping.

Stock Photo

iStock.com/Artur Didyk
SeventyFour Images/Alamy
Dean Mouhtaropoulos/Getty
Images Sport/Getty Images

X T

Sy F

FIGURE 1.12 Examples of (from left to right) discrete, serial and continuous motor skills: a volleyball spike is a
discrete skill; a gymnastics floor routine is a serial skill; and rolling a racing wheelchair is a continuous skill.

COLLABORATIVE TASK

Prac activity

Classifying movement skills

Participate as a class in three different physical activities that are representative of
discrete, serial and continuous motor skills. Refer to the examples provided to work with
your teacher to determine which motor skills will be selected.

1 List the three physical activities you selected and link them to the relevant category. contrast
Show how things are
different or opposite

2 Describe why each activity meets the criteria to be classified as either a discrete, a
serial or a continuous motor skill.

3 Contrast the start and finish of each motor skill. What determines the start and finish explain
Give a detailed account
%
o et e of why and/or how with

4 ldentify three other examples for each motor skill category. Select one you participate reference to causes, effects,
: : : o : : : continuity, change, reasons
in regularly and explain why it would be classified as either a discrete, a serial or a ,
) ) or mechanisms; make the
continuous motor skill. relationships between

things evident
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Video
In focus: Stability of the
environmental context

closed motor skill

A motor skill that is more
internally paced, and has
higher predictability and
lower variability

open motor skill

A motor skill that is more
externally paced, and has
lower predictability and
higher variability

Stability of the environmental context
Predictability of the environment

The final classification of motor skills we will explore in this chapter relates to the predictability of
the environment in which you are performing the skill. This is best represented as a continuum,
with closed motor skills at one end and open motor skills at the other (refer to Figure 1.02, earlier).

Closed skills

Motor skills can be classified according to the extent to which they are influenced by
environmental factors. Closed motor skills are those where the performer has the greatest
control over the performance environment. This relates to external factors such as the weather,
the playing surface and the opposition. Examples of closed motor skills are an indoor individual
diving routine and taking a shot from the free throw line with no opposition. In the case of the
diver, they determine the routine they will perform and when their dive will commence, and are
not affected by weather conditions.
In contrast to open skills, closed skills are comparatively:
- steady
stable
- self-paced
- fixed
- reliant on predetermined patterns with reduced cognitive load.
Closed skills tend to occur in:
- self-directed sporting environments
- consistent environments where sport-specific demands persist through the entirety of the
action/execution.

Open skills

The opposite of a closed motor skill is an open motor skill, which is performed in a less
predictable environment. In an open environment, the conditions are constantly changing and
the performer has limited, if any, control over their environment. Surfing, playing team sports,
horseriding, playing tennis and skiing are examples. White-water kayaking is an extreme
example of an open environment.

FIGURE 1.13 a Closed and b open motor skills. Which performer has more control over their environment?
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Open skills are characterised by a combination of:

the ability to react to a rapidly shifting, unpredictable, dynamic and externally paced
environment

the need to make tactical decisions

high-intensity movements

abrupt directional changes over a short distance

specific whole-body movements in response to continuous changes in

the sporting environment The word ‘parkour’ derives from the French
the need to perform them while attacking opposition phrase parcours du combattant, meaning
high cogpnitive load an obstacle course, which was used as
short reaction time part of military training in the method

the need for anticipatory skills, which are critical for decision-making developed by Georges Hébert.

(Chakraborty, Suryanshi & Nayak, 2023).

CASE STUDY PARKOUR

Parkour (also known as free running) has grown in popularity

as a physical activity and sport over recent years, and the

first International Gymnastics Federation World Parkour
Championships were held in Japan in October 2022. Parkour
involves moving rapidly and effectively through a complex
physical environment. It consists of running through urban areas
while performing a range of freestyle gymnastic manoeuvres

over a human-made obstacle course within the built environment.
These obstacles may include walls, rails and buildings that are

set at different distances and have varying angles of inclination,
sizes and textures. Parkour might seem reckless, but it takes great
poise.a.nd skill to perform, ar.1q most participants train very harq, FIGURE 1.14 Parkour is a highly open
practising a broad set of individual skills that they use to negotiate skill within a highly variable performance
obstacles. Parkour was originally influenced by Georges Hébert's  anvironment.

training model, which focused on functional exercises relating to

physical conditioning (walking, climbing, jumping, rising, carrying,

running, throwing, attack/defence). Parkour is a highly open skill, with a very variable performance landscape. It offers
participants many opportunities for novel interactions in relation to jumping, landing, twisting, turning and changing
direction to negotiate ledges, surfaces and other obstacles for which there may not be an obvious solution. A research
study (Strafford et al,, 2022) of parkour performers (known as ‘traceurs’) found a correlation between movement skill
performance on jumping, running and swinging tests and the speed taken to run through the obstacle courses.

1 Describe what skills would be used to perform parkour.
2 Justify why parkour is considered an open skill.

E SIGNPOST ks

Check out the following links to learn more about parkour. Even if you have no intention

Standret/Shutterstock.com

Weblinks
of ever trying parkour, you can admire the athleticism and skill of the traceurs. The science of parkour
= Read the article ‘'The science of parkour, the sport that seems reckless but takes Paris Rooftop Parkour POV

poise and skill' by James Croft in The Conversation.

= Watch the video Paris Rooftop Parkour POV on the Storror channel on YouTube.
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WORKED EXAMPLE

Exam 2022, Section B, Q2 aand b J

In baseball, the pitcher may throw different types of pitches, such as fastballs, curveballs and change-up pitches.
The batter has to respond differently to these pitches because they travel at different speeds, come from different
directions and are thrown at different heights.

a s batting in baseball classified as an open skill or a closed skill?

b Give two reasons to support your response in part a.

Sample responses
a Open skill
Rationale: Had the batter been hitting a stationary ball off a tee, it would have been a closed skill.

b Acceptable responses included (two of):

= Externally paced (based on the pitcher)

= There is high inter-trial variability (each pitch is different)

= Environment is unpredictable and variable

Rationale: In baseball the pitcher follows the signal from the catcher about what pitch to throw and this sign is hidden
from the batter. The starting point for the pitch and the speed of the wind-up to pitch is determined by the pitcher. Other
than the type of pitch, the batter also has to contend with variables such as number of base runners, position of fielders,
the sun and wind, and the dimension of the field - all of which will vary from ground to ground and game to game.

ne 1.1 CHECK-IN QUESTIONS

List three examples of fundamental movement skills.
Outline three classifications of fundamental movement skills.
Discuss three examples of factors that would reduce the predictability of an environment.

1

2

3

4 Describe what a gross motor skill is and provide three examples.
5 Describe what is meant by a discrete skill.

6

Assessment
11 Check-in questions

outline . . .

Provide an overview or Explain th(.e .Ilnk petween the development of fundamental movement skills and

the main features of an sport-specific skills.

argument, point of view, 7 Contrast an open skill to a closed skill. Provide an example of each in your response.

text, narrative, diagram | Kill f B d I . . | diff

or image 8 Select a motor skill you perform regularly and analyse it, using at least two different
systems of classification. What types of movement skills are involved?

describe

Provide characteristics,

oo 1,2 THE LINK BETWEEN MOTOR

et et et SKILL DEVELOPMENT,

e PARTICIPATION AND
PERFORMANCE

In this module you will learn about:
the link between motor skill development, participation and performance
and learn to:
analyse the link between motor skill development, participation and performance.
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Motor skill development enhances
participation and performance

The development of fundamental movement skills is positively associated with being more
physically active during both childhood and adolescence, and the mastery of fundamental
movement skills is considered the building block to more sport-specific and complex skills
and activities. A systematic review (Xin, Chen, Clark, Hong, Lui & Cai, 2020) of preschool-
aged children showed evidence of associations between moderate to vigorous physical
activity (MVPA) and fundamental movement competence and object control skills. There
was also an association between total physical activity and total fundamental movement
skill competence and object control. This suggests that development of fundamental
movement skill influences both intensity and total activity. A different longitudinal study
that tracked competency in object control skills showed that level of skill competency at
ages 6-9 significantly influenced application of these skills at age 12 (Pienaar, Gericke &
du Plessis, 2021).

A lack of fundamental movement skill development can lead to a negative spiral of
disengagement from physical activity. Children with poor performance in fundamental
movement skills may have poor confidence to move and may not enjoy participating in
physical activities they are not competent in. This can lead to them either not taking sport
up or dropping out. Beyond movement competence, participation in sport leads to many
social, physical and behavioural benefits (Kress, Seelig, Bretz, Ferrari, Kellar, Kihnis, Storni
& Herrmann, 2023).

Ultimately, greater participation is associated with greater performance, and this is true at
all levels of sport. In fact, countries with the highest participation rates usually have the most
success in terms of performance, and this is one of the reasons why governments around
the world that are pursuing national sporting success try to increase the base participation
rates in sport and physical activity at the community level. Countries that invest in boosting
participation in physical activity and that support grassroots sports often reap rewards several
years later in medals on the international stage.

Researchers have shown that fundamental movement skill competence levels at the
beginning of the school year were a predictor for extracurricular sports participation at
the end of the school year (Kress et al., 2023).

CHAPTER 1
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CHAPTER 1

Conceptual models of physical literacy

Physical literacy is achieved when children have developed the skills, confidence and love of
movement to be physically active for life. The notion of physical literacy (PL) provides a powerful,
multidimensional, holistic conceptual lens to examine movement in relation to physical activity,
motor skill outcomes, environmental contexts, and broader social and effective learning
processes (Cairney et al., 2019).

. Old age
Emerging Adulthood
adulthood
Adolescence
Childhood
Early
childhood
Physical health:
reduced risk of CVD,
Individual Individual type 2 diabetes,
factors factors overweight, high
blood pressure,
Physical literacy /\ ( cancer, fracture, OA
Confidence/
motivation Positive Mental hgalth:
Physical physiological reduced_ risk of .
&—— activity adaptations to S fjepressmn, anxiety,
Movement Social —> stress: improved ] increased self-
competence: participation S Habitual fitness esteem
land, air, water exercise —
Occupational Social and
Scholastic psychological . .
[ Positive affect: adaptations Social hza“h-
fun, happiness, increase

productivity, social

enjoyment : .
inclusion
J/ T Environmental Environmental

Contextual Contextual
Knowledge

FIGURE 1.15 Conceptual model linking physical literacy, physical activity and health

Source: Cairney, J, Dudley, D., Kwan, M. et al. (2019), 'Physical literacy, physical activity and health:
Toward an evidence-informed conceptual model', in Sports Med 49, pp. 371-383. Reproduced with
permission from Springer Nature.
The model suggests physical literacy is a determinant of health and disease and is affected by:
= participation in physical activity
the positive physiological adaptations resulting from acute and chronic exposures to physical
activity
the interacting effects of individual-level and social environmental conditions on the process.
The concepts form an interdependent learning cycle. For example, successfully learning
a new skill can lead to a sense of confidence, which increases confidence to participate with
others, which in turn produces positive feeling states such as enjoyment and a sense of fun.
As this is fundamentally a learning cycle, we can think of what emerges from this cycle of
engagement as embodied knowledge, which itself encourages further participation (Cairny,
Dudley, Kwan, Bulten & Kriellaars, 2019).
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REAL WORLD APPLICATIONS

Active for life

Here is an example infographic from Active for Life™, a resource that is aimed at
educating parents about the importance, benefits and development of physical literacy
from infancy to age 12. The role of parents is critical as they are often the gatekeepers to
their children’s opportunities to be active.

iStock.com/pixdeluxe

x| |

WHAT IS PHYSICAL LITERACY?

Physical literacy is when kids have developed the skills,
confidence, and love of movement to be physically
active for life.

PHYSICAL

$ ﬁﬂ @ THE BENEFITS

OF BEING
PHYSICALLY

Higher annual Reduced risk of Higher test Increased ACTIVE*
earnings. heart disease, stroke, scores. self-esteem
cancer, and diabetes and happiness

* Adapted from Aspen Institute Sport for All - Play for Life: A Playbook to Get Every Kid in the Game

HOWIS | kids develop physical literacy gradually through a variety of

EFI‘YE?QIXQIY- structured and unstructured activities. The nature of these
DEVELOPED? activities changes as kids grow in age and ability.

0-3years 3-5years 5-8years 8-12years
Encourage early Expand on play, and Increase the focus Introduce more
movement. keep it fun. on fundamental complex skills as
movement skills. kids are ready.
Learn more at: ActiveForLife.com © Active For Life 2015

Source: Physical Literacy Lifecycle. Permitted for use by ActiveforLife.com, 2024.
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WORKED EXAMPLE

26

Steph Catley captained the Australian Olympic women'’s football team (the Matildas) in France in 2024. It was her
third Olympic Games. When Catley receives a pass from a teammate, she traps the ball and continues to control
the ball and dribble around several opponents towards the Australian goal. If she is trapped near the sideline
with none of her teammates nearby, she kicks the ball into an opponent so that it deflects over the sideline. In
this way she maintains possession and gives her teammates time to join her as she performs a throw-in. During
training sessions in a lead-up to the Olympics, Catley would often have to complete a 1-kilometre run as part of
the warm-up.

Identify the skill classification for each of the following activities performed by Steph Catley and justify each of
your selections.

Classification Justification

(discrete, continuous, serial)

a Receiving a pass from a teammate,
trapping, controlling and dribbling
around several opponents

b Performing a throw-in

¢ 1km run during warm-up

Steps to answering the question

In responding to this question, firstly, look at the command terms: identify and justify. To identify something means
to recognise and name and/or select an event, feature, ingredient, element, speaker and/or part from a list or
extended narrative or argument, or within a diagram, structure, artwork or experiment. In this example, you simply
need to select from a list. Don't assume, however, that you must use every item in a list provided, and note that it is
possible to use the same term more than once. Next, you need to justify your selection. To justify means to show,
prove or defend, with reasoning and evidence, an argument, decision and/or point of view using given data and/or
other information.

TIP: In this question you need to think about skill classification and the type of movement in relation to where
actions begin and end. Don't be confused by the predictability of the environment here, nor the size of the
musculature required. This is about the timing of when skills start and stop.

Sample response

a Serial. The skills described in the first example are linked in a chain and therefore are usually considered serial.

b Discrete. The throw-in has a distinct beginning and end, making it a discrete skill.

c Continuous. Although the 1-kilometre run has a beginning and an end, it is largely repetitive and is therefore
classified as a continuous skill.
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1.2 CHECK-IN QUESTIONS

1 Outline what is meant by the term ‘physical literacy’ and explain what this means in
relation to positive physical and social outcomes.

2 Describe the association between the development of fundamental movement skills
and participation in physical activity and sport.

3 Discuss the association between motor skill development, participation rates and
performance.

4 Explain how poor performance in fundamental movement skills may affect
participation in sports.

5 Justify why it is essential to educate parents about the importance of developing
physical literacy, including the development of fundamental movement skills.

Cross-cultural comparison of
fundamental movement skills

Cross-cultural differences in fundamental movement skills were examined in a research
study (Ma, Duncan, Chen, Eyre & Cai, 2022) of 272 children aged 9-10 years in England
and China. Using the test of Gross Motor Development-2 (TGMD-2), four fundamental
movement skills (run, jump, throw and catch) were assessed. Chinese children scored
higher than English children on total fundamental movement skills, locomotor and object
control skill subsets and mastery levels of skills. Researchers attributed these cross-cultural
differences to aspects of physical education provision and process, educational policy and
other physical opportunities (e.g. extracurricular and organised sport).

The TGMD-2 is one of many test batteries used to assess FMS; you are not expected to
know the different tests used to assess FMS.

CHAPTER 1

-l
o‘:

Assessment
1.2 Check-in questions

discuss

Present a clear, considered
and balanced argument

or prose that identifies
issues and shows the
strengths and weaknesses
of, or points for and against,
one or more arguments,
concepts, factors,
hypotheses, narratives
and/or opinions

explain

Give a detailed account

of why and/or how with
reference to causes, effects,
continuity, change, reasons
or mechanisms; make the
relationships between
things evident

ABOVE

AND 6

BEYOND
THE STUDY
DESIGN
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CHAPTER 1

CHAPTER SUMMARY

> 1.1 Classification of movement skills
i
Skills can be classified based on their characteristics. Understanding the characteristics
Resource and demands of a skill enables coaches and teachers to assess performance, plan skill
Self-assessment checklist development/training sessions and provide appropriate, tailored and developmentally
Video appropriate feedback.
Masterclass: Chapter 1 - We can classify motor skills in many ways, but for the purpose of this chapter we

used four one-dimensional motor skill classification systems based on:

- developmental context

- size of primary musculature required (precision required)

- specificity of where actions begin an end (type of movement)

- stability of the environmental context (predictability).

A motor skill is a skill that requires voluntary body and/or limb movement to achieve its
goal. Motor skills are considered an activity that we learn through practice and experience.

«  Fundamental movement skills (FMS) are defined as basic learnt patterns that do not
occur naturally and are suggested to be foundational for more complex physical and
sporting activities.

»  Most advanced skills used in sports are advanced or specific versions of the
fundamental movement skills.

Fundamental movement skills can be classified into three distinct categories:

- stability skills (body control) involving balance and control of the body (e.g.
balancing, dodging, twisting)

- locomotor skills (movement) that enable us to move through space (e.g. walking,
skipping, hopping)

- manipulative (object control) skills involving the control of an object (e.g. throwing
catching, striking).

- Age 6-10 is considered a critical window for children to develop their fundamental
movement skills. It is considered an optimal time to train skill and movement
competency because the neuromuscular system is most susceptible to change and
neural plasticity.

= Sport-specific skills are the technical skills that apply specifically to the demands of a
particular sport.

A gross motor skill requires the use of large musculature to achieve the goal of the skill,
whereas a fine motor skill requires control of small muscles to achieve the goal of the
skill. A fine motor skill typically involves eye-hand coordination and requires a high
degree of precision in hand and finger movement.

Discrete motor skills have clearly defined beginning and end points, usually requiring
a simple movement. Continuous motor skills have arbitrary beginning and end points,
and usually involve repetitive movements. A serial motor skill is a motor skill involving
a series of discrete skills.

Closed motor skills are performed in a stable or predictable environment where the
performer determines when to begin the action. Open motor skills involve a nonstable,
unpredictable environment where an object or environmental context is in motion and
the performer determines when to begin the action.
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CHAPTER 1

1.2 The link between motor skill development,
participation and performance

The development of fundamental movement skills is positively associated with being more
physically active during both childhood and adolescence, and the mastery of fundamental

movement skills is considered the building block to participation in more sport-specific and
complex skills and activities. Greater participation leads to enhanced performance.

CHAPTER REVIEW

-

Identify four systems that can be used to classify movement skills. .y

P4
2 Outline three distinct categories for classifying fundamental movement skills. .
3 List five examples of fine motor skills used in sport. Assessment
Chapter 1 review
4 What is a continuous motor skill? Describe what it is and provide an example.
5 If you were performing a dive off a 1-metre platform board, how would you classify this
movement activity? Discuss.
6 Contrast open and closed skills and provide three examples of each.
justify
7 Justify why a coach might elect to teach a fundamental movement skill in a closed and Show, prove or defend, with
predictable environment. reasoning and evidence,
an argument, decision
8 Explain the association between development of fundamental movement skills, and/or point of view using
S given data and/or other
participation and performance. ; }
information
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CHAPTER

COACHING
TO ENHANCE
PARTICIPATION

AND
PERFORMANCE

UNIT 3 - AREA OF STUDY 1

saeta e ies 1oeteed 139

-t

FIGURE 2.01 Coaching strategies can encourage participation and improve performance.

Quizzes Videos
Chapter 2 Pulse check Masterclass: Chapter 2
21  Check-in questions Professor Damian Farrow interview

2.2 Check-in questions 2.3 In focus: Examples of linear and

2.3 Check-in questions non-linear approaches

2.4 Check-in questions 2.4 In focus: Differences between the
types of practice
2.5 Check-in questions

Resources

2.6 Check-in questions

2.2 Template: Motor learning and skill

Chapter 2 Review questions acquisition

Chapter 2 Self-assessment checklist

Y

To access resources above, visit

:I: Nelson MIndTap cengage.com.au/nelsonmindtap

matimix/Adobe Stock



considerations when coaching to enhance participation and performance: KEY

- sociocultural factors that affect skill development KNOWLEDGE

- characteristics of the three stages of learning

- theories of skill acquisition (linear vs non-linear) applied through direct and
constraint-based approaches

- psychological skills (confidence, motivation, optimal arousal and concentration)
and accompanying strategies

- in session and scheduling of practice including type (part and whole), distribution
(massed and distributed) and variability (blocked and random)

- frequency and type of feedback including intrinsic and augmented (knowledge of
results and knowledge of performance)

» participate in, describe and develop coaching strategies to enhance participation and
performance considering the needs of the learner and the performance requirements

KEY SKILLS

of the skill
Source: Victorian Certificate of Education Physical Education Study Design (2025-2029)
Family
Peers
Intrinsic Communit
Type _— Yy
Augmented Gender Cognitive
Socioeconomic status (SES) Associative
Frequency Cultural beliefs and traditions [— Autonomous
Sociocultural Stages of
factors learning

Coaching to enhance
participation and

Movement skill

development
performance

Theories of skill

acquisition
Type — Part Confidence Linear — Direct
Whole Motivation
Optimal arousal . .
Fr— M.ass-ed Concentration Non-linear — Constraint-based
Distributed
Blocked

Variability Random
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CHAPTER 2

-l
o‘:

Video
Masterclass: Chapter 2

Assessment
Pulse check

(4

Video
Professor Damian
Farrow interview

sociocultural

Of, or relating to, the
interaction of social and
cultural factors such as
family, peers, community,
gender, socioeconomic
status, and cultural beliefs
and traditions

The study of skill acquisition looks at factors that affect the learning, performance and retention
of movement skills. These factors include why individuals engage in physical activity, sport and
exercise; how skills are learnt and practised; feedback; and psychological strategies. A good
coach inspires, motivates, teaches and encourages individuals and teams. They can be the
reason why individuals (children and adults) stay in sport - and, sometimes, why they leave.
This chapter will look at the skill acquisition principles that can be applied through coaching to
enhance both participation and performance in physical activity, sport and exercise.

b PULSE CHECK

Take the pulse check quiz to check your prior knowledge and understanding of the
concepts covered in this chapter.
1 List five sociocultural factors that may impact skill development.

2 ldentify the three stages of learning and list at least two characteristics of each stage.
3 Describe the difference between linear and non-linear approaches to coaching.

4 Name one strategy that could be used to increase confidence, motivation, optimal
arousal and concentration.

5 Explain the difference between part and whole practice.

6 Suggest an example of feedback on knowledge of performance that a coach could
provide.

Professor Damian Farrow is one of Australia’s leading experts in the fields of motor
learning and skill development. Go to Nelson MindTap to see an interview with
Professor Damian Farrow, discussing skill acquisition.

2.1 SOCIOCULTURAL FACTORS
THAT AFFECT SKILL
DEVELOPMENT

In this module you will learn about:

= considerations when coaching to enhance participation and performance

« sociocultural factors that affect skill development
and learn to:

= participate in, describe and develop coaching strategies to enhance participation and
performance considering the needs of the learner and the performance requirements
of the skill.

There are many sociocultural factors that can influence participation (or non-participation)
and performance in physical activity, sport and exercise.

Sociocultural factors are those that affect physical activity, sport and exercise from a societal
(hence 'socio-') and cultural perspective.

32 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



KR cierren

For the purpose of VCE Physical Education, we will focus on the following factors:

family
- peers
« community
- gender

socioeconomic status (SES)

« cultural beliefs and traditions.

The impact of each factor can vary from one person to another and across their lifespan. For
example, for children, parental support is a key factor in their participation. This support may be
financial (paying for membership, equipment, uniform), it may be practical (transport to training
and games) or it might be psychological support (attending games, encouraging).

For an elite athlete to continue to improve their performance they may also need financial
support. The funding arrangements for some sports may enable an athlete to focus on their
performance; for other sports, the athlete themselves may need to contribute financially, at
which point their socioeconomic status will become a factor.

TABLE 2.01 Factors that have a positive and a negative influence on sports participation

Factors that support sports Factors that consistently appear as negative or contributing to
participation non-participation or dropout

parental and family support «  excessive travel

peer interaction «  the expense of training and competition

positive environment « inconvenient training times

venue accessibility «low levels of physical literacy or perceptions of competence

an environment that is 'too competitive'

Source: ‘Factors influencing sport participation; The Clearinghouse for Sport, Australian Sports Commission,
www.ausport.gov.au

LOOKING BACK
Link between participation and performance
Chapter 1

In Chapter 1 we looked at the link between motor skill development, participation

and performance. As we unpack each of the sociocultural factors that influence skill
development, you will need to keep coming back to how participation in physical activity,
sport and exercise is directly linked to performance and the development of motor skills.
Participation in different movement experiences can help to develop motor skills, and
increased motor skill competency is associated with higher levels of participation.

DID YOU KNOW? e

Sports funding
Weblink
Funding for national sporting organisations in Australia in 2023-24 totalled $193,719,591. ONztio.nalt.Spo(rlsigg)
rganisation
Swimming topped the funding list, with more than $16 million dollars invested. Sport investment allocations
for 2023-24

climbing, a relatively new sport, received $218,000 in funding.

To see the full breakdown of funding allocations, go to the table of ‘National Sporting
Organisation (NSO) investment allocations for 2023-24" on the Australian Sports
Commission website.
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Family

Family influences our participation in physical activity, sport and exercise very strongly. For example,
families can influence the activities that we are exposed to (playing and watching), the behaviours
that are modelled (parents who exercise or play sport) and the resources (equipment, time, financial)
we have access to. Family also influences your culture, education, political and religious views, and
the value you place on physical activity, sport and exercise. Your family may even influence your
friendship group (peers) and your attitude toward physical activity, sport and exercise.

For example, if you grew up in a home where your parents exercise regularly or play sport,
you are more likely to think this is normal. As shown in Figure 2.02 below, this is a key factor
that influences children to participate in organised sport and physical activities. Parental
involvement is significant in a child starting and continuing in sport and in having a positive
outlook to remaining physically active for life. Parents are also critically important in developing
a child’s confidence and competence in their movement skills.

The behaviour of adult figures (coaches, teachers, extended family, etc.), as well as
peers and siblings, play an important role in influencing a child's behaviour. However,
parents are the enduring role models that their children use as a basis for their own
development.

Children (0-14) are more likely to participate in organised outside-of-school
hours sport and physical activities if:

. O

% a parent participates in sports or physical activity

$ they come from a high-income family @

o O
{;}Q they have 1 or 2 siblings.

FIGURE 2.02 Factors that influence a child’s involvement in sport
'‘QUICK FACTS; The Clearinghouse for Sport, https://www.clearinghouseforsport.gov.au/
participation-in-sport

Many elite athletes have parents and/or siblings who also
excelled in the same sport and different sports. Examples
of familial advantage include multiple BMX world champion
Caroline Buchanan, who rode and competed in BMX with her
dad and her brother.

Australian cricketing brothers Shaun and Mitchell Marsh
watched their father Geoff play Test cricket and had their
own backyard cricket battles, in which Mitchell was often
relegated to bowling to his older brother.

Robert Cianflone - CA/Cricket Australia/Getty Images

FIGURE 2.03 Geoff Marsh (right) with his sons
Shaun and Mitchell. Can you think of other examples
of athletes who come from the same family?
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Peers

A peer is someone at your own level - a friend,
another student in your class or a teammate. Your
peers are a social group that may have similar
interests to yours or be at a similar stage of life. The
influence of your peers can be positive and negative,
but children playing sport because their friends play
is a positive outcome of peer pressure!

During adolescence the desire to fit into your peer
group is strong and can impact on your continuation
of physical activity, sport and exercise. If your peer
group is sporty, and everyone rushes to sign up for
house swimming, athletics and cross-country, you

m CHAPTER 2

iStock.com/FatCamera

are more likely to want to do this as well.

Your peer group may also encourage you to join a
team so that you can play together. You might go to
the local park and kick a ball around, or you might go the skate park or ride your bikes together.

As we get older, many people exercise for social reasons, and again peers influence
the type of activity that we do. Research has found that without the influence of peers,
sedentary behaviour increases. In this study (Mema et al,, 2022), social interactions were
found to be the most important social parameter that influenced people to become and
remain physically active.

Community

A community is made up of people living in the same place as each other or people who have
common interests and attitudes. The social and cultural characteristics of a community can
influence the sports that are popular within that community. Sporting clubs are often referred
to as a community, and can provide support and opportunities to develop and enhance motor
skills through participation in training and competitions within that community.

Opportunities for physical activity, sport and exercise can be increased for all in your local
community (i.e. where you live) by implementing a range of evidence-based strategies relating
to each of the areas shown below.

ﬁ)) Community design ‘ Access to places for physical activity
‘ School and youth programs @\ Community-wide campaigns

‘ Social supports Q? Individual supports

‘ Prompts to encourage physical activity ‘ Equitable and inclusive access

FIGURE 2.05 A range of strategies for increasing opportunities for physical activity, sport
and exercise in your local community

Source: Division of Nutrition, Physical Activity and Obesity, National Center for
Chronic Disease Prevention and Health Promotion

FIGURE 2.04 Playing in a team with your peer group can be
a key motivator for participation in sport.
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Gender

Socially and culturally, boys and men have traditionally been more physically active and have
been provided with more opportunities (e.g to run around) and equipment (e.g. bats, balls) to
develop movement skills (Vealey & Chase, 2016). However, a strong source of motivation for
girls and women to participate in physical activity, sport and exercise is to improve their motor
skills and their ability to play sport.

For many years, strategies have been implemented to
help equalise opportunities for girls and women in sport,
and great progress has been made. However, there are
still some concerns that gender bias may prevent girls
and women from benefiting from participation in physical
activity, sport and exercise.

Barriers for women and girls to participate in physical
activity, sport and exercise are higher in some demographic
groups, particularly in culturally and linguistically diverse
communities, among First Nations peoples and those with
disability, and even among mature-aged women.

For girls, playing sport with their brothers and male
friends when they are developing their movement skills
is a contributor to sporting success later in life. Playing
with male peers not only provides an avenue for skill
progression, enhanced mental toughness, fitness and
physical robustness, but can also be supportive and
motivating.

e SPOTLIGHT

There are many programs designed specifically to encourage girls and women to

participate in physical activity, sport and exercise. These include:

Daughters and Dads Active and = This Girl Can - a campaign aimed at ‘inspiring women to get active - however,
Empowered wherever and whenever they choose, without being judged’

Weblinks
This Girl Can

= Daughters and Dads Active and Empowered - a program that ‘educates and
empowers girls alongside their fathers to improve physical activity, sport skill
proficiency and social and emotional wellbeing:

Socioeconomic status

Socioeconomic status (SES) can be defined by a number of factors, most commonly those
shown in Figure 2.06.

Level of education Employment status

Area of residence Household income

FIGURE 2.06 The factors that define socioeconomic status

These factors overlap and can influence each other, and the combined impact of lower
levels of education, lower household income and area of residence is that people of lower SES
are less likely to participate in physical activity, sport and exercise. The cost of equipment and
fees associated with playing organised sport and access to suitable facilities within their local
area are significant contributing factors.

36 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



CHAPTER 2

Conversely, adults who do participate in physical activity, sport and exercise are more
likely to be employed and to have higher incomes and higher levels of education than adults SES is an acronym for
who do not. Children and adolescents living in higher-socioeconomic status households are ~ S°cioeconomic status. As
likel - . d . for | . h . with all acronyms, you
more likely to .part|C|pate. In sport an part|C|pat§ or longer, g|V|.ng them mgre opportunm?s should always write the
to develop their motor skills. They are also more likely to own ‘active play equipment’ (Dumuid  term out in full before
et al,, 2016), again increasing their opportunity to engage in activities that may enhance their  using the abbreviated

motor skill development. version, especially in
assessment tasks, so the

reader knows exactly

CUIturaI beliefs and traditions what you are referring to!

What else can SES
Cultural beliefs and traditions can include customs, values, beliefs and celebrations. They can  stand for?

relate to use of language, clothing, holidays, religion and music, and to physical activity, sport and

exercise. Cultural beliefs may place some restrictions on when or how people can participate ! 5

in physical activity, sport and exercise, and this may impact on motor skill development of

individuals who do not have the same opportunities for participation as others. S E S
Among Aboriginal and Torres Strait Islander peoples and those from cultural and linguistically

diverse (CALD) backgrounds, it is common to find lower participation rates in organised sports ;!;!

than in the wider Australian population. Other factors (such as SES) can contribute to this,

but access to culturally appropriate programs and facilities is a barrier. For example, to enable

Muslim women to participate fully in sport, we need to create environments and sporting

activities that can be undertaken in line with their religious beliefs. In this way, their exposure to

a range of movement experiences will not be limited due to their cultural beliefs.

Logic Images/Alamy Stock Photo

Cameron Spencer/Getty Images

FIGURE 2.07 A young Muslim Australian woman playing Australian Rules football
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Assessment
21 Check-in questions

describe

Provide characteristics,
features and qualities of

a given concept, opinion,
situation, event, process,
effect, argument, narrative,
text, experiment, artwork,
performance piece or other
artefact in an accurate way

suggest

Put forward for
consideration a solution,
hypothesis, idea or other
possible answer

discuss

Present a clear, considered
and balanced argument

or prose that identifies
issues and shows the
strengths and weaknesses
of, or points for and against,
one or more arguments,
concepts, factors,
hypotheses, narratives and/
or opinions

E SIGNPOST

Strategies to increase access to physical activity for everyone!

To find out more about the evidence-based strategies that communities can use to
increase the access that community members have to physical activity, go to the US
Centers for Disease Control and Prevention website and search for 'state and local
strategies’ on the ‘Physical activity’ page.

Increasing the level of physical activity across the community brings benefits for
individuals, the health system and the environment, and has been shown to increase
community wellbeing.

LOOKING FORWARD

Practice and feedback
Modules 2.4 and 2.5

In Modules 2.4 and 2.5 we will look more closely at the types, distribution and variability
of practice and the frequency and type of feedback. The stage of learning that an
individual is in will influence decisions around the structure of the training session and
the amount, frequency and type of feedback a coach will give a player.

2.1 CHECK-IN QUESTIONS

1 Which one of the following is a sociocultural factor that could influence the

development of motor skills?

A arousal levels

B parenting practices

C geographical location

D the physical size and shape of an individual

2 What does the acronym ‘SES' stand for? How can someone's SES impact positively
and negatively on their participation in physical activity, sport and exercise?

3 Describe the relationship between education, employment, income and area of
residence.

4 In 2022, 32 per cent of the female population (aged 15+) participated in sport-related
activity at least once a week, compared with 50 per cent of the male population (15+).
Suggest three reasons why girls and women have lower participation rates than boys
and men.

5 Select a belief or tradition from your culture and discuss with a partner how it may
influence participation in physical activity, sport and exercise within your community.
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2.2 STAGES OF LEARNING

In this module you will learn about:

= considerations when coaching to enhance participation and performance

= characteristics of the three stages of learning
and learn to:

= participate in, describe and develop coaching strategies to enhance participation and
performance considering the needs of the learner and the performance requirements
of the skill.

Learning a motor skill takes time and practice and, once the skill is learnt, further practice aims
to continue to improve and refine the skill. Coaches play a role in helping athletes through the
different stages of learning a motor skill by providing feedback and opportunities to practice.
The learning process is the path taken from being a novice (unskilled) to an expert (highly
skilled), and progress through the stages is dependent on the learner, the skill and the learning
environment. The time taken to progress though the stages will be different for each individual.
It may take many years, and not everyone will reach the expert stage!

FIGURE 2.08 Ash Barty developed her exceptional tennis skills over many years.
She began playing in tennis competitions in 2002, when she was only six. She achieved
success throughout her junior career before winning Wimbledon in 2021 at the age of 25.

There are several different models that categorise motor skill learning into distinct stages.
Models allow coaches to identify and attend to the needs of the learner, based on where they
are in their learning journey. In this module we will look specifically at the three stages of
learning as proposed by Fitts and Posner (1967). This model identifies three stages of learning:
= cognitive
« associative

autonomous.

The three stages of learning are on a continuum, and the amount of time a learner spends
in each stage is dependent on the skill being learnt, the amount of practice and the individual.

PA Images/Alamy Stock Photo
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Practice

Associative stage

Autonomous
stage

N\

FIGURE 2.09 The three stages of motor skill learning on a continuum

FIGURE 2.10 Explicit instruction on how to hold a racquet is
part of the cognitive stage of learning to play tennis.

Cognitive stage

The cognitive stage is the first stage of learning. The
novice learner or beginner in this stage of learning
is trying to work out what it is they need to do. The
cognitive load on the learner is high as they are trying
to process more information than the human brain
can process at one time.

The beginner is mentally trying to work out all
the movement requirements of the motor skill: what
needs to be done?

For example, a young tennis player who is picking
up a racquet for the first time is trying to work out the
answers to these questions:

- How do | hold the racquet?

+ Do | stand side-on or facing forwards?
« When do | swing the racquet?

= Where am | hitting the ball to?

When teaching or coaching learners in new skills, it is more effective to provide explicit
guidance (short and to the point) accompanied by practice and feedback to the learner. In the
case of the first example above - How do | hold the racquet? - the explicit instruction might
be, 'Hold the racquet as if you were shaking hands with someone'.

Beginners will make lots of mistakes and their performance will be inconsistent, but
improvement and performance gains are usually made quickly in this stage of learning.

Characteristics of learners in the cognitive

stage of learning

In the cognitive stage, learners show:

poor sequencing and coordination of skills

frequent errors

poor error detection and correction
inconsistent performance
high attentional demand on the skill
low movement efficiency

rapid improvement.
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Learners in the cognitive stage of learning are often aware of the mistake they have made. For
example, if the young tennis player in our example above swings and misses the ball, they know
they have missed the ball and that their movement was not correct. What they don't yet know is
why the movement was incorrect and what they need to do to correct the problem. Learners in
the cognitive stage have not yet developed their error detection and correction abilities.

At this stage of learning, coaches should:

« give clear, short and simple verbal instructions
- provide demonstrations

use part practice for complex skills

give feedback on:

» error detection (how they are performing)

» error correction (how they can improve).

Associative stage

The associative stage is the second stage of learning and is sometimes referred to as the
‘practice stage'. The learner is focusing on how to perform the skill and are constantly refining
their movement. Their performance is becoming more consistent, with fewer errors and less
variability. Progress through the stage is slower than in the cognitive stage, and some learners
never progress beyond the associative stage of learning.

Characteristics of learners in the associative
stage of learning

Learners in the associative stage demonstrate:
= greater consistency and accuracy in skill performance
- fewer errors

ability to self-detect errors and self-correct movements

improved timing and coordination
- decreased attentional demand on the skill.

The cognitive load on the learner to perform the movement skill has decreased in this stage of
learning so the learner is able to focus on other factors and start to take cues from the environment.
The learner can start to adapt their movement pattern
based on the cues they pick up. For example, our
young tennis player will now start to think, ‘Where
is my opponent?’, and then adjust their movement
pattern to hit away from the player.

In the associative stage, the learner is able to detect
the cause of their errors and can develop strategies to
self-correct the error. There are gradual improvements
in the motor skill as the learner continues to refine
their performance.

At this stage of learning, coaches should:

design practice opportunities that expose the

learner to relevant and irrelevant cues to increase

player decision-making
« provide specific feedback to address learners' needs FIGURE 2.11 Learners in the associative stage of learning can
support with error detection and correction. focus on environmental cues.

iStock/com/luckyraccoon

9780170480994 / CHAPTER 2 / COACHING TO ENHANCE PARTICIPATION AND PERFORMANCE 41



CHAPTER 2

Guy Cowdry/Shutterstock.com

Autonomous stage

The autonomous stage is the final stage of learning, and at this point the skill is largely
automatic; the performer no longer consciously thinks about the skill. This stage of learning
is characterised by consistent performances, with minimal errors. Performers in this stage of
learning often appear to have all the time in the world to execute the skill, and can detect their
own errors and correct them. Improvement in skill execution at this stage is slow, but even small
improvements at this level are important.

Characteristics of learners in the autonomous
stage of learning

Learners in the autonomous stage demonstrate:

low attentional focus on the skill required
- highest accuracy (few errors) and efficiency of skill
= smooth, coordinated movement

a dramatic slowing in improvement

an increased understanding of their performance and an ability to self-correct errors.

The cognitive load has been reduced on skill execution so the athlete can focus on other aspects
of the game such as decision making. They are also able to perform multiple activities at once. A
tennis player in this stage of learning will be analysing all of the information they have detected
from the environmental cues to determine the best option of where to place the ball in the court to
either set up the point or hit the winner while also evaluating the position of their opponent and the
sun, the direction of the wind and the noise of the crowd! That's a lot think about, which is why it is
lucky at this stage that they don't need to think about performing the actual skill.

At this stage of learning, coaches should:
- provide precise feedback
= design and organise high-quality training sessions

maximise practice time and simulate competition

motivate the learner to continue to improve their performance.

Figure 213 summarises the three stages of learning, the characteristics of the learner and
the role of the coach at each stage.

FIGURE 2.12 Simulating competition in practice sessions is an example of a coaching
technique to support someone in the autonomous stage of learning.
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Associative

N Refining the movement pattern
and associating environmental

Autonomous

—>  Almost automatic performance
of the movement pattern

Cognitive

Understanding and developing
the basic movement pattern

cues
Practice
Characteristics of Characteristics of Characteristics of
the learner the learner the learner
e Trying to understand the o Refining the movement e High levels of skill
skill pattern performance
e High cognitive load e Associating environmental e Few errors, consistent
cues to performance performance

Inconsistent performance

Performance is more Well-developed error
consistent detection and correction

Large improvements in
performance

Automatic performance

L]

Practice, practice,
practice!

Trial-and-error learning

Attention on higher-order

Poor error detection and Improved error detection processes

correction q
and correction e Small performance
improvements
o Adjustment in skill
performance
Role of the coach Role of the coach Role of the coach

Help develop understanding Provide practice Organise practice well

of the skill experiences

Design appropriate practice

Give verbal instructions, Design appropriate
demonstrations, feedback and practice experiences

Simulate competition standards

. at practice
answer questions e Support error detection and o Provide appropriate feedback
e Assist in error detection and correction )
correction o Motivate the learner

Help identify important
Don't overload the learner environmental information
with information

Simplify the task

FIGURE 2.13 Summary of the three stages of learning
Source: Adapted from Fitts, P. & Posner, M.I. (1967), Human Performance

9780170480994 / CHAPTER 2 / COACHING TO ENHANCE PARTICIPATION AND PERFORMANCE 43



CHAPTER 2

Performance curves

With appropriate practice, learners will progress through the stages of learning.

Performance curves can be used to track improvement. There are four general shapes of
performance curves, as shown in Figure 2.14:
a negatively accelerating - improvement is rapid at first and then slows
b positively accelerating - improvement is slow at first and then increases rapidly
c linear - increases in performance are directly proportional to the practice time
d S-shaped - improvement starts slowly, increases and then tapers off.

There is no 'normal’ pattern of motor skill learning. The negatively accelerating curve is
common, however, as increases in performance occur early with practice and then, as practice
continues, the gains in performance decrease. This is known as the ‘power law of practice’.

[0} [0}
(8] (8]
c C
@© @©
58 58
a o o on
Practice > Practice >
(a) Negatively accelerating (b) Positively accelerating
Q [0
o o
c c
@© @©
£ £
£ £e
(o) (0]
Q3 Q@
Practice > Practice >
(c) Linear (d) S-shaped

FIGURE 2.14 Four general shapes of performance curves

LOOKING FORWARD
Diminishing returns
Chapter 12

The power law of practice is similar to the law of diminishing returns that you will
learn more about in Chapter 12. The physiological gains made through training occur
quickly when a relatively sedentary individual starts a training program; as training
continues, however, the improvements tend to plateau, as is represented visually in
Figure 214 a.
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COLLABORATIVE TASK

Prac activity

Stages of learning

AIM

To determine which stage of learning the performer is in through an analysis of motor
skill performance

METHOD

1 Working in pairs, participate in the five skill stations (see below).

2 Complete five trials of each skill.
3 Record the average score for each skill.

4 Observe your partner performing the skill and identify some key characteristics of
the movement.

5 Determine which stage of learning your partner is currently in for each skill.

SKILL STATIONS

Skill 1: basketball dribbling

Arrange five cones in a straight line, 1.5 metres apart. Dribble around the cones in a
zigzag fashion, up and back. Record the average time taken to complete the trials.

Skill 2: soccer juggling

Juggle a soccer ball by keeping it off the ground using your body (feet, thighs, chest and
head - no hands). Record the number of juggling moves performed before the ball hits
the ground. Record the average of the five trials.

Skill 3: Australian Rules handpass

Handpass the ball to a concentric circles target from a distance of 5 metres. Record the
combined score for five handpasses.

Skill 4: netball goal shooting

Shoot five goals at the netball ring from a distance of 1.5 metres. Record the total
number of successful shots from the five trials.

Skill 5: hockey push pass

Set up five targets along a wall (using chalk or cones). Each target should be 20
centimetres wide. Pass five times to a target from 5 metres away. Award five points for
the centre target, three points for the next target out on either side, decreasing to one
point for the two outermost targets. Record the combined score for all five passes.
RESULTS

Record each student’s performance and their partner's observations. Complete an
observation sheet for each participant. Report the stages of learning for each student on
each skill.

DISCUSSION

Describe the three stages of learning using examples from the data collected. Describe
changes that occur as we learn a motor skill. From the data, choose a skill and provide
three examples of how you could assist the learner in developing their skills further.

CHAPTER 2

o,

identify

Recognise and name
and/or select an event,
feature, ingredient, element,
speaker and/or part from

a list or extended narrative
or argument, or within a
diagram, structure, artwork
or experiment

9 )
o‘:

Template
Motor learning and skill
acquisition
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ne 2.2 CHECK-IN QUESTIONS

1 Name and identify one characteristic of each of the three stages of learning.

Assessment

2.2 Check-in questions 2 In the cognitive stage of learning, what does 'having a high cognitive load' mean for
the learner?
3 Hypothesise as to why many learners don't progress through the associative stage of
|
learning.
name a . © g
Provide a word or term 4 Describe the changes in the characteristics of the learner as they move from the
(something that is known cognitive stage of learning to the associative stage of learning.
and distinguished from 5 Why are athletes in the autonomous stage of learning able to attend to environmental
other people or things) S
used to identify an object, cues more easily
person, thing, place etc. 6 As a coach, why is it important to understand the three stages of learning?

2.3 THEORIES OF SKILL

ACQUISITION

In this module you will learn about:

« considerations when coaching to enhance participation and performance
= theories of skill acquisition (linear vs non-linear) applied through direct and

constraint-based approaches
and learn to:

= participate in, describe and develop coaching strategies to enhance participation
and performance considering the needs of the learner and the performance

requirements of the skill.

FIGURE 2.15 There is no one-size-fits-all model for coaching, and
good coaches will select the approach that allows their players to
learn in a way that suits them best.
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Theories of skill acquisition (linear vs non-
linear) are underpinned by learning theories
and applied to the learning of movement
skills in physical activity, sport and exercise.
Different learning theories, or ways of
understanding learning, impact on how
learners are coached, from how a coach sees
their own role and how they plan the coaching
session to how they provide instruction and
how they give feedback. In this module we
will look at linear and non-linear approaches
to the teaching of movement skills and how
each approach is represented in a coaching
context.
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The Australian Institute of Sport (AlS) offers a free online course to encourage more
people to play, coach and enjoy sport. The course, known as Community Coaching - Comm:r\:ie:/“c“:asching _
Essential Skills, has eight self-paced modules that help coaches create fun, safe and Essential Skills
inclusive environments for participants. AIS HP Coach Development
More information can be found on the ‘Community Coaching - Essential Skills’ page
of the Australian Sports Commission website.
At the elite level, Australia is investing in high-performance coach development. To
see what is being done as Australia prepares for the Brisbane 2032 Olympics, watch the
video AIS HP Coach Development on the AlS YouTube channel.

Linear and non-linear approaches

to learning >

Video

Linear approaChes to Iea rning In focus: Examples of linear and

non-linear approaches

A linear approach to skill acquisition is based on a behaviourist model of learning, where the
learner's ‘behaviour’ is shaped by the external environment - that is, by how the learning time
is used, by how the feedback is given or how the behaviour is rewarded.

Consider a coach who yells at a young soccer player every time they take a shot rather
than passing the ball. The learner is then conditioned to not take a shot, even when that is the
correct decision.

The same can be said for a player who is praised and rewarded for a behaviour (e.g. the
player maintains possession when no option for a pass presents itself); this leads to an increase
in the positive behaviour.

Traditionally, learning has been considered linear, and the role of the coach in learning
was to provide the template of the ideal movement pattern, usually through demonstrations,
and then to tell the learner what to do and provide
opportunities to repeat that behaviour over and over
to recreate the ideal movement pattern.

A study by Lee et al. (2014) found that learners who
were exposed to a linear approach while learning
the tennis forehand ground stroke had difficulty
retaining the expected (and taught) movement skill
and exhibited fewer movement solutions.

Linear approaches to learning movement skills are
characterised by:

expected movement form

high volume of practice trials

lots of drills and repetition

absence of a simulated game environment. =

imac/Alamy Stock Photo

FIGURE 2.16 Direct instruction is structured and directed by
the coach.
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explicit learning
Learning through direct
instruction on how to
perform the skill

Hoxton/Alamy Stock Photo

Non-linear approaches to learning

Non-linear approaches to skill acquisition are based on a constructivist model of learning,
where there is recognition that learning is an active process that is developmental and multi-
dimensional. Non-linear approaches emphasise the use of exploratory behaviours to find
movement solutions and develop movement skills. They recognise that the individual plays a
role in their learning and has preferences regarding how they like to learn, how they feel, the
interaction with their environment coupled with what they already know, and how these factors
impact the learning of the skill.

Effective skill acquisition is dependent on how the learner explores, adapts and finds
solutions in the way they use their movement skills in different performance contexts. Non-
linear approaches involve manipulating constraints to facilitate movement skill learning and
decision-making.

Non-linear approaches to learning movement skills are characterised by:

« representativeness - practice mimics how the movement skills could be performed in an
actual game

task simplification - making performance of the movement skill easier
- informational constraints - focusing on the movement outcome
- variability in practice through manipulation of task constraints.

L Oods Stk ' <y vl

FIGURE 2.17 Small-sided games provide opportunities for learners to problem-solve and
find alternative solutions to movement challenges.

Direct and constraint-based approaches
to coaching

Direct instruction

Linear approaches to skill acquisition are generally applied through direct instruction. Direct
instruction (explicit learning) is a highly structured approach to coaching where the coach
controls and directs the learning process and passes the knowledge on to the learner. The
instructor is the authority and holder of the knowledge, they make all the decisions, provide
all the activities and tell the learner how to complete the activity and skills through verbal
instructions and demonstrations.
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Direct instruction is instructor-led and involves:
being coach-centred
- developing explicit steps to learning a skill
= ensuring mastery at each stage
« giving specific corrective feedback
providing adequate and systematic practice
- reducing coach-directed activities towards independent participants.

TABLE 2.02 Advantages and disadvantages of direct instruction

Advantages | Disadvantages

Learner is aware they are learning the skill « Learners are forced to pay conscious attention
Quick and easy to organise and implement to the skill (if the learner is performing the skill
Keeps learners on task automatically, then by asking them to focus on the
Maximises practice time movement, the process becomes less automatic,
Facilitates rapid early learning leading to a decrease in performance)

Skills are more likely to break down in situations
of high pressure - when the athlete is fatigued or

under stress

Constraint-based approach

Non-linear approaches to skill acquisition are generally applied through indirect instruction. One
perspective on indirect instruction is known as a constraint-based approach. A constraint- constraint-based
based model allows the learner to explore movement skills and to find solutions to movement  approach
. . . . . .. An indirect instruction
problems with less input from the coach and greater interaction with other learners. Implicit
; ] ) i o } approach that allows
learning occurs through performing the practice tasks without specific instruction on how to  the learner to explore
complete the task; the learner works out what is required through exploring different options ~ movement skills and to
d t solutions. The coach ts the learner to do this through the manipulation of  11g So/utions to movement
and movement solutions. The coach supports the learner to do this through the manipulation o problems with less input
the practice conditions and task constraints, and, with questioning, becoming a facilitator who ~ from the coach and greater

guides the learner toward the desired outcome. :”teraCtiO” with other
. . earners
Constraint-based approaches involve:
being learner-centred implicit learning
. coach as facilitator Learning skills through
. . practice tasks without
« questioning of the learner, not telling them what to do direct instruction on how
» exploration of the movement context to complete the task

generation of knowledge.

TABLE 2.03 Advantages and disadvantages of a constraint-based approach

Advantages | Disadvantages

Practice mimics the game environment = Coach familiarity with how to effectively structure the
Variability of practice sessions

Implicit learning occurs « Can be more time-consuming to prepare and plan
Movement and problem-solving skills are »  Level of comfort for the coach to relinquish control
developed

Promotes independent learning
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constraints

Limitations or restrictions;
the boundaries that
influence the movement
capabilities of individuals

Direct and constraint-based approaches both have advantages and disadvantages, and good
coaches will use both approaches when appropriate. Selecting the most suitable approach will
depend on the individual characteristics of the learner, their skill level and stage of learning, the
objective of the practice session and the complexity of the skill being learnt. The two approaches
lie at either end of a continuum, as shown in Figure 2.18.

Constraint-based
approach

Direct approach
Instructor-led

Learner-centred
Descriptive
Implicit learning

Prescriptive
Explicit learning

FIGURE 2.18 Constraint-based approach continuum

Understanding constraint-based skill
acquisition

In a dynamic system view of motor learning, movement patterns self-organise depending on
the constraints placed on them. The self-organisation is a determined by the interaction of the
constraints and can limit movement capabilities, but the constraints can also enable movement
or serve as resources that a learner uses to perform the movement skill. Coaches manipulate
constraints to structure learning experiences for learners and provide a specific focus. The
learner then generates a specific movement solution or decision that takes into account the
interaction of the individual, task and environmental constraints.

There are three types of constraint that influence movement capabilities:

individual
« environmental
- task.

Task

- Skill performed

Environment & > Individual

FIGURE 2.19 The interaction between the individual, the task and the environment
shapes movement skill acquisition.
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Individual constraints

Individual constraints are characteristics of the individual that influence movement. individual constraints
Examples of individual constraints are: Characteristics of the
. - . . . . individual that influence
physical characteristics (height, weight, limb length, body composition) movement
fitness level (agility, balance, endurance, flexibility, power, speed, strength)
psychological and behavioural characteristics (confidence, motivation, arousal, concentration)
perceptual, decision-making and tactical knowledge (anticipation, recognising patterns of play)
technical skills.
Individual constraints influence movement and can be manipulated so that the system self-
organises, resulting in a specific movement pattern.
For example, a midfield player in soccer may have less explosive speed than a striker. As a
result, they are more likely to present as a passing option in the midfield to hold the ball, rather

than making a run to space to create a scoring opportunity.

LOOKING FORWARD
Fitness components

Chapter 8 environmental
Physical activity, sport and exercise have varied requirements in terms of the constraints

. . . - ] - ] Characteristics of the
physiological attributes of the participant. In Chapter 8 we will look specifically at fitness physical and social
components, and the factors that affect their contribution to different activities. environments that influence

movement

Environmental constraints

Environmental constraints are those characteristics
of the physical and social environments that
influence movement.

Eakkaluk/Adobe Stock

Constraints in the physical
environment

Examples of environmental constraints in the
physical environment include:

weather conditions (temperature, rain, wind,
hail etc.)

gravity o LR 5 g s
natural light = it e P, 2
sounds (noise level) FIGURE 2.20 How does the playing surface impact on the
playing surface (dry, wet, muddy). players' ability to control the ball?
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task constraints
Characteristics of the task,
such as rules, goals and
equipment, that influence
movement

Paolo Bona/Shutterstock.com

FIGURE 2.21 How does having parents watch a game influence the way a soccer
player plays?

Constraints in the social environment

Examples in the social environment are:

+ spectators

= peer group (teammates)

- family
cultural norms (Australia produces good tennis players and swimmers)

- social expectations (Australian Rules football is more popular in Victoria and South Australia,
but more people play and follow the rugby codes in Queensland and NSW)

= culture of the sport club and access to high-quality coaching.

Task constraints

Task constraints are the characteristics of the task, such as rules, goals and equipment, that
influence movement. Task constraints are context-specific. The rules of the game can constrain
the movement. For example, not being able to use your hands in soccer, not being able to
run with the ball in netball and not being able to throw the ball in Australian Rules football all
constrain movement.

Task simplification relates to making the performance of the movement skill easier. In non-
linear approaches, task simplification allows players to complete the movement successfully
without making the practice of the movement unrepresentative of how it would be performed
in game or performance contexts. Two forms of task simplification are to reduce the number of
players in the game, or to use modified equipment that reduces the difficulty of the task.

In modified sports, task constraints such as equipment (pitch sizes, net height, size of the
bat) and rules (the number of players) are easy to manipulate so that the game becomes more
accessible to younger learners. The modified activity still represents the key features of the
adult form of the game, but it promotes more effective skill adaption for the learner and provides
opportunities for the learner to explore movement behaviours in various contexts.

Research has shown that children prefer to use modified equipment. It leads to greater
engagement in the task and results in greater self-efficacy in executing skills (Buszard et al.,
2016). This outcome is likely twofold: the modified equipment (task constraint) is easier to use
for young children, who may lack the strength (individual constraint) required to use adult
equipment, which means they are able to perform the skills.
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FIGURE 2.22 Modified sporting equipment, such as smaller racquets and lower nets,
makes playing tennis more engaging for children. They are able to achieve success,
which leads to greater enjoyment and builds confidence to try new things. Of course,
getting to play with Novak Djokovic is pretty inspiring, too!

In summary, in a constraint-based approach, the interaction between the learner, the task
and the environment will shape the movement patterns that would be observed.

COLLABORATIVE TASK

Activity

Modifying task constraints :“:

TASK

Watch the video ‘From a Child's View, Parents Find Full-lce Hockey No Fun’ on the US Weblink
Hockey channel on YouTube. Find Pullice Hookey No Fun

The video shows what it is like for young children when they are faced with trying to
play sport on full-sized pitches with full-sized equipment, and the challenges they face.
This video clearly demonstrates that, when junior games are played on adult pitches
and courts using adult equipment, the game looks and feels very different to the children
when compared to the game played by adults.
QUESTIONS
1 How did the players feel after participating in this game?

2 Using examples from the video, discuss the impact the size of the rink has on the
players' level of engagement, interest and motivation.

3 Suggest three ways in which you could manipulate the task (rules, goals or
equipment) to positively influence the development of movement skills in ice hockey.
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REAL WORLD APPLICATIONS

Modified sport

Modified sports have been part of the Australian sporting landscape since the 1980s and
continue to provide structured age-appropriate and developmental skills-appropriate
ways of introducing sport to children. Modified sports have evolved over the years, and
modifications are now made to ensure a fun, socially relevant and inclusive activity is
available to everyone - children, people with a disability and older adults. Some sports
modify the ‘rules’ so that teams can be mixed-gender, or so that individuals with lower
fitness levels can still participate (e.g. walking football). All modifications are designed to
develop movement skills and encourage participation in the sport.

Physical education teachers and coaches will often modify a game using one of the

acronyms TREE (see Figure 2.23 a) or CHANGE IT (see Figure 2.23 b).

a

Teaching Style
Communication and delivery strategies/ideas to assist students achieve success.
Rules
Simplifying or changing rules, then re-introduce as skill levels increase.
Equipment
Using different sizes, shepes, colours, textures and/or weights of equipment.
Environment
' . U “r__'
Varying the length, height, zones, floor, and seating/standing conditions of & playing area. O
@7 Coaching style
Usa uastions 10 381 challanges 10r SpREAC 39pects of 3 gane, €. 5. When
b passT Py g without
the gama, i
How you score/win akifus play. Vary Iwnguage;
- visual, auditory, oc 9 "
105008 05 i g g9, Culturit nelsctusl e
B ATUSINE 10 SCOME OF PASSE K110 AN S0 2008, Instesd of
Ah0OTIng A1 6 GOal: viwry the size OUGIETANGS 10 & Largel.
Area
ncrases ¥ w26 0l the
playrg wen, 0.9 . short and wide,
Numbers @
Cormider usrg dMerent taam sizes of vrying the number
Of Wi, #.0. GACTEaENG 165 SEes CAN NCreass Muden
defenca o ome, Jviordv2 gives @7 Game rules
deswith
ber of turrs helps eudents | kitis. Crange the ruies sightty. 8.0, introduce 3
rumber of turres helps sty s loarn new kil ckirg o Pt IFn's No‘r
Elay the bwi- show 2 bouncas befors catching WORKING...
Equipment of stopping the tall; specify that 3 tesm )7 CHANGE IT!
Vary the size and type of the equipment used. 8.9. change to paint: show s n:;::; 1o roll rather than throw
softer el h dtfcult the ball, or walk rather than run.
catching, of to » smaller ball if they are having problemns
trrowing introduce 3 batting tee (o statcoary ball| #a
student i having déhculty heting a moving bail.
@7 Inclusion
u\; D; the cutlinmd gaee samants (or otrwrs|
10 max e their vohmment. Ak students. It is more important
Time individusty bow the game could be improved to remember the
for them andior how the invelvement coukl concept of CHANGE

Reducs o extand the tme 1o perform sctions. 6.6, £ae how
may passes students can complate i § or 30 saconds,
to allow

to
decide what to do next,

e ncraased: or provide options they coud
chooss from to ercourage sgency

FIGURE 2.23 Acronyms used in modified sports
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CHAPTER 2

COLLABORATIVE TASK -
Prac activity —
Walking football (soccer)
INTRODUCTION
Walking football is a small-sided, low-impact, modified version of soccer, suitable for
all levels of ability and fitness. Walking football aims to provide participants physical
and mental health benefits and social contentedness, and to promote the benefits of
ongoing physical activity.
Football Victoria's walking football program caters for individuals of all ages, with a
focus on men and women aged over 55 years.
TASK
Participate in a game of walking football.
Team size: 5v5 or 6v6
Pitch size: 30 m X 20 m or 40 m X 30 m
Goal size: variable
Ball: regulation soccer ball
Game time: variable
RULES
= No running (player must always have one foot on the ground).
= No contact.
= The ball cannot be kicked above head height.
= No heading of the ball. ,
= No throw-ins. L
= No corner kicks. Weblinke
« No OﬁSide. Walking football rules

. . . . . Walking basketball
The complete national rules, regulations and guidelines for walking football can be

found on the Football Victoria website.

DISCUSSION
1 Identify two task constraints that have been manipulated in this activity.
2 Outline the influence of the social and cultural environmental constraints on outline

Provide an overview or
the main features of an
3 Bryanis 55 years old, very fit and active, and has decided he would like to play argument, point of view, text,

soccer, but he has no prior experience. Discuss the suitability of walking football as narrative, diagram or image
an opportunity for Bryan to develop the movement skills and patterns that would be
required for him to play soccer.

participants involvement in walking football.

Alternatively, participate in a game of walking basketball. The only rule change to the
game is, simply, no running! More information can be found on the 'Walking basketball’
page of the Basketball Victoria website.
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CASE STUDY HOT SHOTS TENNIS

capten2 KD

Hot Shots Tennis is a program for children of any age or ability to play and learn tennis. The program is divided into
four stages. At each stage, children are provided with the right equipment and court size to match their ability and
interest in playing tennis.

Hot Shots Tennis is played on smaller courts with modified equipment, including lighter and smaller racquets, lower
nets and low-compression balls that don't bounce too high.

The low-compression tennis balls used in the Hot Shots Tennis program (red, orange and green balls) bounce
lower than a normal tennis ball, allowing children to hit the ball in an optimal location relative to their height (i.e.
at waist height; Kachel et al,, 2015). This allows the learner to generate greater ball velocity while maintaining the
accuracy of their shot. For the child, this means that they can confidently hit the ball harder without the ball going
out or hitting the back fence!

Tennis Australia

The ball used in the
Green stage has a
higher compression
(75%) and children play
on a full-size court.

Court size Court size Court size Court size
Variable

Green ball (75% \_
compression of a
regular yellow

ball)

FIGURE 2.24 Hot Shots Tennis

56 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



KR cierren

In terms of practice and learning, when
compared with ‘adult’ tennis conditions, Why low-compression balls are perfect for 10-and-under players
learning with low-compression tennis balls has
been shown to increase the number of hitting
opportunities for the learner. This means that
the learner has more opportunities to practise.
Research (Fitzpatrick et al, 2017) has found that
these modified conditions, imposed by the task j
constraints outlined in Figure 2.24, result in ' T
more successful forehands and backhands. This —
allows the learner to rally for longer with their
peers, have fun and enjoy their tennis, as they
experience greater success in the sport.

Tennis Australia

FIGURE 2.25 Bounce heights of low-compression balls

THE DEBATE

J.C. Roddick, the nephew of the last American to win the US
Open, Andy Roddick, learnt to play tennis with a full-sized
racquet, on a full-sized court and with yellow (full-compression)
balls. At 9 years old, he entered a local United States Tennis
Association (USTA) tournament. He was placed in an orange-
ball tournament and was told that if he wanted to play, he would
have to use an orange ball, play on a smaller court and use a
shorter racquet. The decision by the USTA to change the rules
for children under 10 has divided the tennis community in the
USA. Some parents and coaches disagree on the best method
for attracting and retaining young athletes to the sport and
producing future champions. Those opposed to the modified
version of the sport claim that it is a marketing ploy to ‘sell more
racquets’ and that the decision was not evidence-based. They
argue that low-compression balls are created for recreational
players and should not be used in tournaments for competitive
players. Those in favour of the modified version say that it can
‘attract more kids and have them stay in tennis longer.

QUESTIONS

1 Identify the task constraints that are used in Hot Shots Tennis. FIGURE 2.26 The USTA’s 10-and-under

2 What is the relationship between ball compression, bounce system requires players to play with low-
height and the age of the learner? compression balls.

3 Based on your understanding of individual constraints, explain
why the Hot Shots Tennis program has four stages.

4 What is the benefit to movement skill development for learners using low-compression tennis balls?

5 What evidence can be used to counteract the argument for the USTA's decision to introduce orange ball rules to
all tournaments for children under 10?

6 Discuss the advantages and disadvantages of modified vs non-modified sports on participation and performances.

iStock.com/amriphoto
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:": 2.3 CHECK-IN QUESTIONS

1 Which one of the following is an important component of the constraint-based
approach to skill acquisition?
A practising the skill in isolation from the game
B repetition of the skill without opponents present
C task simplification that maintains links between perception and action
D a coach explicitly instructing an individual on how to perform the skill
2 When the condition of the playing surface influences performance, this would be
classified as:
A atask constraint
B a social constraint
C an individual constraint

Assessment
2.3 Check-in questions

D an environmental constraint
3 Outline three advantages of a direct approach to coaching.
explain 4 Describe non-linear approaches to learning movement skills.
Give a detailed account ) ) ) ) .
of why and/or how with 5 The size of a playing area for soccer can be manipulated using the constraint-based
reference to causes, effects, approach to skill coaching and instruction. Outline what type of constraint the size of
continuity, change, reasons . . . . \ . -
or mechanisms; make the a playlng.a.rea |s.and explalln how reducmlg the size of the playing area will influence
relationships between opportunities to improve skills for players in the game of soccer.

things evident

2.4 PRACTICE STRATEGIES

In this module you will learn about:
considerations when coaching to enhance participation and performance
in session and scheduling of practice including type (part and whole), distribution
(massed and distributed) and variability (blocked and random)
and learn to:
participate in, describe and develop coaching strategies to enhance participation and
performance considering the needs of the learner and the performance requirements
of the skill.

Learning a motor skill requires two things:
- feedback - which we will explore in detail in

Module 2.5
= practice.

In this module we will look at different types of
practice (part and whole) and the distribution of
practice - both within a practice session, and in the
scheduling of practice sessions and the variability of
practice sessions (blocked and random).

matimix/Shutterstock.com

L= o

FIGURE 2.27 A coach oversees a practice session.
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Type of practice >

Coaches need to plan and design practice that is appropriate for the learner and effective for

skill learning. If the task is not challenging, the learner will lose interest and become bored, Video
. . iep ) . . In focus: Differences between
and if the task is too difficult and the learner doesn't experience any success, this can become the types of practice

disheartening for the learner and cause them to lose interest as well. Coaches need to find the
optimal level of challenge for the learner, so that they achieve some success. Modifying the
complexity of the skill by breaking the skill into parts to make it simpler - rather than requiring
them to perform the whole skill - is one method a coach may use.

Part and whole practice

Part practice

Motor skills can be broken down into parts or segments, and part practice is a term that is part practice
applied when the skill has been broken down into parts and each part is practised in isolation. ~ Practice of the individual
Part practice can be useful for beginners when they are learning complex skills because they parts of a skl
can practise individual components of the skill and gain success in each aspect before moving
on to perform the whole skill.
Learners should be provided with a demonstration of the whole skill, even if they are going
to practise individual parts, so that they understand the context of the whole skill.

Small365/Adobe Stock

e

FIGURE 2.28 A tennis serve can be broken down into many different parts. A skill should be broken down into the
largest components the learner can manage.
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CHAPTER 2

whole practice
Practice of the whole skill

Whole practice

Whole practice is the practice of the whole skill. A coach may provide a demonstration of the
skill and the learners then imitate the coach’s movement to replicate the whole skill.

One advantage of whole practice is that the relative timing and movement dynamics are not
affected. In the tennis serve example in Figure 2.28, practising the follow-through in isolation
from the forward swing and ball contact may produced a disjointed movement.

Generally, more skilled learners can cope with the whole skill and, if they can, it is better to
practise the whole skill.

Deciding whether to use part or whole practice is influenced by two main factors: the skill
and the learner.

- Skills that are low in complexity but high in organisation are best learnt through whole
practice.
- Skills that are high in complexity and low in organisation are learnt best through part practice.

TABLE 2.04 Part practice vs whole practice

| Part practice | Whole practice

Skill
Complex* v

Simple v

Classification of skills
Serial v

Discrete

Continuous

Organisation of skill**
Low v

High v

Learner

Stage of learning

Beginner v
Skilled v
Overwhelmed by the skill v
Able to attend to whole skill v
Having difficulty with some parts of the skill v
Familiar with some skills v
Likely to have difficulty with whole skill v
Capable of performing whole skill v

Adapted from Spittle, 2012
* Complexity of a skill refers to the number of parts of a skill and a high cognitive demand.
** Organisation of a skill refers to the relationship between the parts of the skill.
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CHAPTER 2

COLLABORATIVE TASK —,-‘\—_]T_‘[

Prac activity

Part and whole practice
AIM
To compare part and whole practice in learning a new skill (cup stacking)

EQUIPMENT
= 12 plastic cups (per pair)

= stopwatch or timer

TASK

Cup stacking involves taking 12 cups and stacking them in a 3-6-3 formation (see Py
Figure 2.29) in the quickest time possible. Before starting this activity, watch a <
demonstration of the skill online in the video Fastest Speed Stacking Ever! - Guinness

World Records on the Guinness World Records YouTube channel. Weblink

Fastest Speed Stacking Ever!

Starting arrangement (3 towers)

0 E D

Middle arrangement (3 pyramids)

@@B B@B@@ @@D

Final arrangement (3 towers)

=

FIGURE 2.29 Cup stacking: starting, intermediate and finishing arrangements

METHOD
In groups of three, allocate each student a practice strategy to complete:
Strategy 1 - Part practice:
10 trials of the 3-stack part of the skill
Strategy 2 - Whole practice:
30 trials of the 3-6-3 stack
Strategy 3 - Whole-part practice:
10 trials of the 3-6-3 stack, followed by 10 trials of the 3-stack, followed by 10 trials of
the 6-stack part of the skill.
RESULTS
After completing the practice trials, each student completes five timed trials of the 3-6-3
stack. S
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CHAPTER 2

> . L
Record the strategy the students used, and the times for each trial, in a table.
Student | Strategy Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Zachary | Whole-part | 12.8 seconds | 10.2 seconds | 13.6 seconds | 101seconds | 8.5 seconds
practice
analyse
Identify components/ Graph the results.
elements and the
significance of the DISCUSSION
relationship between Analyse the results to determine which practice strategy was most effective for learning
them; draw out and relate the skill. Provid I tion f R
implications; determine € SKill. Frovide an explanation 1or your aecision.
logic and reasonableness of Adapted from Spittle, 2013, pages 380-1

information

Practice distribution

Practice distribution can refer to the:
scheduling of practice sessions (how frequent and how long the sessions are)
or

» spacing of practice trials within a session.

Practice

Sessions Trials

( ) ( )

Massed Distributed Massed Distributed
(fewer and (more shorter (less rest (more rest
longer sessions) sessions) between trials) between trials)

FIGURE 2.30 Breaking down practice

There is no definitive answer to the optimal number and length of practice sessions, but what we
do know is that the more a learner practises, the more they will learn. So is it better to have fewer,
longer sessions or more, shorter sessions per week? Generally, it is recommended that practising
more often for shorter periods of time is beneficial to learning a skill; in junior sport, however, practice
schedules are often determined by the availability of venues or facilities and/or coaches.

An example of a training schedule for an under-16 soccer team is shown in Table 2.05. The
team completes a total of 4.5 hours of training per week, and this training is spread (distributed)
over three days.

TABLE 2.05 Example of a training schedule for an under-16 soccer team

Game

6.00—7.30 pm ‘ 7.30-9.00 pm ‘ ‘ 730-9.00 pm
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The distribution of practice trials within a session can also vary. A distance runner may
practise their skill with minimal rest between trials. By comparison, a gymnast may have three
vaulting practice trials within an hour's session, with rest breaks between each trial. When
describing different practice schedules, we use the terms ‘massed’ and 'distributed’.

Massed practice

When scheduling practice sessions, massed practice involves fewer practice sessions that
last for a longer period of time. When considering practice trials, massed practice involves
minimal, or very short, rest periods so that the practice within the session is almost continuous.
Examples of massed practice are:
hitting a bucket of golf balls
- completing 50 handballs
« hitting tennis forehands for 5 minutes with no rest.
Massed practice can become repetitive and boring for the learner, but has been shown to
be more beneficial for the learning of discrete skills.

LOOKING BACK

Classification of skills
Chapter 1

In Chapter 1 we looked at classifying skills as open or closed, gross or fine, and discrete
or continuous. You will recall that discrete skills are skills that have a distinct beginning
and end - for example, putting in golf - and continuous skills are those with no
discernible beginning and end points, such as running or cycling.

Distributed practice

When scheduling practice sessions, distributed practice involves spreading the practice
across more sessions of shorter duration. When considering practice trials, distributed practice
involves increasing the amount of rest between trials.

Examples of distributed practice are:
= training four times per week for 45 minutes per session (not twice a week for 90 minutes)

» goal-kicking practice: kick from 50 metres out, rest for 1 minute, repeat five times
« 4 x800-metre intervals with 5 minutes rest between trials.

Distributed practice is beneficial in learning continuous skills, such as running or swimming,
as it allows for rest periods, decreasing the impact of physiological and psychological fatigue,
and can break up the monotony of the session to increase motivation and minimise boredom.

Massed and distributed practice are relative terms that allow us to compare practice
sessions and trials. Most research suggests that distributed practice sessions are more
beneficial to learners, so scheduling more, shorter sessions is more effective than fewer,
longer sessions. This is not always practical, and coaches need to consider many factors
when planning the distribution of the practice time that is available. The age and stage
of learning of the learner, the skill being practised, the nature of the task and the level of
physiological and psychological fatigue - as well as the practical aspects of training such
as the availability of equipment, court/pitch/field and coaching personnel - all need to be
considered when scheduling practice.

CHAPTER 2

massed practice

Practice that has fewer, but
longer sessions, or shorter
rest periods between
practice trials within a
session

distributed practice
Practice of a skill, or each
part of a skill, with rest
between activities or as
shorter sessions throughout
the week
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blocked practice

Practice of a skill where the
learner practices the same
skill over and over again

random practice

Practice of different skills
where the learner doesn't
practise the same skill twice
in a row

Performance level

Blocked

Practice variability

Practice variability refers to the range of different skills and drills that the learner experiences
during the practice session. Practice variability has been shown to help in the learning a skill
and in applying the skill to different situations.

Blocked practice

Blocked practice refers to practice where the same skill is repeated over and over again. Each
skill is practised in isolation and practice is organised so that the learner focuses on one skill
at atime.

In an example of blocked practice for netball, players complete:

20 chest passes

20 lob passes
« 20 right-handed passes
» 20 left-handed passes.

Blocked practice is considered a traditional approach to skill learning where learners repeat
the skill over and over again in a closed and predictable environment until they are able to
perform it correctly. The multiple opportunities to practise the same skill allow the learner to
correct errors and refine the movement skill.

Blocked practice is more suited to younger learners who are in the cognitive stage of learning
as the learner is trying to understand the skill and develop the basic movement patterns.
Blocked practice limits the number of variables the learner needs to consider, so they can focus
on a few things and not overload their cognitive capacity.

Blocked practice may lead to the apparent learning of the skill. Learners may not always,
however, be able to translate the performance of the skill from practice (in a closed performance
environment) to a game situation (open performance environment).

Random practice

Random practice is where the learner practices a number of different skills, without practising
the same skill twice in a row. The learner is unable to predict what will come next with this type
of practice. Lower predictability means the learner
must have a range of possible movement responses
and the learner switches between skills, so repetition
is minimised.

In an example of random practice for netball,
players might complete a lob pass, a chest pass, a
right-handed pass, a lob, a chest pass, a left-handed
pass, a lob, a chest pass, a right-handed pass, a left-
handed pass, a chest pass, a lob etc.

There is some limited evidence that random
practice is more beneficial for learners in the later
stages of learning. Random practice has also been
shown to result in greater retention of the skill and

Random

Practice period Retention greater ability to translate the performance of the

Performance Learning

skill to a game situation.

FIGURE 2.31 Why do you think blocked practice initially
results in a more rapid increase in performance?
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2.4 CHECK-IN QUESTIONS

1

a

Which one or more of the following statements are correct?

A Massed practice involves more work time than rest.

B Massed practice involves more rest time than work.

C Distributed practice involves more work time than rest.

D Distributed practice involves more rest time than work.
Complete this sentence: ‘In general, to improve a continuous skill,
practice should be used. To improve discrete skills,

used!

Compared with random practice, blocked practice is more likely to result in:

A performance of the skill.

B learning of the skill.

C retention of the skill.

D transfer of the skill.

What are the advantages of massed practice?

Why shouldn't a coach use massed practice within a vaulting practice session?
Many junior sports have practice once a week. How could a coach structure a
60-minute session to maximise the children's learning?

At the start of every training session, Greg, the coach of the under-13 soccer team,
tells the players to complete the following skill drills:

= 50 ball juggles - left foot (use your left foot to keep the ball up)

= 50 ball juggles - right foot (use your right foot to keep the ball up).

If the ball hits the ground, the player needs to start again and keep practising until
they complete 50 in a row. With reference to the distribution of practice, evaluate the
pros and cons of this training drill.

practice should be

Smart Practice

Listen to the ‘Smart Practice’ podcast with AIS skill acquisition expert, Dr Daniel
Greenwood, and AIS pathways expert, Dr Juanita Weissensteiner.

2.5 FEEDBACK

In this module you will learn about:

= frequency and type of feedback, including intrinsic and augmented (knowledge of

considerations when coaching to enhance participation and performance

results and knowledge of performance)
and learn to:

participate in, describe and develop coaching strategies to enhance participation and
performance considering the needs of the learner and the performance requirements

of the skill.

CHAPTER 2

«l
o‘:

Assessment
2.4 Check-in questions

evaluate

Ascertain the value

or amount of; make

a judgment using

the information

supplied, criteria and/

or own knowledge and
understanding to consider
a logical argument and/
or supporting evidence for
and against different points,
arguments, concepts,
processes, opinions or
other information

)
4
O‘~

Weblink
Smart Practice
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It is generally accepted that, after practice, feedback is the most important factor in learning
a motor skill (Spittle, 2013). Feedback is any information that the learner receives about their
performance. Feedback may be intrinsic feedback, which comes from internal sources, or
augmented feedback, which comes from external sources.

FEEDBACK

|
| !

Intrinsic Augmented
(internal) (external)
Visual Auditory Proprioception Touch NI TR0
of results performance

FIGURE 2.32 Types and sources of feedback

feedback
Information a learner LOOKI NG FORWARD
receives about their .
performance Analysmg movement
Chapter 4

intrinsic feedback - - : ; T
Feedback from the Chapter 4 will look at the four stages involved in performing a qualitative movement
performer’s own senses; analysis. The final stage in this process, known as error correction, involves coaches or
the internal information an Pr : :

X teachers providing feedback to the learner and/or addressing errors through strategies
athlete receives, based on . . . )
the outcome of a particular implemented in practice sessions.
movement or series of Coaches need to deliver accurate feedback in a way that does not demoralise the

actions . : ] " "
learner or ruin an athlete’s confidence, motivation or passion for the activity. See

Module 2.6 for more information on psychological strategies.

augmented feedback
Information about the
performance that comes

from an external source Types Of feed baCk

Intrinsic feedback

Intrinsic feedback is information the learner gets through their sensory system, directly from
their performance. Our sensory system gathers and processes information through the senses
to inform our understanding of the environment around us. Our senses influence both voluntary
and involuntary movement - for example, if you touch something very hot or sharp, the reflex

proprioception action (involuntary movement) is to draw your hand away quickly. Our senses can detect touch,
Sensory information that pain, temperature, movement and position (proprioception), vibration and pressure, as well as
comes from within the body . . . . . .
about the body’s movement  ViSion (sight), sound (auditory), taste and smell. In motor learning we are most interested in the
and position in space information that is received through touch, proprioception and vision.
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Proprioception Vision

FIGURE 2.33 Senses influencing movement performance and learning

When we perform a motor skill, the sensory system provides information about the movement.
For example, when hitting a golf ball, our sense of touch provides information on how the club
feels in the hand, our muscles and joints let us know how the movement felt (proprioception)
and our sight allows us to see where the ball goes (vision).
= Touch is important in skills that have contact with external objects.
= Proprioception is important in skills that require equilibrium and balance and knowing the

body's position in space.

Vision is important for planning, performing and evaluation of movement skills.

Performers can also use the sound of the ball being struck to provide information about
their performance. In some situations, auditory information can be highly valuable, such as in
a game of goalball.
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Australian Matildas goalkeeper Mackenzie Arnold suffers from bilateral sensorineural
hearing loss, which affects her ability to hear certain frequencies and sounds. This has not
stopped her from reaching the highest level in her sport, representing Australia, playing with
the Matildas in the World Cup and playing for West Ham in the Women’s Super League in

England.
«l
*% &
To read more about Mackenzie Arnold, go to the Optus Sport website and read the
ke article, 'West Ham goalkeeper Mackenzie Arnold shares her hearing loss journey with
her hearing loss journey the W0r|d.'

with the world

S d—

FIGURE 2.34 Mackenzie Arnold in goal

NBA players who spend more time
touching each other with fist bumps,
high fives, chest bumps, leaping
shoulder bumps, chest punches,
head slaps, head grabs, low fives,
high tens, full hugs, half hugs and
team huddles are more successful
as individuals and as a team. It
appears that the most cooperative
teams are also the most touchy-
feely (Kraus et al, 2010). It could
also be that this type of behaviour
increases the arousal levels of the players, resulting in improved performance. (We will
look at arousal level in detail in Module 2.6.)

FIGURE 2.35 NBA players celebrating
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COLLABORATIVE TASK

Prac activity
Goalball

LUKYU LUZU

Alex Pantling/Getty Images Sport/Getty Images

FIGURE 2.36 Saving a goal in goalball

Goalball is a team sport that is played indoors and is specifically designed for athletes with

vision impairment. The primary objective of the game is to score goals by rolling a ball into

the opponent’s net, while the opposing players use their bodies to block and defend against

the ball. Bells inside the ball help the players by indicating the position and direction of the

oncoming ball. The court has tactile line markings to allow players to orient themselves.

The game is played in complete silence to allow the players to hear the bells inside the ball.
More information about goalball can be found on the Goalball Australia website.
Your school may have blindfolds and a goalball so that you can play a game of goalball.

Consider the role of each of your senses in this game. Without being able to see the :I'
ball, how did you work out where you were on the court in relation to the goals and other Lind

players? How did you determine where the ball was? How difficult was it to score? How

difficult was it to defend the goals? preblink

Goalball Australia

Augmented feedback

Augmented (external or extrinsic) feedback is information about performance that comes from
an external source such as a coach or teacher. Augmented feedback can be auditory, and either
verbal or non-verbal. It may come from a piece of equipment such as a smart watch or fitness
tracker. It may be visual (see Chapter 3 for the types of images that biomechanists use to provide
feedback to athletes) - for example, from a video/digital recording of the performance.
Augmented feedback supplements intrinsic feedback and can be provided during or after
the performance:
Concurrent feedback is provided during the performance of a skill. For example, a runner
may check their fitness tracker or watch throughout a run to monitor their pace, intensity level
(heart rate) or distance. The athlete can use this information as they are running to adjust their
performance.
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70

Knowledge of
results
Augmented
feedback about the
outcome of skill
performance

Knowledge of

performance
Augmented
feedback about the
technique of skill
performance

FIGURE 2.37 A rowing coach calling out instructions to the crew while riding alongside
the rowers is a form of concurrent augmented feedback.

- Terminal feedback is provided after the performance of a skill. A tennis coach at training
telling an athlete to follow through more after hitting a forehand is an example of terminal
augmented feedback. The athlete can use the information to adjust their technique
before hitting the next forehand. A coach’s address at quarter time in Australian Rules
football (AFL) is also an example of terminal feedback. The coach provides the team with
feedback on the things that they did well and then things to focus on going into the next
quarter.

Knowledge of results

Knowledge of results is information about the outcome or the results of a performance. For
example, automated line-calling systems such as Hawkeye in tennis provide information to the
learner on how far out a serve was. Other examples include the netball going through the ring
or the coach telling the athlete they jumped 5.5 metres in the long jump. Knowledge of results
provides information that lets the learner know if they have been successful and have achieved
the goal of the skill.

Knowledge of performance

Knowledge of performance is information that is provided by the coach, or through video
analysis, about the process of the performance that led to the outcome (either successful or
not). Learners can use this information to improve the quality of their performance by making
changes to their technique. Knowledge of performance can reinforce teaching cues. A tennis
coach may say to the learner, ‘Bend your knees deeper to initiate the serve'. After the serve, this
is reinforced through feedback on the performance - for example: ‘The deep knee bend was
great, and it resulted in the added power in that serve.

Knowledge of performance is more beneficial to motor skill learners than knowledge of
results: the learner can usually see the result, but they may need more information on why the
ball hit the crossbar, or why the serve went into the net.
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Good coaches know when to give feedback, how often to do so and how much detail to
provide. Feedback is primarily used to improve performance, but it can also motivate a learner
and provide encouragement to keep trying and to work towards their goals. Positive feedback
can help when players are frustrated or disappointed in their performance as well as when
they have done something right or tried really hard. Feedback can be used to reinforce positive
behaviours and decrease or eliminate negative behaviours.

Frequency of feedback

Giving the right feedback at the right time is critical to getting the best out of any performance,
and good coaches determine the type, amount and frequency of the feedback given based on
the skill level of the learner, the skill complexity and the experience of the learner. Frequency of
feedback should be reduced as the learner progresses through the stages of learning (cognitive,
associative, autonomous).

For learners in the cognitive stage, more feedback is better than less because they
do not have error detection or correction capabilities. To ensure learners in this stage of
learning are not overwhelmed, simple feedback in the form of demonstrations and key
learning points, reinforced regularly, is best. As the learner develops, they become more
proficient at identifying errors and can recognise and interpret intrinsic feedback, so the
frequency of the augmented feedback can decrease. There is a risk of dependency if
feedback is provided too frequently to learners in the early stages of learning; therefore, as
the learner begins to understand the skill, the amount of feedback provided by the coach
should be reduced.

COLLABORATIVE TASK

Lab activity

Feedback - knowledge of results

AIM

To investigate the influence of feedback on performance
EQUIPMENT

= blindfolds

= bean bags

= poly dots
= tape measure

METHOD
1 Students work in pairs.

2 Place a poly dot 3 metres from the throwing line (as shown below).

N
V'

3 metres

Throwing line

Poly dot

CHAPTER 2
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Attempt 1

3 Each student has five attempts to land the bean bag on the poly dot for each trial.

4 Trial 1: the blindfolded student stands behind the throwing line and attempts to land

the bean bag on the poly dot.
After each attempt, their partner can provide only the following feedback:
= The bean bag landed on the poly dot
= The bean bag did not land on the poly dot.
After each trial, record the number of successful throws.

Trial 2: the blindfolded student stands behind the throwing line and attempts to land
the bean bag on the poly dot.

After each attempt, their partner can provide feedback on:

= whether the bean bag landed on the poly dot or not

= whether the bean bag landed to the left, to the right, past or before the poly dot.
After each trial, record the number of successful throws.

Trial 3: the student removes the blindfold, then stands behind the throwing line and
attempts to land the bean bag on the poly dot.

After each attempt, the student can see if:
= the bean bag landed on the poly dot
= the bean bag did not land on the poly dot.
After each trial, record the number of successful throws.

RESULTS
Redraw the table below and indicate with a tick or a cross if the bean bag landed on the
poly dot.

| Trial 1 | Trial 2 | Trial 3

Attempt 2

Attempt 3

Attempt 4

Attempt 5

DISCUSSION
1 What type of feedback was:

a provided after trial 1?
b provided after trial 2?
c available after trial 3?
a

Did the student become more successful at landing the bean bag on the poly dot
after each attempt in trials 1and 2? Why or why not?

b What would the learner need to do if they were to reach the autonomous stage of
learning for this motor skill?

CONCLUSION
What conclusions can you draw from the results of this activity?
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2.5 CHECK-IN QUESTIONS :“:

1 An elite netball player (goal attack) took a shot for goal in a game. After releasing the
ball, the player turned around immediately and jogged back ready for the next centre
pass. What type of feedback did this player use to determine that the shot was likely
to be successful?

A intrinsic

B augmented

C knowledge of results

D knowledge of performance

2 A coach could be heard calling out split times for athletes training for a 10,000-metre

race. Which type of feedback was the coach providing to the athlete?
A augmented, knowledge of performance
B augmented, knowledge of results
C intrinsic, knowledge of performance
D intrinsic, knowledge of results
3 Which one of the following is an example of augmented feedback?
A a hockey player seeing the ball go into the goal
B a tennis player hearing the ball connect with the racquet
C a coach telling a player to fully extend their leg when kicking
D a soccer player feeling the ball make contact with their feet while dribbling

4 Identify the correct option from the words in bold in the following sentence:

As the learner becomes more proficient, the coach should provide more/less
augmented feedback.

5 Athletes receive information from their senses. Provide a suitable example of the type
of intrinsic feedback an athlete may receive through each of the following senses:
= touch
= proprioception
= vision (sight)
= auditory (sound)

6 During the 2020 Tokyo Olympic Games, Australian athlete Ariarne Titmus won gold
medals in the 200 metres and 400 metres freestyle swimming events. Explain why
the frequency and use of intrinsic and augmented feedback should have changed as
Titmus progressed through the stages of learning.

Assessment
2.5 Check-in questions

2.6 PSYCHOLOGICAL SKILLS

In this module you will learn about:
considerations when coaching to enhance participation and performance

= psychological skills (confidence, motivation, optimal arousal and concentration) and
accompanying strategies
and learn to:
participate in, describe and develop coaching strategies to enhance participation and
performance considering the needs of the learner and the performance requirements
of the skill.
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psychology Sports psychology looks at the psychological factors that influence, and are influenced by,
12‘;;\};‘3 of the mind and participation in physical activity, sport and exercise. Individuals (athletes, students, learners),
coaches and teams use psychological skills to enhance, and at times restore, performance, and
to maintain and promote the mental health and wellbeing of the individual. Psychological skills,
like motor skills, need to be learnt and practised.
In this module we will look specifically at the following as key psychological skills and
strategies to enhance participation and performance:
- confidence
= motivation
optimal arousal
= concentration.

/ Positive self-talk

Brain training 'W'
e,

" 0/;,, o Psychological skills « @\ ).
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FIGURE 2.38 Brain training: psychological skills

«l
o‘:

Listen to the podcast ‘Let’s Talk, Ash Barty, in which tennis champion Ash Barty
discusses the psychological strategies she used throughout her career to overcome her
fears and to succeed at the highest level.

Weblink
Let’s Talk, Ash Barty

Confidence

confidence Confidence is the belief or degree of certainty that athletes possess about their ability to
The belief or degree of improve and achieve success in physical activity, sport and exercise. Recent research (Durand-
certainty that an individual . . C e , -

possesses about their Bush, 2023) suggests that confidence is fundamental to an individual's ability to perform
ability consistently at a high level. We also know that children who are competent and confident in

their ability are more likely to be physically active.
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Confidence is:
showing a degree of certainty and assuredness
- being willing to try new movements or physical activities
« showing resilience and maintaining a sense of self-belief after experiencing a setback - for
example, returning from injury or losing a game.
Confidence is a self-fulfilling cycle - that is, confidence increases with success, and
successful skill execution builds confidence, so the athlete becomes more confident to try new
skills, learn skills faster or progress to a more difficult skill.

Successful
skill
Confidence execution
Increased
Success confidence

Attempt
new or more
difficult skill

FIGURE 2.39 The confidence cycle

Building confidence

Coaches, teachers, parents and role models all play an important role in building confidence,
especially in young learners, and need to provide experiences that allow the child to be
successful. High expectations can increase self-efficacy, and young learners need to experience
some situations that require persistence so they can build resilience and learn to bounce back
from a setback.

Self-efficacy is the belief or confidence in your ability to be active within specific
circumstances. For example, in practice, an athlete may be capable of successfully clearing
the high jump bar at every height up to, and including, their personal best. However, their self-
efficacy at replicating this in competition - where the conditions are different, the crowd is loud,
they are feeling nervous and they are feeling the pressure to perform - may differ. Self-efficacy,
like confidence, is fluid and can fluctuate. Self-efficacy theory (Bandura, 1986, 1997) helps us to
understand the sources of information on which a learner or athlete bases their expectations.

m CHAPTER 2

self-efficacy
Confidence in one's own
ability to perform a target
behaviour (a movement
skill)
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motivation
The direction and intensity
of effort

intrinsic motivation
Motivation to participate in
an activity for its own sake

extrinsic motivation
Participating in an activity
for an external reason such
as a reward, and not for the
activity itself

‘The 25-year-old has visibly struggled with his confidence in front of goal ...
Chris De Silva, Wide World of Sports website, 14 May 2023

Player confidence is crucial to
success, and yet it is incredibly
fragile. Athletes can't just turn their
confidence on and off; it fluctuates
and can be the difference between
an athlete’s best performance

and their worst. AFL player Harry
McKay's confidence took a hit during
the 2023 season, when his accuracy
in front of goal all but disappeared.
When asked how one gets their
confidence back, McKay answered,
'I'd love to know. Sports psychologists know that the ability of a coach to build a player's
confidence is one of the secrets to success.

FIGURE 2.40 Harry McKay

Motivation

Motivation and confidence are closely connected. For movement skills to be learnt, the
learner must be motivated - that is, they need to engage in, and put effort into, the learning
process. Motivation to participate in physical activity, sport and exercise and to learn
movement skills will vary. We looked at some of the factors that influence participation and
skill development in Module 2.1, and you may recall that children are often motivated to
participate for fun, to be with their friends or part of a team, to improve or learn new skills,
to get fit, for the challenge or excitement of competition and to have success (and win!).
Adults are also motivated by social interaction, competition, health benefits and a sense of
achievement.

Intrinsic motivation is motivation that comes from participating in the activity itself
and the enjoyment that comes from it. Individuals who are continually trying to beat their
personal best, or an athlete who is motivated by playing well, are intrinsically motivated, and
are more likely to produce long-term results and maintain their interest and participation in
the activity.

Extrinsic motivation comes from an external source - for example, through rewards
and recognition. Junior sporting clubs often use extrinsic rewards such as medals, trophies,
certificates and vouchers to encourage and reward players. Some athletes are motivated by
fame and recognition, but at junior levels this form of extrinsic motivation can come from praise
or social approval and/or acceptance.
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Emotional

states
How we feel influences self-efficacy. When someone

feels energised and in a good mood, they are more likely
to have a positive approach to performance - and vice

versa: being in a bad mood, or worried, can impact
negatively on self-efficacy.

o T

Performance
accomplish-
ments

Performance
accomplishments

Performance accomplishments have the strongest influence
on self-efficacy. How you have performed the skill previously
can influence your expectation of how you will perform the
skill next time. If you have had success, then you will feel
confident the next time you perform the skill. If the previous
experience was challenging and you have had limited success,
then you may not feel confident about doing the skill again.

Vicarious

experiences

Vicarious experiences come from watching someone
else perform the skill. In learning a movement skill,
demonstrations are used to show the learner what is
required. It helps the learner understand if they will be
able to perform the skill or not.

Vv

Physiological
states

How an individual interprets signals from the body
(feelings of anxiety, arousal levels, increased heart rate)
can influence their self-efficacy to perform successfully.
If an individual feels that the arousal level means they are
ready to perform, then confidence levels will increase;
however, if the individual perceives their arousal
as anxiety and as a signal that they are not ready
to perform, confidence decreases.

N

Imagined
experiences

How the learner imagines themselves performing the
task can influence their self-efficacy. Being able to
imagine yourself performing the task successfully
can increase your self-efficacy.

N

Verbal

persuasion

Verbal persuasion (feedback, encouragement/
discouragement) can influence the self-efficacy of the learner
to perform the task, especially if they perceive the information
as coming from a credible source.

N

FIGURE 2.41 Factors determining self-efficacy
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FIGURE 2.42 Extrinsic motivation can come from praise or social approval and acceptance.

What motivates one individual may not motivate another, so the learning environment needs
to take into account the diverse reasons that motivate learners to participate. As shown in
Figure 2.43, there are a number of ways in which the coach can tailor the learning environment
to increase the motivation and self-efficacy of the learner.

Provide the learner with choice in how they learn A\ Set goals and encourage mastery of the task

Encourage and reinforce effort; provide
positive feedback

% Allow for social interaction A Use competition wisely
21

Listen to the learner to understand their needs

Explain the purpose of the task; give clear
instructions

>£_1~ Optimally challenge learners; allow for success
% | and progression

9
y > . .
lﬂ Design, plan, structure and organise relevant

Use rewards carefully E and meaningful practice sessions

FIGURE 2.43 Ways in which a coach can tailor the learning environment to increase motivation and self-efficacy

Optimal arousal

Arousal refers to the physiological and psychological state of the learner. Are they ready to
perform? Are the body and mind ready for action? Arousal can be identified by an increase in
heart rate and is often accompanied by an increase in respiratory rate and blood pressure as
well as heightened neural activity. Being in the optimal state of arousal is referred to as being
‘in the zone' or in a ‘state of flow'.

The impact of an individual's arousal level on performance can be represented by the
‘inverted U' hypothesis. The inverted U hypothesis states that, at low and high levels of arousal,
performance is poor. At the optimal level of arousal, performance is at its best.
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FIGURE 2.44 The inverted U hypothesis relates
performance to the learner’s state of arousal.

FIGURE 2.45 The optimal level of arousal will vary with
the complexity of the task.

The optimal level of arousal is not the same for all movement skills and tasks. Consider
a sprinter: their best performance is going to come at a medium to high level of arousal. An
archer, on the other hand, will perform best at a lower level of arousal. The optimal level for
the two athletes is quite different, but each is appropriate for the activity they are undertaking.

On the inverted U, the archer is still in their optimal zone, but the curve has shifted further
to the left of the axis, and for the sprinter, the curve has shifted further to the right (see
Figure 2.45).

The inverted U hypothesis can explain the relationship between the level of attention that a
learner or performer gives to cues in the environment and their arousal levels.

Low levels Attention
—_— .

of arousal is broad

Optimal level Attention

—_

of arousal narrows

High levels Attention

of arousal narrows further

Less attention to
task-relevant cues

Distracted by
irrelevant cues

Attends to
relevant cues

Ignores
irrelevant cues

Ignores
task-relevant cues

FIGURE 2.46 Arousal level affects a performer’s level of attention.

If the level of arousal is too high or too low, performance is affected negatively. The optimal
arousal level for any movement skill is specific to the sport. In general, as the complexity of
the skill increases, the optimal level of arousal for peak performance decreases and as the
complexity of the skill decreases, the optimal level of arousal for peak performance increases.

In summary:
» Optimal arousal is higher for gross motor skills, simpler tasks and individuals in the autonomous

stage of learning.

Optimal arousal is lower for fine motor skills, more complex tasks and learners in the cognitive

stage of learning.

9780170480994 / CHAPTER 2 / COACHING TO ENHANCE PARTICIPATION AND PERFORMANCE 79



Concentration

concentration Concentration, which is the action of focusing attention, is important for the learning of

The action of focusing all of - moyement skills and successful performance.
one’s attention

Concentrating on a task means that you are:
« ready to respond (alertness)
attending only to the instructions or demonstration from the coach and not being distracted
by other things (limited capacity)
- selecting the relevant cues from the environment to pay attention to (selective attention).
As a learner progresses through the stages of learning (see Module 2.2), what they need
to concentrate on for a successful performance changes. Learners in the cognitive stage of
learning need to concentrate on the movement skill, whereas those in the autonomous stage
can concentrate on other factors because the skill has become almost automatic. This is why
a coach may use part practice with a learner so that they do not need to concentrate on as
many components of the skill.

FIGURE 2.47 Athletes concentrate by focusing their attention on the task.
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Focusing on and selecting relevant cues can be represented through the model (Nideffer,
1976) shown in Figure 2.48, where attention is categorised as having direction (internal or
external) and width (broad or narrow).

Factors affecting concentration may be internal or external distractors:

- External distractors can be visual or auditory, and may include other competitors, spectators

and media.
- Internal distractors may include negative self-talk, fatigue and emotional arousal.

External

N

Broad-external (assess) Narrow-external (act)

Focusing on one or two
external cues

Focusing on several cues
in the environment

For example, a tennis
player focusing on their
ball toss to serve

For example, a goalkeeper
scanning the field before
taking a goal kick

> Narrow

Broad ¢

Broad-internal (analyse) Narrow-internal (prepare)

Focusing on internal cues and
mentally rehearsing skill

Analysing and planning the
task by reviewing thoughts
and emotions

For example, visualising
the shot before a free
throw in basketball

For example, a golfer
considering shot selection
before hitting the ball

Vv

Internal

FIGURE 2.48 The four types of attentional focus

9 )
’% K4
To learn more about Nideffer's model of attentional styles, watch the video Nideffer’s
. . blink
Model of Attentional Styles on the Show Me website. Nidef::is Eodel of
Attentional Styles

Psychological strategies

Athletes use many different strategies to develop their psychological skills. Like all skills,
psychological skills and strategies need to be learnt and practised. The following section
will look at strategies that relate specifically to confidence, motivation, optimal arousal and
concentration.
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imagery

Using all of the senses

to create/recreate a
movement skill in the mind

mental practice
Rehearsal of a skill, without
movement, to learn the skill

Mental practice and imagery

Mental practice and imagery can be used to rehearse a skill without actually performing
it. Just thinking about the skill and recreating the movement patterns in your mind can aid
performance. Mental practice and imagery can benefit both the learning of a skill and the
preparation for successful performance at the elite level.

FIGURE 2.49 Visualising the successful shot can help an athlete perform the movement
skill.

Imagery involves the learner using their senses to imagine themselves performing the skill.
They see and feel themselves moving in their mind.

Mental practice is the rehearsal of the skill without movement, and is used to learn a skill.
Mental practice can include verbalising the movement sequence, thinking through movement,
problem-solving or imagining performing the skill.

Imagery has been shown to be an effective tool for developing sport-specific motor skills
and enhance performance, and also to influence levels of anxiety, motivation and confidence.
Imagery can also:

improve your technique by imaging good technique between training sessions
- allow you to practise when you are too tired to physically train or when you are unable to

train (e.g. if you have an injury)
= increase your competition confidence by running through your performance in your head

before competing
- increase your activation levels if you are feeling lethargic
- calm you down if you are feeling nervous, anxious or stressed
= help you get to sleep.
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Effective mental practice and imagery:

is used regularly and systematically

uses vivid and controllable images using all the senses to create a realistic image of the skill
or performance

is practised in real time and imagines successful performance using correct technique
uses internal (first-person perspective) and external (third-person perspective) imagery to
provide different information on the skill

is used for learning and performing movement skills.

COLLABORATIVE TASK
Activity

Mental practice and imagery

Follow the steps below to complete a self-guided mental practice session using imagery:.
Throughout the session, ask yourself specific questions:
= What do you see?

= What do you hear?
= What do you taste?
= What do you feel?

= What do you smell?

METHOD
1 Sitin a comfortable, quiet place where you won't be interrupted.

2 Relax your body and take several long, slow breaths.

3 Close your eyes and create a vivid and convincing image of a skill or performance.
This image can be one you've previously experienced or simply one you desire.

4 If you become distracted or find you are thinking about something else, acknowledge
it and let it go.

Focus on your breathing if you lose the image.
Maintain a positive attitude.
Imagine the sights, sounds, tastes, feelings and even smells of the experience.

o N o o

Take note of as much detail of the scene as possible. What are you wearing, who is
there, what are you hearing, and how do you feel?

9 If your imagery session is not going the way you want it to, simply open your eyes
and start over with your breathing.

10 End the session with a positive image.
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Goal-setting

= Goal-setting is a powerful psychological strategy

= ish? . . .
— What do | want to accomplish that is effective for enhancing performance by

Specific providing a focus for training and performing, and
directing effort. Goals can assist in maintaining

[T How will | know when it is accomplished? and increasing an athlete’s motivation.
For goal-setting to be effective, goals need

Measurable
to be SMART: Specific, Measurable, Achievable,
Relevant and Time-bound (see Figure 2.50).
A Qy How can the goal be accomplished? Goals may relate toan outcome, to performance
Achievable or to a process:
« Outcome goals are goals related to a result.
R & Does this seem worthwhile? - Performance goals are goals related to
Relevant individual performance.
- Process goals are goals related to the actions
=) an individual must engage in to perform well.
When can | accomplish this goal? Goals can be short-term, medium-term or
Time-bound long-term:

- Short-term goals are smaller, manageable
chunks of the long-term goal.

« Medium-term goals help monitor progress
and provide benchmarks.

- Long-term goals give purpose to training and
performance.

FIGURE 2.50 SMART goal-setting

TABLE 2.06 Outcome, performance and process goals

| Focus | Features | Example
Outcome goals End results, times, Can be difficult to achieve Finishing in the top five
finishing places, rankings | because they are linked in a triathlon
or medals to factors the athlete
cannot control, such as
performance of others
Performance goals Comparison of past and | Lead to less anxiety and Improving the first-serve
present performance, greater self-confidence percentage in tennis
independent of other because the athlete has
competitors control over their behaviour;
will lead to improvement if
realistic
Process goals Actions (such as physical | Effective at improving Executing a defensive
movement and game performance levels because | set play
strategies) that athletes they positively influence
must perform during a other factors such as self-
competition to reach efficacy and confidence
peak performance
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WORKED EXAMPLE

Question
Eleassa is a fit 40-year-old who currently trains three
times per week, plus doing a Parkrun (5 kilometres)
on the weekend. Eleassa wants to complete the
42-kilometre Melbourne Marathon in 12 months'
time. Her short-term, medium-term and long-term
goals are set out below:
= Short-term goals (3 months): to run 10
kilometres
Medium-term goals (6 months): to be running
30-40 kilometres per week in training (including
one 90-minute run per week)
Long-term goals (12 months): to complete the Melbourne Marathon in under 5 hours.
Use the SMART framework to evaluate Eleassa’s goal-setting. Are the goals specific, measurable, achievable,
realistic and time-bound?

Anadolu/Getty Images

Steps to answering the question

In responding to this question, firstly, look at the command term: evaluate. To evaluate means to ‘ascertain the value
or amount of; make a judgment using the information supplied, criteria and/or own knowledge and understanding
to consider a logical argument and/or supporting evidence for and against different points, arguments, concepts,
processes, opinions or other information: So it is important that you make a decision, and give justification for it, on
whether Eleassa’s goals are SMART.

TIP: Your response will need to include a comment about each aspect of the framework and provide a specific
example from the stimulus to support the comments.

Sample response
Eleassa’s medium-term goal is a specific performance goal and her long-term goal is a specific outcome goal. There is
a clear intention for what she wants to achieve in the medium and long term. However, her short-term goal (‘to run 10
km’) is not clear. It is not clear if her goal is to run 10 kilometres once, or if that is the total distance she wishes to cover
in the 3-month period.

To make this goal more specific, Eleassa should be clearer of her intention - for example: ‘In 3 months’ time | want
to be able to complete a 10-kilometre run in under 55 minutes.

Arousal regulation techniques

Optimal arousal is important for successful performance (see page 78). There are many strategies
that can be used to increase or reduce arousal levels. Athletes select appropriate strategies based
on the desired outcome, the time, the location and the suitability of the strategy for the situation.

Progressive muscle relaxation (PMR)

Progressive muscle relaxation is a process in which the individual progressively contracts and
relaxes their muscles in a specific order. Usually it is done from head to toe, but it can be
done in the reverse order. Progressive muscle relaxation relieves anxiety (and the associated
physiological responses - increased blood pressure and heart rate) and can decrease arousal
levels. PMR can also improve sleep.
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PMR should be performed in a quiet environment, in a comfortable sitting or lying position.
The strategy involves breathing in as the individual muscle group is contracted and tightened
for 5-10 seconds, and then breathing out as you slowly release it. This helps to release tension
in the muscles.

FIGURE 2.51 Performing PMR helps to release tension in the muscles.

COLLABORATIVE TASK

Activity

Progressive muscle relaxation

AIM

To participate in a PMR session
EQUIPMENT

= quiet space

= yoga or gym mat
= script (see below)

METHOD
Progressive muscle relaxation can be performed by following a guided script that is read
out - either a recording or in person. You may perform the following individually or your
teacher may guide you through this process.

Tense the muscles on both sides of your body at the same time for 5 seconds, then
relax them fully, in the following sequence:
= Squeeze the muscles in your forehead.
= Clench your teeth.
= Push your tongue against the roof of your mouth.
= Press your lips together.

= Shrug your shoulders.
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= Tense the muscles in your upper arms.

= Clench your fists and tighten the muscles in your forearms.
= Tighten your abdominal muscles.

= Arch your back.

= Squeeze your buttocks together.

= Tighten the muscles on the front and back of your thighs.

= Pull your toes up toward your head.

= Point your toes down.

= Curl your toes.

Repeat tightening and relaxing the muscles as needed in any areas of the body where
you still feel tension after completing the sequence.

CONCLUSION
How did you feel after the session?

Breath control

There are a number of breathing techniques that
can reduce arousal levels. Deep breathing involves
controlling your breathing by breathing in slowly
through your nose, allowing your chest and lower
stomach to rise as you fill your lungs, and then
breathing out slowly through your mouth.

Deep breathing slows the heart rate and lowers
blood pressure, which reduces arousallevelsand helps
athletes to focus and concentrate as they disengage
from distractions. Deep breathing is recommended
before, during and after exercise (Migliaccio et al.,
2023) as it can help increase the oxygen level in the
body, regulate heart rate, promote relaxation, improve

CHAPTER 2

NurPhoto SRL/Alamy Stock Photo

concentration and improve posture. FIGURE 2.52 Breathing techniques play an important part in

Elevated breathing, where an athlete breathes  an athlete's preparation before a race.
rapidly, can increase arousal. Recent research
(Buchanan & Janelle, 2021) found that fast breathing reduced reaction time and movement time,
and increased ratings of arousal. By taking short, sharp breaths, the athlete activates the central
nervous system and increases its state of awareness. Elevated breathing before exercise can be
beneficial if the athlete has to create greater physiological and psychological activation.

The connection between breathing and sports performance is still unclear (Migliaccio
et al,, 2023), but we do know that athletes can increase focus and concentration using slow
breathing strategies.

Music

Music can be used to regulate arousal and mood. Teachers, coaches, exercise instructors and
athletes all use music in their work. Music can be used to relax and calm the athlete, as well as
to psych them up - that is, to increase their arousal levels.

Music has motivational qualities that include arousal control, as previously discussed, but also
improved mood and reduced rating of perceived exertion (RPE). The selection of music in exercise
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FIGURE 2.53 Naomi Osaka uses headphones to listen to
music and block out distractions.

Internal
factors

External
factors

Hierarchy

—

Rhythm
response

Musicality

Cultural
impact

Association

1
7

Motivational
qualities

L]

classes is often upbeat. A coach may also use a
piece of music that exploits cultural and personal
associations, as they are more likely to elicit the
desired response. Music has been shown to help
individuals adhere to exercise regimes. (Consider why
group fitness classes are set to music. Why do people
run with headphones?) In addition to the benefits
of listening to music while learning or performing
movement skills, research suggests that it may also
contribute to greater work output, improved skill
acquisition, increased flow state and overall enhanced
performance (Karageorghis & Priest, 2011). Music can
also be equally effective in relaxing the athlete if an
appropriate piece is selected.

Arousal
control
— Exercise
N adherence
Reduced
RPE
Pre-event
— routine
Improved [
mood

FIGURE 2.54 Conceptual framework for the prediction of response to motivational asynchronous music in exercise

and sport

Used with permission of Taylor & Francis Group from Karageorghis, Terry & Lane (1999), ‘Development and initial validation of an instrument to
assess the motivational qualities of music in exercise and sport: The Brunel Music Rating Inventory;, in Journal of Sports Sciences, 17(9),
pp. 713-724; permission conveyed through Copyright Clearance Center, Inc.
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The power of the music in the movie Rocky is an example of a cultural association with a
piece of music. More recently, the Port Adelaide Football Club has adopted ‘Never Tear
Us Apart’ as a ‘fanthem’ to increase the arousal levels and the mood of the crowd and
players. This replicates Liverpool Football Club in the UK and its use of the song "You'll
Never Walk Alone; which is intended to be a message of hope and has given Liverpool
fans hope through some very tough times.



LOOKING FORWARD

Chapter 12

Exercise intensity is a measure of how hard an exercise is. Intensity can be measured
through heart-rate monitoring, percentage of VO, max, digital tracking tools, subjective
terms such as low-, medium- and high-intensity, and the ‘rating of perceived exertion’
scale (RPE). RPE expresses the performer’s perception of how hard they think they are
working. It is a numeric rating that is used to describe the level of intensity of the exercise
period. You will learn more about intensity and how it can be measured in Chapter 12.

Other psychological strategies

Self-talk

Talking (to yourself or others) and the use of emotive words such as ‘tough;
‘aggressive, 'hard-hitting; ‘dependable; ‘forceful; 'strong’ and ‘commitment’ has been
found to increase arousal levels.

Australian tennis player Lleyton Hewitt famously used ‘C'mon!" as his positive self-talk.

PA Images/Alamy Stock Photo

Cue words

Cue words can help athletes to focus, can be motivational, and can aid resilience. The cue
word needs to be in places where it will be regularly seen, such as in a locker, on a piece
of equipment, or even on a body part (like the hands).

In the fictional TV series about an English soccer team that found success, coach Ted
Lasso used the term ‘Believe’ as the team's cue word.

27th Annual SAG Awards/Getty
Images Entertainment/Getty Images

Mindfulness

Mindfulness can be regarded as a type of psychological training to optimise
performance as it can promote concentration and improve focus, decrease anxiety,
help with emotion regulation and increase state of flow.

Getty Images

Hyoung Chang/Denver Post/

SPUDRES o

Meditation

Meditation trains the individual to relax by controlling the nervous system through
reducing 'noise’ or stimulation to the brain. This can result in lower blood pressure,
heart rate and breathing rate, and relaxed muscles.

Meditation skills take some time and plenty of practice to acquire and they are most
easily learned by younger individuals.

GLYN KIRK/AFP/Getty Images

FIGURE 2.55 Athletes use self-talk, cue words, mindfulness and meditation.
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CASE STUDY PSYCHOLOGICAL STRATEGIES
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FIGURE 2.56 Leanne Guinea in competition

Canoeist Leanne Guinea, former Australian National Open Age C1 Champion and World Champion, used a range of
psychological strategies to enhance her performance through training and competition. In the text below, Leanne
recounts her use of imagery, goal-setting and arousal regulation technigues.

Imagery

In slalom canoeing, we use mental imagery extensively as a performance-enhancing technique, both in training and
competition, as we are unable to practise the actual course before racing. Learning the course is probably one of the
main purposes of imagery in slalom, which | do multiple times, from hours before, right up to the final few seconds
before the race starts. This enables me to start my race run feeling confident and as though | have already paddled this
particular sequence of gates numerous times before.

Goal-setting

Each year | set a range of short-term goals including technical, physical, mental and performance goals, each with
a specific strategy and a date by which | plan to achieve them. An example of one of my short-term physical goals
for next season was to reach level 12.0 on the beep test and to achieve 17 chin-ups. One of my long-term goals was
to decrease the ratio of gates that | hit during a race run: down to one per 100 gates by next World Championships.
| find these kind of goals effective as they are measurable in training and competition, and | can use benchmarks to
assess my improvements for motivation.
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Arousal regulation
In the past | have used both arousal reduction and arousal promotion techniques to help me be in the correct mental
state for optimal performance. Techniques | use to get in the zone depend on how over- or under-aroused | am.
Generally | am pretty quiet and get focused mentally prior to a race. But if | am over-aroused, techniques that | employ
may include performing tasks that are familiar, such as going for a long warm-up paddle and doing specific drills and
skills that | have done multiple times before in training. This allows me to have higher concentration on the skills that |
will be using and the tasks that need to be completed to achieve success. If it is a big competition, | will also try to find
a quiet place away from the crowd and other competitors and listen to music or read a book.

Less frequently, | find that | am under-aroused prior to racing and need to find some aggressiveness. On
these occasions | try to listen to up-tempo music, watch videos of past races in which | have had a high level of
aggressiveness, or (just prior to racing) speak with my coach, who tries to get me fired up with some words of
inspiration.

Identify three techniques Leanne Guinea uses to regulate her arousal levels.

1
2 List one short-term and one long-term goal Leanne set for herself. =y .

’ . . Provide a series of related
3 Explain how goal-setting can help motivate athletes. words, names, numbers
4 Why would sports such as slalom canoeing relay heavily on imagery as a strategy to or items that are arranged

n ivel
enhance performance? consecutively

5 With reference to the inverted U hypothesis and the examples provided in the case study, discuss the importance
of arousal regulation, how optimal arousal can be achieved and the impact it can have on performance.

WORKED EXAMPLE

CVI. YN Exam 2018, Section B, Q8 a,band ¢ J

Pita Taufatofua is an athlete from Tonga who has competed in both the summer and winter Olympic Games.
He competed in taekwondo in the 2016 Summer Olympic Games in Rio and in cross-country skiing in the 2018
Winter Olympic Games in Pyeongchang.

Taufatofua is only the second athlete from a Pacific nation to compete in a Winter Olympic Games. As
there is no snow in Tonga or near his base in Brisbane, Australia, Taufatofua initially trained by running on
sand dunes with wooden planks strapped to his feet to simulate being on snow. He then trained on roller skis.
These two training techniques assisted with developing balance, fitness and the glide technique required for
cross-country skiing. Taufatofua learnt to ski in the snow in three months. He competed in the men’s 15 km
free cross-country event with a time of 56:4110 and finished 114th out of the 118 competitors. His time was just
under 23 minutes slower than that of the gold medallist for the event.

a When Taufatofua first began to learn to ski, what stage of learning was he in?

Sample response: Cognitive stage
Rationale: Like all learners, Taufatofua progressed through the three stages of learning, but when he first
started to learn he was in the cognitive stage.

b Before the 2018 Winter Olympic Games in Pyeongchang, Taufatofua stated that he wanted to ‘finish before
they turn the lights off’ and ‘'not ski into a tree! Identify the psychological strategy that Taufatofua may
have used to prepare for the event and outline how this psychological strategy may have improved his
performance.
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Sample response: Goal setting - improving intrinsic motivation, improving self-efficacy and hence
improving performance.

Rationale: There are many strategies that Taufatofua could use, but the question asks for a strategy
specifically used in preparing for the event, which limits the number of appropriate choices. Naming
the strategy was the ‘identify’ aspect of the question and how the strategy could improve performance
addressed the ‘outline’ component of the question.

Select a different strategy and outline how this strategy may have improved Taufatofua's performance.

¢ Select one sociocultural factor and explain how it may have affected the development of Taufatofua’s skiing skills.

Tip: With an explanation, any of the sociocultural factors that we looked at in this chapter are appropriate answers
to this question. 1 mark is awarded for identifying the factor and 1 mark for the explanation.

Sample response: Skiing is not part of the cultural traditions (1 mark) or background of the country/
community where Taufatofua grew up, therefore he had less exposure to the activity and less access to the
facilities or equipment, which would have limited his learning of the skill (1 mark).

Select a different factor and formulate a response to this question.

ne 2.6 CHECK-IN QUESTIONS

1 The most reliable source of information that a learner can base their expectations
on is:
A emotional state
B physiological state
C vicarious experiences
D performance accomplishments
2 Imagery that is related to a specific goal is called:
A cognitive specific imagery

Assessment
2.6 Check-in questions

B motivational specific imagery
C motivational general - arousal imagery
D motivational general - mastery imagery

3 After 6 weeks of following her program, Jalena started to lose motivation and
developed sore shins. Outline one psychological strategy that Jalena could use to
stay committed to her program.

4 Novak Djokovic found motivation in his desire to become the record holder for the
most Grand Slam singles tennis titles. Is this an example of intrinsic or extrinsic
justify motivation? Justify your response.

Show, prove or defend, with 5 Rachael runs three or four times a week. After each run, she checks the data on
reasoning and evidence, . ) . . .

an argument, decision her fitness tracker to see if she has achieved her goals in terms of the distance

and/or point of view using travelled, kilometre split times and the average speed for her run. Identify the type of
?rj}’c‘frrr‘;;?it:na”d/or other motivation the data provides and explain how the data motivates her.

6 Discuss how music can be used to achieve optimal arousal for an athlete. In your

response, explain the inverted U hypothesis in relation to arousal and performance.
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CHAPTER SUMMARY

« In this chapter we looked at:

- sociocultural factors that affect skill development :5
- characteristics of the three stages of learning LR

- theories of skill acquisition (linear vs non-linear) applied through direct and
constraint-based approaches

- in session and scheduling of practice including type (part and whole), distribution
(massed and distributed) and variability (blocked and random) Video

- frequency and type of feedback including intrinsic and augmented (knowledge of Masterclass: Chapter 2
results and knowledge of performance

- psychological skills (confidence, motivation, optimal arousal and concentration)
and accompanying strategies from a coaching perspective, where the focus is to
enhance participation and performance.

Resource
Self-assessment checklist

2.1 Sociocultural factors that affect skill development

= Sociocultural factors that affect physical activity, sport and exercise include family,
peers, community, gender, socioeconomic status, and cultural beliefs and traditions.
Sociocultural factors can impact skill development across all stages of the lifespan.

2.2 Stages of learning

« Learners progress through three stages of learning: the cognitive, associative and
autonomous stages.

2.3 Theories of skill acquisition

Linear approaches to learning movement skills are characterised by expected
movement form, high volume of practice trials, lots of drills and repetition, and the
absence of a simulated game environment.

Linear approaches are applied through direct instruction, where the coach controls and
directs the learning process and passes the knowledge on to the learner.

«  Non-linear approaches to learning movement skills emphasise exploratory behaviours
to find movement solutions and develop movement skills, and are learner-centred.
Constraint-based approaches are non-linear and learner-centred, where the coach
facilitates, and learners question, explore and generate knowledge.

= There are three types of constraints that influence movement capabilities: individual,
environmental and task constraints.
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2.4 Practice strategies

Practice and feedback are the most important factors in learning a motor skill.
Practice strategies need to meet the needs of the learner and the skill.
Practice can be whole or part, blocked or random, and massed or distributed.

2.5 Feedback

Feedback may come from internal sources (intrinsic feedback) or from external sources
(augmented feedback).

Intrinsic feedback comes to the learner from the sensory system through touch,
proprioception and vision.

Augmented (external or extrinsic) feedback comes from an external source such as a
coach or teacher, supplements intrinsic feedback, and can be provided during or after
the performance.

Knowledge of results is information about the outcome or results of a performance,
and knowledge of performance is information that is provided to the learner about the
process of the performance that led to the outcome (either successful or not).

Good coaches know the right type and the optimal amount and frequency of feedback
to give to the learner.

Frequency of feedback should be reduced as the learner progresses through the stages
of learning (cognitive, associative, autonomous).

2.6 Psychological skills

Confidence is the belief or degree of certainty that athletes possess about their ability
to improve and achieve success.

Motivation may come from intrinsic sources (from participating in the activity itself) or
extrinsic or external sources (through rewards and recognition).

The impact of arousal levels on performance is described by the inverted U hypothesis,
which states that performance is poor at low and high levels of arousal. Performance is
at its best at the optimal level of arousal.

Concentration is the action of focusing attention, and is important for the learning of
movement skills and successful performance.

There are many psychological skills and strategies that can be learnt and practised to
enhance participation and performance in physical activity, sport and exercise.
Goal-setting, mental imagery, breath control, progressive muscle relaxation, music,
self-talk, cue words, mindfulness and meditation are psychological strategies that
athletes use.
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CHAPTER REVIEW

1 Before the final of the under-16 netball final, Stephanie, who is a goal shooter, was -l
P4
L 2

starting to feel nervous. Her palms were sweaty, her heart was racing, and she was 1

getting distracted by the noise of the crowd.

a Select the most appropriate psychological strategy that may help Stephanie perform chQZ:::;“;:';Tew
at her best when she steps onto the court.

A goal-setting

B mental imagery

C controlled breathing

D progressive muscle relaxation

b The noise in the stadium that was distracting Stephanie can be classified as:

A atask constraint.

B an indirect constraint.

C an individual constraint.

D an environmental constraint.

c Before the game, Stephanie was practising her goal shooting. She has 10 shots from
under the post with a defender. After 10 shots, she repeats the exercise from further
out from goal. This is an example of:

A massed practice.
B blocked practice.
C random practice.
D distributed practice.

d Provide one example of augmented feedback and one example of intrinsic feedback
that Stephanie could use to improve her goal shooting.

2 VYusef sets up a task for the under-14 hockey team where, in groups of four, the players
pass the ball, in a 6 m X 6 m space, with one defender. The aim of the drill is for three
players to maintain possession and one player to try to intercept the ball (3v7).

a Name the approach that Yusef is using to develop the movement skills of the players.

b Using specific examples from the scenario, identify the constraints that have been
manipulated in this situation and explain how this can improve skill development for
the players.

¢ Suggest a change to the activity that results in the defensive play being less constrained.

3 Poppy is 6 years old and is learning to swim. Her lessons take place once a week for

30 minutes, and she is in a class with four other children, one of whom is her best

friend. The teacher provides demonstrations and instructions to the children before they

practise. In between their turns, the children sit on the side of the pool.

a Based on the considerations covered in this chapter, discuss the likely impact of this
situation on Poppy's swimming skill development.

b After a year of swimming lessons, Poppy’'s mum is finding it difficult to motivate her
to get in the water at her lesson. Discuss one intrinsic and one extrinsic motivating
factor that might encourage Poppy to keep attending her swimming lessons.

¢ Poppy eventually finishes all the levels of the swim program and is now a squad
swimmer. Identify the stage of learning Poppy is now in and discuss how the type
and frequency of feedback changes as learners move along the learning continuum.
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ANALYSIS
OF HUMAN

MOVEMENT

UNIT 3 - AREA OF STUDY 1

FIGURE 3.01 Understanding biomechanical principles can help improve movement skills.

Quizzes Videos
Chapter 3 Pulse check Masterclass: Chapter 3

34  Check-in questions 3.2 In focus: Relationship between

3.2 Check-in questions linear and angular velocity

3.3 Check-in questions 3.2 In focus: Conservation of momentum

3.4 Check-in questions 3.3 In focus: Newton’s laws of motion
3.5 Check-in questions Resources

Chapter 3 Review Chapter 3 Self-assessment checklist

P

To access resources above, visit

e Nelson MIndTap cengage.com.au/nelsonmindtap

-
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biomechanical principles for analysis of human movement: KEY

- linear and angular concepts of human movement including force/torque, KNOWLEDGE
momentum, impulse, speed/velocity

- Newton's three laws of linear motion: inertia, acceleration and action-reaction

- projectile motion (height, angle and speed of release)

- equilibrium and human movement: anatomical third-class levers (axis, force,
resistance and mechanical advantage) and stability (centre of gravity, base of
support and line of gravity)

» analyse, interpret and apply graphical, visual and physical representations of
biomechanical principles to improve movement skills

KEY SKILLS

Source: Victorian Certificate of Education Physical Education Study Design (2025-2029)

~— 3. Action-reaction — Axis — Angle of release
—— 2. Acceleration —— Resistance —— Height of release
— 1. Inertia — Force —— Speed of release

Projectile

Levers (3" class) motion

Analysing human
movement from a
biomechanical perspective

Equilibrium

Weight — Velocity/speed Stability

Friction —— Momentum Balance

“— Impulse
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Masterclass: Chapter 3
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Assessment
Pulse check

Biomechanics is the study of human movement from a mechanical perspective. You may have
come across many of the concepts we will look at in this chapter in your study of Science. In
Physical Education we want to apply these same concepts to analyse human movement.

In Physical Education we are interested in the human body and how it moves. Biomechanics
in this context is about analysing and understanding how forces affect movement and how we
can apply biomechanical principles to improve movement skills in physical activity, sport and
exercise. Throughout this chapter you will be introduced to biomechanical principles relevant
to human movement, learn how to collect and analyse data, and apply these principles to
improve and refine movement skills, and then to demonstrate how this can lead to improved
performance outcomes.

- PULSE CHECK

Take the pulse check quiz to check your prior knowledge and understanding of the

concepts covered in this chapter.

1 Define the terms speed and velocity using an example from physical activity, sport or
exercise.

2 What is Newton's second law of motion? Where do we see it in action in AFL
football?

3 Describe the impact on the flight path of the ball when the height of release is
changed.

4 What three factors influence the stability of rider on a skateboard?

5 Draw and label the three components of a lever.

3.1 BIOMECHANICAL ANALYSIS
OF HUMAN MOVEMENT

In this module you will learn about:
what a biomechanist does and the tools that they use
and learn to:
= identify the most suitable analysis for a given sport or activity.

Biomechanics is the study of forces and their effect on living things. The study of biomechanics can:
help to develop and refine movement patterns and techniques
improve the structure and design of equipment used in sport
identify the causes of overuse injuries and impaired mobility in the elderly
improve movement in people with disabilities such as cerebral palsy and lower-limb amputations.
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REAL WORLD APPLICATIONS

Improved technique leads to improved performance

Until the late 1960s, freestyle swimmers would pull their hand backwards in a straight line through the water, like

an oar, to produce a propulsive force. Based on a simplistic understanding of Newton's Third Law (action-reaction),
the (drag) forces generated by moving the hand backwards through the water would propel the swimmer forwards.
Biomechanical research done by Counsilman (1971) found that if the hand follows a curving path (see Figure 3.03) and
finds still water to push against, a greater propulsive force is produced, allowing the swimmer to travel faster in the
forward direction. Elite swimmers continuously adapt the angle of their hand through the pull phase by bending their
elbow (see Figure 3.04), finding the optimal propulsive force through the ability to ‘feel’ for water. This sweeping action
is now the technique taught by coaches and swim teachers across the world.

The 1956 Olympic Games in Melbourne is still the Australian swim team’s most successful games. Australia won
gold, silver and bronze medals in the men’s 100 metres freestyle. In 2024, Kyle Chalmers took the silver medal with a
time of 47.48 seconds, 7.92 seconds faster than the gold-medal time in 1956. While there are many factors that have
led to the improved times, the change in technique described above has contributed significantly.

1956 Melbourne

Olympic Games O(ég)

20
100 mts

Jon Malcolm Henricks
55.400 sec.

John Devitt

.‘,.
100mts o0 800 sec.

2024 Paris

_Olympic Games O%)

Pan Zhanle
46.40 sec.

Gary Chapman
56.700 sec.

i Kyle Chalmers

100 Mts 77 48 sec.

David Popovici
47.49 sec.

100 mts

FIGURE 3.02 Biomechanical analysis has helped to improve race times in the 100 metres freestyle event.

Source of data: https://olympics.com/en S
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FIGURE 3.03 Front crawl (freestyle) stroke pattern of the right hand in three
dimensions: a-b: entry; b-c: entry scull; c-d: inward pull or insweep; d-e: outward
pull; e-f: exit or upsweep

Source: Toussaint, H.M., Hollander, A.P, Van den Berg, C. & Vorontsov, A. (2000), ‘Biomechanics of
swimming; in Exercise and Sport Science

FRANCOIS XAVIER MARIT/Getty Images

-0 LR Y

FIGURE 3.04 Biomechanical analysis of swimming has
resulted in changes to technique and faster times.
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To analyse movement skills, biomechanists collect data - visual, numerical, digital and
graphical. This can be done by simply observing the athlete in action in the field or in a lab.
There are a range of tools that can be used to accurately measure things like joint angles, speed/
velocity, acceleration, distance, height and force. These tools include the following:

3D analysis is applicable to a variety of sports, especially those with complex body

movements and a need for precise and detailed information, such as gymnastics. It is

typically performed in laboratory settings using high-speed 3D motion analysis systems.

Force plate analysis is commonly employed for activities such as walking, running and

landing, often in combination with 3D motion analysis systems. It is particularly useful in

assessing impact, braking and propulsive forces, calculating joint kinetics and evaluating
weight transfer during dynamic activities.

Electromyography (EMG) is employed to measure muscle activity and is frequently

combined with 3D motion analysis and force plate testing. It is typically used for more

advanced analysis purposes.

High-speed video analysis involves the use of high-speed cameras, such as Photron,

capable of operating at speeds up to 1000 Hz. This technique is particularly effective for

conducting qualitative analysis of high-speed movements and impacts.

Competition analysis involves evaluating relevant performance variables, such as split

times, stride rate/length in athletics, and splits and stroke length/rate in rowing/kayaking.

Accelerometers, gyroscopes and lasers are used to assess the technical characteristics

of an athlete's motion.

Systematic observation of movement skills can be conducted directly (watching live)
or indirectly (watching a recording). Video analysis in its simplest format can be viewed
repeatedly, viewed in slow motion, paused and saved for comparison at a later date. Through
the observation, information is gathered for the individual or coach to anlayse and evaluate
in order to provide the athlete with feedback on their performance. This process allows the
individual or coach to identify errors and refine the movement skill.

LOOKING FORWARD

Qualitative movement analysis
Chapter 4

In Chapter 4 we will look more closely at how to perform a qualitative movement
analysis. You will perform the analysis using video footage and systematic observation to
analyse and improve movement skills.

A more complex use of video footage would be the digitisation of the footage (converting
body landmarks to computer coordinates) so a quantitative analysis can be conducted to
calculate distances, speeds, forces and momentum.

Optoelectronic motion analysis (see Figure 3.05) uses cameras that project infrared light
onto reflective spheres, called targets, placed on the body. For a whole-body analysis, 16
targets are placed on the joints. The targets reflect an ‘image’ that can be captured by the
camera, transmitted to a computer as digital information, and analysed.

CHAPTER 3

systematic observation

A method of collecting

data by watching and/or
listening to the subject and
recording their observations
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FIGURE 3.05 Optoelectronic motion analysis: a placing the reflective spheres on the body; b capturing the ‘image

under infrared light

-l
o‘:

Weblink
AIS Biomechanics Adapting
Methods for Para Swimming

al
o‘:

Assessment
31 Check-in questions

Command terms

summarise

Retell concisely the relevant
and major details of one

or more arguments, text,
narratives, methodologies,
processes, outcomes and/
or sequences of events

outline

Provide an overview or

the main features of an
argument, point of view, text,
narrative, diagram or image

U

E SIGNPOST

AIS Biomechanics adapting methods for para swimming
Biomechanics is important to understanding the movement of individual athletes and
bringing out their best. Watch the video AIS Biomechanics Adapting Methods for Para
Swimming, which shows AlIS Senior Biomechanist Marc Elipot working with Paralympic
swimmer Jesse Aungles to deliver real performance gains, via the Australian Institute of
Sport's YouTube channel.

3.1 CHECK-IN QUESTIONS

1 Define the role of a biomechanist.

2 Discuss how a coach of a junior sports team might benefit from knowledge of
biomechanics.

3 Watch the video of Marc Elipot, the biomechanist at the AIS. Summarise the
information presented in the video and then outline the key points to a family
member or friend.
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3.2 LINEAR AND ANGULAR
CONCEPTS OF HUMAN
MOVEMENT

In this module you will learn about:
linear and angular concepts of human movement including force/torque, momentum,
impulse and speed/velocity
and learn to:

« analyse, interpret and apply graphical, visual and physical representations of I?;:;?gnforce

biomechanical principles to improve movement skills.

FIGURE 3.06 Forces
acting on the human

To understand how forces affect human movement, we first need to understand what a
body when standing

force is.

Force

A force is defined as a push or a pull. Forces come in pairs: the force exerted by one object on  force
A push or a pull

another is matched by an equal and opposite force applied by the second object on the first. This is
Newton's third law of motion. We will look at Newton's laws of motion in more detail in Module 3.3.

When we are standing still, our body weight exerts a force downwards onto the ground
and the ground pushes back. This force is called the ground reaction force or ‘normal’ force.
The weight force and ground reaction force are equal in size but opposite in direction. No
movement occurs because the resultant force acting on the body is zero.

Forces cause objects to:

change shape (stretch, squash or twist)

accelerate (start moving, speed up, slow down, stop or change direction).

AAP Images/AP Photo/Rick Rycroft
AAP Images/Darren Pateman

Chris Hyde - FIFA/FIFA/Getty Images

FIGURE 3.07 The force applied will change the motion of the ball.

Forces can produce movement or change the motion of an object. In Figure 3.07 a, the force that
is applied to a stationary ball when itis kicked in soccer starts the ball moving; in Figure 3.07 b, when
a player heads the ball, the force changes the direction the ball is travelling in; and in Figure 3.07 c,
when the goalie catches the ball and saves a goal, the motion of the ball is stopped.

Allforces produce or change the movement of an object, but this effect is not always obvious.
When you jump, the effect of the reaction force between your feet and the ground cannot be
seen because the object to which the force is being applied - in this case the Earth - is so
massive the movement cannot be seen.
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acceleration

The rate of change in
velocity, measured in
metres per second per
second, or metres per
second squared (m/s?)

Forces cause objects to accelerate. Force can be calculated by multiplying the mass of the
object by the acceleration:

F (force) = m (mass) X a (acceleration)

The equation F = ma is Newton's second law of motion. We will look at Newton’s laws of
motion in more detail in Module 3.3.

In physical activity, sport and exercise, the mass of an object is usually constant; therefore,
to increase the acceleration of the object, a larger force needs to be applied.

DID YOU KNOW? Types of forces

The unit of force is the newton (N),
which is the amount of force
required to accelerate 1 kg of
mass at 1 m/s% The unit of force is
named after Sir Isaac Newton, an
English physicist who formulated

the laws of motion.

There are three main types of external forces that act on the human body:
« applied
- gravitational (weight)
- frictional.

In a situation that involves movement, these three types of forces can start,
stop, speed up, slow down or change the direction of a ball, bat or body.

There are other forces (tension, spring, electric, buoyant and magnetic forces)
and these can be seen in action sports such as gymnastics, trampolining and
water sports, but they are less relevant to the analysis of human movement.

Applied forces

Applied forces are forces that one object exerts on another object. In sporting situations, every
time a ball is kicked or thrown, the movement is a result of an applied force. There are many
examples of applied forces. Gripping a tennis racquet is an applied force. Jumping, putting a
shot and running all require an applied force.

LOOKING BACK

The musculoskeletal system
Unit 1, Chapter 1

The musculoskeletal system is studied in Unit 1 of VCE Physical Education. The bones,
muscles, tendons, ligaments and other tissues all exert forces on one another. These are
internal forces and, while they still come in pairs, they don't actually produce a change in
motion of the whole body, only of body parts. To change the motion of the whole body,
an external force is needed. Internal forces are important if a biomechanist is looking at
the causes of injuries but, when we are looking to analyse human movement, it is the
external forces that we are interested in.

Gravitational force

A gravitational force is the force of attraction between two bodies or objects. On Earth, the
gravitational force is the force (gravity) that keeps us on the ground and causes airborne
objects, including the human body, to fall downwards - towards the centre of the Earth. The
acceleration due to gravity is equal to 9.8 m/s?.

All objects that are hurled, thrown or projected into the air are affected by the force of gravity
(see Module 3.4 for more detail about projectile motion). For example, without gravity, a ball
thrown into the air would just keep going. It is the force of gravity that brings the ball back down
to the ground and creates its parabolic path.
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No external forces
acting, therefore ball
continues moving with
constant velocity.

Force of gravity
F brings the ball
back to Earth in

Point of a parabolic path.

release

FIGURE 3.08 Gravitational force brings a projectile back to Earth.

Weight is the force that is exerted on an object or a body by gravity. It is directly proportional
to the mass of an object. The weight force can be calculated by multiplying the object’s mass
by the acceleration due to gravity. Because weight is a force, the units used are newtons.

W (weight) = m (mass) x g (gravity)

" DID YOU KNOW?

Mass and weight are often used interchangeably, although they are two different mass
quantities. Mass is a measure of the amount of matter an object is made up of. The units The amount of matter
. T . L that makes up an object,
of mass are kilograms. Because body ‘weight' is often given in kilograms, the two terms measured in kilograms (kg)
are often used to mean the same thing.
weight
Fricti The measure of
riction gravitational force acting on

Friction occurs when two surfaces come in contact with each other. The two surfaces might ~ @body (W= mg)

be the body and air or water, a bicycle wheel and the road, a ball and the ground, or the hand

. . . . . friction
and a. bat. Friction opposgs Fhe motion of an object. In everyday living, fI’IC.'[IOI’l bgtween fegt a.nd A force that acts in the
floor is needed to walk, friction between wheels and path enables us to ride a bike, and friction opposite direction to motion
between hand and object lets us pick things up. In sporting situations, there are times when it~ when two surfaces are in
is beneficial to decrease the friction between two surfaces, such as in downhill skiing. In other contact with one another
examples, it may be important to increase the friction between the surfaces, such as between
the track and the runner in sprinting.
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FIGURE 3.09 Are the athletes in each of these images trying to increase or decrease the friction?
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Manipulating the amount of friction between surfaces is common in physical activity, sport
and exercise. Rock climbers use chalk to dry sweaty palms, as do gymnasts, who also want
to increase the friction and ensure they have a strong grip and don't slip off the apparatus.
Sports shoes are designed to use friction. For example, shoes worn in volleyball, squash and
badminton have rubber soles, while sports played on grass pitches often have studs. In some
sports, the surface on which the activity is conducted is polished or oiled to make it as smooth
as possible, reducing friction.

For an object to start moving, a large enough force must be applied to overcome friction.
This is an application of Newton's first law of motion, which we will look at in detail in Module
3.3. As the applied force increases, so does the friction - to a certain point. The maximum
amount of friction that can be generated between two non-moving surfaces is called maximum
static friction. If the applied force increases beyond the maximum static friction value, then the
object will begin to move.

When an object or body moves through air or water (or any other gas or fluid) it will
experience a drag force. Drag is the frictional force between an object and the air or water.
Drag forces oppose the direction of motion of the object, slowing it down. Drag is affected by
factors such as air density, the cross-sectional area of the body and the speed at which the
object is travelling. Any increase in speed results in an increase in drag.

To maximise speed, athletes try to reduce the impact of the other factors. In sports that
require high speed, drag is often minimised through technique (body position) and clothing
(fabric and design).

FIGURE 3.10 Downhill skiers try to minimise drag by reducing the cross-sectional area
of their body while going as fast as they can. Can you think of any other examples where
athletes change their body position, clothing or equipment to minimise drag force?
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COLLABORATIVE TASK

Prac activity

Investigating friction

AIM

To investigate the effect of friction on sprint times
EQUIPMENT

= tape measure

= stopwatch
METHOD
1 In pairs, allocate a timer and a runner.
2 Select four different conditions to sprint 25 metres. These may include:
= shoes on - indoor surface
= shoes off - indoor surface
= school shoes - grass
= runners - grass
= runners - running track
= running spikes - running track.
3 On the timer's signal, the runner sprints as fast as they can over 25 metres.
4 Allow the runner to fully recover in between each sprint.
5 Repeat steps 3 and 4 for each of the four conditions selected.
6 Record the time for each sprint.
OBSERVATIONS
Timer to record anything they observe for each sprint (such as slipping/sliding).
Runner to record their thoughts after each sprint.
DISCUSSION
Discuss the role of friction in sprinting. Refer to the data collected (both the times
recorded and the observations from both the timer and the runner). In your discussion,

consider the two contact surfaces, and the impact of the friction present in each
situation on the sprint time.

Torque

When a force causes an object to rotate or turn, this effect is called a torque.

Torques cause changes in angular motion. Angular motion involves rotation around a
central axis or a fixed point. The axis can be:

real

imaginary

internal

external.

The joints of the body are real, internal axes. In Figure 3.11 a, an imaginary, external axis is
the centre of gravity; in Figure 3.11 b, a real, external axis is the bar when performing a rotation
on a high bar; and In Figure 3.11 ¢, when spinning in figure skating, the axis is an imaginary,
internal, vertical axis.

P

nl]nQ

torque
The turning effect produced
by a force

angular motion
Movement of a body part
around an axis of rotation
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FIGURE 3.11 Angular motion: a rotation around an imaginary external axis; b rotation around a real external axis;
c rotation around an imaginary internal vertical axis

Force Force
(N) (N)
=

!

Clockwise rotational

/ \acceleration

. Lever arm
Perpendicular
distance (m) !
Torque
Axis of < . Axis of
! rotation ! rotation

FIGURE 3.12 Torque: the force applied at a distance from the axis causes a turning effect.

eccentric force The application of an eccentric force on an object can cause the object to rotate and move
A force that does not act forwards.

through an object’s centre , , , o

of gravity Torque, sometimes called ‘'moment of force’, can be calculated by multiplying the force by

the lever arm of the force. The lever arm is the perpendicular distance from the axis of rotation
to the line of action of the force. Torques cause rotation about an axis and cause angular
acceleration; the greater the torque, the greater the angular acceleration.

The size of the torque is determined by two factors: the length of the lever arm and the size
of the applied force.
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Rotation caused
by the torque

Newscom/Alamy Stock Photo

Centre of gravity

. i - : '!/

Lever arm (r) = distance from
axis of rotation to the line of force

Force (F) = weight force acting
through the centre of gravity

torque = force x lever arm

FIGURE 3.13 Torque will cause the gymnast to rotate around the bar.

Increasing rotation

Increasing the rotation of an object or the body can be beneficial

in sport:
In sports such as tennis, badminton, golf, baseball and
cricket, the athlete applies torque to swing the racquet,
club or bat.
Spin is created by an athlete applying an eccentric force to
a ball, causing the ball to rotate in sports such as cricket,
squash and table tennis.

- Torque is needed to rotate the oar or paddle in rowing,
canoeing and kayaking.

FIGURE 3.14 Gymnastics, diving, ice-skating and
dance all involve many movements that require the
body to rotate around an axis.
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In focus: Relationship between
linear and angular velocity

Angular velocity

Angular velocity is the rate of change of the angular displacement (change in absolute angular
position) of a body over time. Angular velocity is measured in degrees per second.

Angularvelocityisimportantin sports such as diving, gymnastics, aerial skiing, snowboarding,
skateboarding and dance, where athletes need to complete rotations before they land or hit the
water, snow or ice.

Studies have shown that an ice-skater performing a triple axel (three-and-a-half rotations),
will increase their angular velocity to more than 1800 degrees per second. Angular velocities
increase with the difficulty of the skill being performed. The angular velocity required to complete
a single rotation is not as great as the angular velocity required to complete a triple rotation.

FIGURE 3.15 Aerial skiers often need to slow their rotation before landing. They do this
by increasing their moment of inertia (see page 119), which they achieve by spreading out
their arms or legs to slow the rotation.

When you swing your leg to kick a ball, or swing a racquet to hit a hall, the rotational
movement of your limb results in the linear movement of the ball. Often, we want to increase
the linear velocity of a ball that is being hit, kicked or thrown.

The relationship between linear and angular velocity is given by:

linear velocity = radius of rotation x angular velocity

To increase linear velocity, we can increase the radius of rotation of the implement being
used. The most practical way to do this is to increase the length of the implement. If all other
aspects are equal, the greater the radius of rotation, the greater is the linear velocity of the ball
and the further it will travel.

This explains why drivers in golf are longer than nine-irons, why elite players prefer longer
baseball bats and why a tennis racquet can hit a ball further than a bat used to play bat
tennis. However, if the longer bat or racquet is too heavy and cannot be swung as quickly as
a shorter bat or racquet, the angular velocity will be compromised by the increase in radius
of rotation.
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FIGURE 3.16 Junior sports equipment is modified to make it easier for young players to use.

LOOKING BACK

Modified sporting equipment
Chapter 2

In Chapter 2 we looked at task constraints that can be manipulated to enhance
participation and performance in physical activity, sport and exercise. Children

and junior athletes often use modified equipment because it is easier for them to
manipulate and then they are more likely to successfully hit a ball. The rationale for
modifying equipment for children is underpinned by biomechanical principles like the
one we have just looked at: radius of rotation. Later in this chapter (Module 3.5) we will
look at levers and lever length, which will build further on your understanding of the
biomechanical principles that influence the selection of equipment in many different
sports and activities. However, as we discuss in Chapter 3, there are also sociocultural
reasons why children use modified equipment. Modified sporting equipment makes
participating in physical activity, sport and exercise more engaging and enjoyable for
children as they are able to be successful, which leads to greater enjoyment and builds
confidence to try new things.
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momentum

The quantity of motion a
body has; it is the product
of a body’s mass and its
velocity (p = mv)

Momentum

Momentum is a measure of the amount of motion an object has and its resistance to changing
that motion. Momentum is equal to the mass of the object multiplied by its velocity. The symbol
for momentum is p and the units of measurement are kg m/s:

momentum (p) = mass (m) x velocity (v)

Therefore, the faster an object moves, the more momentum it will have. For two objects
of the same mass, the one with the higher velocity will have greater momentum. The more
momentum an object has, the harder it is to stop. In which of the situations in Table 3.01 is the
momentum of the object or body greater?

TABLE 3.01 In which situation will momentum be greater?

Situation A | Situation B

65 kg athlete running at 10 m/s 65 kg athlete running at 12 m/s
60 g tennis ball served at 220 km/h 160 g cricket ball travelling at 90 km/h
95 kg AFL full-forward standing still 70 kg AFL small forward sprinting towards goal

An object or body that is not moving has zero momentum because it has no velocity.
However, if two objects have the same mass but different velocities, the object with the
greater velocity will have the greater momentum. Similarly, if two objects have the same
velocity but different masses, the object with the greater mass will have the greater
momentum.

A change in momentum can be achieved by a change in mass or in velocity. In most of the
situations where momentum changes in physical activity, sport and exercise, it is a change in
the object or body's velocity that results in the change in momentum.

Consider a cricket ball that has been struck forcefully by the batsman. Even though the ball
does not have a very high mass, its velocity is very high, which means it has a large amount of
momentum. A cricket ball travelling at high speed is harder to stop than a cricket ball that has
just been padded away by the batsman, because objects with greater momentum are harder
to stop.

Collisions

Momentum is important when objects collide, and collisions are very common in sport and
physical activity. When a bat, club or racquet hits a ball, when a player tackles another player
in football or when a soccer ball contacts a player's head, there is a change in the momentum
of each object. The mass of the object remains the same in these situations, so the change in
momentum is a result of a change in the objects’ velocity.

When two objects collide, the player or object with the greater momentum will dominate
the collision. This may be a smaller, lighter player moving with greater velocity, or a larger,
heavier player moving with the same velocity, as their opponent. When two players collide
and stay in contact with one another (see Figure 3.17 a) both will usually continue moving in
the direction of the object with the greater momentum. But when a ball is hit with a bat or
a player kicks a ball, the direction of the ball will be the same as the direction of the applied
force (see Figure 3.17 b).
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Conservation of momentum

Momentum is conserved in an isolated system where there are no external forces acting.
The principle of conservation of momentum states that the total momentum of the system
before the collision is equal to the total momentum after the collision. In sporting collisions, for
example, the effects of external forces such as air resistance and friction would be present, but
they can be ignored in order to qualitatively determine changes in momentum.

Emily Barker/Getty Images Sport/Getty Images

FIGURE 3.17 Momentum is conserved in all collisions: a when two players collide; and b when an object (ball) and
a person collide (kick).

In conservation of momentum, we need to look at the objects involved in the collision before

and after impact. If we use the example of the player kicking the ball in Figure 3.17 b, then the >
momentum of the player before they kick the ball will be equal to the momentum of the ball

after itis kicked. To explain conservation of momentum in this situation, we are making a couple S g’:}::rvation g
of assumptions: mormentum

1 The ball has a zero velocity before the collision.
2 The player has zero velocity after the collision.

Let's say that the player has a mass of 75 kilograms and is running at 5 metres per second.
The ball has a mass of 0.5 kilograms.

Total momentum before collision = Total momentum after collision
Momentum of player = mass x velocity Momentum of player = mass x velocity
p=75x5=375kgm/s p=75%x0=0
Momentum of ball = mass X velocity Momentum of ball = mass X velocity
p=05%x0=0 p=05xv
Total momentum before = momentum of Total momentum must equal 375, therefore:
player + momentum of ball = 375 kg m/s 375=05xv
375 + 0.5 =750
Velocity of the ball after being kicked is
750 m/s

After the collision, the ball moves off very quickly, with a high velocity (v), and the player
slows to zero velocity. The total momentum after the collision is equal to the momentum of the
ball. The principle of conservation of momentum states that the momentum before the collision
will equal the momentum after the collision.
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summation of momentum
The sequential and
coordinated movement

of each body segment to
produce maximum velocity

In many sporting collisions, there is one object that has a greater mass than the other and one that
has a much higher velocity than the other. This means that, when we are looking at conservation of
momentum, we can think of mass and velocity of each object as big or small.

e %90 0----0

FIGURE 3.18 The momentum of the stick before
the collision is equal to the momentum of the ball
after the collision.

momentum of stick + momentum of ball = momentum of stick + momentum of ball
M x v + m x 0 (ball not moving) = M x 0 (stick not moving) + m x V
total momentum before collision = total momentum after collision
s My =mV
where M = mass of stick
m = mass of ball
V = velocity of ball
v = velocity of stick

So, when a ball is hit or kicked, conservation of momentum can be represented as:
MXxv)+(mx0)=(Mx0)+(mxYV)

Mass is constant in sporting collisions, and in most collisions between bat and ball, or body and ball, the
mass of the ball is less than the mass of the body or bat that strikes it. The means that the velocity of the
ball after impact will be greater than the velocity of the implement that hit or kicked it.

The principle of conservation of momentum can be applied when refining movement skills.
If the main objective of the skill is to hit, kick or throw an object or ball as far as possible, it is
important that the object is released or struck with maximum velocity, and this can only occur
when the momentum that is generated throughout the movement is transferred smoothly from
each of the body parts that are involved.

The coordination of all the body segments involved in the movement allows athletes to
generate maximum velocity. This is referred to as summation of momentum, summation
of forces, summation of speed, or the kinetic link principle. Maximum velocity results from
momentum being generated in a sequential manner, from the body parts closest to the centre
of gravity to those further away.

This momentum is conserved, so the larger body parts move more slowly (large mass,
smaller velocity) and the lighter body parts more quickly (small mass, larger velocity). Highly
skilled performance is characterised by well-timed, coordinated movements that result in
optimal velocity of the object at impact or release.
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Smaller, faster body parts
are all involved in the
movement

Large body parts initiate the
movement and provide a base
of support

FIGURE 3.19 The speed of a tennis serve starts with the lower body movement.

In the example of the tennis serve (see Figure 3.19) the whole body is used to generate the
force needed to serve at high speeds. The large, powerful muscles of the legs and trunk start the
process, generating the initial momentum that is then transferred to the sequential body parts
(shoulder, elbow, wrist). The smoother the motion, the more efficient the movement, which in
turn maximises the momentum transferred and results in the ball being served at the highest
possible velocity. Elite athletes continually refine their movements, not only by practising their
serving technique but also by building strength in all the muscles involved and by increasing
flexibility across their joints to allow for smooth rotation throughout the movement.

LOOKING FORWARD

Chapter 13

Refining a movement skill requires an athlete to address multiple components of

the skill, not just the technique. In this section we are looking at the biomechanical
aspects of the skill. In Chapter 2 we looked at skill acquisition principles affecting skill
development. Later in the text, in Chapter 13, we will look at the physiological aspects,
including different training methods, that lead to increases in factors, such as strength
and flexibility, that contribute to the skill. Coaches need to consider all aspects of skill
development when working to get the very best results with athletes.
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CASE STUDY SHOULD HEADERS BE BANNED IN JUNIOR SOCCER?

A BAN ON CHILDREN HEADING IN FOOTBALL
(SOCCER), NOT THE BEST APPROACH

24 AUGUST 2023

Sports Medicine Australia is anticipating a
surge in children playing football in the wake
of Australia and New Zealand hosting the FIFA
Women'’s World Cup.

While concerns about concussion may inspire
calls in Australia for a ban on children heading
the ball, as is the case in England and America,
a ban would likely not produce the hoped-
for outcomes, a world-leading researcher in
concussion in football says.

‘[A] heading ban in young players — a
strategy endorsed in heading guidelines in the
US and England — might appear to be a sensible
option to protect the developing brains of young
players,” world-leading researcher in concussion
in football Dr Kerry Peek — who is a member of
Sports Medicine Australia’s NSW Council — said.

However, ‘banning heading during an
important skill development phase may impede
young players from developing safer heading
technique in the future,’ Dr Peek said.

‘If we expect players to head the ball at any
age, we must teach them the skills of heading,
much of which, like ball tracking and body
positioning, require no ball-head impacts at all.’
Dr Peek said.

‘If we do not teach players how to safely head
the ball, then we could be exposing them to a
higher risk of concussion.

‘Acquiring the skills of heading can and
should start with no ball-head contact at all’

Dr Peek is the lead author of a research
article published in Sports Medicine
Australia’s Journal of Science and Medicine in
Sport titled ‘The incidence and characteristics
of purposeful heading in male and female youth
football (soccer) within Australia’.

Sports Medicine Australia CEO Jamie Crain
said: “We expect that young people will be
inspired to play soccer by the media coverage of
the Women’s World Cup, particularly coverage of
the Matildas games.

‘This expected surge in participation is not
just fabulous for football but for individuals who
try the sport.

‘The physical activity will benefit individuals
though improved fitness levels and will
also bring mental health benefits and extra
opportunities to interact with others, essential
for socialisation.’

Dr Peek said: ‘Recently football has received
increased scrutiny, particularly the impact
of purposeful heading on brain health and
development.’

Purposeful heading is a skill integral to
football where players deliberately use their
heads to re-direct the ball. Between 20-25 per
cent of goals are scored by a header across
international tournaments.

‘Whether purposeful heading is associated
with neurodegenerative diseases in later life is
the subject of much debate,” Dr Peek said.

‘But considering the scientific and public
concern around repetitive head impacts such as
heading a ball, governing bodies should do what
they can to retain all the positive benefits of
playing a team sport while minimising the risks,
especially in young players.’

Dr Peek was a member of UEFA’s Heading
Expert Group (chaired by Prof Tim Meyer) that
drafted UEFA’s Heading Guidelines in 2020.

Dr Peek’s study of 110 football games was the
first study to document heading incidence rates
in Australia and found:

« Under-15 males and under-17 females
demonstrate a higher heading incidence rate
than any other age group.

« Midfielders completed the most headers in all
female age groups.

« Defenders completed the most headers in
under-15-20 males.

« Heading duels accounted for 16 per cent of
total headers with most headers performed
during free play.
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« Only 57 head impacts (out of a total of on specific game scenarios for their position and
4672 recorded, or about 1 per cent) were age group while also limiting heading practice
unintentional, from being struck by the ball in players who consistently head the ball in
or an opponent’s body part. Of these only four matches to reduce the accumulative number of
required medical attention. headers over their playing career.’

Ul sty it e cem [ wsetl {© dniom Source: ‘A ban on children heading in football

he“di?‘g guidelines which wc?uld inclufie (soccer), not the best approach’, Sports Medicine
teaching youth players heading technique based Australia, 24 August 2023

Cavan Images/Alamy Stock Photo

FIGURE 3.20 Should heading the ball be banned to minimise the risk of injury from
headers in junior soccer?

QUESTIONS

1 What are the perceived risks associated with heading the ball in soccer?

2 What does Dr Peek see as the future problem if headers are banned in junior soccer?

3 Based on your understanding of force and momentum, explain biomechanically the impact of the ball on the
head when the ball is headed in soccer. (The mass of a soccer ball is approximately 400 grams or 0.4 kilograms.)

4 What is the role and responsibility of the coach in refining the movement skill of heading in junior soccer players?

‘What I want to see is a change in the messaging, hence no ban on heading in young ages, but
we have consistent coach education to support the way children are taught the important foot-
based skills of football (through small sided games, playing out from the back, short corners etc.)
so that most heading is naturally minimised in children’s football and heading is introduced

in football as part of their skill development as players get older and transition to a full pitch
(around 13-14 years of age).’

Dr Kerry Peek, quoted in ‘A ban on children heading in football (soccer), not the best approach’,
Sports Medicine Australia, 24 August 2023
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COLLABORATIVE TASK

Lab activity

HEHOQ Summation of momentum

AIM

To investigate how summation of momentum affects the distance a ball can be thrown

EQUIPMENT
= tennis ball

METHOD

= tape measure

With a partner, complete the following.
= Sit with your back against a wall, arm by your side, and throw the tennis ball using
only your wrist.

= Sit with your back against the wall and throw the ball using your wrist and elbow.

= Kneel, then use your wrist, elbow and shoulder to throw the ball.

= Stand up, keeping your feet together, and use your trunk, shoulder, elbow and wrist to
throw the ball.

= Stand, step forward and throw the ball using your trunk, shoulder, elbow and wrist.

RESULTS

Record the distance of each throw.

DISCUSSION

1 In which trial did the ball cover the greatest distance?

2 Explain your results in relation to summation of momentum.

3 How is momentum conserved when each body segment has a different mass and
moves with a different velocity?

4 Young children often throw using only their arm. Outline three teaching points you
could use when teaching them to throw correctly.

moment of inertia CONCLUSION

The product of the
distribution of the mass (m)

What conclusion can be made about summation of momentum and the increased

of the object and the axis release velocity of a ball in an overarm throw?

about which it rotates

FIGURE 3.21 Moment of inertia =
mass X radius?

Angular momentum

A rotating body also has momentum. Angular momentum is the amount of
angular motion that a body possesses. It is the product of the moment of
inertia and the angular velocity of an object rotating around an axis. Just as
inertia is an object’s resistance to a change in its linear motion, moment of
inertia is an object’s resistance to change its angular motion.

A rotating body will continue to rotate unless acted upon by an external
torque. For example, young children will often swing a racquet or bat and
continue turning in a full circle.

How do divers, gymnasts, skaters and trampolinists control the speed of
their rotations in the air? Why is it easier to complete a double somersault in
the tuck position than in the full layout position? The answer to both questions
lies in the way athletes manipulate their moment of inertia and angular velocity.

They are able to do this by moving their limbs away from the axis of rotation (see Figure 3.22 a)
or by drawing them closer to the axis of rotation (see Figure 3.22 b) to control angular velocity when
somersaulting, twisting or spinning.

118 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



For example, aerial skiers bring their arms
in towards their body when performing a
twist. This decreases the moment of inertia,
as the mass is now concentrated closer to the
radius of rotation. The result is an increase in
the rate of rotation. Similarly, by pulling their
bodies into a tight tuck position, they reduce
their moment of inertia, meaning the rotation
will be much faster than in a pike or layout
position.

Angular momentum of an object remains
constant, unless acted upon by an external
torque.

An increase in moment of inertia results in

a decrease in angular velocity.

-y

A
\/

CHAPTER 3

N %

/ \
/%_——%
. — =
N

» A decrease in moment of inertia results in ~ FIGURE 3.22 a Increased moment of inertia results in slower
an increase in angular velocity. rotation. b Decreased moment of inertia results in faster rotation.

This principle is known as conservation of
angular momentum.

f I

Angular momentum

Moment of inertia

High

Low -""/\ T
Angular velocity

ffrmITaady

5 6 7

FIGURE 3.23 The relationship between moment of inertia and angular velocity. The
angular momentum is conserved, so it remains constant throughout the movement.
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Visionsi/Adobe Stock

impulse

The change in momentum
of an object. It is the
product of force and the
time over which the force is
applied (I = F x t).

Impulse

Impulse is equal to the change in momentum of an object. To change the momentum of an
object, a force must be applied over a period of time. Impulse is equal to the applied force
multiplied by the length of time over which the force was applied:

impulse (/) = force (F) x time (t)

Impulse is an important quantity in sporting situations. Because the mass of an object
remains the same in most movement situations, any change in momentum must be the result
of a change in velocity.

Remember that a force causes objects to accelerate - that is, to start moving, speed up
(positive acceleration), slow down (negative acceleration), stop or change direction. Momentum
is the product of mass and velocity, and impulse is a change in momentum. Therefore, a change
in an object's momentum can result from:

a large force being applied over a very short period of time

a small force being applied over a longer period of time.

Consider a golf ball that is struck with a driver (see Figure 3.24 a). The ball is in contact with the
club for a fraction of a second, but the force applied is very large. Compare this to the frictional
force that is applied to a golf ball rolling over the putting green (see Figure 3.24 b), slowing
it down until it comes to an eventual stop (hopefully, in or very near the hole!). This frictional
force is a small force applied over a much greater period of time. In both examples, the ball will
experience a change in momentum. In the first case, the ball goes from 0 kilometres per hour
(km/h) to approximately 300 km/h; in the second example, the ball goes from approximately
2 km/h to 0 km/h.

In many sporting situations, the impulse applied to an object can be manipulated to either
increase or decrease the velocity of an object.

FIGURE 3.24 a The driver applies a large force on the ball in a very short time. b The grass applies a small frictional
force to the ball over an extended period of time.
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There are many examples in sport of reducing impact forces
by increasing the time over which the force is acting. Manipulating
impulse can reduce the risk of injury, particularly when catching a
fast-moving ball or landing after a dismount in gymnastics. Increasing
the time over which the force is applied decreases the impact force
and reduces the likelihood of injury. Athletes achieve this by ‘giving’
with the ball (starting with arms outstretched towards the ball and
then moving them in the direction of the ball's movement) or through
flexing in the ankles, knees and hips. Soccer players (see Figure 3.25)
move with the direction of the ball when receiving a pass on the chest.
This increases the time over which the force is applied, which in turn
reduces the force. As a result, the ball will drop to the player's feet
rather than bouncing away.

Jonathan Daniel/Getty Images

FIGURE 3.25 A soccer player moving with
the direction of the ball

REAL WORLD APPLICATIONS ke

Shot-put and discus

Weblinks

Shot-putters and discus throwers use the impulse-momentum relationship to increase Rotational technique
the time over which the force is applied to the shot and discus. Compared to a standing ' for ShOtTp“t
technique, the rotational or glide technique used in shot-put increases the time over Gl'de:fgf_';,'ﬂfe for

which the force is applied. This results in a greater impulse being applied and a change
in momentum, which leads to a greater release velocity of the shot.
Watch videos on rotational technique and glide technique on Nelson MindTap.

EvrenKalinbacak/Shutterstock.com

FIGURE 3.26 The rotational technique used in: a shot-put; b discus
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E;EIEPQ COLLABORATIVE TASK

Prac activity

Force-impulse-momentum relationship

f— Part 1
— AIM

To throw a water balloon as far possible

EQUIPMENT

= 3 water balloons filled so each is about the
size of a softball

METHOD

Experiment with different techniques to throw

the water balloon as far as possible without it

first breaking in your hand!

DISCUSSION

What technique worked best, and why? (In your discussion, consider the size of the force

and the time over which the force was applied.)

Part 2

AIM

To throw the water balloon as far as possible and catch it without breaking

EQUIPMENT

= 3 water balloons filled so each is about the size of a softball

METHOD

1 With a partner, devise a strategy for catching the water balloons without breaking
them when they are thrown underarm from 5 metres and 10 metres away and
overarm from 5 metres.

2 Perform one trial and then make any necessary adjustments to your strategy before
completing the other trials.

DISCUSSION
1 Which two variables did you manipulate in devising your strategy?

2 |If the water balloon did not break, how was this achieved?

3 Why does the balloon become more difficult to catch without breaking as the
distance increases?

4 |f the water balloon did break, what adjustments would need to be made to increase
the chance of success?

5 How can your results be applied to injury prevention in sport?

Speed and velocity
Speed

Speed is used to describe how fast an object is travelling. It is the rate of motion. Because we
usually calculate how long it takes to cover a certain distance, it is actually average speed that
we are measuring. Average speed can be calculated by dividing the distance covered by the
time taken.

distance

speed =
P time
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dpa picture alliance archive/Alamy Stock Photo

FIGURE 3.27 Light gates make timing sprints easier and more accurate.

COLLABORATIVE TASK %PQ

Prac activity - data collection

Measuring speed

EQUIPMENT
= 100-metre track

= stopwatch or timing gates

METHOD
1 In pairs, have one student time how long it takes their partner to:

- run 100 metres

- walk 100 metres.

2 Hypothesise as to the effect of manipulating stride length and/or stride frequency on
speed. Test your hypothesis over 100 metres.

calculate

RESULTS Determine from given facts,
Calculate the average speed for each trial (remember, average speed = distance/time). figures or information;
DISCUSSION obtain a numerical answer
. . . . showing the relevant stages
1 Explain why the average speed to complete the two trials in step 1 was different. Use in the working; determine or
data to support your response. find (e.g. a number, answer)
. . by using mathematical
2 From your results, what was the effect of changing the stride length or frequency or processes

both?
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describe

Provide characteristics,
features and qualities of

a given concept, opinion,
situation, event, process,
effect, argument, narrative,
text, experiment, artwork,
performance piece or other
artefact in an accurate way

discuss

Present a clear, considered
and balanced argument

or prose that identifies
issues and shows the
strengths and weaknesses
of, or points for and against,
one or more arguments,
concepts, factors,
hypotheses, narratives and/
or opinions
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FIGURE 3.28 Graph of the relationship between stride length (SL), stride frequency
(SF) and velocity

Source: Bailey, J,, Mata, T. & Mercer, J.A. (2017), 'Is the relationship between stride length, frequency, and
velocity influenced by running on a treadmill or overground?, in International Journal of Exercise Science

3 Describe the relationship between stride length and stride frequency and speed, as
shown in Figure 3.28.

4 'Stride length increases as velocity increases across submaximal running velocities.
Further increases in velocity towards maximal velocity are achieved by increases in
SF while SL plateaus! Use the data in Figure 3.28 to support or dispute this statement.

5 Discuss the following statement: ‘The optimal ratio of stride length to stride
frequency will result in maximal speed.

CONCLUSION
What conclusions can be drawn from the data collected and the analysis of the results?

LOOKING FORWARD

Measuring speed
Chapter 10

In Chapter 10 we will look at the assessment of fitness. There are many tests that are
used to measure and athletes speed, covering distances from 10 metres to 50 metres.
Specificity is important, and a coach or exercise scientist will select the distance that
replicates the distances covered in the sport. The data collected can be used to track
progress and inform training program design, and in some instances is used as a
selection criterion.
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Velocity

Velocity also describes the rate of motion. Unlike speed, however, velocity is measured in a
specific direction. It is calculated by dividing the displacement, or change in position, by the
time taken. Velocity has both a size (how fast an object is travelling) and a direction (which way
the object is travelling).

velocity = displa.lcement
time

The terms 'speed’ and ‘velocity' are often used interchangeably, and in some instances they
will be the same. For example, the average speed of a 100-metre sprinter will be the same as
their average velocity because the distance travelled is equal to the displacement of the runner.
However, if we look at the diagram shown in Figure 3.29, the netball player doesn't travel in a
straight line to receive the ball.

The distance they travel to reach the point where they receive the ball is greater than their
displacement (how far they are from where they started).

An athlete can have a change in speed by slowing down or speeding up, but a change in
velocity could result from a change in speed, a change in direction, or both.

Speed and velocity are both measured in metres per second or m/s.

Netball court

------- Distance

Displacement

FIGURE 3.29 Distance and displacement both measure how far an athlete has travelled,
either in total or from their starting point.

m CHAPTER 3
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EEEPQ DATA ANALYSIS

Marathon

TABLE 3.02 5-kilometre split times and average speeds for each split for a female
marathon runner

Distance (km) | Time (min:s)

5 km split time (min:s) Average speed in each 5 km split (m/s)

5 15:47 15:47 5.28
10 3217 16:30 5.05
15 48:34 16:17 512
20 65:55 16:21 510
25 81:03 16:08 517
30 97:27 16:24 5.08
85 114:07 16:40 5.00
40 130:26 16:19 511

42195* 137:42* 7:16* 5.03*

*The time for the final 2195 km of the race was used to calculate the average speed of 5.03m/s.

1 Using the information in the table above, calculate the average speed for the whole
race in m/s.

2 What was the average speed of the race in km/h?

3 What can be said about the running speed of the athlete throughout the race? Use
data to support your answer.

4 Figure 3.30 shows speed and distance vs time. How could a coach use this data to
provide feedback to the athlete on their performance?
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FIGURE 3.30 Graph of speed and distance covered during a marathon

Source: Watkins, J. (ed.), Fundamental Biomechanics of Sport and Exercise, 2014, Routledge
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CASE STUDY THE FASTEST MAN ON EARTH

Usain St Leo Bolt was born in Jamaica in 1986. He is 195 centimetres tall, and from the
age of 14 he started demonstrating his exceptional speed. Because of his height, Bolt
also competed in the high jump and was a promising fast bowler in cricket. He was,
however, encouraged to channel his energies on the track, which proved to be a good
decision. Bolt's achievements in athletics, specifically the 100 metres, 200 metres and
4 x 100 metres relay, are unrivalled. He has a ‘triple triple’ - that is, three gold medals at
each of three consecutive Olympic Games.

Perhaps most famously, Usain Bolt holds the record for being the fastest man on
Earth. Fifteen years after he ran the 100-metre sprint in a world-record time of 9.58
seconds at the IAAF World Championships in 2009, the record still stands.

JOHN MACDOUGALL/AFP/Getty Images

FIGURE 3.31 Usain Bolt celebrates running 100 metres in the fastest time
ever recorded.

Analysis of speed variation during short sprints such as the 100-metre and 200-metre
sprints can provide coaches with useful performance information.

Key performance indicators for sprints are:
= time taken to achieve maximum speed

= maximum speed
= length of time that maximum speed is maintained
= difference between maximum speed and speed at the finish.

Table 3.03 shows the times for each 10-metre split in Bolt's world-record run. From
this data, his average speeds (in kilometres per hour) were calculated and are graphed
in Figure 3.31. =

9780170480994 / CHAPTER 3 / BIOMECHANICAL ANALYSIS OF HUMAN MOVEMENT 127



CHAPTER 3

2 TABLE 3.03 Usain Bolt's split times and speeds in the 100-metre sprint in 2009

Distance (m) Time (s) Split time (s) Speed (m/s)
10 1.89 1.89 5.29
20 2.88 0.99 1010
30 3.78 0.90 nn
40 4,64 0.86 11.63
50 547 0.83 12.05
60 6.29 0.82 12.20
70 710 0.81 12.35
80 792 0.82 12.20
90 8.75 0.83 12.05
100 9.58 0.83 12.05
50
45 4 41.86 43.90 43.90 43.37
40 -
g 35 4
e 30
X
= 25 4
g 20 -
» 15 419.05
10
5 4
0 T T T T T T T T

10 20 30 40 50 60 70 80 90 100
Distance (m)

FIGURE 3.32 Usain Bolt's average speeds in the 100-metre sprint in 2009 graphed

«l . .
o‘: against distance
Weblink Watch a video of Usain Bolt's world record in the 100 metres at the World Athletics
'eblin!
Usain Bolt’s 100 metres Championships in Berlin, 20009.
world record
distance Use the information in the case study, including the data in Table 3.03 and Figure 3.32, to

The path travelled by a body

. . answer the following questions.
from point A to point B

1 Explain why the distance and displacement of the runner are the same at the end of

displacement the race.
A change in the position of 2 What was Bolt's maximum speed? How long did it take him to achieve this speed?
a body 3 Calculate the average speed for the race in m/s. Why is the average speed different

from the individual split speeds?

speed 4 Define the term ‘constant velocity! Support your answer with data from the table or
The distance travelled ) ) ) S )

divided by the change in the graph. Which predictor of performance does this data provide information about?
time; the rate of motion or 5 What is the difference between Bolt's maximum speed and his final speed? Why is

change in position this difference a significant predictor of race performance?

velocity
Speed of an object in a The importance of speed in sports such as running, cycling, skiing, rowing and swimming is
given direction (v = d/1) pretty clear - the faster the athlete can go, the greater the chance they have of winning the race,

as the winner is determined by the fastest time to complete a set distance. But what about in other
sports? Does the speed of the ball matter in soccer or hockey? The answer is yes. The faster the ball
is travelling towards the goal in these sports, the less time the goalkeeper has to make a decision
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and react to stop the goal. In sports such as cricket or baseball, the speed of the bowled ball or pitch
determines the time the batter has in which to decide to play a shot, take a swing or leave the ball.

Speed plays an important role in many sports, and coaches and athletes analyse data and
use the information to continuously refine movement skills to increase their speed, or the speed
of the ball, and improve their performance.

WORKED EXAMPLE

CYIYN Exam 2023, Section A, Q13)

A horizontal line on a velocity vs time graph
indicates a period of constant velocity.

constant velocity = zero acceleration

velocity versus time
for 100 m sprint

6
velocity
(m/s) 47
2
0 T T T T T
0 2 4 6 8 10
time (s)

A positive gradient on a velocity vs time graph shows A negative gradient on a velocity vs time graph shows
a period of positive acceleration (speeding up). a period of negative acceleration (slowing down).
increasing velocity = positive acceleration decreasing velocity = negative acceleration

Based on the graph above, which one of the following statements best describes the student’s sprint performance?
A The student ran at a constant velocity for 100 m.

B The student ran at their maximum velocity for 100 m.

C The student accelerated positively throughout the sprint.

D The student accelerated positively until they reached their maximum velocity.

Response: D

Rationale: A velocity vs time graph can provide information about the athlete's performance. In this example
we can see that the athlete:

- accelerated at the start of the race until they reached maximum velocity at 6 seconds
= had a constant velocity between 6 and 8 seconds
- slowed down towards the end of the race (8-14 seconds).

We can also see that the total race time was 14 seconds.

EXAM TIP: In multiple-choice questions, if the answer is not obvious at first, use the information provided to
eliminate some of the distractors. The three points above allow us to eliminate options A, B and C, leaving the
correct answer, D.
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Assessment
3.2 Check-in questions

demonstrate

Show ideas, how something
can be done or that
something is true by using
examples or practical
applications, or by applying
algorithms or formulas

apply
Use; employ in a particular
situation or context

3.2 CHECK-IN QUESTIONS

[CY[.YY Exam 2021, Section A, Q12)

The difference between the initial position and the final position of an object is known as:

A force.

B torque.

C momentum.

D displacement.
Complete the table below.

| Definition | Symbol | Unit
Speed

Velocity

A weightlifter is holding a 100-kilogram
weight above their head. Identify the
forces acting on the weightlifter. Mark and
label the forces in the diagram.

In relation to torque, explain the
importance to a bobsled team of applying
the initial force in the direction of motion.
Demonstrate your understanding of
distance and displacement using player
movements in a game of rugby.

A coach is teaching a young child to throw
a cricket ball. They tell the child to step
forward with their opposite foot and stand side-on to the target before throwing
the ball. Apply your understanding of summation of momentum to explain the
importance of this feedback to the child.

Biomechanically, what is the child in Figure 3.33 trying to achieve by gripping the
tennis racquet so far up the handle?

Young gymnasts are taught to ‘ride your motorbike’ on landing. Explain the
biomechanical principle on which this feedback is based.

FIGURE 3.33
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3.3 NEWTON'S LAWS OF LINEAR
MOTION

In this module you will learn about:

= Newton's three laws of linear motion: inertia, acceleration and action-reaction
and learn to:

= analyse, interpret and apply graphical, visual and physical representations of
biomechanical principles to improve movement skills.

Newton's laws of motion

Sir Isaac Newton (1643-1727) was a mathematician and scientist. He is most famous for his

three laws of motion and his law of gravitation, the basis for understanding mechanics. These >
laws help us to analyse motion. In this module we will look specifically at Newton’s three laws
of linear motion as they have many applications to human movement in physical activity, sport In focus: Newton’s laws of

motion

and exercise, and can be used to understand and analyse movement skills and techniques.
Newtons three laws of linear motion are the:
law of inertia

» law of acceleration

« law of action-reaction.

Newton'’s first law of motion

The law of inertia states: inertia
The tendency for a body to
resist a change in its state
A body will remain at rest or in uniform motion in a straight line unless acted upon by an of motion

external force.

A ball projected into the air would continue travelling in a straight line without gravity.
Gravity is the external force that acts to bring the ball back to Earth, creating a parabolic path.

Inertia is the tendency for a body to resist a change in its state of motion, whether that
state is at rest or moving with a constant velocity.
It is much harder to move or change the motion
of an object that has greater inertia, and inertia is
directly related to the mass of the object. The greater
the mass of an object, the greater its inertia, and
the greater the force needed to change its state of
motion. If the force applied to an object is not greater
than the inertia of the object, there will be no change
in the object’'s motion.

Newton's first law of motion can be seen in
many sporting situations. A soccer ball won't move
from the position it has been placed in until a
player applies a force by kicking it. A tennis ball will
continue travelling in the direction of the serve until
the player at the other end applies a force and hits
it back, changing the direction of motion of the ball.

imynzul/Adobe Stock

FIGURE 3.34 To raise the bar, the lifter must apply a force
great enough to overcome the inertia of the weight.
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ABOVE AND BEYOND THE STUDY DESIGN

The physics of ski jumping, page 164

Newton’s second law of motion

The law of acceleration states:

A force applied to an object will produce a change in motion (acceleration) in the direction
of the applied force that is directly proportional to the size of the force.

The acceleration that occurs is proportional to the force and inversely proportional to the
mass of the object. More simply:

the greater the force, the greater the acceleration

the greater the mass, the less the acceleration.

Remember that if an object starts to move, speeds up, slows down or changes direction, it is
accelerating, and an external force has made this happen!

This law allows us to calculate force and acceleration. Newton’s second law can be stated
mathematically:

F (force) = m (mass) x a (acceleration)

where:
force is measured in newtons (N)
mass in measured in kilograms (kg)
acceleration is measured in metres per second per second (m/s?).

Applying a greater force can be easily seen in many sporting situations. If we want to
throw a ball further, or kick it a longer distance, a greater force needs to be applied. Earlier
in the chapter it was stated that the mass of the object in many sporting situations does not
change. Consider, however, a game of football (any code) being played in wet conditions.
The ball can become waterlogged, making it heavier. The increase in the mass of the ball
means that a greater force is required to kick the ball the same distance when compared
to a dry ball.

Successful performance in sport isn't always determined by applying maximal force. Skilled
performance is often about controlling the amount of force applied. For example, hitting a
tennis ball as hard as possible won't necessarily win the point. Skilled athletes judge the force
required for accuracy and efficiency in their movements,

Newton's second law allows for quantitative analysis of human movement. If the mass of an
object and the force applied are both known, then the resulting acceleration can be calculated.
Alternatively, if the mass and the acceleration are known, then the force can be calculated.

It is not always clear that a force has been applied. Sometimes, the only evidence is the
resulting acceleration of the object. Let's consider what happens when swimmers turn and
push off the wall at the end of a lap.
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FIGURE 3.35 Newton's second law helps to explain how a swimmer accelerates by
pushing off the wall.

The swimmer applies a force to the wall and the wall applies an equal and opposite force on
the feet of the swimmer (Newton'’s third law). If the acceleration of the swimmer off the wall is
measured, then the force can be calculated using Newton's second law: F = ma.

Let the swimmer's mass be 70 kg and acceleration equal 1.5 m/s?,
L F=70x15=105N
It is the force that the wall applies to the feet of the swimmer that results in the

acceleration.
WORKED EXAMPLE

APPLICATION OF NEWTON'S SECOND LAW

V&V Exam 2018, Section B, Q10)

Corepics VOF/Shutterstock.com
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a ldentify two forces acting on the cyclists in the image on page 133. (2 marks)
The cyclist ahead is accelerating away from the other cyclist.

Sample response: Weight force, friction (ground, drag, air/wind resistance)
Rationale: Force of gravity is acting on the cyclist, which is the weight force (W = mg). The road is also applying
a force (reaction force) back onto the rider and the bike.

The other force is a frictional force. Technically, the friction between the two contact surfaces of the road and
the bike is not on the cyclist, so the other friction forces are between the two contact surfaces of the cyclist and
the air. This force is the drag force (air/wind resistance).

A common error made by students was to write ‘air’ or ‘wind". These are not forces and were not awarded marks.

b Use Newton’s second law of motion to explain how this is occurring if the net (overall) force acting on both
cyclists is the same. (2 marks)

Sample response: Acceleration is equal to the net force divided by mass. For acceleration to be greater when
the net force is equal, the mass of the object must be different. Therefore, the rider behind must have a greater
mass than the rider at the front.

Rationale: An understanding of the relationship between the three variables in Newton's second law was needed
to answer this question. The question stem said that the force acting on both cyclists was the same, but that one
had a greater acceleration. Using F = ma, if the acceleration of the rider at the front is greater but force is the
same for both riders, then the mass of the rider at the front must be less than the mass of the rider at the back.

Newton’s third law of motion

The law of action-reaction states:
For every action there is an equal and opposite reaction.

When two objects come into contact with one another, they exert forces that are equal in
size but opposite in direction on each other.

In many sporting situations, as in the swimming example above, it can be difficult to see the
reaction force. When a tennis ball is hit, it is easy to see the force the racquet applies to the
ball because the ball changes direction and accelerates. The reaction force of the ball on the
racquet is harder to see. This is because the racquet has a greater mass than the ball, and the
change in its acceleration is very small.

It is important to remember that even though the two forces are equal in size and opposite
in direction, they don't cancel each other out. The forces are acting on different objects, so the
effect of each force will be different.

When running, we push down and back with our feet and the surface pushes up and forward
(ground reaction force). Running on a track is easier than running on sand, because the sand
dissipates the force applied by the foot, reducing the reaction force. If the ground reaction
force is lower, then, according to Newton's second law, the acceleration will also be reduced.
Running on sand results in lower acceleration, speed and stride length.
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Itis easier to observe Newton's third law when the surface is almost frictionless. For example,
if you stand on a skateboard on a smooth surface holding a medicine ball and throw the ball
to a partner (who is not on a skateboard) the action of throwing the ball in one direction will
produce a reaction, causing the skateboard to move in the opposite direction.

3.3 CHECK-IN QUESTIONS

1 List Newton's three laws of motion and provide a sporting example of each law.
2 [E)V[e4:V:W Exam 2022, Section A, Q15)
Which one of the following is an example of Newton's second law of motion?
A when performing a somersault, rotating at the same angular velocity unless an
external force acts to change the rotation
B when performing a long jump, swinging the legs forward, which causes the upper
body and arms to rotate forward
C when performing bicep curls, putting more weight on the dumbbell, which requires
more force to lift the dumbbell
D when performing a throw in netball, the netball not travelling with the same
acceleration as a tennis ball when thrown with the same force

3 A medicine ball (mass = 10 kilograms) and kettle bell (mass = 5 kilograms) are both
on the ground. Which has the greater inertia?

4 A Year 7 student at the inter-house athletics carnival picked up the 3-kilogram shot
(suitable for the under-13 age group). The student was only 12 and should have
competed using the 2-kilogram shot. Predict the impact of using the heavier shot
on the student’s performance and justify your response using Newton's second law
of motion.

5 The goal attack in a netball game shoots for goal. The ball misses and hits the ring
before rebounding to the ground and bouncing once, then is caught by the goal
defence. Identify and describe at least three instances of Newton's third law in
this scenario.

3.4 PROJECTILE MOTION

In this module you will learn about:

= projectile motion (height, angle and speed of release)
and learn to:

= analyse, interpret and apply graphical, visual and physical representations of
biomechanical principles to improve movement skills.

Projectile motion

When an object is thrown or kicked into the air, or when the body leaves the ground, it is
considered a projectile. More formally, an object or body that is launched into the air and
is affected only by the forces of gravity and air resistance can be considered a projectile.
In physical activity, sport and exercise there are hundreds of examples of projectiles. In this
section, we will look at analysing the motion of these objects and identify how the factors
affecting their motion can be manipulated to achieve the optimal outcome.

CHAPTER 3

«l
o‘:

Assessment
3.3 Check-in questions

Command terms

list

Provide a series of related
words, names, numbers
or items that are arranged
consecutively

predict

Give an expected result

of an upcoming action or
event; suggest what may
happen based on available
information

justify

Show, prove or defend, with
reasoning and evidence,

an argument, decision
and/or point of view using
given data and/or other
information

projectile

An airborne body that is
only affected by the forces
of gravity and air resistance
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FIGURE 3.36 Pole vaulters become projectiles once they have
released the pole. The only forces acting on them are gravity
and air resistance.

Projectile motion looks at the factors that
influence the flight path of the projectile.

In sport and physical activity, the human body is
often a projectile - there are many examples where
the aim of the activity is to move through the air. In
athletics, diving and gymnastics, athletes must often
project themselves into the air and then complete a
movement or sequence of movements. Divers use
the spring from the diving board, and gymnasts the
beat board or mini-tramp, to gain extra height.

There are numerous other examples of projectiles
in sport and physical activity. Balls, shuttlecocks,
arrows, javelins and discuses all act as projectiles
when they are thrown, kicked, shot or hit. The goal
is often to throw, kick or hit as far or as accurately as
possible, to hit a target or pass the ball to another

player.

projectile motion 'What goes up must come down." You may have heard this famous quote, which is
The movement of an object usually attributed to Sir Isaac Newton. In many sporting situations, this idea has important

through the air .
g conseqguences. Consider a volleyball that

has been set high in the air, above net height, ready

to be hit by the spiker. At the highest point, the volleyball will, for a fraction of a second, stop
moving before it begins to fall back down. For the spike to be successful, the player needs to

hit the ball close to its highest point. This
into the opposition's court. If the player hi

provides the greatest height to angle the ball down
ts the ball after it has started to fall, it is less likely to

be effective and, in the worst case, will be hit into the net.

Can you think of other examples where
the skill to be successful?

hitting a ball at the top of its flight path is needed for

FIGURE 3.37 Connecting with the ball at the top of its flight path gives the hitter the

greatest chance of success.
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Vertical and horizontal components

The volleyball player in Figure 3.37 has moved both vertically (they are off the ground) and
horizontally (moving toward the net). Projectile motion has a horizontal and a vertical component
and follows a parabolic path.

. Vertical component of motion >

Horizontal component of motion

FIGURE 3.38 Projectiles usually have both a horizontal and a vertical component of motion.

In some instances, maximising the horizontal component of the body or object's motion
is important, whereas in other situations, maximising the vertical component of the motion is
what matters more.

FIGURE 3.39 a Maximising the vertical component of the body’s motion aids in completing a successful jump in
high jump; b for long jump, the horizontal component needs to be maximised.

In events that are judged on accuracy or on a projectile that needs to hit a target, athletes
need to manipulate both the vertical and horizontal components of parabolic motion to be
successful. For example, an Australian Rules footballer taking a set shot for goal would need to
consider the distance to the goals as well as the height required to clear the player on the mark.
Netballers often use a lob pass, maximising the vertical component of a pass to get the ball
over the head of a defender. To analyse motion biomechanically, it is easiest to break it down
into its horizontal and vertical components.
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Vertical component

The vertical component of projectile motion is influenced by:
gravity
the vertical component of the initial projection velocity.
Gravity is a force that acts on all bodies close to the
Earth's surface, causing objects to accelerate towards
the Earth at a rate of 9.81 m/s% Gravity gives projectiles

If you toss a ball in the air, the time taken to reach their parabolic flight path. Acceleration due to gravity is
the highest point is the same time taken to return to constant for any object, regardless of its size, shape or
its original height - the flight path of a projectile is weight. This means that a medicine ball and a tennis ball
symmetrical! dropped from the same height will reach the ground at

the same time (ignoring the effects of air resistance).

FIGURE 3.40 Projectile paths with and without gravity and air resistance

The vertical component of motion relates specifically to the height reached by the projectile.
If there were no gravity, a projectile would just keep going, following the same path on which it
was projected. The vertical speed of an object decreases as it goes up and then increases as
it comes back down. If the object is thrown and caught at the same height, the final speed will
be the same as the initial speed.

Horizontal component

The horizontal component of projectile motion is affected by:
- air resistance
- the horizontal component of the initial projection velocity.

These factors will determine the horizontal distance the projectile covers. Without air
resistance, the horizontal velocity of a projectile would remain the same.

Often, when analysing sports and activities quantitatively, air resistance is not taken into
account or is considered negligible. If we neglect air resistance, the horizontal speed of the
projective will be constant throughout the motion of the object. In a number of sports, however,
air resistance is very important, as it affects the horizontal component of the projectile’s
velocity and can become an external force that assists the athlete to gain extra horizontal
distance or velocity.
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For the 100-metre sprint, the maximum allowable tailwind is 2 metres per second. If a
sprinter breaks a record with a tailwind greater than this, then the record may not be
recognised because it is wind-assisted.

Factors affecting the path of a projectile

The path of a projectile depends on three factors:
angle of release
- speed of release

= height of release. \ Kinglsicfrelease
TABLE 3.04 Factors influencing projectile motion

Variable | Factors of influence

Flight time « Initial vertical velocity

Speed of release

Height of release

Distance (horizontal) « Horizontal velocity
Height of release
Distance (vertical) - Initial vertical velocity
Height of release

Height of release
Flight path - Initial speed

Angle of release
Height of release

Angle of release

The angle of release is the angle (with respect to the horizontal)
at which an object is projected into the air. This angle will
determine the flight path of the projectile. There are three shapes
that a flight path can form, depending on the angle of release:
» a vertical shape, where the object goes straight up and
comes straight back down again - for example, performing
a block in volleyball, where the performer jumps straight up
and returns to the ground by the same path (see Figure 3.42 a) angle of release
- a parabolic shape, where the angle of release is between 0 and 90 degrees - for example,  The angle at which a body
passing the ball in volleyball, where the ball travels in a parabolic path (see Figure 3.42 b) or object is projected into
. ) the air in relation to the
a half-parabola, where the angle of release is 0 degrees, or perfectly horizontal - for example, |0 izontal
serving a flat serve in volleyball, where the ball travels in a horizontal trajectory (see Figure 3.42 c).

FIGURE 3.41 Three factors affect the flight path of a
projectile.

™ 4 -‘v"ux;w;‘

ESB Professional/Shutterstock.com

DANIEL GARCIA/AFP/Getty Images
Voyager Images/Alamy Stock Photo

FIGURE 3.42 a Vertical trajectory; b oblique trajectory; ¢ horizontal trajectory
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The angle of release of a projectile affects the horizontal distance it will cover. For any given
release speed, where the projectile lands at the same height from which it was released, the best
angle of release, to result in the greatest horizontal distance, is 45 degrees. Table 3.05 shows
how varying the angle and speed of release changes the distance the projectile will travel.

TABLE 3.05 The effect of angle of release and speed of release on the horizontal distance
a projectile will travel

Distance travelled (m) at different projection speeds

Angle of release (degrees) 10 m/s 20 m/s 30m/s
10 3.49 13.94 31.38
20 6.55 26.21 58.97
30 8.83 35.31 79.45
40 10.04 4015 90.35
45 1019 40.77 91.74
50 1014 4015 90.35
60 8.83 35.31 79.45
70 6.55 26.21 58.97
80 3.49 13.94 31.38
14
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FIGURE 3.43 The effect of angle of release on the distance covered by a projectile
released at 10 m/s from a constant height

Speed of release

speed of release The speed of release is the speed at which an object is thrown, kicked or propelled into the air.
The speed at which an The release speed of a projectile has both a vertical and a horizontal component.

object is thrown, kicked or ) . )

propelled into the air The vertical component of the release speed determines the:

= height reached
- flight time of the projectile
The horizontal component of the release speed determines the:
- horizontal distance the projectile will cover.
The greater the speed of release, the greater the horizontal range of the projectile.
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FIGURE 3.44 The effect of speed on the distance covered by a projectile released at 10,
20 and 30 m/s from a constant angle (45 degrees)

Height of release

The relative height of release is the difference between
the height from which a projectile is released and the
height at which it lands or stops.

When the height of release is zero (see Figure 3.45 a),
the projection height equals the landing height and the
optimal angle of release is 45 degrees. If the height of
release is greater than zero (see Figure 3.45 b), the
projection height is greater than the landing height and
the optimal angle of release is less than 45 degrees. If
the height of release is less than the landing height, the
optimal angle of release is greater than 45 degrees (see
Figure 3.45 c).

Table 3.06 shows the optimal release angles for
different sporting events. The goal of high jump is to
gain as much vertical height as possible and therefore a
higher projection angle is required. In shot-put, where the
height of release is greater than the landing height, the
angle of projection decreases to about 36 degrees.

Relative height of release = -1.5 m

FIGURE 3.45 The height of release affects the optimal
angle of release for a projectile.

TABLE 3.06 Optimal angle of release for different sporting events

Sport | Optimal angle of release (degrees)

Long jump 15-27

High jump 40-48
Shot-put 36-37
Discus 35-44
Javelin 36-40
Basketball (free throw shooting) 48-52
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The optimal angle of release in any sporting situation is always athlete-specific. As a general
rule, however:
To maximise flight time or vertical height reached by a projectile, the angle of release should
be greater than 45 degrees.
centre of gravity - To minimise flight time, the angle of release should be less than 45 degrees.
The point at which the . . . L .
To maximise horizontal distance of a projectile (speed of release should be increased and a

whole weight of an object
can be considered to act higher release height is beneficial) the angle of release should be slightly below 45 degrees.

REAL WORLD APPLICATIONS

Optimal angle of release - long jump

An analysis of men's long jump has shown that the theoretical optimal release angle (45 degrees) for maximal horizontal
displacement (longest jump) is different from the actual best release angle (15-27 degrees). When we consider the
human body to be a projectile, we consider the whole body to be moving in the same path as the centre of gravity (you
will learn more about centre of gravity in Module 3.5). In long jump, the height of release is determined by the height of
the centre of gravity, and the height of the centre of gravity is greater at take-off than on landing (see Figure 3.46).

A long and fast run-up is used to produce lower angles of release. If an athlete were to achieve the predicted
optimal angle of 45 degrees, they would need to decrease their take-off velocity by half, which would then decrease
the overall horizontal distance achieved in the jump. Through training, athletes optimise their height, leg length,
strength and power to achieve the optimal combination of take-off velocity and take-off height. This has resulted in
an optimal take-off angle of between 15 and 27 degrees.

N2\
V = velocity \\;s@
Vh = horizontal velocity T Q\\\‘“‘“
; W = vertical velocity AN
o

. Horizontal displacement (m)

FIGURE 3.46 The height of release in long jump is determined by the height of the athlete’s centre of gravity.

Westend61 GmbH/Alamy Stock Photo

FIGURE 3.47 To maximise horizontal displacement,
the optimal angle of release for long jump is between
15 and 27 degrees.

142 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



CHAPTER 3

COLLABORATIVE TASK ICI&IPQ

Prac activity - data collection

Projectile motion

AIM =

To investigate the variables that affect projectile motion —_—
EQUIPMENT

= garden hose, with nozzle, close to a grassed area

= tap (preferably connected to a water tank)

= large protractor

= measuring tape

METHOD

1 Connect the hose to the tap and turn it on so that the spray lands on the grass.

2 With constant water pressure and the hose nozzle at ground level, measure the
horizontal distance the water covers when the angle of the nozzle is at 15 degrees,
25 degrees, 45 degrees, 65 degrees and 75 degrees to the ground.

3 With constant water pressure, and keeping the angle of release the same, raise
the hose nozzle 1 metre off the ground. Measure the horizontal distance covered by
the water. Change the height of the hose nozzle to 50 centimetres and 2 metres off
the ground.

4 Keeping the hose nozzle on the ground at a constant angle of 45 degrees, turn the
tap on to vary the water pressure. Measure the horizontal distance covered by the
water each time.

RESULTS

1 Record the measurements.

2 Graph your results as:
= distance vs angle of release
= distance vs height of release
= distance vs speed of release.
DISCUSSION
1 Draw the flight path of the water in each of steps 2-4.
2 What is the relationship demonstrated between each of the variables and the
horizontal distance covered?

3 How could you increase the vertical component of the projectile’s motion? What
would be the benefit of increasing the flight time (the vertical component) in activities
such as diving, dancing or gymnastics?

4 As the coach of a junior baseball team, how could you apply the principles of
projectile motion to instruct your batters to hit a line drive?

5 Select a sport or activity and identify when optimal performance would require

a change in either angle of projection, height of release and/or projection velocity. investigate

6 How could you modify this activity to investigate the effect of each of the variables Observe, study or carry out
an examination in order to

on the vertical displacement of a projectile? establish facts and reach
new conclusions
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CASE STUDY PROJECTILE MOTION ANALYSIS

PROJECTILE MOTION
Introduction

A projectile is a body in free fall that is subject
only to the forces of gravity (9.8 m/s?) and air
resistance. An object must be dropped from a
height, thrown vertically upwards or thrown at
an angle to be considered a projectile. The path
followed by a projectile is known as a trajectory.

The factors that affect the projectile’s
trajectory are:

» angle of release
» speed of release
« relative height of release.

The horizontal and vertical components of
motion are independent of each other. Horizontal
motion of an object has no external forces acting
upon it (with the exception of air resistance

but this is generally not accounted for). Due to
this absence of horizontal forces, a projectile
remains in motion with a constant horizontal
velocity, covering equal distances over equal
periods in time. The vertical velocity, however,
is reduced by the effect of gravity. Force of
gravity acts on the initial vertical velocity of the
javelin, reducing the velocity until it equals zero.
A vertical velocity of zero represents the apex
of the trajectory, meaning that the projectile
has reached its maximum height. During the
downward flight of the projectile, vertical
velocity increases due to the effect of gravity.

Data from five different athletes is shown in
Table 3.07.

TABLE 3.07 Data from five different javelin throws

| Throw 1 | Throw 2 | Throw 3 | Throw 4 | Throw 5
Initial velocity (m/s) 21.48 2813 19.70 221 20.87
Angle of release (degrees) 46.55 40.65 45,58 43.41 43,63
Height released (m) 1.80 2.38 1.96 2.02 1.68
Time (s) 3.29 3.86 3.00 3.22 305
Distance (m) 4859 82.37 4137 51.71 46.09
Maximum height (m) 1419 19.49 12.05 13.78 12.25

Adapted from Quintic Sports, ‘Case study 15: Projectile motion’

FIGURE 3.48 Throwing technique of throw 3 in Table 3.07

Objectives

To compare the projectile motion of different javelin throws
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State the three factors that impact on the distance the javelin was thrown.

Rank the throws from longest to shortest distance thrown.

Why is the height of release different for each throw? How would you measure height
of release for a javelin throw?

Explain the relationships between height of release and distance thrown. Use data to
support your explanation.

With reference to Figure 3.48, evaluate the technique of the thrower shown and
provide feedback on how they may be able to increase the distance the javelin was
thrown.

3.4 CHECK-IN QUESTIONS

List and explain the three factors that influence the flight path of a projectile.

Using the data in Table 3.07, explain the relationship between angle of release, speed
of release and distance travelled.

Identify three movement situations where different angles of release achieve the
desired outcomes.

When is 45 degrees the optimal angle of projection? Using specific sporting
examples, explain why 45 degrees is not always the optimal angle of projection.

In both springboard and platform diving, the height of release is greater than the
landing height. Compare and contrast the way both forms of diving use the factors
associated with projectile motion to maximise performance.

A young basketball player is consistently missing the basket. The ball hits the net,
below the basket. Based on your understanding of projectile motion, what feedback
would you give the young player to improve their shooting technique?

CHAPTER 3

state

Give a specific name or
value or other brief answer
without explanation or
calculation

evaluate

Ascertain the value

or amount of; make

a judgment using

the information

supplied, criteria and/

or own knowledge and
understanding to consider
a logical argument and/
or supporting evidence for
and against different points,
arguments, concepts,
processes, opinions or
other information

al
o‘:

Assessment
3.4 Check-in questions

compare
Recognise similarities

and differences and the
significance of these
similarities and differences

contrast
Show how things are
different or opposite
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7 Exam 2022, Section B, Q4 a )
The images below show two types of serves in volleyball. Player A is performing a
jump serve, tossing the ball up high and forward, and then jumping up and, while
still in the air, striking the ball with the heel of their hand. Player B is performing a
standing serve, tossing the ball up and then, with both feet on the ground, striking the
ball with the heel of their hand.
Contrast how the height of release and the angle of release would help improve
player A's serve compared to player B's serve when striking the ball with the heel of
the hand. 4 marks

dotshock/Shutterstock.com
Boris Riaposov/Shutterstock.com
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3.5 EQUILIBRIUM AND HUMAN
MOVEMENT

In this module you will learn about:

» equilibrium and human movement: anatomical third-class levers (axis, force,
resistance and mechanical advantage) and stability (centre of gravity, base of
support and line of gravity)
and learn to:

= analyse, interpret and apply graphical, visual and physical representations of
biomechanical principles to improve movement skills.

This module will look at how an understanding of the factors that affect equilibrium, stability and
balance can be used to improve and refine performance in physical activity, sport and exercise.
The terms equilibrium, balance and stability are often used interchangeably, but in a
biomechanical context, the three terms each have different meanings:
= Equilibrium is the state of motion, either rest or constant velocity during movement, where
all forces and torques are balanced.
Stability is a body’s ability to resist a change in its current state.
« Balance is the ability to control equilibrium while stationary or moving.

Xinhua News Agency/Xinhua News Agency/Getty Images

FIGURE 3.49 Skateboarders need exceptional balance to control their equilibrium as
they perform different skills.

There are many activities where maintaining balance is important, such as performing a
handstand on the beam in gymnastics or holding an arabesque in a floor routine, but many
sports also require athletes to maintain their equilibrium while moving. Why is it easier to remain
upright on a bike that is moving than on one that is stationary? How do footballers remain
upright while dodging and weaving around opponents? Why do swimmers and sprinters
crouch low in preparation for the starter's gun? How do snowboarders start moving down the
mountain? They all manipulate or control their equilibrium!
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REAL WORLD APPLICATIONS

Snowboarding

The most difficult aspect of snowboarding is maintaining the correct body balance which is
dependent on the directions and magnitudes of external forces and their torques.

Staniszewski, 2019

Snowboarders need to maintain an upright posture when standing and moving, but they
also need to disrupt their stability to start moving, to change direction and to come to a stop.

FIGURE 3.50 Snowboarders need to maintain balance while accelerating downhill
and changing direction.

«l
o‘:

Snowboarding is a relatively new Winter Olympic sport, debuting in 1998 with the giant
Austra“a‘g;l:;i,:';ic Team: slalom and halfpipe competitions. In 2026, there will be 11 medal events, including the
Snowboard mixed team snowboard cross event. Each team has one female and one male competitor.
The first male competitor over the line transfers his time advantage to his female
teammate, and the women then begin their runs in a staggered format. The first female
athlete to pass the line wins the race. To find out more about the Australian Olympic
snowboard team, go to the ‘Snowboard’ page on the Australian Olympic Team website.
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Equilibrium

An object is said to be in equilibrium when there are no unbalanced forces or torques acting equilibrium
on it. An object in equilibrium is either motionless or moving with a constant velocity - thatis, ~ The state of motion the
o | . body is in when all forces
Itis not accelerating. and torques are balanced
There are two types of equilibrium:
static equilibrium
dynamic equilibrium.

Static equilibrium

For the body or an object to be in static equilibrium, it must not be moving or rotating - that is,
it must be completely motionless. All the forces and torques acting on the body or object must
add up to zero:
- The sum of all the vertical forces acting on the body must be zero.
» The sum of all the horizontal forces acting on the body must be zero.

The sum of all torques must be zero.

Getty Images
Getty Images

Handout/Getty Images Sport/
Icon Sportswire/lcon Sportswire/
Satyrenko/Shutterstock.com

FIGURE 3.51 Each of the athletes shown is in a state of static equilibrium.

Dynamic equilibrium

When the body or an object is moving with a constant velocity - that is, with no change in
speed or direction - it is said to be in dynamic equilibrium.

Examples include a distance runner or cyclist maintaining a constant speed on a straight
track.

Stability and balance

Equilibrium, stability and balance are closely related. Stability is the resistance to the disruption  stability
of equilibrium, and balance is the ability to control equilibrium. The ?bi”t%’ ofa F’Odtv to
When stability is increased, it is more difficult to unbalance an object; when stability IS ¢yent state of equilibrium
decreased, it is easier to unbalance the object or body. In some sports, the aim is to increase
stability; in others it is beneficial to decrease stability. For example, swimmers use a stance on balance
the blocks that minimises their stability, so that only a small movement is required to initiate the ~ The ability to control -
dive into the pool (see Figure 3.51 c). Wrestlers, on the other hand, use positions that increase i?ﬂg%n while stationary
their stability, making it more difficult for their opponents to disrupt their equilibrium.
Stability and balance are important for good performance in all sports. There are a number of
factors that can be applied to enhance equilibrium, maximise the body's stability and therefore
achieve balance.
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REAL WORLD APPLICATIONS

Balance exercises

Older adults who have reduced balance are at higher risk of having a fall, which can result in
serious injury, hospitalisation and even death. Balance exercise training has been shown to be
important in allowing older adults to maintain their independence and reduce the risk of falls.

Monash University has developed a Balance Intensity Scale (BIS). The BIS can be
used to measure how difficult a balance task is for the exerciser and to monitor the
individual's progress in improving their balance.

78, MONASH i
@ University MDALLIED
BALANCE EXERCISE INTENSITY -

HOW HARD ARE YOUR BALANCE EXERCISES?

Balance exercise training is especially important as people age to maintain independence and reduce the risk of falls.
Current recommendations for adults over the age of 65 is to participate in at least 2 hours per week of balance
exercises at a moderate to high level of balance challenge, what we call balance exercise intensity.

What you might notice if you are exercising at higher balance training intensity

BEFORE YOU START WHILE YOU EXERCISE

o _[] o ofll 1 —o [ o_]
>

@)
() Ks

~_7 - -- ~_7
You pause or hesitate You need help from You notice your You need to take one You need to move your
before starting the someone to get into breathing changes as or more steps to keep arms or grab and hold
exercise. position to start the you do the exercise your balance during something to keep your
EXercise. (rate increases, or hold the exercise balance during the
your breath) exercise

o []

A

o~ [| aoun [] o [l

W Sl

—_—
You need to hold onto You need more than You feel yourself You feel unsteady Someone else needed
something to get into one try to get into holding any part of during the exercise 1o help you regain your
position to start the position to start your your body stiff or rigid balance during the
exercise exercise to keep your balance exercise

during the exercise

How you can rate the intensity of your balance exercises

Use this scale to rate the difficulty of your balance exercises. Choose the number that matches how hard you worked
to keep your balance during exercise.

GLOBAL RATING SCALE OF BALANCE EFFORT

How hard did you have to work to keep your balance No effort Alittle Some Alot of Maximal
during this task? It was ... atall effort effort effort effort

Adapted from Open Access article: Farlie, M. K., Keating, J. L., Molloy, E., Bowles, K.-A., Neave, B., Yamin, J., . . . Haines, T. P. (2019). The Balance Intensity Scales for Therapists and Exercisers Measure
Balance Exercise Intensity in Older Adults: Initial Validation Using Rasch Analysis. Physical Therapy, 99(10), 1394-1404. doi:10.1093/pt/pzz092/5531450. Oxford University Press.

“ GROUP CRICOS Provider: . . » ) )
QREIGHT  Monash universiy 00008C. For more information: monash.edu/medicine/balance-intensity-scale

FIGURE 3.52 The Balance Intensity Scale is used to measure balance in older adults.

Adapted with permission from Balance Intensity Scale: How hard are your balance exercises? (2020),

https://www.monash.edu/medicine/balance-intensity-scale
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Factors affecting stability

A body's ability to maintain equilibrium is affected by:
» base of support

centre of gravity

line of gravity

mass

friction between the body and the surface or surfaces contacted.

Base of support

Generally, the larger the base of support, the greater the stability of an object. The base
of support is the area bounded by the outside edges of the body parts in contact with the
supporting surface. The diagrams below show how different positions of feet and hands can
produce different areas for the base of support.

Aspen Photo/Shutterstock.com
Daxiao Productions/Shutterstock.com

istock.com/sdominick

Aflo Co,, Ltd./Alamy Stock Photo

FIGURE 3.53 a Baseball players use a wide stance to maximise stability while hitting.

b The dancer will make continual minor adjustments to ensure her line of gravity
remains inside the base of support to maintain balance while performing an arabesque.
c Sprinters have four points of contact with the ground to maintain balance while waiting
for the start of the race. d The gymnast’'s hands are usually shoulder width apart to
provide a reasonable-sized base of support for a handstand.
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Increasing the base of support can be as simple as moving your feet further apart. Moving one
foot in front of the other increases your stability forwards and backwards. To increase side-to-
side stability, move one foot further away from the midline of the body. As the area of the base of
support increases, the degree of muscular effort required to maintain stability tends to decrease.
Standing on one foot requires much more muscular effort to maintain balance than standing on
two feet.

This principle can be applied to enhance sporting performance. Baseball and softball players
will stand with one foot well in front of the other when hitting so that they can hit the ball hard
without losing their balance.

Athletes will often compromise increased stability in favour of mobility, or mobility for
increased stability. A tennis player waiting to receive the ball with an open stance has greater
stability than the player who is standing with a staggered stance, but the player with the
staggered stance will be able to initiate movement in the direction of the ball more easily. The
swimmer on the blocks in Figure 3.51 ¢ and the sprinter in the starting position in Figure 3.53 ¢
are both trying to find the perfect combination of stability and instability!

COLLABORATIVE TASK

Activity

The four-stage balance test*
AIM

To assess static balance

EQUIPMENT

= stopwatch

METHOD

There are four standing positions that get progressively harder to maintain
(see Table 3.08).
= Try to stand in each position for 10 seconds.

= You can hold your arms out, or move your body to help keep your balance, but don't
move your feet.

= For each position the person timing will say, ‘Ready, begin! Then they will start timing.
After 10 seconds, they will say, ‘Stop!

= If you can hold a position for 10 seconds without moving your feet or needing
support, go on to the next position. If not, stop the test.
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TABLE 3.08 The four-stage balance test

1 Stand with your feet side : Time: seconds
by side.

2 Place the instep of one foot | Time: seconds

so it is touching the big toe
of the other foot.

3 Tandem stand: Place one  Time: seconds
foot in front of the other, heel
touching toe.

4 Stand on one foot. . Time: seconds

DISCUSSION
1 Which position was most difficult to maintain?

2 How does the position of your feet affect your ability to balance?

3 Based on your understanding of balance and stability, explain why positions 1-4
become more difficult to hold.

* The test is intended to be performed on older adults to assess their risk of falls. Not being able to hold
position 3 for 10 seconds is an indication of an increased risk of fall.

Centre of gravity

The body's centre of gravity is the point around which is weight is balanced, regardless of the
position of the body.

Generally, the centre of gravity in people is found close to the navel (belly button).

The centre of gravity can be raised or lowered depending on the position of the body. Try
standing on your toes and compare your stability to when you crouch down low. The higher
the centre of gravity, the less stable a body will be, and the lower the centre of gravity, the more
balanced and stable it will be (provided the line of gravity falls within the base of support). Flexing
the hips, bending the knees and flexing the ankles are ways to lower the centre of gravity. These
technigues are often used in sporting situations where the athlete requires greater stability.

Stability is increased when the centre of gravity is lowered.

Stepping forward and extending both arms out in front, such as when performing a
chest pass, moves the centre of gravity to just outside the body; similarly, putting your arms
above your head raises your centre of gravity. Pregnant women often find that their balance
is affected because, as their body grows to accommodate the baby, their centre of gravity
moves towards the outer edge of their base of support.

Centre of
gravity

FIGURE 3.54 In this
position, a person's
centre of gravity is

at approximately
55-57 per cent of their
height.
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line of gravity

A theoretical line that
passes through the centre
of gravity in the direction
that gravity acts

In some sports, such as pole vaulting and high jump, the most efficient position of the centre
of gravity is actually outside the body - often, below the height of the bar.
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Chad Ryan/Cal Sport Media/Newscom

Sam Barnes/Sportsfile/Getty Images

FIGURE 3.55 Locate the centre of gravity in each of the images above.

ABOVE AND BEYOND THE STUDY DESIGN

Locating the centre of gravity in an object or a body, page 165

Line of gravity

Gravity acts on a body through the centre of gravity. The direction in which gravity acts is called
the line of gravity. When the line of gravity acts through the centre of the base of support, stability
is increased. When it moves towards the outer edge of the base of support, or outside the base
of support, stability is disrupted.

Stability is increased when the line of gravity is within the base of support.

Athletes can use this to their advantage. Swimmers position themselves on the starting blocks
so that their centre of gravity is close to the front of the base of support (see Figure 3.51 c¢). This
means the swimmer is unstable and can easily accelerate forward into the dive when the starting
gun sounds. Sprinters use the same principle to increase their acceleration out of the blocks.

Moving the line of gravity to the edge of the base of support can aid in maintaining
equilibrium. Rugby players will lean forward as they move towards an opposition. This moves
the line of gravity closer to the oncoming force, meaning it has further to be moved before it
moves outside the base of support and stability is disrupted.
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FIGURE 3.56 Rugby players will crouch forwards as they move towards oncoming
players, lowering their centre of gravity and moving the line of gravity closer to the front
of the base of support.

COLLABORATIVE TASK
Prac activity =

Investigating stability

1 Participate in a yoga class or perform the following exercises:

= Mountain pose

= Chair pose

= Tree pose

= Downward-facing dog pose
= Warrior Il pose

= Warrior Il pose.

Mountain pose  Chair pose  Tree pose Downward-facing dog pose  Warrior Il pose Warrior 1l pose

FIGURE 3.57 Six yoga poses
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2 For each pose, record the following:

a adiagram (a stick figure is fine!) to represent the base of support, line of gravity and height of centre of gravity
b an observation of the stability of the position.
3 From your observations, what factors would affect the stability of the human body?

4 Provide some practical examples of sports in which athletes change the area of their base of support or the
position of their centre of gravity to improve their performance.

Body mass

The greater the mass of an object or body, the greater the force required to move it, and
therefore to disrupt its equilibrium (see pages 132-3 for more about Newton's second law,
F = ma). If all other factors are equal, the body with the greatest mass will be most stable.

In some sports, such as wrestling, a greater mass and the increased stability that comes
with it can be an advantage, but in sports where changes in stability are required to execute
the skill, such as gymnastics, lower body mass is more beneficial.

Friction

Increasing the friction between the body and the surface with which it is in contact increases
the person's stability. For example, a surfer waxes their board to increase the friction between
their feet and the board, which in turn increases their stability. A golf glove increases the friction
between a golfer's hand and the club, reducing the likelihood of the club slipping in their hand.
See pages 105-7 for more about friction.

Enhancing equilibrium, maximising
stability and achieving balance

In summary, stability can be maximised by:
increasing the size of the base of support
ensuring the line of gravity falls within the base of support
lowering the centre of gravity
increasing the mass
increasing the friction between the body and the surface or surfaces contacted
extending the base of support in the direction of the oncoming force
shifting the line of gravity towards the oncoming force.

Levers

The human body is a system of levers that allow movement to occur,

lever A lever is a simple machine consisting of a rigid bar that can be made to rotate around an
A simple machine axis in order to exert a force on another object.

consisting of a rigid bar .

that can be made to rotate Levers have three parts:

around an axis - an axis (or a fulcrum or pivot point)

a resistance (or a weight or load to be moved)
a force (or an effort).
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ﬁForee Hﬂesistance

Axis [ ]
Rigid bar

Axis of rotation
(elbow joint)

_____________ Resistance
(i.e. force of
gravity acting
on arm)

1
: Rigid bar
! (forearm bone)

FIGURE 3.58 Levers in the human body are called
anatomical levers.

Anatomical levers

m CHAPTER 3

In the human body, we refer to levers as anatomical levers, in which the bones represent the
rigid bars, the joints are the axis and the muscles contract to apply the force (see Figure 3.58).

Anatomical levers have:

an axis (a joint)

a resistance (the body part or weight to be moved)

a force (applied by a muscle).

Levers are designed to make jobs easier: to move a resistance or increase the range of
motion and speed of the lever itself. The applied force (muscle) acts on the bone to move
a resistance. The resistance may be the weight of the body segment itself (e.g. the arm) or
an additional load such as a bat or racquet.

Lever classification

The position of the three components determines the class of lever - first, second or third:
first-class lever - the resistance and the force are on either side of the axis
second-class lever - the resistance is between the force and the axis
third-class lever - the force is between the resistance and the axis.

First-class levers in the human body are not very common. One example is seen in
the action of heading a ball in soccer (see page 116). In this example, the muscles in the
neck provide the force to lift the weight of the head (resistance) and the joint between the
vertebrae and the cranium is the axis.

Force

Resistance

FIGURE 3.59 First-class
lever
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l

Resistance

FIGURE 3.60
Second-class lever

Second-class levers are also not common in the human body because second-class levers
are designed to lift heavy loads with relatively less force. For example, when performing a calf
raise exercise, the resistance to be moved is the body weight, the force is generated in the
gastrocnemius (calf) muscle and the axis is the ankle joint.

The human body is mostly made up of a series of third-class levers, and third-class levers
are used to maximise performance in most sporting situations, so we will focus our attention
on third-class lever systems.

Third-class levers

Third-class levers are the most common type of lever, both in the human body and in sporting
applications of human movement. In physical activity, sport and exercise situations, the
resistance is generally at the end of the lever - for example, the weight to be moved is often a
bat, club or ball held in the hand. A simple example is flexion of the elbow. When the elbow is
flexed, the axis is the elbow joint, the force is applied by the contracting biceps muscle and the
resistance is something being held in the hand, such as a dumbbell or a ball.

The axis of rotation is the joint and the force is applied by the contracting muscle. Notice in
the examples in Figure 3.61 that the force is applied where the muscle attaches and pulls on
the bone (insertion site), not in the muscle belly. This is important to remember when you need
to identify where the force is acting.

b
——\/\
Resistance Force
(load in hand)
Force (biceps
muscle) / Y ///
------------ = °8 1

Resistance

FIGURE 3.61 A third-class lever in the human body

Third-class levers require greater force to move a given resistance, but greater range of
motion and speed are gained.

LOOKING FORWARD

Generating force
Chapter 8

In Chapter 8 you will look at factors that affect muscular strength. The ability of a muscle
to generate the force required to move a resistance is affected by the muscle’s length, its
cross-sectional area, angle of attachment and the velocity of the contraction. A young
cricket player may think that a bigger, heavier bat will help them hit the ball for six but,

if they're unable to generate the force required to lift the bat, they will be unable to even
take a swing at the ball.

158 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



The mechanical advantage of anatomical
levers

Understanding the role of levers in sport and human movement requires an understanding
of the mechanical advantage a lever system can have. The mechanical advantage can be
calculated by dividing the force arm by the resistance arm.

mechanical advantage :M
resistance arm

The force arm is the distance from the axis to the force and the resistance arm is the distance
from the axis to the resistance.

In the example shown in Figure 3.62, the mechanical advantage ratio is less than 1, which
means that a force that is larger than the resistance is required to cause the lever to move. Even
though more force is required to move the lever, a small movement near the point of application
of the force results in a larger range of motion of the resistance.

Consider the example of the biceps curl shown in Figure 3.61. In the biceps curl, the
insertion of the biceps muscle (force) into the radius is very close to the elbow joint (axis).
The distance between the two is the force arm. The ball being held in the hand is at a greater
distance from the elbow joint. This distance is the resistance arm. In this example, the force
arm is shorter than the resistance arm, the mechanical advantage is less than 1 and the lever
system is not very efficient - that is, a large force is required to move the relatively small
resistance.

Resistance

Force
n Force arm = 0.2 m

[ Resistance arm = 0.8 m

A Mechanical advantage = %

| 0.8 m
=0.25

02m Resistance arm

Force arm

FIGURE 3.62 Force arm and resistance arm of a third-class lever

As the ratio of the force arm to the resistance arm increases, the lever system becomes more
efficient and it is easier to move the resistance. In anatomical leavers, if the distance between
where the muscle inserts to the bone and the joint is greater than the distance between the
resistance (the load to be moved) and the joint, then your muscle has the advantage. We see
this in the example of the calf raise (see Figure 3.60), and this is why your gastrocnemius can
lift the weight of the body relatively easily.

First-class levers can have a mechanical advantage of 1, greater than 1 or less than 1,

depending on the position of the axis.

- Second-class levers always have a mechanical advantage of greater than 1.

All third-class levers have a mechanical advantage of less than 1.

CHAPTER 3

mechanical advantage
The ratio of the force arm to
the resistance arm

force arm
The distance from the axis
to the force

resistance arm
The distance from the axis
to the resistance
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Russell Freeman/AFL Photos/Getty Images Sport/Getty Images

As a series of third-class levers, the lever system in the human body is designed for speed
and range of motion, not force production. In the human body is not possible to change the
insertion point of muscles, so the force arm length is fixed. What we can do is to lengthen the
resistance arm by fully extending the limb when throwing, kicking or striking, and by using
equipment such as baseball or cricket bats, golf clubs and hockey or lacrosse sticks, which in
turn increases the range of motion and speed of the lever.

Mechanical advantage > 1 Less effort to move a resistance

Mechanical advantage < 1 Increased range of motion

Increased angular speed

The mechanical advantage provided by levers
allows us to move one point of an object a small
distance, causing another point of the same object to
move a relatively large distance (see Figure 3.63) in
the same time, meaning the end of the lever will move
with increased speed.

Lever length

Anatomical levers in the human body are often
extended in sporting situations through the use of
a racquet, bat or club. This increases the distance
from the axis to the resistance, so the resistance
arm is longer than the force arm. A greater force is
required to swing the club or bat, but the advantage
X = axis is an increase in the range of motion, resulting in an
S1 (shorter lever) increase in velocity. The increased velocity translates
S2 (longer lever) . . .
to the ball being hit or kicked further.
Skilled athletes are able to increase the length of

FIGURE 3.63 The end of the bat (S2) travels a greater the levers they are using to maximise the velocity of
distance than the handle of the bat (S1) in the same time, the club or racquet, the hand releasing the ball or the
so it moves at a greater velocity. This principle applies to all foot kicking the ball, so that the velocity of the hit,

sports in which it is possible to increase the lever length with

kicked or thrown ball is greater.
a racquet or bat.

Figure 3.64 shows an Australian Rules football
player kicking a football. Notice that her leg is fully
extended to maximise the length of the lever. This in

> o turn imparts a greater velocity to the ball. The same
Q E thing can be observed when a tennis player serves
A :& ‘§ the ball; they are at full extension when they connect
" — \ with the ball.

-

Rt ey amm ,
CHEMIZT WAZ
7

42
’

FIGURE 3.64 By extending the leg, the lever length is increased.
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COLLABORATIVE TASK CII&IPQ

Prac activity

Lever length and distance

AIM

To investigate the effect of lever length on the distance a ball will travel when hit
EQUIPMENT

= tennis balls

= bat-tennis bats

= tennis racquets

= markers

= measuring tape

= alarge outdoor space

METHOD
1 Mark out a starting position from which to complete each trial.

2 Hit the tennis ball with your hand, using an underarm forehand action. Measure the
distance the ball travels before it reaches the ground. Record your result. Repeat four
times.

3 Repeat step 2 using the bat-tennis bat and then the tennis racquet.
4 Record all your data in a table.

5 From your results, calculate the average distance travelled by the ball in each trial:
hand, bat tennis bat and tennis racquet.

DISCUSSION
1 Which trial produced the greatest distance?
2 Explain why longer levers can hit the ball greater distances. suggest

Put forward for

3 Golf clubs vary in length. From your findings, suggest reasons for the different club consideration a solution,

lengths used in golf. hypothesis, idea or other
possible answer
WORKED EXAMPLE
LEVERS

[EYIYN Exam 2020, Section B, Q2

AL BT

Based on your understanding of levers, explain why it is important for a hammer thrower to release the
hammer with straight arms.
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To answer this question fully, three things are needed:
= to identify the class of lever that is shown in the example
= to identify the advantage/benéefit of the lever system
= the application to context of the question - in this case, to hammer throwing.
General responses such as ‘Longer levers result in an object travelling further’ would not be awarded full marks.
To receive full marks would require a detailed response such as:
Throwing the hammer uses a third-class lever system. Third-class levers increase the range of motion and speed
of the object. By fully extending their arms, the hammer thrower lengthens the resistance arm of the third-class lever.
This provides an advantage for speed as there will be a greater velocity at the end of the lever, resulting in the hammer
travelling a greater distance than if it was released with bent arms.

TABLE 3.09 Summary of third-class levers

Class | Arrangement Direction of force Functional Mechanical | Sporting | Human body
vs resistance design advantage | example | example
Third axis-force-resistance Resistance and force | Speed and Always <1 Hitting a | Flexing the
Force Resistance applied in opposite range of motion ball elbow
I l directions (requires large
force to move a

relatively small
resistance)

Axis
REAL WORLD APPLICATIONS

Levers in tennis

Australian tennis player Sam Groth still
holds the record for the fastest recorded
serve in men's tennis with a top speed of
263.4 km/h, recorded in 2012. Groth used
his height to his advantage when serving.
He is tall - 193 centimetres - and his height
is reflected in the length of his anatomical
levers. His big serve demonstrates the
advantage of longer levers in generating
velocity.

Elite players can extend the length of
the lever, not only with the racquet and by
connecting with the ball with their arm fully
extended, but also by making their spine
the axis of rotation by rotating their body.
This extends the length of the anatomical
lever that is imparting the force.

FIGURE 3.65 Long levers assist with
increasing the speed of the tennis
player's serve.
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3.5 CHECK-IN QUESTIONS :“:

1 Define ‘equilibrium; ‘balance’ and ‘stability:
2 a Give two examples from different sporting situations of an athlete in a state of
static equilibrium.
b Provide two sporting examples where dynamic equilibrium can be observed.

3 List four sporting examples where contact surfaces are manipulated to either
increase or decrease an athlete’s stability.

Assessment
3.5 Check-in questions

define
4 List the four factors that can affect stability. Explain the effect each has on the Give the precise meaning
stability of an object. and identify essential

. qualities of a word, phrase,
5 Draw and label a third-class lever system. concept or physical

6 a Analyse the image below and provide feedback to the athlete on the body quantity
position needed to maintain their balance on the beam.

Kiyoshi Ota/Getty Images Sport/Getty Images

b Explain how a gymnast can be balanced but also have low stability.

7 Throwing an overhand pass in netball is an example of a third-class lever in
the human body. Young players often throw with a bent elbow. Based on your
understanding of the mechanical advantage of a third-class lever, provide feedback a
coach could use to increase the distance the young player can throw the ball.

8 A lacrosse coach provides the following feedback to a player: ‘Slide your top hand
down the stick when you prepare to shoot! Based on your understanding of levers,
explain why the coach provided this advice.
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LEARNING HACK
When answering

TABLE 3.10 Units of measurement used in biomechanics

questions related to Symbol Unit Unit abbreviation
biomechanics, it is okay Acceleration a metres per second per second m/s?
to use scientific symbols, Angle ( of release) 0 degrees o
Table 310 is a summary
of the terms you have Force F newtons N
learnt throughout this Impulse / newton seconds Ns
chapter, their symbols Mass m kilograms kg
and their units of .
Momentum p kilogram metres per second kg-m/s
measurement.
Speed/Velocity v metres per second m/s
Time t seconds s
Torque T newton metres Nm
Weight w newtons N

The physics of ski jumping

Ski jumping involves the athlete starting their motion at the top of a very steep ramp. At
BEYOND this point, the skier has gravitational potential energy (mass X gravity X height) and as
THE STUDY they travel down the ramp this energy is converted to kinetic energy (Y2 X mass X velocity
DESIGN squared) or the energy of motion. At take-off, ski jumpers streamline their body position to
minimise the effect of the drag force (air resistance) while trying to maximise lift force. The
'V formation’ shown in Figure 3.66 increases the lift force, counteracting the force of gravity
and increasing the time the skier is in the air and, therefore, the horizontal distance they
travel. However, there is not much the skier can do to counteract the force of gravity and
air resistance, and it is these forces that will slow them down and bring them back to Earth.

6 AND

Alamy Stock Photo/Split Seconds

FIGURE 3.66 The 'V’ formation of the skis increases the skier's flight time,
resulting in greater horizontal distance travelled.
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Locating the centre of gravity in an
object or a body

The centre of gravity of a perfectly symmetrical object (e.g. a solid rubber ball) that has
constant density and mass and uniform weight distribution will be in the exact centre.
However, very few objects are like this. When the mass distribution in the object is not
constant, the centre of gravity will shift in the direction of greater mass. For example, a
baseball bat has greater distribution of mass towards the end away from the handle, so the
centre of gravity is closer to that end. The centre of gravity of a golf club is close to the club
head and slightly outside the shaft because of the weight distribution in the head of the club.
You can locate the centre of gravity of a golf club or baseball bat by balancing the club or bat
on your finger and finding the point where it will balance.

Biomechanists are interested in finding a body's centre of gravity because the human body
behaves as though all its mass is concentrated at that point. Finding the centre of gravity of
the human body is much more difficult than finding the centre of gravity of an object. This
is because the body has many moving parts and also because of the different densities of
muscle, bone, fat and other body tissues, which are not equally distributed throughout the
body. There are different methods that can be used to determine a person'’s centre of gravity.
For example, a reaction board can be used and the sum of the torques acting on the body
can be calculated to find the centre of gravity. The segmentation method involves looking
at each segment of the body through film images, determining the centre of gravity of each
segment using x- and y-coordinates, and then adding all the centres of gravity and dividing
the result by the total body mass to find the coordinates of the total body’s centre of gravity.
This calculation is done using a digitised image and a computer program.

CHAPTER 3
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CHAPTER SUMMARY

;“: 3.1 Biomechanical analysis of human movement
In Module 3.1 we looked at biomechanical principles for analysis of human movement,
SeLf—ass;Zsr‘::;:echecklist Wthh mclude: . .
linear and angular concepts of human movement including force/torque, momentum,
Video impulse, speed/velocity
Masterclass: Chapter 3 - Newton's three laws of linear motion: inertia, acceleration and action-reaction
projectile motion (height, angle and speed of release)
equilibrium and human movement: anatomical third-class levers (axis, force, resistance
and mechanical advantage) and stability (centre of gravity, base of support and line

of gravity).

3.2 Linear and angular concepts of human movement

In Module 3.2 we looked at linear and angular concepts of human movement, including
force/torque, momentum, impulse, speed and velocity. These biomechanical principles
help us to analyse and understand human movement to improve performance in physical
activity, sport and exercise.

In summary:

- Aforce is a push or pull that produces motion or changes the motion of an object.

- Forces in the body are generated by muscles. External forces that affect motion of the
body are gravity, air and water resistance, friction and reaction forces.

Friction is a force that occurs between two surfaces that are in contact with each other.
Friction always opposes the motion of an object and can be increased or decreased
depending on the desired outcome.

Torque is the turning effect of the force that has been applied. It is the product of force
and the lever arm.

- Angular velocity measures how fast an object or body is spinning, rotating or twisting.
Angular velocity increases when the radius of rotation decreases - for example, in a
tuck position compared to a layout position.

The relationship between linear and angular velocity is important in physical activity,
sport and exercise as the speed with which a ball travels or the distance it travels is
often important to the outcome of the activity.

Increasing the radius of rotation will increase linear velocity. The most practical way to
do this is to increase the length of the implement.

- Mass is the amount of matter an object is made up of.

- Weight is a force exerted on the body by gravity. Weight = mass X gravity.

Momentum is equal to mass X velocity. The greater the mass or velocity, the more
momentum a body has and the harder it is to stop.

«  Momentum is conserved when objects collide.

= Angular momentum of an object remains constant unless it is acted on by an external
torque. An increase in moment of inertia results in a decrease in angular velocity and a
decrease in moment of inertia results in an increase in angular velocity.

- Summation of momentum is the transfer of momentum from the larger, slower-moving
body parts to the smaller, faster-moving body parts to maximise the release velocity of
the object.
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Impulse is equal to a change in the momentum of an object. Impulse equals the force
applied x the time over which it is applied.

» Distance and displacement are measures of how far an object or a body has travelled.
Both measurements are recorded in metres.
Speed and velocity measure how fast an object is travelling. Velocity identifies the
direction as well as the speed of motion.

3.3 Newton'’s laws of linear motion

In Module 3.3 we looked at Newton's three laws of linear motion: inertia, acceleration and
action-reaction. Newton’s laws help us to analyse and understand human movement to
improve performance in physical activity, sport and exercise.
In summary:
= Newton's first law of motion states that a body will remain at rest or continue in a state
of constant motion unless acted upon by an external force.
Newton's second law of motion states that a force applied to an object will produce
a change in motion (acceleration) in the direction of the applied force that is directly
proportional to the size of the force.
Newton'’s third law of motion states that for every action there is an equal and opposite
reaction.
= Acceleration is a measure of how quickly an object or body changes its velocity.
Acceleration can be positive (when velocity is increasing), negative (when velocity is
decreasing) or zero (this occurs when velocity is constant).
Inertia is the tendency of a body to resist change in its state of motion. An object
requires a force to start it moving and another force to stop it once it is moving. Inertia
is related to mass. The greater the mass, the greater the inertia of the object.

3.4 Projectile motion

In Module 3.4 we looked at the principles of projectile motion to analyse and understand
human movement to improve performance in physical activity, sport and exercise.
In summary:
Any object or body that is propelled into the air can be considered a projectile.
Projectiles have both a vertical and a horizontal component to their motion.
- Air resistance and gravity are the only forces affecting projectiles, and often the effect of
air resistance is negligible.
The flight path of a projectile depends on:
- speed of release
- height of release
- angle of release.
The optimal angle of release for the greatest horizontal distance a projectile can travel is
45 degrees, when the height of release is zero.
- When the height of release is greater than zero (above the landing height) the optimal
angle of projection is less than 45 degrees.
When the height of release is less than zero (below the landing height), the optimal
angle of projection is more than 45 degrees.
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3.5 Equilibrium and human movement

In Module 3.5 we looked at the principles of equilibrium to analyse and understand human
movement to improve performance in physical activity, sport and exercise.
In summary:
Equilibrium is a state of motion where there are no unbalanced forces or torques acting
on the body. Equilibrium can be static or dynamic.
= Balance is the ability to maintain and control the equilibrium of the body in different
situations.
Stability is the body's ability to resist any changes or disruptions to its state of
equilibrium. Stability is affected by mass, friction, base of support and centre of gravity.
« Levers consist of an axis, a force and a resistance. The positioning of each of these
factors determines the mechanical advantage the lever will have.
The human body is made up mainly of third-class levers. They are designed to increase
the range of motion and speed of an object.
= Third-class levers have the force between the resistance and the axis.
The mechanical advantage determines the role of a lever. Third-class levers have a
longer resistance arm and therefore have a mechanical advantage less than 1, resulting
in an increase in the range of motion and speed of the lever.
« Longer levers have greater inertia and therefore are more difficult to swing. Junior
sporting equipment is often modified to overcome this difficulty.

CHAPTER REVIEW

1 After taking a catch, a cricketer throws the ball straight up in the air in celebration.

«l
o . . . . o
“iv Describe the motion of a ball, from when it leaves the cricketer’s hand until it returns to
their hands, using the terms:
Assessment - dista nce

Chapter 3 Review .
- displacement

- velocity
- acceleration.

2 An 18-year-old draftee was told he needed to ‘put on some muscle’ so that he could
compete at the elite AFL level.
a What is the difference between mass and weight?
b How could the player improve his performance on the field by increasing his mass?
3 A soccer coach tells their striker to ‘chip’ the ball in order to clear the wall and go into
the goal. How is the angle of release different for this free kick compared with a penalty

shot, where there are no obstacles between the player and the goal (other than the
goalkeeper)?

4 In sports such as pole vault, high jump and long jump, the landing surface is different
from the surface the athlete takes off from. Explain why mats and sand are used as
landing surfaces in these sports.
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The coach of a junior tennis player provides the following feedback: ‘As you release
the ball, bend your knees! Based on your understanding of base of stability and
conservation of momentum, explain the importance of this feedback for increasing the
linear velocity of the ball when served.

Analyse the data in the table below to answer the following questions.

Ball | Fastest speed (m/s)
Golf ball 91
Tennis ball 70
Hockey puck (ice) 50
Hockey ball (field) 35
Water polo ball 27

Is there a relationship between the speed a ball travels and the size of the space in
which the game is played? Justify your response.

Two riders, Justin and Mike, are riding up Mount Buller. Justin decides to take the road,
which is a series of twists and turns, Mike rides a mountain bike up a steep, but direct,
straight-line path to the top of the mountain. The riders leave the base of the mountain
at the same time and arrive at the top at the same time.

a Who travelled the greater distance?
b Who had the greater displacement?

¢ Explain how Justin had a faster average speed but both riders had the same
average velocity.

Ruby is learning to surf. The instructor tells her to 'stay low' once she has popped up to
her feet. How will this feedback improve Ruby's chance of successfully riding the wave
without falling off the board? What other feedback could the instructor provide to help
Ruby with her balance?

Based on your understanding of the relevant biomechanical principles covered in this
chapter, compare the game of field hockey with ice hockey.

A young high jumper is trying to increase the height they clear. They have been working
on their run-up and trying to increase their run-up speed. Assess the suitability of this
approach for increasing the height jumped.

CHAPTER 3

analyse

Identify components/
elements and the
significance of the
relationship between
them; draw out and
relate implications;
determine logic and
reasonableness of
information

assess
Make a judgment
about, or measure,
determine or estimate,
the value, quality,
outcomes, results, size,
significant, nature or
extent of something
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CHAPTER

PERFORMING
A QUALITATIVE
MOVEMENT
ANALYSIS

UNIT 3 - AREA OF STUDY 1

d

FIGURE 4.01 Once feedback has been implemented, those aspects of performance that need further refinement
can be reassessed.

Quizzes Videos
Chapter 4 Pulse check Masterclass: Chapter 4

41 Check-in questions 4.2 In focus: Breaking a baseball pitch
down into its sub-routines

4.4 In focus: Performing a QMA

4.2 Check-in questions

4.3 Check-in questions
Resources

4.5 Template: Skill observation and
feedback for improvement

Chapter 4 Review Chapter 4 Self-assessment checklist

4.4 Check-in questions

4.5 Check-in questions

~¢Nelson MindTap

To access resources above, visit
cengage.com.au/nelsonmindtap

Rawpixel.com/Adobe Stock



The qualitative movement analysis stages (preparation, observation, evaluation and KEY

error correction) KNOWLEDGE

» An ability to perform a qualitative movement analysis of a movement skill using video
and systematic observation to analyse and improve a variety of movement skills

KEY SKILLS

Source: Victorian Certificate of Education Physical Education Study Design (2025-2029)

Error correction

Evaluation
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~l A qualitative analysis involves a purposeful observation of a skill being performed (live or
"< recorded) followed by a judgement on quality of movement, which then allows feedback and

revised practice strategies to be provided in an effort to improve performance.
Video

Masterclass: Chapter 4 @ PU LSE CH ECK

Assessment

Take the pulse check quiz to check your prior knowledge and understanding of

these concepts.

1 Coaches need to observe performances and make split-second decisions on how
skills ‘rate’ in terms of efficiency and execution. What can coaches do to ensure they
know what to look out for when skills are performed?

Pulse check

2 Why is it important that errors in the way skills are performed are detected, and
corrected, at the cognitive stage of learning, rather than after a year of training?

3 List two advantages of digitally recording a sports skill or movement sequence in an
effort to improve the way it is performed.

4 Discuss how having a knowledge of biomechanical principles can assist coaches to
make decisions and suggestions about how movements can be improved.

5 Quite often, task constraints are used in practice sessions to improve the way skills
are executed. Provide examples of how a basketball or soccer coach might modify a
training drill in order to improve how shots for goal are taken.

6 Outline two options a coach might use to evaluate the effectiveness of the skill-
improvement feedback they have provided their players.

4.1 CONDUCTING A
PERFORMANCE ANALYSIS

In this module you will learn about:
= people who use a qualitative movement analysis and types of data they consider
« the four stages that make up a QMA
and learn to:
= decide on whether primary or secondary data (or both) should be used
- differentiate between qualitative and quantitative data.

The goal of any analysis involving human performance is to identify strengths and weaknesses
at the physiological, technical, tactical and psychological levels - all combining to bring about
the end performance outcome. Before we can perform the analysis, however, we need to know
what data is important and what data collection methods are available.

Data types

There are only two types of data that can be referred to when conducting an activity/performance
analysis. These are often used in conjunction with each other, but there are instances when
only one data type proves to be most useful. The data types can be classified as:

primary data . - primary data - any data that is collected ‘first hand’ by the person (or group) who is then
Information and data that is . . . )

collected firsthand - either going to use it. Examples include:

individually or as a team » a student’s recording of their own service action in volleyball or tennis
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» a student’s self-reflection on how they executed a skill or its outcome

» observations made by a coach as they view throwing or hitting actions during a softball/
baseball training session

secondary data - any data that has been collected by someone else, on an action or

outcome you are involved in, at an earlier stage or time. Examples include:

» a video of an elite player performing a skill that is watched by a coach who is hoping to
analyse the same skill

» a 'training video' watched by a student trying to match their movements to those shown
in the video

» 'how to' suggestions and images prepared by a leading sports performer for others to use.

CHAPTER 4

secondary data
Information or data that
has been collected by
others and that is used to
increase understanding
and application of existing
knowledge

Performance analysis options

There are two options to choose from when considering a movement/performance analysis.
Once again, these can be used together, if appropriate, or on their own. They are:
- quantitative analysis: This involves the collection, measurement and evaluation of data from

quantitative analysis

the performance of skills and movement sequences. This involves an objective evaluation of
performances via the collection of numerical data such as heart rates, GPS movements and
forces produced, to name a few variables. It also requires that permanent records be kept so
they can be viewed, reviewed and used as benchmarks.

qualitative analysis: This involves non-numerical collection, evaluation and analysis of a
skill and mainly involves direct observation of performances. As such, it is also referred to as
subjective and the analysis focuses on the quality of the movement and how it is performed,
rather than the use of any number or metric. In most cases this option is used to focus on

Referring to numerical
and statistical data to
understand performances

qualitative analysis
Collecting and analysing
non-numerical data to
understand and improve
movement concepts

the technique used to perform skills and movement sequences.

LOOKING FORWARD

Quantitative analysis
Chapter 9

While a qualitative analysis is critical in bringing about improvements to the way skills
are performed, a quantitative analysis provides measurements and metrics that can
also be used to improve skill execution but tends to be much more useful when making
changes at the physiological level.

In this chapter, we will focus on how a qualitative movement analysis, combined with
knowledge of skill acquisition, practice, feedback and biomechanical principles, can be used to
improve the quality of sports performances. A detailed qualitative analysis might describe the
precise sequencing and timing of body segments in order to ensure maximum summation of
momentum occurs when throwing, kicking or striking a ball.

TABLE 4.01 People most likely to use a qualitative movement analysis and possible
outcomes

Who uses a qualitative movement analysis

Purposes of a qualitative movement analysis

Coaches Analysing movements and skills

Sports trainers Modifying movement
Biomechanists Error detection and improvement
Sports medical staff Talent identification
Physical therapists Player profiling/ranking
Physical education teachers Identifying strengths

Instructors

Injury prevention
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Chapter 3

Recall that movements are quite often made up of ‘parts’ that need to be coordinated
or sequenced correctly to ensure maximum power is produced and summation of
momentum occurs. If the sequencing is ‘out, a coach needs to be able to suggest how
improvements can be made and then incorporated into new practice strategies.

A qualitative movement analysis essentially consists of these four stages:
- preparation
- observation

evaluation

error correction.

The evaluation stage is where a detailed analysis occurs, and that's why it is sometimes
referred to as the diagnosis stage. The error correction stage is sometimes referred to as
the intervention stage where feedback is provided and modifications made to technique,
type of practice, equipment, etc.

«l
P4
| § 4
4.1 CHECK-IN QUESTIONS
Assessment
41 Check-in questions 1 Discuss why it would be inappropriate for an elite performer to undertake a
qualitative movement analysis on themselves despite having high knowledge of what
optimal performance looks like and how it feels.
2 List two examples of professionals who might engage in a qualitative movement analysis.
propose 3 Provide two different reasons why a qualitative movement analysis might be undertaken.
Suggest or put forward o } ) ) )
a point of view, idea, 4 A gqualitative movement analysis focuses on the quality of how a technique is
argument, diagram, plan performed. Propose how ‘quality of movement’ can be evaluated.

and/or suggestion based
on given data or stimulus
material for consideration
or action

4.2 THE PREPARATION STAGE

> In this module you will learn about:
= considerations that need to be taken before any performance is viewed
Video and learn to:

In focus: Breaking a baseball
pitch down into its sub-routines

= identify critical features of movements and skills

= consider stages of learning when making judgements

= think about best observation strategies

« consider best options for communicating information to learners.

preparation stage

The first stage in a
qualitative movement
analysis, where prerequisite

knowledge of the skill/ During the preparation stage, the person conducting the analysis comes up with a plan that

movement is researched outlines what they need to do in order to offer the best advice to a performer when it comes
and consideration is given to making improvements in their technique. This stage is vital to the overall effectiveness of
to how, where and when h vsi Il the ol . h . . ken h i1 definitel
to conduct the next stage, the analysis, and all the planning, research and considerations undertaken here will definitely
which is observation contribute to how successful the overall improvement strategies are.
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During the preparation phase, coaching staff and other people conducting the observation/

analysis need to consider the following: QMA is a commonly used
What are the critical features of the specialised movement sequence or skill? abbreviation for qualitative
What stage of learning and what skill level is the performer currently at? movement analysis.
Where will the skill be performed and viewed?
What observation method(s) and considerations should be undertaken?
How will the information be considered, evaluated and communicated?
We will explore each of these points in the following pages.

What are the critical features of the
specialised movement sequence or skill?

Identifying the critical features of the specialised movement sequence or skill requires
research into how the skill is performed most effectively from a biomechanical and
physiological perspective. Usually this involves viewing the movements (live or recorded)
of elite performers since they tend to model skills at the highest level. The way elite
performers execute skills becomes a ‘template’ to which the performance of others is
compared. Additionally, coaches might refer to the findings of other coaches (secondary
data) working with the same sportspeople. It is common for coaches to either design, or
make reference to, a high-performance rubric that outlines key features of the skill, and
quite often breaks a skill or movement sequence down into its various parts.

{ L
Wind-up Early cocking Late Acceleration Decel- |eFoIIow-
cocking eration through

Start Hands Foot Maximum Ball Finish
apart down external release
rotation

FIGURE 4.02 Components of the throwing motion in baseball

FIGURE 4.03 Components of the baseball throwing motion as viewed from front-on: a, b
wind-up, ¢ early cocking/stride, d late cocking, e acceleration, f, g deceleration/follow-through

Source: Seroyer, ST. et al. (2010), ‘The kinetic chain in overhand pitching: its potential role for performance enhancement
and injury prevention; in Sports Health 2010 Mar;2(2):135-46. Reproduced with permission from Sage Publication.

9780170480994 / CHAPTER 4 / PERFORMING A QUALITATIVE MOVEMENT ANALYSIS 175



CHAPTER 4

FIGURE 4.04 Components of the baseball throwing motion viewed from side-on: a-c
wind-up, d, e early cocking/stride, f, g late cocking, h-j acceleration, k deceleration,
I-n deceleration/follow-through

Source: Seroyer, ST. et al. (2010), ‘The kinetic chain in overhand pitching: its potential role for performance enhancement
and injury prevention; in Sports Health 2010 Mar;2(2):135-46. Reproduced with permission from Sage Publication.

Some sportspeople are very successful even though they might use techniques that are not
considered to be biomechanically most effective and that may even be quite unorthodox.

REAL WORLD APPLICATIONS

THE FISH KICK IS THE FASTEST WAY TO SWIM
THAT (ALMOST) NO ONE USES

MATT MILLER, 9 AUGUST 2016

The fish kick, if done properly, is the fastest way
for a human to swim. The technique requires a
swimmer to lie sideways and wiggle her body in
a fluid motion that mimics that of a minnow or
an eel. At the 2000 Olympics, American swimmer
Misty Hyman fish-kicked her way to gold in the
200 metres butterfly, beating out two heavily
favoured Australian swimmers.

In the video, ‘How the fish kick helped Misty
Hyman win Gold’ on the Slade website, you can
watch Hyman employ the fish kick at each turn.
Susie O’Neill — an Aussie whose dominance
earned her the nickname ‘Madame Butterfly’

— stays with Hyman through the first 100. But
when they reach the final turn, Hyman fish
FIGURE 4.05 Misty Hyman of the USA holds kicks back into a clear lead. O’Neill can’t recover.
up her gold medal after winning the 200 metres The fish kick emerged in Sunday night’s 4 X 100
butterfly final at the Sydney 2000 Olympic Games. men’s freestyle relay, when the United States’

IAN WALDIE/Reuters
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Ryan Held used the kick on his turn in the

third leg of the race. But Held’s fish kick was an
unusual sight in Rio. If it’s the fastest kick in the
world, why don’t more swimmers do it?

For one thing, if a swimmer screws up the
fish kick, he’s risking disqualification. Per the
rules outlined by Fédération Internationale de
Natation, the sport’s international governing
body, swimmers attempting the fish kick after
turns in downward events — the breaststroke,
the butterfly, and the freestyle portion of the
individual medley — must not rotate onto
their backs, even by a few degrees. In the
backstroke, the opposite mandate applies:
Athletes who rotate toward their stomachs will
be disqualified.

A second problem: The fish kick is supremely
difficult to master. In addition to keeping their
bodies rotated just so, swimmers must worry
about veering away from the center of their
lanes, since it’s pretty much impossible to keep
your eye on the lane markings when you're on
your side ... Compared with her competitors,
[Hyman is] underwater for much longer, but still
maintains her central lane position:

Why did Misty Hyman use the fish kick?
Because she knew she had to take risks to

What stage of learning and what skill >

CHAPTER 4

win. After reading an article in Scientific
American on the swimming techniques of
literal fish, Hyman and her coach Bob Gillett
developed her signature kick. In an interview
with the Chicago Tribune a few years before her
Olympics upset, Hyman said, ‘T'm not 6 feet tall.
... For swimmers like me, it’s either use steroids
or use your brains.’

The fish kick isn’t the only technique that
gives swimmers an edge. In the 1988 Seoul
Games, American swimmer David Berkoff helped
the U.S. win gold in the men’s 4 X 100 medley
relay by swimming almost the first 50 metres
of his backstroke leg underwater, propelling
himself with a dolphin kick. To execute that
move, a swimmer stretches flat out — facing
either up or down — and kicks his legs together
in a fluid motion that resembles that of a
dolphin’s rear fin.

The underwater dolphin kick was too much of
a performance enhancer for swimming’s powers
that be. In 1988, FINA declared that backstrokers
had to surface within 15 metres of starting
or turning. In 1998, two years before Hyman’s
Olympic victory, the governing body passed
the same rule for butterfly. Later, it banned the
underwater dolphin kick for freestylers as well.

level is the performer currently at?

It is very relevant to consider what previous experience the subject has had at performing the

Weblink
How the fish kick helped Misty
Hyman win gold

skill or motor sequence, and where they are on the stage of learning continuum. This does not
change the need for the coach/observer to communicate what the best technique involves,
but it does change the type of demonstration/information provided. It also has implications for
the type of feedback used and how the skill is practised in an attempt to make improvements.

For example, a swimming coach working with someone learning swimming would definitely
consider being in the pool with the learner, rather than on the side of the pool. They would keep
instructions simple, demonstrate how body parts move wherever possible (sometimes breaking
a stroke down into its parts) and in some cases even assist learners by physically guiding their
actions. When working with a more experienced swimmer who is at the associative stage, the
coach understands that they can perform the fundamental swimming strokes, kicks and skills
to a moderate or high standard/quality. The coach’s feedback is more precise and they would
be communicating aspects about whole movements, rather than parts, as well as showing
swimmers what they are doing compared to what they need to do to improve via a screen

(most likely, a tablet).
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LOOKING BACK

Stages of learning
Chapter 2

Where on the stages of learning continuum a performer finds themselves is a vital
consideration when trying to determine how best to bring about improvements.

Where will the skill be performed and
viewed?

The coach/observer needs to select the best setting in which to view the performer performing
their skillormovement sequence. Itis preferable to have skills performed in a closed environment
where the performer is able to control the timing of the skill and not be distracted or influenced
by others, and where the same skill/sequence can be performed repeatedly and consistently.
This allows the coach/observer and any recording equipment to be positioned optimally to
view the execution of the skill from multiple and close-up angles. It also allows the performer to
provide immediate feedback about how they are performing the skill along with any ‘problems’
they might be experiencing. Often, recording this in a reflective journal/diary proves valuable
when the coach and subject both consider the level and quality of skill acquisition along with
possible progression points moving forward.

What observation method(s) and
considerations should be undertaken?

This will be discussed in further detail in the next section, but essentially can range from direct
observation (with or without note-taking) or any form of digital recording, which can be as
simple as using a mobile phone or tablet, to using more advanced digital recording paired with
drones, high-powered cameras or motion-capture technology.

How will the information be considered,
evaluated and communicated?

A good coach will, ahead of time, consider the following as part of their performance
improvement planning:
The internet has made it very easy to search for information on optimal performance
characteristics associated with skills and movement sequences, but only reputable sources,
such as professional journals, national coaches and sporting associations and peer-
reviewed research articles, should be considered. Information gathered at this stage cannot
simply rely on someone's opinion; it must be authenticated, evidence-based and nationally
validated by coaching/sporting associations.
After viewing, or recording, the performance, can | make suggested improvements or will |
need to involve others, such as biomechanists, movement analysts or exercise physiologists?
Should | use computer software to assist my decision-making, isolate major muscles used
in the actions, or superimpose angles, flight paths etc?
How am | going to best provide feedback to the learner/performer in a user-friendly and
appropriate manner to ensure they understand what they are required to do?
How is the progress of the subject going to be tracked (pre- and post-intervention
comparisons) and continued refinements be made?
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4.2 CHECK-IN QUESTIONS :“:

1 List a reason why it is important during the preparation stage to obtain information
relating to the highest level of performance available.

2 An internet search on how best to perform a skill or movement sequence will yield
hundreds of thousands of ‘hits! What criteria should be used to ensure that they are
reliable, and hence can likely be used with high levels of confidence when trying to
improve performance?

3 Discuss why it is important also to include observation considerations during the
preparation stage.

4 List two different types of secondary data a gymnastics coach might refer to while
gathering information about the skills performed as part of a floor routine.

Assessment
4.2 Check-in questions

4.3 THE OBSERVATION STAGE

In this module you will learn about:

= direct observation vs digital recording of performances
and learn to:

= think about multiple variables that should be considered to make observations as
effective and useful as possible

= take steps to increase observation and recording reliability.

The observation stage primarily involves implementing the observation strategies considered  observation stage

in the previous stage. This might include one or more of the following methods: The second step in a
. . . qualitative movement
- direct observation and note-taking analysis; involves either

digital video recordings live or recorded vision of a
subject performing a skill or
movement pattern

continuous high-speed photography
« motion capture (mocap)
« viewing position
viewing plane
viewing reliability.
We will explore each of these methods in the following pages.

Direct observation and
note-taking

As the name suggests, direct observation and note-taking involves a
coach or observer purposefully viewing a skill or movement sequence
being performed. This occurs after they have previously considered what
key movements and sequences elite performers use when executing *°

the performance, and it typically makes reference to a ‘checklist’ or j 2
benchmark, outlining how optimal movements are executed. The use of = ":‘
a checklist makes the observation more objective, while creating notes FIGURE 4.06 A coach taking notes after
has the further advantage that they can be shared and discussed with the ~ observing individual performances at
performers themselves. training

Peoplelmages.com - Yuri A/Shutterstock.com

9780170480994 / CHAPTER 4 / PERFORMING A QUALITATIVE MOVEMENT ANALYSIS 179



CHAPTER 4

TABLE 4.02 A checklist for a volleyball ‘dig’ that a coach could use when comparing the performance of a learner
with that of an elite performer

Pre-contact

Ready position | Contact

| Follow-through

* 5

* 2

* 5

& 3

Eyes are on ball.

Shoulders are square to the
ball.

Base is wide, with feet wider
than shoulders.

Arms straighten and hands

come together to form flat
contact from wrists to elbows.
Knees are bent at 90-120°.
One foot is slightly in front of

Arms are straight and parallel
to thighs.

Ball contact with forearms.
Shoulders perform upwards
‘bump action!

Arms and body move
forwards in the direction of
ball.

Arms go back to ready
position.

Trunk is leaning slightly the other. Legs are flexed at contact. Up on toes in readiness for

forwards, with arms and next action.

shoulders forwards of body.

Digital video recordings

Digital video recording includes the use of highly accessible mobile phones, tablets and other
devices such as a GoPro. More expensive digital recording systems involve multiple cameras
that can film every player and every movement that occurs within a soccer or hockey field.
Some more advanced recording systems, such as Trace, pair with artificial intelligence (Al)
to track and record individual players and produce player summaries. They achieve this by
inputting the colour of the player’s outfit and their number.

«l
o‘:
Watch examples of how digital recording and Al combine to observe player movements
Weblink and performance of skills on the Trace website
Trace PlayerFocus p '

Continuous high-speed photography

Continuous high-speed photography is also known as burst, continuous or sports shooting
mode on smartphones and digital cameras.

This technology makes it possible to capture several photos in quick succession, allowing
a time-lapse record of performances to be taken. This is advantageous where actions occur
so quickly that observation alone is likely to miss key aspects of the skill. Time-lapse images
provide information about how the different parts of a skill are sequenced together, and can be
very useful in identifying the contribution of different muscle groups and body segments to the
overall execution of a skill or movement sequence.
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John Bingham/Alamy Stock Photo

FIGURE 4.07 Continuous high-speed photography is sometimes referred to as time-
lapse photography.

LOOKING FORWARD
Direct observation vs digital recording
Chapter 9

An activity analysis needs to consider the advantages and disadvantages associated
with direct observation (with or without note-taking) vs digital recording.

Motion capture (mocap)

Asthe name suggests, this technology is used to record
body movements and create 3D modelling of how
muscles, joints and body parts move together. Physical
mocap suits, specialty cameras, body markers and
advanced software are used to create photorealistic
images and animations. This technology can be used
to optimise a tennis serve, bowling action, golf swing or
any other sporting action. Of equal importance is the
ability to diagnose, and then prevent, injuries resulting

from incorrect technique. More advanced applications
involve creating simulated movements of the most ~ FIGURE 4.08 Motion capture being used during the
performance of a triple jump in a closed environment

Jacob Lund/Shutterstock.com

effective way to run, throw, strike, kick, jump and move
in multiple sporting contexts. These can then act as
templates of ‘ideal’ skill execution to be mimicked
during training or coaching sessions.
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reliable

Able to be relied on; in

the case of observations
(performances), this
depends on how often they
can be replicated

As well as how to observe, and ideally record, the skills being performed, consideration
needs to be given to the most suitable viewing position and plane (viewing angle) as well as
the number of viewings required to obtain a representative or reliable indication of ‘typical’
skill execution.

Viewing position

The observer or recording implement needs to have clear and uninterrupted view of the
performance at all times. It is worth trialling or practising a few observations with recording
equipment (in most cases) to ensure there is a clear sightline and the equipment can be used
effectively and without any problems.

There is a fine balance to be struck between getting close enough to view the performance
clearly and distracting the subject by being too close. Optimal viewing positions will become
more apparent with repeated practice.

Viewing plane

Most coaches and observers position themselves side-on to the performer - for example, when
players run up and down a playing field such as a netball court or hockey field while the coach
stands on the sidelines. However, in some instances it might be better to include other viewing
planes (such as front-on, reverse-view and from above), as shown in Figure 4.09.

FIGURE 4.09 Tennis serving actions viewed from multiple angles/planes

Viewing reliability

The number of times a performance is viewed in competition is limited by how frequently the
skills are performed. A swimmer might only perform a single dive entry and tumble turn if their
only event at a swimming competition is the 100 metres freestyle, whereas an athlete competing
in the javelin might perform anywhere between three and six throws, depending on their ranking.
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Generally, and within reason, the more times a skill can be observed, the better. Hence, it
is quite valid to observe performers executing their skills and movement sequences during
training sessions. Because of movement variability, there are likely to be small differences in
the way skills are performed, even at the elite level and in closed environments. The more
times a skill is observed or recorded, the more likely it is that results can be considered to
be reliable. A rule of thumb proposes between five and 10 performance observations as a
minimum requirement, with 10 being considered highly satisfactory.

4.3 CHECK-IN QUESTIONS

1 Motion capture technology provides the opportunity to capture and break down
movement sequences into all their contributing parts or sections. Outline how a
coach might use each ‘part’ to make judgements about the quality of movements.

2 List two advantages associated with creating an ‘optimal movement checklist' in the
preparation stage and then using this during the observation stage.

3 Discuss two advantages associated with practising observation of performances in an
effort to collect information about how the skill and movement sequence is executed.

4 The observation stage is increasingly being paired with computer software and Al.
Discuss how this enables the creation of more user-friendly data that can also
potentially be shared with the subject themselves.

4.4 THE EVALUATION STAGE

In this module you will learn about:

= how coaches and others performing a QMA use data and information they have
collected to analyse current skill execution

= possible suggestions to improve performances
and learn to:

= consider the advantages and disadvantages of making objective and subjective
improvement recommendations

= use performance rubrics highlighting quality movement sequences

=« prioritise which parts of a skill should be targeted next.

The evaluation stage involves looking at similarities and differences between the performer's
execution of a movement or skill and that of an elite performer undertaking the same movement
sequence/skill. The evaluation can be either:
- objective - using performance rubrics, checklists, rating scales etc.
- subjective - consisting of personal opinion or interpretation of what has been observed.
Obijective evaluations have greater consistency and can more easily be justified to others looking
to use the data. Critical features of the skill that make up its quality should be ranked. The ranking
scale can be 'high, medium, low' or ‘excellent, good, poor’. Table 4.03 is an example of one of these
evaluations (or ‘compare and contrast' tables) that is linked to the volleyball dig checklist in Table 4.02.
The coach or analyst then needs to decide:
What is the performer doing really well (strengths)?
«  Where do problems exist (weaknesses)?
«  What might be causing the problems?
How can the problems be addressed/improved?
Which problem areas are more important to improve than others?

CHAPTER 4

-l
o‘:

Assessment
4.3 Check-in questions

discuss

Present a clear, considered
and balanced argument

or prose that identifies
issues and shows the
strengths and weaknesses
of, or points for and against,
one or more arguments,
concepts, factors,
hypotheses, narratives and/
or opinions

>

Video
In focus: Performing a QMA

evaluation stage

The third step in a
qualitative movement
analysis; involves
judgements about the
quality of movements.
Typically, it also involves
identifying strengths and
weaknesses in the technique
and considering how
improvements can be made.

quality

The extent to which skills
and movements can be
performed in a controlled
and optimal way, ensuring
consistent and high levels
of performance and
reducing likelihood of injury
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TABLE 4.03 Comparing and contrasting how a volleyball dig has been performed with how it is performed by an

elite athlete.
Ready position | Pre-contact Contact Follow through
Eyes are on ball. « Arms straighten and hands « Arms are straight and «  Arms and body move
come together to form flat parallel to thighs. forwards in the direction of
contact from wrists to elbows. ball.
(H) Great tracking from serve until | (M) Arms come together but (M) Arms straight but too (M) Arms move forwards but
over own side of net hands clasped and interlocked | low body basically unchanged
Shoulders are square to the ball. | - Knees are bent at 90-120°. « Ball contact with forearms. | = Arms go back to ready
position.
(M) Shoulders slightly angled to (L) Subject is upright (L) Most contact occurs with | (M) Arms and shoulders in front
oncoming ball wrist/upwards facing hands | of body, but arms need to be
that are interlocked raised
Base is wide, with feet wider « Onefoot is slightly in frontof | « Shoulders perform upwards | = Up on toes in readiness for
than shoulders. the other. ‘bump action! next action.
(M) Feet are shoulder width apart | (L) Both feet aligned (L) Not apparent, with arms (M) Apparent during action, but
contributing 100% to uplift needs to be sustained
Trunk is leaning slightly forwards, «  Legs are flexed at contact.
with arms and shoulders
forwards of body.
(L) Trunk forwards with arms (L) Contact made with
beside body straight legs
L = low, M = medium, H = high
checklist While the above checklist or template or benchmark approach increases objectivity, it is
@J'St OI 'tzmzreq“”ed', . important to be able to prioritise the critical features. This involves a coach prioritising which
ings to be done or points . , o . .
to be considered that can areas to focus on. In Table 4.03 six areas have been rated as ‘low quality’ and trying to improve

be used by the person who all of them at the same time might overwhelm the subject and be too difficult to try to address
gf?j;:ger;?etéeo;czy others, §imu|taneous|y. Generally, f)nly.one intervention at any time is best, so one correction or
improvement strategy at a time is recommended.

In the real world of sport, movement analysts are usually most effective when they work
as part of a multidisciplinary team of experts. As such, the coach or observer should not just
rely on what has been viewed or recorded and may also refer to the performer’s reflection
on their own performance, previous research findings from reputable sources and peer
presentations on improving the way skills are performed (which was considered at the
preparation stage).

Identifying the source of problems is seldom clear-cut. Problems might result from:
= poor body position or movement timing (biomechanical)

= low physical conditioning (physiological)
= slow evaluation of environmental cues (perceptual motor)

= low motivation levels (psychological).
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Some fundamental movement skills, such as kicking, throwing and striking, are transferable from one sport to
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DICKSON OUT TO BECOME NFL'S BEST PUNTER
AFTER STUNNING DEBUT SEASON

When Australian punter Michael Dickson beat
out other NFL greats to be selected for the Pro
Bowl - the league’s annual all-star game — he
was lauded as a rising star.

But Dickson admits he didn’t even know what
the Pro Bowl was at the start of last year.

‘Someone told me, “You're in the NFL now, so
you've done it all,” he said at the Kayo Sports
Super Bowl launch on Sunday, where a game of
gridiron was played on the harbour.

But Dickson disagreed — he was looking for
the next goal to set himself. ‘Then I looked it up
and there was the Pro Bowl,” he said. ‘As soon as
I found that out, I wrote the goal on my mirror.’

Dickson placed a check mark against the goal
in advance, to put himself in the mindset for
success, and looked at it each day.

By week one of his first NFL season, he had
been selected to play. ‘Once I looked in the
mirror and it had actually come true, it was a
pretty crazy moment, he said.

‘You get butterflies. It was just me in my
apartment when I found out. I called my family
and facetimed them, it was a crazy good feeling.’

The 22-year-old from Kirrawee, in Sydney’s
South, began his sporting career in Australian
Rules. After he missed out on being drafted to
the Sydney Swans he moved to the University of
Texas to test his skills in the NFL.

Since then, Dickson’s success has been
fast-paced: he was named the country’s most
outstanding college punter in 2017, drafted to
the Seattle Seahawks in 2018, and made the Pro
Bowl in the same year.

‘It still feels really surreal,” he said. ‘Me and
mum were laughing about my year when I got
back. She was like, “You made the Pro Bowl in
your first year, that hasn’t been done for thirty-
something years”.

‘When you're doing it, you don’t even realise
it,” he said. ‘Looking back at the stadium, even in
college, and seeing that you're playing in front
of 100,000 people every other week is insane.

‘But it still doesn’t really feel like I'm the
person who’s doing it. I've got so many more
goals that I want to reach, I don’t feel like I
really can absorb everything yet.

His list of goals includes making the Pro Bowl
again next year, and for as many years as he
can after that.

‘T want to set a new standard for myself each
year, he said.

He also hopes to one day be considered the
best punter in the league. But until then, his
sights are set on helping his team make the
illustrious Super Bowl next year.

‘If we can get to a Super Bowl, that’s priority
number one,’ he said.

Source: Natassia Chrysanthos, ‘Dickson out to become NFL’s best punter after stunning debut season’, The Age,

3 February 2019
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Assessment
4.4 Check-in questions

error correction stage
The fourth and final stage
in a qualitative movement
analysis; involves
implementing improvement
strategies to address
weaknesses and errors in
technique

closed environment

A setting where the learner
has full control over the
timing and execution of
skills being performed;
characterised by being

in a familiar and stable
place where skills can be
repeated with high levels of
consistency

distributed practice

A learning strategy in
which practice is broken
up into a number of short
sessions over a longer
period of time

4.4 CHECK-IN QUESTIONS

1 a List another professional whom a coach might call upon to assist them during the
evaluation stage of a qualitative movement analysis.
b What information might this other professional provide to assist in making
improvements to movement sequences and skills?

2 The evaluation stage often involves the use of a movement checklist. Clearly discuss
how a coach makes use of this recording tool to make decisions about improving the
quality of movements and skill execution.

3 Consider why the communication of improvement strategies resulting from the evaluation
stage needs to be individualised when working with cognitive vs associative performers.

4.5 THE ERROR CORRECTION
STAGE

In this module you will learn about:

= the importance of feedback in bringing about performance improvements and
modifications

= task constraints to be considered when designing practice sessions
and learn to:

= select the most appropriate practice conditions based on stages of learning, type of
skill and performance environment

= conduct a post-intervention evaluation to evaluate effectiveness of error correction
strategies.

The final stage in a qualitative movement analysis is the error correction stage.

When making improvements to the way skills are performed, it is imperative to recall the ways
skills are best learnt and practised, and that relevant feedback is provided to ensure continued
development with increased confidence. Wherever possible, the suggested modifications
should be practised in a closed environment that has high levels of predictability and low
levels of variability. This ensures that the modified movements have a chance of being stored
as a new motor program that will easily be recalled and repeated with future trials.

Distributed practice is often used with cognitive learners because they have short
concentration spans and benefit from receiving smaller amounts of feedback more often.
Associative and autonomous learners, in most instances, have higher levels of fitness, allowing
them to perform for longer periods of time without fatiguing and losing concentration. They are
more likely to partake in massed practice to trial modified movements, and don't need to receive
feedback so frequently. Although learners in these stages are better able to self-correct than
cognitive learners, effective error correction can only occur via augmented feedback provided
by coaches or other performance specialists.

Coaches can correct errors and improve movement sequences by:

- discussing possible improvement strategies with players and letting them know what the
focus is going to be

breaking down a skill into its sub-routines and focusing on improving parts of the skill. This

is more manageable than trying to improve all aspects that need quality improvements
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- demonstrating what the correct movement application looks like. This is made easier when
digital recordings are taken so that players can see themselves performing a skill and
contrast that with the same skill being undertaken by an elite performer

- physically moving a player's body parts so they experience what better-quality movement
feels like (most likely at cognitive stage).

Pre-contact

= Arms straighten and hands come
together to form flat contact from
wrists to elbows.

(M) Arms come together but
hands clasped and interlocked

= Knees are bent at 90-120°.

(L) Subject is upright

= One foot is slightly in front of the other.

(L) Both feet aligned

FIGURE 4.10 Breaking a skill down into its sub-routines and focusing on improving parts of the skill is more
manageable than trying to improve all aspects that need quality improvements. Note: L = low, M = medium.

To implement an intervention takes time. Regular feedback needs to occur throughout, intervention
and after, each practice session. If available, coaches use digital recordings of the original ~ !mplementingan
. action or program in an
movement sequence to show performers how the changes they have made contribute to attempt to bring about
improved movements. Some movements are ingrained (habitual) and are difficult to modify. This ~ improvements
may require physical manipulation of movements, or the use of training aids or taping, which
encourage prescribed movement patterns. Additionally, practice can involve task constraints that

encourage performers to change the way they usually execute skills and movement sequences.

COLLABORATIVE TASK

Activity -

Observing a skill and providing improvement feedback

For this activity you will pair up with a classmate. Each of you will perform the same skill,
while the other observes the quality of movements associated with its execution and
records this on a checklist focusing on the four stages found in every movement skill:

= preparation/preliminary movement

= force production
= critical instant

= recovery/follow-through. N
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Template
Skill observation and
feedback for improvement

suggest

Put forward for
consideration a solution,
hypothesis, idea or other
possible answer

«l
&
O‘.

Weblink
The Biomechanics of
a Soccer Kick

PROCEDURE

1 Decide on a skill you would like to perform and receive improvement feedback on
from your partner. This skill is to be performed in a closed environment five times
(known as trials). Typically, this should be a skill that requires minimal teacher
supervision and uses easily accessible sporting equipment. Examples are a tennis
serve, a hockey push, a volleyball serve, a shot at goal in basketball or netball and a
kick for accuracy in Australian Rules football.

2 A partner positions themselves in an optimal viewing position and records how the
skill is executed by considering multiple key elements.

Preliminary Force production Critical instant Follow-through
preparation (point of contact,
release or flight)
Key - Evidence of « Correct - Strong base of «  Movement
elements: speed build-up sequencing of support/stability continues with
Correct planes body parts - Correct body flow/balance
and pathways - Involvement of positioning - Effective
of movement multiple body in relation to transfer of
Full movements parts equipment body weight
and range of « Correct timing - Effective use of | - Quality of
motion demonstrated equipment and movement
body parts
Trial 1
Trial 2
Trial 3
Trial 4
Trial 5

E = excellent; G = good; P = poor

ANALYSIS AND DISCUSSION
3 Which parts of the skill or movement sequence do you believe were performed with:

= highest quality (strengths)
= lowest quality (weaknesses)?
Briefly discuss why you made this evaluation.

4 Select areas that you identified as ‘poor quality’ or ‘weaknesses' and suggest possible
ways that improvements could be made. You should identify the relevant biomechanical
principles that underpin your suggestion as well as possible task constraints that can be
used during practice/training to encourage technique modifications.

5 Consider the best way to provide your classmates with feedback about how to make
improvements to their performance. Create a flash-card made up of key focus areas,
cue words and tips you need to communicate to your classmate. Include diagrams if
this helps you deliver your feedback.

Watch the video The Biomechanics of a Soccer Kick on YouTube to see how Laura (expert)
and Lara (rookie) complete the same soccer drills/skills. They achieve different outcomes
based on how they complete the four main components - preliminary movement, force
production, critical instant and recovery/follow-through - required in all movement skills.
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Post-error-correction/intervention
evaluation

After feedback has been provided and the improvement strategy practised over a reasonable
period of time (two or more weeks), it is imperative that primary data be collected again to
evaluate the effectiveness of the 'new’ technique or movement sequence. This process is
known as intervention evaluation.

« Primary data must be collected under the same conditions as the original primary data
collection, or as close as possible to them. This time the data is considered to be post-
intervention.

- You should see some improvement, but don't worry if this is not the case as there are many
variables to consider.

- To what extent (fully, partially, with improved success etc.) has the intervention/improvement
strategy achieved your desired outcome and improved the quality of movement?

- What parts of the strategy have ‘worked’ and thus will be continued as is or (possibly) with
slight modifications?

- Do any aspects of the of the suggested strategies need to be removed totally and reconsidered?
Once these reflections and evaluations have taken place, a new set of strategies are decided

on and practised before another round of observation, evaluation and error correction takes place.

This time, the preparation stage might not occur, or might be much shorter, given all of the previous

time invested in researching and preparing for the observation stage. The qualitative movement

analysis can be considered to be a continuous ‘loop’ in an effort to ensure that movements are
performed with greater efficiency and fluency, and much more closely replicate the movement
sequences of elite performers.

FIGURE 4.11 Post-intervention evaluation is important to gauge the effectiveness of
skill refinement.

KAMPUS/Shutterstock.com

m CHAPTER 4

intervention evaluation
Understanding what
impact an intervention has
had and to what extent
improvements have been
made relative to goals
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:": 4.5 CHECK-IN QUESTIONS

1 [EY&YN Exam 2021, Section B, Q6 ¢
Michelle has asked her coach how she can improve her goal-shooting technique.
Describe how the coach may use a qualitative analysis to improve Michelle's goal-

Assessment
4.5 Check-in questions

c " shooting technique.
ommand terms c . ] n
_ 2 Once motor programs are established, they can be difficult to change. With this
describe . in mind, explain why coaches work really hard to teach and establish correct
Provide characteristics, ) )
features and qualities of movement sequences when skills are performed during the early stages of
a given concept, opinion, practice. This might occur for a 5-year-old learning to swim or a 55-year-old
situation, event, process, | ing h to ol If
effect, argument, narrative, e_ammg O O [QNEN Ol i ) ) )
text, experiment, artwork, 3 Discuss how the feedback provided to a young swimmer about dive entries to the
performance piece or other pool would vary from that provided to a national-level swimmer seeking to improve
artefact in an accurate way )

the same skill.
explain 4 Outline two circumstances in which error correction should occur in an open or
Give a detailed account game-like setting.

of why and/or how with
reference to causes, effects,
continuity, change, reasons
or mechanisms; make the
relationships between
things evident

CHAPTER SUMMARY

>, 4.1 Conducting a performance analysis
L 4
) A qualitative movement analysis involves making judgements on the quality of movement,
Resource followed by feedback and revised practice strategies, in an effort to improve performance.
Self-assessment checklist Four stages make up any qualitative movement analysis: preparation, observation,
Video evaluation and error correction.
Masterclass: Chapter 4 «  Primary and secondary data can be referred to when conducting an activity/

performance analysis.

4.2 The preparation stage

The preparation stage involves planning and research, including the following:

- What are the critical features of the specialised movement sequence or skill?
- How is the skill performed at the elite/highest level?

- What stage of learning and what skill level is the performer currently at?

- Where will the skill be performed and viewed?

- What observation method(s) and considerations should be undertaken?

- How will the information be considered, evaluated and communicated?

190 NELSON PHYSICAL EDUCATION VCE UNITS 3&4 / 9780170480994



4.3 The observation stage

- The observation stage requires people to consider the following:
- Do | use direct observation alone or take notes as well?
- Should I consider some form of digital recording, which allows permanent records to
be kept for future reference?
- What is the optimal viewing distance from the subject and from which angles should
the movement be considered?

4.4 The evaluation stage

The evaluation stage involves looking at similarities and differences between the

performer and an elite performer undertaking the same movement sequence or skill.

- It can be either objective (using performance rubrics, checklists or rating scales) or
subjective (personal opinion or interpretation).

- Quality should be ranked, usually by using checklists or performance templates.

- What are the strengths and weaknesses and what might be causing poor-quality
movements?

- How can problems be addressed/improved?

- Which problem areas are more important to improve than others?

4.5 The error correction stage

= The error correction stage involves making improvements to the way skills are

performed. Considerations include the following:

- How can biomechanical principles be referred to when making improvements?

- How are skills best learnt/practised?

- What types of feedback need to be used?

- Distributed practice is often used with cognitive learners, while massed practice is
used with higher stages of learning.

- Different techniques and changes to motor programs take time to be implemented.

- Regular feedback needs to occur throughout, and after, each practice session.

- After feedback has been provided and the improvement strategy practised over a
reasonable period of time (two or more weeks), it is imperative that primary data be
collected again to evaluate the effectiveness of the 'new’ technique or movement
sequence.
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CHAPTER REVIEW

. 1 Outline why simply knowing the serving accuracy of a volleyball player does not

N

%< provide useful information to a coach hoping to make improvements to a player’s
serving technique.

Assessment
2

; Some coaches want to simply observe how a skill is being performed and then make
Chapter 4 Review

suggestions as to how it can be improved without undertaking the preparation stage.
Outline two reasons why taking this ‘short cut’ may compromise the effectiveness of
analysis.

3 [EY&ZYN Exam 2019, Section B, Q7 b )
How may a coach benefit from using qualitative movement analysis data instead of
quantitative serve accuracy data?

4 Follow-through is a vital part of most movement skills ranging from a tennis serve or
forehand to a golf swing of softball hit, yet this is often overlooked by many novice
coaches. Clearly discuss how an effective follow through in any of these examples
leads to more effective performance of the skill.

5 Exam 2020, Section B, Q4)
Peta is a soccer coach who is applying biomechanical and skill acquisition principles
to help players refine their goal-shooting skills. Performing a qualitative movement
analysis, Peta observes that while the players are generally accurate with their goal
kicking, there is very little power generated when they strike the ball.

With reference to the relevant biomechanical principles, discuss the type of
feedback that Peta can provide to the players to correct this error and refine their skill.
Your response should include reference to:

- feedback
= summation of momentum
angular velocity

levers.

6 A tennis player is experiencing problems when trying to execute a smash, and more
times than not ends up hitting the ball out of court. The following table summarises
the different phases that make up the smash and what the player is observed doing. In
the last column, suggest a way in which this part of the smash might be ‘corrected’ or

improved.

Phase | Movement observed | Suggested improvement

Take-off Pushing off the ground with both feet in
a front-on position

Backswing Racquet brought back to side of body level with
head (minimal elbow flexion)

Contact Impact made above the head with ball travelling
upwards with limited straightening of arm

Downswing Rapid until racquet level with torso and then
slows from waist to being level with feet

Follow-through | Minimal follow-through with racquet not
passing body
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CHAPTER 4

V&Y Exam 2020, Section B, Q9 b J

A young golfer is having their swing technique assessed by their coach. The coach has
prepared a checklist and has observed the golfer's swing technique. Explain why using
digital recording as part of a qualitative analysis is the optimal method of observation to
analyse and improve the golfer's swing technique.

A group of Year 7 students are introduced to American football but are not given
suitable instructions or demonstrations about how to throw the gridiron ball to enable

effective passes or throws for distance to occur.

a Research the different phases of a gridiron throw/pass and summarise the stages extrapolate
in a table similar to the one used in Question 6. Infer and/or extend
. . . . information that may not
b Extrapolate how the analysis applied to one skill might be transferable to another be clearly stated from a
skill that has similar movement sequences. For example, can the skill of serving narrative, opinion, graph

. . L . . or image by assumin
in tennis be transferred to serving in volleyball? In your response identify the two existing tre)r/1ds wil g

different sport skills you have chosen to highlight the concept of ‘transferability: continue
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CHAPTER

ACUTE
PHYSIOLOGICAL
RESPONSES

TO EXERCISE

UNIT 3 - AREA OF STUDY 2

FIGURE 5.01 Acute responses only last for the duration of any activity.

Quizzes

Chapter 5 Pulse check
51 Check-in questions
5.2 Check-in questions
5.3 Check-in questions
5.4 Check-in questions

Chapter 5 Review

Videos
Masterclass: Chapter 5

51 In focus: Gaseous exchange

5.2 In focus: Stroke Volume has a finite

capacity

-
1

¢ Nelson MindTap

5.2 In focus: Arteriovenous Oxygen
Difference

5.3 In focus: Motor Unit Recruitment

5.4 In focus: Active vs passive
recoveries and effects on EPOC

Resources
51 Template: Recording respiratory rate

5.2 Template: Heart rate (bpm) for
submaximal and maximal exercise

Chapter 5 Self-assessment checklist

To access resources above, visit
cengage.com.au/nelsonmindtap

Quino Al/Unsplash.com



acute physiological responses to exercise in the cardiovascular, respiratory and KEY
muscular systems KNOWLEDGE
» oxygen uptake at rest, during physical activity and recovery, including oxygen deficit,
steady state and excess post-exercise oxygen consumption (EPOC)

» an ability to:

- participate in a range of laboratory activities to collect and analyse data on the range KEY SKILLS
of acute effects that exercise has on the cardiovascular, respiratory and muscular
systems of the body

- explain the changes in oxygen demand and supply at rest, during submaximal and
maximal exercise

Source: Victorian Certificate of Education Physical Education Study Design (2025-2029)

Acute physiological responses to exercise

Cardiovascular Respiratory Muscular

« Increased heart rate - Increased respiratory rate « Increased motor unit recruitment
« Increased stroke volume « Increased tidal volume « Increased blood flow

« Increased cardiac output « Increased ventilation « Increased muscle temperature

+ Increased blood pressure (systolic) + Increased gaseous exchange - Increased a-vO, diff

+ Increased a-vO, diff « Decreased fuel/substrate stores

« Increased venous return « Increased enzyme activity

- Redistribution of blood flow
Decreased plasma volume
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>

Video
Masterclass: Chapter 5

acute responses

The body's immediate
changes to exercise; these
are short-term - that is,
they last for the duration of
exercise or training and while
returning to pre-exercise
levels (recovery)

«l
o‘:

Assessment
Pulse check

When we exercise, changes occur in the body to meet the increased energy and physiological
demands of the activity. The respiratory, cardiovascular and muscular systems work together
to meet these increased demands. The respiratory system takes up oxygen, the cardiovascular
system transports it, and the muscles use it to allow multiple different movements to occur.
Together they provide a volume (V) of oxygen (O,) to different body parts - this is referred to
as VO,. The initial responses of these three systems are called acute responses and are only
short-term because they only last for the duration of exercise.

This chapter investigates how each of these body systems responds to supply more oxygen
and fuels to working muscles, and how they also remove wastes. The level of response depends
on the intensity and type of exercise being undertaken.

- PULSE CHECK

Take the pulse check quiz to check your prior knowledge and understanding of these
concepts.
1 List two changes that occur at the respiratory system level when you warm up.

2 Discuss any changes that occur to the heart to allow more blood to be pumped to
working muscles as exercise intensity increases from resting levels.

3 Apart from increasing muscle temperature, what occurs at the muscular level during a
warm-up?

4 \Why do we sweat towards the end of a warm-up?

5 Suggest three different sporting activities that would require participants to have a
very high VO, max.

Despite VO, being thought of as a respiratory response, it involves the cardiovascular and
muscular systems as well and cannot be singled out as only being ‘respiratory’ in nature.

REAL WORLD APPLICATIONS

Warm-ups before exercise/training

Soccer has gained increasing popularity among men and women and there are currently about 300 million
registered players, referees and technical staff worldwide, approximately 40 million of whom are female players.
Soccer is the world's most popular sport, and the FIFA World Cup is the biggest sporting event on the planet, not
only filling stadiums but also pulling in 30 billion TV spectators across the tournament. FIFA is aware not only of this
development but also of its responsibility to care for the health of players.

The 11+’ program is an injury-prevention program that was developed for FIFA by an international group of
experts based on their practical experience with different injury-prevention programs for amateur players aged 14 or
older. It is a complete warm-up package and should replace the usual warm-up prior to training. The warm-up has
three parts, with a total of 15 exercises, which should be performed in the specified sequence at the start of each

training session:
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Part 1 examples

iStock.com/hvv74

iStock.com/skynesher

Part 2 example Part 3 example

iStock.com/matimix
iStock.com/matimix

FIGURE 5.02 The 114+ warm-up/injury prevention program

1 running exercises at a slow speed combined with active stretching and controlled partner contacts
2 six sets of exercises focusing on core and leg strength, balance and plyometrics/agility, each with three levels of
increasing difficulty
3 running exercises at moderate-high speed combined with planting/cutting movements.
This is an example of how a warm-up prepares the body for the activity that is about to
be performed and, ideally, focuses on all three body systems. Most warm-ups will consist of
5-10 minutes of aerobic-based activities, followed by dynamic stretching and strengthening dynamic stretching
exercises. Specificity is an important consideration so try to incorporate a lower-intensity version ~ Actively moving joints and
) . . muscles through a range
of the movements you are likely to be performing after the warm-up, and gradually increase the of movement, usually with
intensity to mimic that of the session you are about to engage in. sport-specific motions

-l
o‘:

To find out more about the 11+ program, which has significantly reduced injuries during
training and games in soccer as well as preparing major body systems for the challenges
ahead, visit the Football Victoria website.

Weblink
The “11+’ Manual
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5.1 ACUTE RESPIRATORY
RESPONSES TO EXERCISE

In this module you will learn about:

= acute respiratory responses
and learn to:

= link acute respiratory responses to changes in oxygen supply, carbon dioxide
removal and gaseous exchange at both lungs and muscles.

The respiratory system is responsible for the uptake of oxygen and the removal of carbon
dioxide (CO,) at the lungs. At the beginning of exercise, muscle receptors stimulate increased

ventilation ventilation (V) by sending messages to the respiratory centre in the brain telling it to increase
The amount of air inspired the volume and rate of breathing. Exercise results in deeper and more frequent breaths being
and expired, measured in . . Lo

litres per minute (L/min) taken and an increase in the amount of oxygen exchanged for carbon dioxide at the lungs. The

acute respiratory responses to exercise can be summarised as:
« increased respiratory rate
increased tidal volume
- increased ventilation
- increased gaseous exchange.

£
o

s A

FIGURE 5.03 All acute respiratory responses seek to increase oxygen availability to
muscles.

Increased respiratory rate

Respiratory rate refers to the number of breaths taken per minute. On average, this tends to be
around 15 breaths per minute while resting, but it can vary depending on age, sex, training status
and many other factors. As exercise commences, the rate will increase in direct response to the
demand for oxygen. Performing a warm-up will see a gradual increase, whereas working at higher
intensities will see a more rapid rise in respiratory rate, which can reach 50-60 breaths per minute.
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Increased tidal volume

Tidal volume (TV) reflects the depth, or amount, of each
breath taken. The amount of air taken in per breath at
rest tends to be around 0.5 litres, and this also increases
as exercise intensity increases, up to 4-5 litres.
It is worth noting that:
tidal volume measures the amount of air per breath
containing only 20 per cent oxygen
« males have a higher tidal volume than females due
to having larger lungs
tidal volume has a finite capacity, which is reached
at submaximal intensities.

Inspiration Expiration

6 88

FIGURE 5.04 Role of the diaphragm during inspiration

I ncrea SEd Venti |ati0n (increasing TV) and expiration (decreasing TV)

Ventilation (V) is a measure of how much air the lungs breathe in and out per minute and is

calculated by multiplying respiratory rate by tidal volume: finite capacity
The limiting value of a
. . . . . variable, beyond which it is
ventilation (L/min) = respiratory rate (breaths/min) X tidal volume (L/breath) not capable of any further

increase

Table 5.01 reveals the changes in ventilation that occur when changing from rest to
submaximal efforts. Note that the tidal volume has not increased above submaximal levels.

TABLE 5.01 Comparison of respiratory rate, tidal volume and ventilation at rest and
during exercise

Condition Respiratory rate Tidal volume Ventilation
(breaths/min) (L) (L/min)

Rest 12 0.5 6
25% max HR 20 1.5 30
50% max HR 30 25 75
75% max HR 35 4.0 140
Maximum effort 50 40 200

60 4.5

gt e 4

50
.E 3.5 -
£ Tidal volume £
3 40 3 E
= )
o =
® / 2% o
= 30 £
g / Respiratory rate 2 2
- >
5 20 15 3
4 -
o« 1

10

= 0.5
0 0
Rest 25% max HR  50% max HR  75% max HR Maximum effort

FIGURE 5.05 Respiratory rate and tidal volume at rest and varied intensities
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gaseous exchange

The process of swapping
oxygen and carbon dioxide.
These gases move passively
by diffusion across different
surfaces - for example,
between the blood and
either the lungs or muscles.

alveoli

The very small air sacs,
found in the lungs, where
exchange of oxygen and
carbon dioxide (gaseous
exchange) takes place

>

Video
In focus: Gaseous exchange

Increased gaseous exchange

Gaseous exchange takes place at the lungs and also at the muscles, where gases move from
high concentration to lower concentration. As we breathe in, more oxygen enters the lungs
and the alveoli (singular: alveolus) than is present in the surrounding capillaries. The carbon
dioxide concentration in the capillaries is higher than that in the alveoli, so oxygen moves into
the capillaries and carbon dioxide moves out - the gases are exchanged! The opposite occurs at
the muscles to allow oxygen to move out of the capillaries into the muscles and carbon dioxide
to move from muscles into capillaries. Carbon dioxide is then returned to the lungs and exhaled.

Gaseous exchange is sometimes referred to as diffusion, and more specifically, when it
happens at the lungs, as pulmonary diffusion. During exercise, the diffusion rate is increased
so that greater amounts of oxygen and carbon dioxide can be exchanged at the alveoli and the
muscles. This means more oxygen is available at the muscles and more carbon dioxide (which
has been produced as a by-product of aerobic energy production) can be removed.

®
" ®
® ®
es ©
® ®
e e ®
0.03% ©.®

carbon
Y9N ioxide

Air composition

0.97%  21%
nitrogen other
gases

J

Gaseous exchange
Oxygenated Eabay d'm:dj Alveolus wall

blood to
pulmonary vein

| Deoxygenated
A blood from
A\ pulmonary artery

| 4 Carbon dioxide
diffuses out of
bloodstream
Oxygen
diffuses into /)
bloodstream J/Z¢g8/
= 'L\Y’

FIGURE 5.06 Respiratory system characteristics and mechanisms during gaseous exchange
Source: Adapted from Carolina Biological Supply Company
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Pulmonary diffusion at maximal exercise increases by between two and three times due to:
increased alveolar volume

greater capillary blood volume

increased alveolar-capillary surface area contact.

COLLABORATIVE TASK

Lab activity

Respiratory rate at rest and varied exercise intensity

FIGURE 5.07 The step test

AIM o
To determine the change in respiratory rate in response to different workloads '1:
EQUIPMENT

= step or platform (40-50 centimetres high) Template

Recording respiratory rate
= online metronome

METHOD

Submaximal exercise

1 Subjects sit quietly for 1-2 minutes. Record their resting respiratory rate by counting
how many breaths they take per minute (you can count how many breaths they take in
20 seconds and multiply this by 3).

2 Subjects complete 1 minute of continuous exercise step-ups to be performed at
the same workload/pace. Start with the metronome rate set at 30 beats per minute
(1second up, 1 second down).

3 After 1 minute of stepping, record subjects’ respiratory rate while they are standing
still for 20 seconds. Then ask them to complete another minute at the same pace/
workload. After another minute of stepping, record their standing respiratory rate for
another 20 seconds while they are standing still.

4 Subjects then perform 1 minute of stepping at a higher workload - this time, 35 bpm.
After 1 minute of stepping, record subjects’ respiratory rate while they are standing
still for 20 seconds, then ask them to complete another minute at the same pace/
workload (35 bpm). After another minute of stepping, record their standing respiratory
rate for another 20 seconds while they are standing still.
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describe

Provide characteristics,
features and qualities of

a given concept, opinion,
situation, event, process,
effect, argument, narrative,
text, experiment, artwork,
performance piece or other
artefact in an accurate way

predict

Give an expected result

of an upcoming action or
event; suggest what may
happen based on available
information

5 Subjects then perform 1 minute of stepping at a higher workload - this time, 40 bpm.
After 1 minute of stepping, record subjects’ respiratory rate while they are standing
still for 20 seconds, then ask them to complete another minute at the same pace/
workload (40 bpm). After another minute of stepping, record their standing respiratory
rate for another 20 seconds while they are standing still. Wait for 1 minute and record
their recovery heart rate. Record it again after 2 minutes and 3 minutes.

RESULTS

DISCUSSION
1 Graph the respiratory-rate responses for the step-up exercises. Describe any trends
evident from the activity performed and associated changes to respiratory rate.

2 Comment on the likely changes to tidal volume throughout the step-up test.

3 Discuss the likely oxygen consumption that occurred throughout the step-up
test. Explain your answer with reference to the fact that ventilation has a direct
relationship with VO..

4 Compare your data with that of another person in the class. Explain any differences.

5 Predict (by drawing on the graph) the respiratory-rate response of a highly trained
cross-country runner to the same continuous activity.

LOOKING FORWARD
Using acute responses to determine fitness levels
Chapter 10

The Harvard step test is a submaximal, indirect field test that can be used to estimate a
person's aerobic power. It is often used with subjects who cannot undertake a maximal
fitness test.

ABOVE AND BEYOND THE STUDY DESIGN

Blood redistribution during exercise, page 226

Sex differences at the respiratory, cardiovascular and
muscular levels, page 227

The ‘fast’ and ‘slow’ parts of EPOC, page 228
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5.1 CHECK-IN QUESTIONS e

1 Describe the relationship between respiratory rate, tidal volume and ventilation.

2 Explain what is meant by the statement that ‘tidal volume has a finite capacity:

Assessment
51 Check-in questions

3 Discuss why the movement of gases increases to coincide with increased exercise

intensity. Focus on gaseous exchange at the lungs in your response.
4 a Calculate the ventilation for a 100-metre swimmer taking 30 breaths per minute

calculate
Determine from given facts,

with a tidal volume of 4.0 litres. figures or information;
b Suggest how and why the ventilation of a 1,500-metre swimmer is different from obtain a numerical answer

that of a 100-metre swimmer.

showing the relevant
stages in the working;

5 Some endurance athletes, such as marathon runners and road cyclists, participate determine or find (e.g. a
in training camps that take place at high altitudes. Propose why athletes find it more number, answer) by using

difficult to take up the same amount of oxygen ‘at altitude’ than when they are training

at sea level.

mathematical processes

suggest
Put forward for
consideration a solution,

hypothesis, idea or other

5.2 ACUTE CARDIOVASCULAR posslleansuer
RESPONSES TO EXERCISE Sugoestorputforrd

point of view, idea, argument,
diagram, plan and/or

In this module you will learn about: suggestion based on given

= acute responses to exercise by the heart and blood vessels

and learn to:

data or stimulus material for
consideration or action

=« identify ‘cardio’ vs ‘vascular’ acute responses

» link cardiovascular responses to respiratory responses due to close relationships
between the two body systems

= consider the cardiovascular system's role in supplying oxygen and fuels as well as

removing wastes.

The cardiovascular system consists of the heart, blood vessels and blood. It is responsible
for transporting oxygen and fuels to working muscles, thus providing energy for movements,
and removing both waste and accumulated by-products. As exercise intensity increases and
there is an increased demand for both oxygen and fuel, there must be an associated increase
in cardiovascular supply to meet this demand. The acute cardiovascular responses to exercise
can be summarised as:

increased heart rate
increased stroke volume
increased cardiac output

increased blood pressure

increased arterio-venous oxygen difference
redistribution of blood flow

decreased plasma volume.

Before you exercise, your heart rate will likely increase
even while you're resting or not moving. This is called
the ‘anticipatory rise’ and occurs when the brain releases
adrenaline and noradrenaline. It helps the body prepare
for, and adapt to, forthcoming exercise faster and more
efficiently.
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Increased heart rate

Heart rate refers to the number of contractions or
beats per minute the heart experiences. Resting
heart rate varies between individuals and can be
affected by age, training and health status, body
composition and many other factors. The average
resting heart rate for most healthy adults is between
55 and 85 beats per minute.

There is a direct linear relationship between
exercise intensity and heart-rate response in an
effort to supply more oxygen and fuels to working
muscles. Someone rowing at 50 per cent of their
FIGURE 5.08 An athlete monitors his heart rate during a maximum heart rate (max HR) will not need as
desert run. rapid an increase in their heart rate as someone

who is rowing at 75% max HR at the start of the
resting heart rate activity. Similarly, the heart of the person choosing the lower workload will not be pumping
The number of heartbeats as frequently (beats/min) as that of the person working at higher intensity.
per minute while the body is Quite often, exercise intensity is referred back to a person’s maximum heart rate and what
In a state of rest percentage of this they are required to perform at in order to meet activity/exercise demands.

Maridav/Shutterstock.com

maximum heart rate
The highest number of

A rough estimate of rson's maximum heart rate in beats per minut m) is given by:
beats your heart can pump ough estimate of a person's maximum heart rate in beats pe ute (bpm) is given by

per minute .

max HR = 220 - age in years
Sports physiologists often A 20-year-old might thus have a max HR of 220 - 20 = 200 bpm. If they wanted to
abbreviate ‘'maximum work at 50% max HR, this would mean trying to keep their heart rate at 100 bpm while
heart rate’ to either max exercising/training.

HR, HRmax or HRM.

Figure 5.09 reveals the direct linear relationship between heart rate and exercise intensity/
oxygen demand.

200
i max HR
E 160
5 ]
e -
2 _
e
t -
3
2 120+
E [ |
B [ |
80 ; , ; , ; , ; ,
0 10 20 30 40

VO, (mL/kg/min)

A\ 4

Exercise intensity

FIGURE 5.09 Heart rate and oxygen consumption during exercise at different intensities
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LOOKING FORWARD

The heart becomes more efficient with aerobic training

submaximal heart rate
Chapter 15 A range of heart-rate

responses between resting
and maximal values. These

When oxygen demand can be met by the body being able to supply sufficient amounts,

the person is said to be in ‘steady state! You will learn that aerobic training results in can be further classified as
athletes having lower resting and submaximal heart rates. This happens because their low submaximal (< 50%
hearts become more efficient and can pump out larger volumes of blood, oxygen and max HR), moderate

. . submaximal (50-75% max
fuels with fewer beats per minute. HR) or vigorous submaximal

(75-99% max HR).

165

145 . .
Untrained subject

125

105+
Cross-country runner

Heart rate (bpm)

85
651 I Marathon runner
55 | 1
1 1
1 1
Rest ' Moderate ' Recovery
1 work 1
1 1
T T T T T T T T T T T T T T T T T T T T T T T T T 1
1234567 8 91011121314151617181920212223242526

Activity time (min)

FIGURE 5.10 Heart-rate responses to moderate-intensity work for untrained and trained
subjects

Why does our heart rate increase when we are nervous or preparing for a task?

LOOKING FORWARD

Are you ready for fitness testing or to start a training
program?
Chapter 10

Before undertaking any fitness test, the ‘informed consent’ process needs to be applied.
Whenever someone who has a pre-existing injury or health condition undertakes

any form or physical activity or training, they need to complete a health screening
questionnaire such as the PARQ.
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==

9 )
o‘:

Template

Heart rate (bpm) for submaximal
and maximal exercise

explain

Give a detailed account

of why and/or how with
reference to causes, effects,
continuity, change, reasons
or mechanisms; make the
relationships between
things evident

compare
Recognise similarities

and differences and the
significance of these
similarities and differences

COLLABORATIVE TASK

Lab activity

Heart rate at rest and varied exercise intensity

AIM

To determine the change in heart rate in response to submaximal and maximal exercise
EQUIPMENT

You will need heart-rate monitors. (If not available, calculate heart rate manually for 15
seconds at either the radial or carotid pulse.)

METHOD

Submaximal exercise

1 Subjects sit quietly for 3-5 minutes. Record their heart rate (or take resting pulse manually).

2 Subjects complete 5-8 minutes of continuous exercise (e.g. running, cycling, step-ups)
to be performed at the same workload/pace.

3 Record subjects’ heart rates after each minute of exercise in a results table, as shown
below.

4 Subjects perform an active recovery (walking) until heart rate drops to below 100
beats per minute. Record heart rate at 1, 3 and 5 minutes post-exercise.

Maximal exercise

5 Record subjects’ resting heart rates.

6 Subjects perform six maximal and consecutive sprints from side to side on a
basketball or netball court. Record heart rate at completion of last sprint.

RESULTS

Heart rate (bpm) for submaximal exercise

Continuous exercise

Pre-test Recovery

Subject

Heart rate (bpm) for maximal exercise

Subject | Pre-sprint | Post-sprint
1
2

DISCUSSION

1 Graph the heart-rate responses for both submaximal and maximal exercise on the
same axis. Describe the shape of each graph in terms of heart-rate changes.

2 Comment on the likely stroke volume that would be experienced in both these
different types of activities.

3 Did heart rate increase more with maximal exercise or submaximal exercise?
Explain your answer with reference to physiological responses to exercise.

4 Explain why heart rate needs to increase linearly with increased exercise workloads.
5 Compare your data with that of another person in the class. Explain any differences.

6 Predict (by drawing on the graph) the heart-rate response of a highly trained triathlete
to the same continuous activity and that of a highly trained sprinter to the six court-
width sprints.
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Increased stroke volume

Stroke volume is a measure of how much blood is ejected from the left ventricle with each
contraction, or systole. The pressure this creates on the arteries leaving the heart is known as
systolic blood pressure: the harder the heart pumps, the greater the pressure created on the
blood vessels leaving the heart.

The left ventricle can't keep increasing in size to

accommodate larger and larger volumes of blood - 200 -
it, too, has a finite capacity, which, in untrained 180 J Highly trained
subjects, occurs around 50% max HR. The ventricle - endurance athlete
size of males is larger than that of females because E 160 -
male hearts are larger. Endurance athletes have 3
larger ventricles than untrained subjects, and their %140- Moderately trained
stroke volume can keep increasing up to much higher E endurance athlete
intensities of 80-90% max HR. g 207 Untrained

Figure 5.11 reveals the resting and maximal values % 100
of stroke volume for untrained, moderately trained o
and highly trained endurance athletes. 80

60 T 1

Increased cardiac Rest N (b,nlff) "
output

Cardiac output (Q) can be calculated by multiplying
stroke volume (SV), which is the amount of blood
pumped out of the left ventricle of the heart per beat,
and heart rate (HR). This provides an indication of how much blood is being pumped from the  cardiac output

heart each minute. The amount of blood
squeezed/pumped out of

the left ventricle per minute

FIGURE 5.11 Stroke volume and heart-rate responses in
untrained and trained subjects

cardiac output (L/min) = HR (beats/min) x SV (L/beat)

If we use the untrained and highly trained heart rates and stroke volumes at rest and maximal

intensity from the graph in Figure 5.11, Table 5.02 shows how they combine to produce cardiac >
output.

Video
TABLE 5.02 Changes in stroke volume, heart rate and cardiac output in untrained and In focus: Stroke Volume

has a finite capacity

trained individuals at rest and during maximal exercise

Training status Stroke volume Heart rate Cardiac output
(mL/beat) (beats/min) (L/min)
Untrained Rest 70 60 4.2
Maximal exercise 10 180 19.8
Trained Rest 90 50 4.5
Maximal exercise 190 200 38.0

Heart rate is the most impo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>