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How to use this resource

Integration of learning

As stated in the rationale in the senior Physical Education syllabus, the work of Arnold (1979, 1985, 1988) ‘provides
a philosophical and educative framework to promote deep learning in three dimensions: about, through and in
movement contexts (Brown & Penney 2012; Stolz & Thorburn 2017)’ (QCAA, 2024, p. 2). Teaching and learning
through this framework requires an integrated approach that encapsulates an inquiry process. In particular, a
physically educated student will learn about, through and in physical activity in order to solve problems relating

to the engagement and performance of themselves and other athletes. The quality of learning will be dictated by
the authenticity of the tasks in which they engage. This resource has been designed specifically to provide subject
matter with the associated activities necessary to enhance learning and understanding about, through and in
authentic physical activities. It provides an integrated approach to becoming physically educated, and fosters an
inquiry process to utilise subject matter to optimise performance and engagement in physical activity.

Learning about physical activity involves developing deeper knowledge of theoretical concepts and principles

related to movement. It will allow students to reflect on and relate personal experience and scenarios to develop
conceptual understanding of typical physical and social responses. Furthermore, it allows students to apply the
biophysical, sociocultural and psychological concepts to strategies that optimise engagement and performance.

Learning through purposeful engagement in physical activity supports students to develop the critical personal,
intellectual and social skills required for sustained participation and improvements in performance. These skills
enable students to transform their theoretical knowledge so it can be implemented in a practical environment.
They also encourage the ability to work both independently and collaboratively to develop and test strategies for
optimising engagement and performance.

Learning in physical activity ensures that athletes become the focal point of the inquiry process. It requires
students to explore the physical, emotional and cognitive sensations associated with the movement, which allows
students to deepen their knowledge of the biophysical, sociocultural and psychological factors that resonate with
their levels of engagement and performance, and will ultimately progress them towards optimal levels.

Engaging with this resource
CHAPTER ORGANISATION

Throughout this text, students will have the opportunity to test, apply and improve their knowledge of the subject

matter. Each chapter begins by foregrounding the key concepts learners will encounter and highlights key inquiry

questions that students will answer as the chapter progresses. It also identifies the specific syllabus subject matter
that is addressed within the chapter.

Chapters progress with the presentation of subject matter in digestible chunks, which are supported with a variety
of activity types that allow in-depth learning to occur about, through and in physical activity. These activities also
incorporate an inquiry process, encouraging the collection of primary and secondary data, and, in many instances,
reflect the processes required for assessment.
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CHAPTER FEATURES AND ACTIVITIES

FIGURE 0.1 Key messages - used to highlight essential subject-matter

insights

Ethical violations €

Maintaining Ethical strategies

ﬁ integrity in sport ﬁ include guidelines, ﬁ reflect poor

R — through ethical N — policies, . — integrity and lower
strategies is key to frameworks and the cultural and
ensuring its high codes that outline economic value of
value in Australian behavioural physical activity.
society. standards.

Glossary terms

Key messages

Throughout chapters, Key messages
are used to summarise sections and
provide a natural juncture to stop and
reflect on subject matter. They are
simple key takeaways that highlight
big concepts from the syllabus.

Glossary terms are used to highlight the meaning of key subject-matter elements from the syllabus as they are

introduced in the main text.

Chapter activities

Throughout the chapters, there are three types of activities. Each activity provides a key to the syllabus objectives

required to complete the activity, enabling teachers to explicitly teach these cognitions as the activity is undertaken.

CHECK-IN 2.2

1. How effective are the cognitive systems and traditional teaching approaches for enabling flexibility or
variation of a skilled performance to solve an issue at a particular point in time?

2. In the chaos of an invasion game, use an example to explain how likely it is that a set motor program will
be used.

FIGURE 0.2 Example Check-in activity - used to check for understanding

TEEL

Inquiry question: What factors are impacting your motivation to
perform in chosen physical activities?

Demonstrate and apply

1. Prepare the class to participate in a chosen physical activity for the duration of the lesson.

2. Before the lesson, rate your motivation towards participating in this physical activity using the
motivation rating scale in Table 7.4.

w

. Complete the physical activity and rate your motivation again.

{4? Analyse: examine or consider something in order to explain and interpret it, for the purpose of

@nany  inding meaning or relationships and identifying patterns, similarities and differences

Analyse and synthesise
4. List all factors that influenced your motivation during the performance.

5. Identify at least two cause-and-effect relationships between your performance and your motivation -
for example, | dropped the ball a lot in the first half (cause), my perceived competence decreased and |
stopped trying (effect).

Evaluate and justify

6. Write a sentence justifying which factor (competence, autonomy, relatedness) had the most influence
on your motivation.

FIGURE 0.3 Example Engage activity - used to support students to
deepen their understanding

n ISBN 978-1-009-31125-0 Stewart et al.

Check-in activities are traditional-
style short-response tasks that
require students to recall theories,
concepts and principles, and

utilise their knowledge to respond

to scenarios. They test the
understanding of concepts presented
in the preceding sections of the text.

In addition, activities unique to this
resource focus on active involvement
in the inquiry process in order to
facilitate data collection and foster
the development of challenging
cognitive processes.

Engage activities expose the

learner to segments of the inquiry
approach in order to deepen their
understanding of a topic, often in
isolation from other influences. As
the name suggests, they require
students to engage in physical tasks
or directed research to gather the
required data to form a justifiable
opinion. As well as indicating the key
syllabus objectives, the Engage tasks
also define the Key cognitions required
for the successful completion of

the task.
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ACTIVE INVESTIGATION 19.1 o8 @ 3

Inquiry question: Can physical activity lessons be inclusive of the <«
ability level of all class members?

Recognise and explain

1. Collect primary data by tracking individual performance for all class members in a selected physical
activity for a number of lessons.

2. Using an appropriate game performance assessment instrument, assess the level of individual skills
and make an overall evaluation of the ability level for each class member.

3. Make notes on how your teacher accounts for different ability levels in their teaching practice (games
and activities).

4. Divide the class into three groups: higher ability, typical ability and lower ability. Have each group
reflect on how the skill development needs of their allocated ability level are currently being met,
and how they could be improved.

Analyse and synthesise

5. Analyse the primary data collected by reviewing strengths and weaknesses in individual skills and the
range of overall ability levels within the class. Analysis may include presenting data in tables or graphs
to identify trends.

ﬁ Synthesise: combine different parts or elements (e.g. information, ideas, components) into a whole,

@oany N order to create new understanding

(=]

. In small groups, design a one-lesson strategy (lesson plan) that employs inclusive practices to enhance
the skills of all ability levels within your class for your selected physical activity of study. Your group must
document the use of the five-stage ethical decision-making framework to devise this ethics strategy. While
using the framework, ensure that your group undertakes secondary research to synthesise contemporary
and inclusive training activities to develop the desired skills. In devising your strategy, consider:

a. the different skills that require improvement (addressing everyone's needs)

o

. how students are organised (individual, ability groups, mixed-ability groups, whole class)

c. the amount and range of activities included (addressing student needs, interest levels and
enjoyment)

d. skill-development activities or game play
e. autonomy (student choice versus allocated activities)

f. safety and resources (what can safely be undertaken and monitored).

~

. Over a series of lessons, implement the strategies devised by each group.

®

At the completion of each group's lesson, survey class members to identify how inclusive the lesson
was in meeting their developmental needs. Possible survey questions may include:

a. To what degree did the lesson meet your overall needs?

b. Did the lesson target the skills on which you needed to focus?

. Do you feel like you experienced improvement by the end of the lesson?

. Did the lesson cater for your ability level more than a typical Physical Education class?

. Did you feel part of the class group?

-~ 0o o o

Which aspect of the lesson was most inclusive?

©

. You should also develop a rating scale for survey responses (e.g. not really, somewhat, pretty well,
extremely well).

10. As a group, collate your post-lesson primary data and analyse the results.
Evaluate and justify

11. In a 200-word evaluative statement, use two pieces of evidence to highlight the effectiveness of your
strategy in being inclusive to all ability levels in the class. Make one recommendation that would
further enhance your overall strategy.

FIGURE 0.4 Example Active investigation activity - used to guide
students through the process of inquiry

Chapter summary and review

Active investigations require the learner
to answer inquiry questions through
engaging in the whole inquiry process.
These are extended investigations

that can be pursued over a number of
lessons. The key focus of the Active
investigations is to collect authentic
primary data that can be compared with
reputable secondary sources to develop
justifiable responses to the inquiry
questions. In most cases, these activities
will allow students to engage in the
same inquiry processes required by an
assessment task, or may form the basis
of your actual assessment instrument.

Each chapter concludes with a Chapter summary of the major points presented in the same order as the chapter

progressed. These are reduced to simple dot points for ease of reviewing.

Each chapter is completed with a Chapter review. This section provides key questions to test student understanding
of the concepts. Like the external exam, these questions are comprised of multiple-choice, short-response and
extended-response activities. They can be undertaken in class, for homework or under exam conditions.
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UNIT 1

Motor learning, functional
anatomy and biomechanics
In physical activity ‘

Motor learning, functional anatomy and biomechanics in physical activity

Topic 2:
Functional anatomy and
biomechanics in physical activity

Topic 1:
Motor learning in physical activity

Chapter 1 Chapter 2 Chapter 3 Chapter 4 Chapter 5 Chapter 6

Unit description

In Unit 1, students engage with concepts, principles and strategies about two topics.

In Topic 1, students engage in learning that includes the integration of motor learning subject
matter and selected physical activities.

In Topic 2, students engage in learning that involves the integration of functional anatomy and
biomechanics subject matter and selected physical activities.

Students recognise and explain the concepts and principles about motor learning, functional
anatomy and biomechanics through purposeful and authentic learning in physical activity
contexts. Students investigate body and movement concepts and demonstrate specialised
movement sequences and movement strategies.

Students apply concepts and principles to specialised movement sequences and movement
strategies in authentic performance environments to gather data about their personal application
of motor learning, biomechanical and body and movement concepts. Students analyse and
synthesise relationships between the motor learning and biomechanical requirements of physical
activity and their personal performance. Students then devise a motor learning and biomechanical
strategy to optimise performance in a selected physical activity.

Students evaluate the effectiveness of the motor learning, biomechanical and movement
strategies and justify using primary data and secondary data.
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Unit objectives

Objectives Activity icons

1. Recognise and explain motor learning, functional anatomy ®ﬁ?

and biomechanical concepts and principles about selected =

physical activities. RECOGNISE &

EXPLAIN

2. Demonstrate specialised movement sequences and movement -
strategies in selected physical activities. Oﬁ-_ﬁ\

(5

DEMONSTRATE

Apply concepts to specialised movement sequences and movement

strategies in selected physical activities. |E3'ﬁ_§]

WY

4. Analyse and synthesise data to devise strategies about motor »
learning, functional anatomy and biomechanics. .'

ANALYSE &
SYNTHESISE

Evaluate motor learning, functional anatomy, biomechanical :
concepts and principles and movement strategies. )
S 1)

=
EVALUATE

6. Justify motor learning, functional anatomy, biomechanical concepts
and principles and movement strategies.

JUSTIFY

Make decisions about and use language, conventions and
mode-appropriate features for particular purposes and contexts.

DECIDE

Source: Physical Education 2025 v1.1 General Senior Syllabus © Queensland
Curriculum & Assessment Authority
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UNIT 1

TOPIC 1

Motor learning in
physical activity

Topic 1:
Motor learning in physical activity

-
&8

Chapter1 Chapter 2 Chapter 3 Chapter 4

Motor learning Approaches Factors Body and
to motor affecting the movement
learning motor learning concepts

process

Introduction

‘ Being physically educated is concerned with developing knowledge in the biophysical,

L sociocultural and psychological domains that underpin physical activity and utilising this
knowledge to maximise enjoyment, engagement and physical performance for yourself and
others. The physically educated become advocates for both the social and physical importance
of being physically active.

This topic explores motor learning as a key element within the biophysical and psychological
sub-disciplines of physical activity. Through an understanding of motor learning, the physically
educated can be self-directed in establishing learning activities to promote motor skill
development. They can design and implement activities that target the learning needs of the
: performer, allowing for faster and more targeted motor skill development. Effective feedback
. can be utilised as an important catalyst to performance improvement.

UNIT 1 TOPIC1
Overview

ISBN 978-1-009-31125-0 Stewart et al.
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CHAPTER 1

Motor learning

What's ahead?

Chapter1
Motor learning

11 1.2 1.3 1.4

What is motor What is a motor What is skill? What is the
learning? program? classification of skills?

Key subject matter

e Recognise and explain that motor learning is a discipline concerned with the learning of skilled
movements through biophysical knowledge about neural, muscular and sensory systems,
practice and feedback.

Recognise and explain motor learning concepts, including motor skills and motor programs.
Recognise and explain classifications of motor skills.

Recognise and explain characteristics of motor skill learning and performance to include
improvement, consistency, stability, persistence and adaptability.

Source: Adapted from Physical Education 2025 v1.1 General Senior Syllabus © Queensland
Curriculum & Assessment Authority

Key inquiry questions
How do we know motor learning occurs?

How does motor program analysis assist learning?

How can motor skills be classified?
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What is motor
learning?

Learning has many definitions, stages and influences

upon it. Generally, however, learning is considered

to have occurred when an individual acquires skill,
information or knowledge. It should be remembered
that learning is non-linear in nature. The learner’s
ability to use their skill, information or knowledge to
achieve a goal is not static, but may vary depending

on many factors involving the individual, the task and
the environment. Due to this, learning may not be
permanent and may fluctuate. This then leads us to the
question of what constitutes motor learning.

Motor learning is the ability to learn how to affect
the nervous system’s reactions. It offers techniques
and strategies that work for coaches on a daily basis.
Knowing basic concepts takes much of the guesswork
out of finding the best instructional sequences and
progressions to learn sport skills. According to

the Medical Dictionary for the Health Professions and
Nursing (2012), motor learning is:

1. The process of acquiring a skill by which the
learner, through practice and assimilation, refines
and makes automatic the desired movement.

2. An internal neurologic process that results in
the ability to produce a new motor task.

non-linear there is no fixed, pre-programmed

path or schedule by which learning occurs; instead,
motor learning progresses and regresses as a
stable pattern of performance develops based on
personal preferences

motor learning the study of the processes
involved in acquiring and refining skills; the field of
study concerned with understanding changes in
motor control

Comparison of these two definitions gives us some
insight into the confusion that exists between motor
learning and skill acquisition. The following terms
are commonly used interchangeably and often refer
to the same information: motor learning, motor
skill, motor skill acquisition, motor control and
motor development.

The debate over the exact nature of motor learning is
a result of the many theories that have been proposed
over the past 100 years concerning how humans
learn. These changing theories can be observed

in the field of motor learning, through ongoing
changes in training and teaching techniques. They
have given rise to a diverse understanding of motor
learning with different underpinning concepts. Later
in this unit, both a traditional and a contemporary
approach to motor learning will be explored.
However, for our purposes, motor learning relates

to any process relating to the acquisition, retention
and/or refinement of skills. The Physical Education
2025 v1.1 General Senior Syllabus (Queensland)

(QCAA, 2024, p. 12) states that motor learning is

a ‘discipline concerned with the learning of skilled
movements through biophysical knowledge about
neural, muscular and sensory systems, practice and
feedback’. As a field of study, it is ‘concerned with
understanding changes in motor control’.

Characteristics of motor
learning and performance

Typically, motor learning is demonstrated as the
number of successful attempts increases for the
learner. Several factors can be used to ascertain the
success of motor skills. Factors include improvement,
consistency, stability, persistence and adaptability.
Consistency relates to the ability to replicate a skill
and produce the same outcome. Stability speaks of
the ability to negate external forces on performance.
The learner in repetition of tasks demonstrates
persistence. Adaptability relates to the ability to
change the movement based on external factors.
Practice is integral to facilitating the improvement of
these characteristics.

improvement the degree of progress observed in
a movement

consistency the degree to which the performance
does not vary

stability the state of being stable and resistant
to change

persistence continuing to do something even
if difficult

adaptability the ability or willingness to change
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Characteristics

of

motor
learning

FIGURE 1.1 Motor learning can be characterised by the
progression in a variety of factors.

CHECK-IN 1.1

1. In your own words, describe when learning
has occurred.

2. Explain how motor learning is displayed
when completing a basketball jump shot.
Include in your response an explanation of
how learning can be non-linear.

What is a motor
program?

A motor program is a series of subroutines organised into
the correct sequence and timing to perform a movement.

1.2

Motor programs are used for all movements undertaken
by an individual. However, in relation to the learning

of movements, motor programs generally refer to the
specialised movement sequences needed for a specific
activity - the technique or action. When applying a more
traditional approach to motor learning, a motor program
is stored in memory and retrieved when a skill is required
to be performed. Similar to a subroutine in computer

movement sequences the coordinated and timed
movements in response to the demands of the
surrounding environment

ISBN 978-1-009-31125-0
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FIGURE 1.2 Organised and timed subroutines combine
to create the movement sequence necessary to perform a
javelin throw effectively.
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programming, it is a sequence of smaller tasks or programs
that combine to perform the larger specific movement
sequence. For example, to complete a javelin throw in
track and field, a number of smaller tasks or programs
need to be completed for an effective throw to occur.

The subroutines for javelin may be:

e appropriate grip
e initial start position

» velocity of movement and feet position through
the sector

¢ height of body in transition phase

e head, hip and feet position prior to release
e speedof arm

e angle of release

e height of release

e summation of forces during weight transfer and
hip drive.

Historically, due to the nature of traditional approaches
such as the cognitive systems approach, the concept of
subroutines and the classification of skills have played
an integral part in understanding motor learning.
Breaking down a skill into smaller components is still
an important aspect of skill development, particularly
where an athlete’s personal motor programs can be
assisted through biomechanical analysis of the body
and movement concepts to enhance the efficiency,
accuracy, consistency or speed of the movement.
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ENGAGE 1.1 29 (R &

EXPLAIN SYNTHESISE EVALUATE

Inquiry question: How can an analysis of a motor program
enhance performance?

Recognise and explain

1. Review a video of a motor program in your physical activity at the elite level.

2. Deconstruct the skill into subroutines.

Demonstrate and apply

3. Video your execution of the skill during game play or practice.

Analyse and synthesise

4. View the footage and examine your performance of the subroutines.

{4(7) Appraise: evaluate the worth, significance or status of (something); evaluate, judge or consider a

wammy. Lext O piece of work

Evaluate

5. Appraise the similarities and differences between the elite performance and your own to identify strengths
and weaknesses of your technical ability in the specific motor program for the selected movement sequence.

CHECK-IN 1.2

1. Choose three specialised movement sequences from a specific physical activity.

2. Break down the motor programs for each movement sequence into subroutines.

3. Review critically whether refined motor programs that demonstrate highly effective biomechanical
principles are important for success, or if skilled movements need to be adaptable and changing.
Consider a variety of sporting movements.

Therefore, a modern view of skill incorporates two
=8 What is skill? key components:

e technical proficiency of specialised movement
Traditionally, ‘skill’ has referred to the refinement p y ol sp

o o sequences - this includes developing motor
and successful application of specialised movement

. programs that are consistent, are accurate and,
sequences. A skilful performance has been concerned

with demonstrating technical proficiency within a
game situation. Therefore, individuals developed ‘skills’

where required, demonstrate speed, but can also be
adapted and modified in many ways to suit the task

or the environment
as they demonstrated the specific movements required

for the activity, and practice focused on the refinement  tactical awareness - knowing what is happening in

of an ideal motor program (good technique). the environment and what options are available, and

then selecting a motor sequence that will be

Ina modern approach to learning, ‘skill"is more successful; that is, skill is also reading and

focused on what produces a successful outcome for . N
responding to the situation.

the individual given the specific situation. In this way,

refining a ‘perfect technique’ is not as important as Modern motor learning approaches tend to view skill
finding the right thing to do that will be successful. as holistic, rather than as individual ‘skills’ - that is,
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an athlete will develop ‘touch skill’ as they learn
rugby, rather than viewing individual components of
pass, dump or ruck. This is an important distinction
when developing modern coaching activities. Modern
coaching pedagogy tends to endorse the development
of both technical proficiency and tactical awareness
simultaneously for enhanced motor learning. This
notion will be explored further in Chapter 15.

What is the classification
of skills?

Skill classification deals with grouping different skills
based on the size of muscle movement, the type of

movement occurring and the environment in which

the skill occurs. This can be useful when developing
training activities, as similar skills can often benefit
from similar training approaches. Teachers and coaches
regularly modify effective training activities designed
for one skill in order to apply them to another.

Fine motor skills are those skills that require small
muscle movements. Generally, these are associated
with greater dexterity, precision and accuracy, and
involve fingers or hands - for example, adjusting the
grip on a golf club. Gross motor skills are those that
require large muscle movement to complete a task.
Generally, these require less precision and accuracy -
for example, completing a full spin throw in discus or
hitting a softball pitch to the outfield.

Open motor skills occur in environments that are
highly unpredictable. This may occur due to the
variables within the activity. In an invasion game, the
completion of the activity may depend on your own
position on the field, as well as those of your teammates
and your opponents. The timing of the skill is uncertain,
as external factors may affect the completion of the
task - for example, attacking in a game of touch.
Closed motor skills occur in highly predictable
environments. The performer generally determines the
timing of these skills - for example, sinking a snooker

ball. It is very unusual to find physical activity tasks
that are classified as completely open or closed.

Discrete motor skills have a distinct start and finish -
for example, hitting a golf ball. Continuous motor
skills do not have a definite finish or end, but rather are
repetitive in nature - for example, running. Serial motor
skills are those where a number of discrete motor skills
are linked together - for example, triple jump.

fine motor skills small movements that use the
small muscles

gross motor skills bigger movements that use the
large muscles

open motor skills skills that occur in environments
that are highly unpredictable

closed motor skills skills that occur in highly
predictable environments

discrete motor skills skills that have a distinct
start and finish

continuous motor skills those that do not have
a defined end, but are repetitive in nature and may
continue for an unspecified length of time

serial motor skills those where a number of
discrete motor skills are linked together

FIGURE 1.3 Consistently pitching in the strike zone is an
essential element of this softball skill. Increasing consistency is
also one factor that demonstrates motor learning is occurring.

CHECK-IN 1.3

Search and watch the YouTube video - Fastest Workers in the World | Fast Movers - God Level Expert 2020

https://cambridge.edu.au/redirect/10557

1. List five skills that you enjoyed watching.
2. ldentify the common characteristics that enabled the skilled performances to occur.
3. Consider what was required for this level of skilled performance to be achieved.
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ENGAGE 1.2 M (e & G (&

EXPLA DEONSTRATE SYNTHESISE EVALUATE JUSTIFY

Inquiry question: What is the classification of skills?
Recognise and explain

1. Draw a table that includes each of the following activities in preparation for their categorisation:

. tennis serve

. shot-put throw

. swimming six laps

. darts throw for bullseye

. adjusting the grip on a cricket ball from off spin to leg spin
« 3vs.3 game of futsal

. two kicks for a goal in Rugby League

. triple jump

. flying a kite.

Demonstrate and apply

2. Perform each task.

Analyse and synthesise

{4.(,;) Categorise: place in or assign to a particular class or group; arrange or order by classes or
enamn Categories; classify, sort out, sort, separate

3. Categorise each task according to the different classifications of skill. For each, explain in your own
words why the task matches that classification.

4. Reflect on the following tasks in a game of soccer:
a. a penalty shot on goal
b. soccer general play.

5. Classify the tasks from question 4 according to the environment.

Evaluate and justify

6. Explain and justify in no more than 50 words whether soccer is an open or closed skill.
7. Evaluate batting in cricket and complete the following tasks.

a. Classify the skill.

b. List the subroutines involved.

8. Reflect on Mitch Marsh's innings from the 2023 Men's Cricket World Cup after watching the video at
https://cambridge.edu.au/redirect/10371.
a. Does Mitch Marsh demonstrate the perfect model for batting?
b. Make a decision regarding whether there is a perfect technical model.

9. Evaluate how the knowledge of subroutines and classification of skills may affect the design of training
and learning environments.
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Chapter summary

e Motor learning is the learning of skilled
movements through biophysical knowledge about
neural, muscular and sensory systems, practice o
and feedback.

* Motor learning can be characterised by the o
progression in the areas of improvement,
consistency, stability, persistence and adaptability.

e A motor program is a series of subroutines
organised into the correct sequence and timing to
perform a movement sequence.

o Skill and a skilful performance is not just
about producing an accurate technique, but
also the ability to read the situation, make an
accurate decision on how to act and effectively

adapt the movement selected to produce a
successful response.

A skilful performance includes both technical
proficiency and tactical awareness.

Skills can be classified to assist in understanding,
analysing and improving them.

Fine and gross motor skills are categorised based
on the muscles required to perform the movement.

Open and closed skills are categorised based on
the environment in which they are performed.

Discrete, continuous and serial skills are
categorised based on how long they can be
performed for and how they are constructed.

r £

A

FIGURE 1.4 Mitch Marsh of Australia celebrates his century during the ICC Men's Cricket World Cup India 2023 between

Australia and Pakistan.
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Chapter review

MULTIPLE-CHOICE QUESTIONS

1. Motor learning is:
A. a term used in car racing.
B. a process of acquiring and refining skills.
C. completely separate from motor skill, motor
skill acquisition, motor control and motor
development.
D. a process to provide feedback.

2. Which of the following is not a characteristic of
motor learning?
A. Persistence
B. Stability
C. Longevity
D. Adaptability

3. A motor program is:

A. a series of subroutines organised to perform
a movement sequence.

B. a series of skills that produce a successful
result.

C. an effective movement that produces a
coordinated response to the situation.

D. all of the above.

SHORT-RESPONSE QUESTIONS

1. How might improvement, consistency, stability,

persistence and adaptability be used to ascertain

if learning has occurred?

2. Selecting only three motor programs (techniques),

from any physical activity, provide examples that
cover all the classification of skills.

4. A skilful performance is demonstrated when:

A. a technique has been refined to demonstrate
effective form.

B. tactical strategies are used in response to the
situation.

C. an effective result is the outcome, no matter
how it is achieved.

D. both effective technical and tactical elements
are applied to produce an effective outcome.

5. Playing a grand piano is considered to be

completion of:

A. a gross motor skill due to the size of the piano.

B. an open motor skill due to the environment in
which it is played.

C. a continuous and closed skill due to limited
external influences.

D. a serial motor skill due to the small movements
of the fingers.

EXTENDED-RESPONSE QUESTION

Select one motor program from the physical

activity currently being studied and outline three
subroutines that are currently negatively affecting
your performances. (Consider if it is the improvement,
consistency, stability, persistence or adaptability

of the movement being affected.) Make one
recommendation on how to improve one of the
subroutines being affected.
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CHAPTER 2

Approaches to motor learning

What's ahead?

Chapter 2
Approaches to motor learning

I |

21 2.2 2.3
Two major approgzches Cognitive systems approach Dynamic systems approach
to motor learning to motor learning to motor learning

Key subject matter
¢ Recognise and explain that two major approaches to investigate motor learning have developed
over time: the cognitive systems approach and the dynamic systems approach.

« Identify and explore cognitive models of learning, including the information processing model
and Fitts and Posner's (1967) stage model of motor learning.

Source: Adapted from Physical Education 2025 v1.1 General Senior Syllabus © Queensland
Curriculum & Assessment Authority

Key inquiry questions

What are the two major approaches to motor learning?

How can a cognitive systems approach be applied to enhance motor learning?

How can a dynamic systems approach be applied to enhance motor learning?
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Two major approaches
to motor learning

As an understanding of learning has developed over

time, two major approaches to investigating motor
learning have developed. Each approach has a number
of different learning models associated with it, and
each of these two major approaches is underpinned
by different assumptions about how performers learn
motor skills. More traditional approaches to motor
learning generally take a cognitive systems approach
to learning, while more contemporary motor learning
models tend to reflect a dynamic systems approach.
Each approach works to explain the learning process
and to highlight effective teaching and coaching
pedagogies to enhance the learning of motor skills.

coghnitive systems approach acquisition of
information-processing abilities

dynamic systems approach the theory that
movement behaviour is the result of complex
interactions between many different factors, such
as the environment and the task at hand

information processing model a cognitive
systems approach to learning where the notion
of input, processing and output is described as
the phases of perception, decision-making and
response execution

perception the brain's interpretation of the current
situation, based on the information received from
the sensory system and proprioceptive information
from the body

decision-making (information processing)
selecting a motor program in response to the
current situation

response execution occurs when the decision is
passed to the relevant body parts and the selected
motor plan is enacted

feedback (in motor learning) any information
received during or after a performance about the
movement itself or the level of success achieved by
the movement in that situation

Cognitive systems
approach to motor
learning

The cognitive systems approach, also referred to as
the cognitive model, is a more traditional approach
to motor learning, whereby improvement occurs as
the result of feedback following a process of input,
information processing and output - that is, the
body is viewed as a computer with the brain being
the central processing unit. Input of information
occurs from the environment (ascertaining what is
occurring), processing of the information occurs by
the brain (deciding what movement is required and
selection of a motor program) and an output results
(executing the movement sequence). This more
traditional approach to motor learning is based on a
hierarchical model of control, where higher control
centres pass commands to lower control centres,
resulting in linear changes in movement. A cognitive
systems approach requires an understanding of the
process that occurs in making decisions, planning and
executing movement.

A well-known cognitive systems approach is the
information processing model. In this learning
model, outlined by Welford (1968) and later Whiting
(1969), the notion of input, processing and output

is described as the phases of perception, decision-
making and response execution. Perception occurs

as the athlete’s senses pass on to the short-term
memory relevant data about the current circumstances
surrounding the performance. Decision-making
occurs through comparison with similar previous
experiences stored in the long-term memory in order
to select a motor program. Response execution
occurs when the decision is passed to the relevant body
parts and the selected motor plan is enacted. Learning
occurs as feedback about the success of this process
is retained so that future performances in similar
situations can be refined.
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FIGURE 2.1 Information processing occurs in the central nervous system through a series of discrete cognitive stages involving

perception, decision-making and response execution.

In addition to information processing, Fitts and Posner
(1967) propose that learning changes for an individual
as their ability to process information develops. Under
a cognitive systems approach, Fitts and Posner propose
three stages in a staged model of motor learning. Under
staged learning, an individual progresses from beginner
to expert as they enhance different aspects associated
with information processing.

Fitts and Posner’s stages of learning model describes
skill acquisition as a gradual process, whereby the
learner moves through three learning stages in a
linear progression. The beginner or cognitive stage
sees the learner concerned largely with gathering
information along with formulating basic motor
programs. This stage is characterised by large
gains in skill development; however, inconsistent
performance is common, as motor programs

are put together and stored. The associative stage
involves the process of putting actions together in
more coordinated ways and becoming increasingly
familiar with the situations in which the skills

can be used successfully. The associative phase

is characterised by small gains, with a focus on

ISBN 978-1-009-31125-0
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Source: Davids et al. (2008, p. 10)

refining performance through conscious reflection
on performance feedback. Given enough time

and practice, the athlete may advance to the final
stage of motor learning, the autonomous stage. This
stage is characterised by performances that seem
unconscious, automatic and smooth. The motor
programs involved are well learned and are now
ingrained in long-term memory.

CHECK-IN 2.1

1. Draft a table labelled ‘Fitts and Posner's
stages of learning model: In the table, do
the following.

a. ldentify each stage of learning in a row.

b. Assign a column each to ‘Perception’,
‘Decision-making’ and ‘Response
execution’,

. Complete the table by identifying
characteristics for each stage under the
heading ‘Information processing'.
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ENGAGE 2.1 el Y

EXPLAIN SYNTHESISE

Inquiry question: How do we develop motor learning?

Demonstrate and apply
Option A - striking and fielding games
Participate in Drills 1 and 2.

Aim: To develop motor learning in softball
Equipment: 1 ball, 4 markers

Space: Drill 1-10 m, Drill2-10 m x 10 m

Drill 1: Complete 60 stationary passes in pairs.

(...............................)
10m

R

10mx10m

—

Recognise and explain

1. Design a mind map with developing softball technique in an authentic environment as the central theme.
2. Identify in branches off the central theme the subheadings of type of skill undertaken and the type

of practice.
3. Identify the type of skill and the type of practice undertaken in Drills 1 and 2.

Analyse and synthesise

4. Consider and explain in branches off the subheadings, characteristics that are pertinent to the
classification of the type of skill and type of practice.

5. Identify what was needed to complete the drills successfully.

6. Identify what differences there are in the drills depending on the game environment - for example,
tracking of ball, tracking of team member, tracking of opponent.

7. Critically review how closely aligned the drills were to the game environment.
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Evaluate and justify

{;C? Judge: form an opinion or conclusion about; apply both procedural and deliberative operations to

wman Make a determination

8. Judge whether motor learning of softball was developed in each drill.
9. Consider other factors that may be involved in completing a skill in a game environment. How do these
other factors affect the successful completion of the skill?

Demonstrate and apply

Option B - net and court games
Participate in Drills 1 and 2.

Aim: To develop motor learning in volleyball
Equipment: 1 ball, 4 markers

Space: Drill 1-10 m, Drill 2 -10 m X 10 m

Drill 1: Complete 60 stationary passes in pairs.

(...............................)
10m

—
10 mx10m

S

Recognise and explain
1. Design a mind map with developing motor learning as the central theme.

2. ldentify in branches off the central theme the subheadings of type of skill undertaken and the type
of practice.

3. Identify the type of skill and the type of practice undertaken in Drills 1 and 2.

Analyse and synthesise

4. Consider and explain in branches off the subheadings characteristics that are pertinent to the
classification of the type of skill and type of practice.

5. Identify what was needed to complete the drills successfully.
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6. Identify what differences there were in the drills depending on the game environment - for example,
tracking of ball, tracking of team member, tracking of opponent.

7. Critically review how closely aligned the tasks were to the game environment.

Evaluate and justify

{QC? Judge: form an opinion or conclusion about; apply both procedural and deliberative operations to

wuamy Make a determination

8. Judge whether motor learning in volleyball was developed in each drill.

9. Consider other factors that may be involved in completing a skill in a game environment. How do these
other factors affect the successful completion of the skill?

‘ ‘ The cognitive systems approach, including information processing and Fitts and Posner’s stages of learning, are
considered a traditional theory of motor learning. Several approaches considered traditional theories have common
characteristics. These include a belief that learning involves constructing internal models of the world and of
movements that facilitate interactions with the environment. These motor program memories are stored in the brain
and are used when required for future actions. The simple notion is that a stored motor program can be enacted
when the right situation is recognised. Over time, and with feedback, the motor program will be refined and become

more efficient and effective. The learner’s ability to perceive their surrounds and decide on how to act will also

become quicker and more accurate; hence the performer is demonstrating the characteristics of learning. , ,

However, traditional cognitive approaches have more
recently been questioned over their ability to accurately
describe motor learning, particularly in open dynamic
environments. They inadequately explain the variability
and manipulation required to successfully implement
motor programs in these environments. The cognitive
approach also struggles to account for learning that at
times regresses in performance, and the adjustments

in subroutines that are required during the execution of
motor programs. Additionally, it cannot easily explain
why very similar environmental cues may result in the
performer producing two different responses. Using

a traditional approach to learning when devising
training activities also reduces the development of
intelligent performers. Training activities based on

a cognitive approach can be repetitive and focus on
technique development in isolation. They may lack the
variety and practice in authentic game-like scenarios
required to effectively develop perceptual, decision-
making and motor program manipulation skills. Davids
and colleagues (2010, p. 99) reinforce that studies on
developing intelligent performance through modern

Source: Davids et al. (2008, p. 17)

approaches have ‘strong implications for a learner
model’ and suggest that ‘the emphasis during learning
should be on encouraging change and adaptation
rather than achieving some hypothetical, idealized
state’ - attaining the perfectly refined technique in
response to the ideal scenario.

FIGURE 2.2 Even a highly stable skill, such as a golf putt,
requires adjustments to the movement patterns each time
it is implemented to account for the subtle differences in
circumstances.
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CHECK-IN 2.2

1. How effective are the cognitive systems and traditional teaching approaches for enabling flexibility or

variation of a skilled performance to solve an issue at a particular point in time?

2. In the chaos of an invasion game, use an example to explain how likely it is that a set motor program will

be used.

Contemporary motor learning theories tend to

be more holistic in their approach to motor skill
acquisition. Rather than simply looking at the
acquisition, refinement and application of motor
programs, a dynamic systems approach explores

how movements emerge, or self-organise, through

the dynamic interaction of the environment, the task
being performed and the individual. This occurs as the
performer knows where in an environment to search
for affordances that will allow them to achieve a goal
and has the ability to implement a plan to successfully
complete that goal. This is important, as individuals
aim to demonstrate intelligent performance through
the manipulation of their technical and tactical

ability. The dynamic systems theory is a more modern
approach whereby the athlete is viewed as ‘a complex,
biological system composed of many independent but
interacting systems’ (Davids et al., 2008, p. 30).

The dynamic systems approach, also referred to as

the ecological model, views an athlete as a complex
system with many interacting components affecting it.
This enables learners to adapt to variations in the task,
themselves and the environment to provide different
multiple solutions to problems or challenges. In this
theory, motor learning is not considered linear in
nature; rather, learning is non-linear as an individual’s
performance progresses and regresses as a stable
pattern of performance occurs and erodes based on the
learner, the task/goal and the environment. Progression
of learning shifts up and down through Newell’s stages
of learning.

Newell’s stages of learning model, not to be confused
with stages of learning identified by Fitts and Posner,
takes a more contemporary dynamic view of the

ISBN 978-1-009-31125-0
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Dynamic systems approach to motor learning

motor learning process. This model also identifies
three stages:

1. Assembling a coordination pattern
In this stage, learners aim to establish a basic
relationship among the key components of the task,
environment and themselves. This is characterised
by limited movements while assembling appropriate
body actions to complete the task. The learner may
seek many alternative movement actions as they
seek to achieve a particular task or aim. Due to the
exploration of many different movements, a pattern
may emerge to complete the task; however, it may
become destabilised or erode as readjustment to
variables occurs. A learner seeking consistency or
accuracy may seize upon a movement pattern with
limited degrees of freedom to accomplish this -
for example, serving in tennis.

degrees of freedom factors affecting the
directions in which independent motion can occur

2. Gaining control of a coordination structure
In this stage, a tighter fit occurs between the
assembled coordinative structure and the
performance environment. Subtle and refined
deviations in the movement patterns occur in
order to experiment with adaptability in different
situations. This is crucial for flexibility of
performance, as Davids and colleagues (2008, p. 87)
state: ‘theorists advocate that movement variability
can play a functional role in helping humans adapt
to novel surroundings and learn new skills’ - that
is, an attempt is made to improve motor patterns,
which are functional under different conditions.
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Furthermore, Davids and colleagues state that: based on their opponent’s position and manipulate
task execution based on their own strength and
weakness for optimal, adaptable actions. This
implies that energy use is at the most appropriate
level while not expending excess energy. Davids and
colleagues state that:

‘ ‘ movement systems do not have fixed
coordination patterns which are somehow stored

in their memories or physical structure. Instead,

they exhibit coordination tendencies as parts come
together long enough to form a functional movement
pattern that can achieve a performance goal under
specific environmental circumstances. ’ ’ ‘ ‘ Even at the stage of optimal skill performance,
discovery learning plays an important role as people
search for creative task solutions or patterns that are
even more energy efficient. At all stages of learning,

Source: Davids et al. (2008, p. 88)

Due to this, the learner is able to adapt to slight performers are searching for the most functional
variations in conditions and can vary movements solutions for satisfying the constraints placed
to accommodate this - for example, adjusting a first upon them. J J

serve in tennis to account for windy conditions. .
Source: Davids et al. (2008, p. 93)

. Skilled optimisation of control

In this stage, the athlete is more flexible and open to
exploiting environmental information sources, thus
enhancing efficiency and control. Athletes are able
to exploit their own and team members’ positions

energy the capacity to do work, including all
human movement and activity

ACTIVE INVESTIGATION 2.1 . Qgg @. g%

ined EVALUNTE USTIEY

Inquiry question: What are the approaches to motor learning and
what is my stage of learning?

Demonstrate and apply

1. Capture digital evidence of your performance in a variety of modified game and match situations.
Consider 1vs. 1,2 vs. 2, 3 vs. 3 type situations as appropriate for your physical activity of study. Ensure
that digital evidence is stored in at least two locations for review, comparison and contrast later in the
unit and in preparation for assessment.

Analyse and synthesise

2. Draft a graphic organiser with stages of learning as the central theme, similar to the example provided
on the next page. From the central theme, list Fitts and Posner on one side and Newell on the other
side. Under these, list the characteristics of the stages of learning in each model.
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Stages of
learning

Fitts and Posner (1967) Newell (1991)
Characteristics of stages Characteristics of stages

3. Examine the primary data that you captured in task 1 and analyse your performance by copying and
completing the table below. Provide examples.

Has motor learning occurred?

Complete the sections below by commenting on your performance and giving examples.

Evaluate and justify

{}? Justify: give reasons or evidence to support an answer, response or conclusion; show or prove how
wuam AN @rgument, statement or conclusion is right or reasonable

Evaluate your level of performance according to Fitts and Posner’s, and Newell's stages of
learning models.

. Justify your stage of learning using primary and secondary data.

CHAPTER 2 | APPROACHES TO MOTOR LEARNING
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The dynamic systems approach promotes a holistic
approach to learning where dynamic interactions
through activities can produce rich responses through
self-organisation within a complex system. This
system is non-linear in nature and embraces chaos
where the learner responds to constraints to form

a stable motor pattern. Constraints enable the
emergence of movement behaviours or affordances.
Constraints are the many different variables that
affect the successful completion of a task within an
authentic game environment. For example, weather
conditions will affect the speed of the green in lawn
bowls. Constraints can both enable performance
(e.g. tall player completing a spike in volleyball) and
limit performance (e.g. short player attempting to
dunk in basketball). Constraints can be organised
into those that involve the learner, the task or the
environment. To maximise skill acquisition, training
activities must be designed to reflect the constraints
found in game situations so that skills and tactical
implementations can be improved. It is now widely
accepted that training activities that reflect constraints
and a dynamic systems approach will produce
greater learning gains than the application of a linear
cognitive approach.

self-organisation a dynamic systems view that
humans will instinctively formulate a physical
response when confronted with their environment
and that, given practice, this response will be
modified to be more successful

constraints boundaries that shape a learner’s
self-organising movement patterns, cognitions and
decision-making processes

affordances the opportunities for action provided
by the environment or task in relation to the
learner's ability

rate limiter a constraint that holds back or slows
the emergence of a motor skill

Athletes therefore perceive - for example, through
vision - and coordinate actions with their environment.
Performance is characterised as functional under
different conditions through the manipulation of
movement patterns after variable repeated practice.

As learners are non-linear dynamic systems, according
to modern theories and models, it is logical that
practice should mirror this. Practice should therefore
be non-linear in nature, where learning activities utilise
constraints concerning the learner, the task or the
environment to highlight specific affordances that will
promote learning and overcome targeted rate limiters.
Learning activities should be game-like and require the
learner to solve problems about performance to learn,
rather than involve repetitive use of motor programs in
isolation from game situations. Such practice activities
develop self-organisation of the learner and the
variability and adaptability of performance required

to demonstrate learning. From this knowledge, a
modern framework for the pedagogy of motor learning
developed, known as the constraints-led approach
(CLA); it will be explored in more detail in Chapter 16.

FIGURE 2.3 Acquiring a skilled topspin forehand involves
both the development of an effective technique and the
capacity for it to be used tactically within a rally to win points.
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ACTIVE INVESTIGATION 2.2

Lo LY
N —
o
ANALYSE & =
SYNTHESISE EVALUATE

Inquiry question: What is the effect of motor learning theories on
performance in authentic environments?

Aim: To improve motor patterns in Gaelic football

Equipment: 15 Gaelic footballs. If not available, volleyballs, soccer balls, Australian Rules
footballs or tennis balls

Space: Drill1-3m x 10 m, Drill2-10 m X 10 m

Demonstrate and apply

Drill 1: Complete 60 stationary passes in pairs.

3mx10m

—
10mx10m

S

Analyse and synthesise

{;ﬁ(") Analyse: examine or consider something in order to explain and interpret it, for the purpose of

wamn inding meaning or relationships and identifying patterns, similarities and differences

1. Analyse what has been learned and its ability to be transferred to a game.

Demonstrate and apply

2. Participate in a small-sided game (5 vs. 5) of ‘End Ball:
Aim: To improve motor patterns in Gaelic football

Equipment: 3 Gaelic footballs. If not available, volleyballs, soccer balls, Australian Rules
footballs or tennis balls

Space: 3 X (20 m x 40 m)

CHAPTER 2 | APPROACHES TO MOTOR LEARNING G
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Rules: Initial rules are:

a. The ball must be passed on the full.

b. If the ball is knocked down by an opponent, you maintain possession.
c. If your team drops the ball, the opponents receive possession.

d. When you catch the ball, you must stand still but may pivot on the spot.

e. Defenders cannot make contact with the player in possession and must be 1 m away.
Analyse and synthesise

3. Analyse what has been learned and its ability to be transferred to a game.

4. Consider your answer to task 1 and reflect on this in relation to principles of play within invasion games:
a. maintain possession - catch, pass

b. use of space - maintaining space through face and space movement, maintaining space as attack
option or support play in plus-1 situations

. creating space - supporting the ball carrier: width, back door, V-formation attack, team/partner plays

. defending space - use of field and time, using person-on-person or zone option
. the rules of Gaelic Football

- 0 a O

safety aspects of game play.
Demonstrate and apply

5. Participate in a possession game. The aim is to make 10 passes in a row inside the 10 m x 10 m grid.
The same rules as for End Ball listed previously apply.

Analyse and synthesise
6. Analyse what has been learned and its ability to be transferred to a game.
Demonstrate and apply

7. Participate in a small-sided game (5 vs. 5) of End Ball. The same rules as previously listed apply.
Additional rules added as game progresses:

a. allowed to take four steps

b. allowed to bounce the ball once after four steps and take another four steps
c. foot pass - a kick is allowed

d. ball allowed to hit the ground

e. player disposed by one-handed knock out of the ball.

Analyse and synthesise

{6? Examine: investigate, inspect or scrutinise carefully; inquire or search into; consider or discuss
KEY COGNITION
8. Examine what has been learned and its ability to be transferred to a game.

9. Evaluate the effectiveness of the various types of practice on your performance.
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EXPLAIN DEMONSTRATE SYNTHESISE EVALUATE JUSTIFY
Inquiry question: How can representative practice improve
motor learning?

Recognise and explain

1. Read the following extract.

‘ ‘ Although physical education is a well-established profession with a sound tradition of formal training
and established pedagogical practices, there has been some criticism that practice is often not based on a
theoretical model of how learners actually learn (Newell & Rovegno, 1990). The need to base pedagogical
practice on a sound theoretical model of the learner and of the learning process has previously been
emphasized (Renshaw et al. under review).

The aim of this paper is to show how key principles of ecological psychology and dynamical systems
theory might underpin a philosophy of coaching practice based on nonlinear pedagogical principles.

Nonlinear pedagogy

In simple terms, nonlinear pedagogy is ‘application of the concepts and tools of nonlinear dynamics' to
coaching practice (Chow et al, 2006, p. 72). Nonlinear pedagogy is predicated on a view of the learner
as a human movement system which is inherently nonlinear in character ... An important task is to
identify key constraints that impinge on any specialized nonlinear dynamical system in nature in order to
understand emergent properties of such systems (Newell, 1986). In nature, different nonlinear dynamical
systems satisfy a range of constraints as behaviour emerges from them (Davids et al, 2008). The basis
of nonlinear pedagogy, therefore, involves the manipulation of key (personal, task and environmental)
constraints impinging on learners leading them to satisfy these interacting constraints. In this way,
constraints manipulation facilitates the emergence of functional movement patterns and decision-making
behaviours in different sports and physical activities. , ,

Source: Renshaw et al. (2009, pp. 540-602)

{4@ Summarise: give a brief statement of a general theme or major point(s); present ideas and

wuamiNformation in fewer words and in sequence

2. Summarise and understand the following key points.
a. What is non-linear pedagogy?

b. What are constraints?

CHAPTER 2 | APPROACHES TO MOTOR LEARNING a
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3. Read the following extract.

The mutuality of the performer and the environment

‘ ‘ One of the established tenets of ecological psychology is the mutuality of the individual and
environment: one cannot be considered without careful reference to the other ... In team sports, the
environment consists of team mates and opponents, as well as playing surfaces and inanimate objects that
define specific performance contexts (such as an ice rink in skating, a bicycle in the triathlon, parallel bars
in gymnastics or goalposts and pitch markings in the football codes). For an individual to engage effectively
with other individuals, events, surfaces and objects in the performance environment their affordances for
action need to be detected. An affordance refers to a property of the environment which can be detected
as information to support an action, and which is related to an individual's ability to use it (Gibson & Pick,
2000). For example, an unmarked team mate affords the option for a pass for a player with the ball in team
sports, while the surface of the ice in a rink affords sliding across on the blades of a skate ... Although
these affordances are always available for actions by any individual athlete, the detection and learning of
affordances is not an automatic process. The role of the learner is to learn to pick up the affordances that
these specific environments offer them (Gibson & Pick, 2000). Some affordances will require significant
periods of exploration, practice and time to enable detection for action (Gibson & Pick, 2000) ... This
finding implies that affordances are specific to each individual and relate to his/her action capabilities.

In athletes, these capabilities may change as a result of growth and development of body sub-systems
across the lifespan or by the application of principled training programmes that develop movement system
variables such as strength, speed or range of flexibility.

The importance of exploratory behaviour for facilitating perceptual learning has important implications

for coaches attempting to develop athletic performance. It highlights the need to accurately identify the
key perceptual information sources in the performance environment (Davids et al, 2006) so that practice
opportunities can enable learners to become attuned to specifying information sources available in specific
performance environments (Beek, Jacobs, Daffertshoffer, & Huys, 2003).

In sports, performers may initially use non-specifying information when they are not attuned to specifying
information sources. For example, skilled cricket batters determine differences between a wristspin bowler's
standard legspinner (clockwise spin) from the googly (anti-clockwise spin) by picking up specifying
information from the hand position at ball release. Less skilled batters learn that the trajectory of a ball
aimed outside off-stump will be a googly while a ball aimed at leg stump will be a legspinner (Philpott, 1995).
Although this information may have some saliency it is based on non-specifying (less useful) information
and the learner will often make incorrect decisions. With experience batters become attuned to the bowler’s
action and he/she learns to differentiate between the two ball types by using the specifying information that
is available from observing the bowler’s action (Renshaw & Fairweather, 2000) ...

To help athletes pick up specifying information, it is important for coaches to understand whether practice
sessions are representative of the performance environment ... For coaches experimental settings equate
to practice environments, implying that they need to accurately sample the environmental conditions

of practice to ensure congruence with the performance environment in which the movements will be
implemented (Davids et al, 2007). Designing representative practice tasks requires the coach to have an
understanding of the interaction between key individual, task and environmental constraints of specific
sports performances. ’ ’

Source: Renshaw et al. (2009, pp. 540-602)
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4. Summarise and understand the following key points.
a. What is the importance of linking the performer and the environment?

b. What is an affordance?
c. To whom are affordances specific?

d. What are representative practice tasks?

Analyse and synthesise

5. Provide one example from the text and one from your experience in the current physical activity of the
link between the performer and the environment.

6. Review the activities completed in this chapter during the Engage and Active investigation inquiries.
Categorise whether or not they are representative tasks. Explain why, using the examples in the table
below as a guide.

Representative Non-representative Explanation

Engage 21 Non-representative No defender in task. Always know

Demonstrate and apply - practice where the ball is coming from and

Option A: Drills selection of skills; know where to
pass it to. No external pressure/
defender.

Active investigation 2.2 Representative Similar to the game. Where, when,

Demonstrate and apply: who and how to pass the ball

End Ball are involved.

7. Review four separate learning activities that have been completed in class to help your learning of the
current physical activity. Categorise whether or not each activity is a representative task. Explain why.

Evaluate and justify

8. Evaluate how representative practice may be beneficial to the athlete in authentic game environments.

CHAPTER 2 | APPROACHES TO MOTOR LEARNING
ISBN 978-1-009-31125-0 Stewart et al. © Cambridge University Press & Assessment 2024

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



ACTIVE INVESTIGATION 2.3 o . & & (8

Inquiry question: How may the two motor learning approaches
affect on performance in authentic environments?
Demonstrate and apply

1. Perform in and collect digital evidence of your performance in an authentic performance environment.

Analyse and synthesise

2. Review the footage gathered and identify one feature about your performance that is currently holding
back your development. This aspect may be in relation to a specific technique in your performance, the
use of a tactic or your ability to read the play.

Evaluate and justify

3. Evaluate your level of performance using both Fitts and Posner’s, and Newell's stages of learning models.

4. Justify your level in 250 words using primary and secondary data.

Part A

Demonstrate and apply

5. Devise two training sessions using the cognitive systems approach. Ensure that these are appropriate
for your stage of learning while using the traditional method.

{6? Implement: put something into effect - for example, a plan or proposal

KEY COGNITION

6. Implement the training sessions over two lessons. Collect data from the sessions.

7. Participate again in an authentic environment and collect digital evidence.

Analyse and synthesise

8. ldentify pre- and post-test data and explain briefly in a table using the following headings: ‘Type of
practice used’; ‘Appropriateness to stage of learning’; ‘Outcomes achieved technically in practice’;
‘Outcomes achieved tactically in practice’; ‘Transferability of technical and tactical aspects into the
authentic environment'.

Evaluate and justify
9. Compare and contrast pre- and post-test data to evaluate the effectiveness of the training strategy.

Part B

Demonstrate and apply

10. Devise two training sessions using the dynamic systems approach. Ensure that these are appropriate
for your stage of learning while using the constraints-led approach.
11. Implement the training sessions over two lessons. Collect data from the sessions.

12. Participate again in an authentic environment and collect digital evidence.
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Analyse and synthesise

13. Identify pre- and post-test data and explain briefly in a table using the following headings: ‘Type of
practice used’; ‘Appropriateness to stage of learning’; ‘Outcomes achieved technically in practice’;
‘Outcomes achieved tactically in practice’; ‘Transferability of technical and tactical aspects into the
authentic environment.

Evaluate and justify

14. Compare and contrast pre- and post-test data to evaluate the effectiveness of the training strategy.

ACTIVE INVESTIGATION 2.4 Oa@ . egg C@ é‘%

SVNTHESISE JUSTIFY

Inquiry question: How do we perform in authentic environments?

Demonstrate and apply

1. Capture digital evidence in the performance domain.

2. Competein1vs.1,2vs.2,3vs.3,5vs.5and/or 10 vs. 10 game scenarios, focusing on both technical
and tactical components.

3. Participate in a full field/court game.

4. Ensure that digital evidence is stored in at least two locations for review, comparison and contrast later

on in the unit and in preparation for assessment.

Analyse and synthesise

{4@ Examine: investigate, inspect or scrutinise; inquire or search into; consider or discuss an argument

waam OF Cconcept in a way that uncovers the assumptions and interrelationships of the issue

5. Examine and identify key limiters and strengths in relation to your performance.

6. Analyse and explain your stage of learning.

Evaluate and justify

7. Evaluate and synthesise primary and secondary data about the influence of motor learning concepts
and principles on personal performance of specialised movement sequences and movement strategies
in authentic performance environments.

8. Hypothesise how you would manipulate a training program in the future to ensure optimisation of your
own performance in an authentic performance environment.
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Chapter summary

There are two major approaches to investigate
motor learning: the traditional cognitive systems
approach, also referred to as the cognitive model,
and the contemporary dynamic systems approach,
also referred to as the ecological model.

The cognitive systems approach includes
information processing, where learning is
hierarchical and linear, and describes separate
stages involving perception, decision-making and
response execution.

The cognitive systems approach includes Fitts
and Posner’s (1967) stage model of motor
learning, which identified that as learners
develop information-processing skills they will
progress through the cognitive, associative and
autonomous stages of learning.

The dynamic systems approach explains that
movements emerge, or self-organise, through the
dynamic interaction of the environment, the task
being performed and the individual.

Chapter review

MULTIPLE-CHOICE QUESTIONS

. The cognitive systems approach involves:
A. input of information to the brain, processing of
information followed by execution of movement.
B. close alignment with Fitts and Posner's stages
of learning.
C. a more traditional approach.
D. all of the above.

2. The dynamic systems approach involves:

A. only skills completed in an open environment.

B. alignment with Fitts and Posner's stages of
learning model.

C. a modern approach aligned with Newell's stages
of learning model.

D. the construction of tasks only for elite performers.

ISBN 978-1-009-31125-0

Stewart et al.

According to the dynamic systems approach,
movements are not organised hierarchically,
involve non-linear and unpredictable changes, and
emerge as part of a complex dynamic system.

According to the dynamic systems approach,
performers will search for affordances in response
to the constraints within the environment, task
and themselves.

A dynamic systems approach to motor learning
includes Newell's stages of learning model, which
sees a learner move about through the stages of
assembling a coordination pattern, gaining control
of a coordination structure and skilled optimisation
of control.

According to a dynamic systems approach,
training activities that will improve motor learning
and skill should reflect authentic game play,
manipulate constraints to encourage appropriate
affordances to emerge for the performer and allow
effective self-organisation to occur in response to
those affordances.

. The stages in Newell's stages of learning model are:

A. stage 1 - assembling a coordinated pattern;
stage 2 - gaining control of a coordinated
structure; and stage 3 - skilled optimisation
of control.

B. stage 1 - gaining control of a coordinated
structure; stage 2 - assembling a coordinated
pattern; and stage 3 - skilled optimisation
of control.

C. stage 1 - cognitive; stage 2 - associative; and
stage 3 - autonomous.

D. stage 1 - autonomous; stage 2 - cognitive; and
stage 3 - associative.

CHAPTER 2 | APPROACHES TO MOTOR LEARNING
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4. Non-linear pedagogy is:

A. antiquated and out of date.

B. only applicable to invasion games where a
change of direction is necessary.

C. able to challenge learners to develop flexible,
adaptable solutions to problems.

D. useful only when needing to manipulate
psychological constraints.

5. According to a dynamic systems approach,
training activities that will improve motor
learning should:

A. be repetitive so that technique execution can
be developed.

B. focus initially on basic errors in the cognitive
phase to see rapid improvement.

C. mirror authentic game play without adjustment.

SHORT-RESPONSE QUESTIONS

1. List the three stages of Fitts and Posner’s, and
Newell's learning models.

2. Evaluate how the use of small-sided or modified
games may be beneficial to motor learning.

EXTENDED-RESPONSE QUESTIONS

1. With reference to your current physical activity
of study, make a decision regarding your stage of
learning using Newell's learning model and justify
your reasoning.

2. Decide and justify whether the use of traditional
or non-linear pedagogy would influence your
motor learning and performance in an authentic
environment.

D. be representative of the authentic environment,

but use additional constraints.

UNIT 1 TOPIC1 | MOTOR LEARNING IN PHYSICAL ACTIVITY
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CHAPTER 3

Factors affecting the motor
learning process

What's ahead?

Chapter 3
Factors affecting the motor learning process

3.1 3.2 3.3
What factors affect motor What types of practice are available What is feedback and how does
learning progress? to enhance motor learning? it affect motor learning?

Key subject matter

* Recognise and explain that rate limiters are factors that have an effect on the learning processes
of an individual and may restrict performance; rate limiters can include technical, perceptual,
tactical, psychological, physical and physiological factors.

Investigate rate limiters in relation to personal motor learning and performance in physical
activity.

Recognise and explain that practice of skills is necessary for optimal performance and can be
classified into different types.

Recognise and explain that feedback is all the information an individual receives about the /
performance of a skill and is organised into two categories, intrinsic and extrinsic feedback.

Source: Adapted from Physical Education 2025 vi.1 General Senior Syllabus © Queensland
Curriculum & Assessment Authority

Key inquiry questions

What factors may negatively affect the learning process of a motor skill?

What are rate limiters and how can they be used to evaluate motor learning and performance?
How do different types of practice affect skill development?

How can effective feedback accelerate motor learning?

33
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3.1

To develop appropriate learning activities for an athlete, it
is essential to have a clear understanding of their current
ability. In this way, teachers, coaches and the athlete can
target areas that will bring about improved performance
through specifically designed training strategies. A key

to improved learning, therefore, is understanding what is
currently limiting performance and improvement.

One skill-acquisition researcher, Newell, suggests
that any aspect that reduces the rate at which
learning progresses can be termed a rate limiter.
Rate limiters are numerous, and vary from athlete to
athlete; however, they can be classified as technical,
perceptual, tactical, psychological, physical

and physiological. This indicates that aspects

from any category may be acting as rate limiters,
hampering development in other areas and the overall
development of the motor skill.

rate limiter a constraint that holds back or slows
the emergence of a motor skill

technical rate limiter a constraint to motor
learning that relates to the motor programs and
movement sequences required for the activity

perceptual rate limiter a constraint to motor
learning that relates to the interaction between
the body and the environment, and may be the
result of inaccurate interpretation when forming an
awareness of the situation and requirements

tactical rate limiter a constraint to motor learning
that relates to the decisions and actions of players
in the contest to gain an advantage over the
opposing team or players

psychological rate limiter a constraint to motor
learning that relates to the mental and emotional
state of the person and how this may be affecting
learning progress negatively

physical rate limiter a constraint to motor learning
that relates to the physical capabilities of the learner,
where the athlete's components of fitness or energy
systems may be restricting potential improvement

physiological rate limiter a constraint to motor
learning that relates to the genetic make-up of
body systems

UNIT1 TOPIC1 | MOTOR LEARNING IN PHYSICAL ACTIVITY
Stewart et al.

What factors affect motor learning progress?

‘ ‘ The slow development of one sub-system can
act as a rate limiter, meaning that skills may only
emerge when all the relevant sub-systems have
reached a critical level of development (Thelen,
1995). For example, in child development, muscle
strength is a rate limiter for the emergence of
walking (Haywood & Getchell, 2005). ’ ’

Source: Renshaw et al. (2007, p. 549)

Technical factors

Technical factors that act as rate limiters to motor
learning relate to the motor programs and movement
sequences required for the activity - that is, the
performance of the techniques required (e.g. a
forehand or backhand in tennis). Motor learning for
the performer may be slowed if:

e they don’t know how to perform the movement
sequence

e subroutines are inappropriately sequenced or timed
e their movements are uncoordinated or inefficient

e their movements produce inappropriate force
and speed

e they are unable to manipulate the movement
pattern in different ways to suit the situational
requirements.

Tactical factors

Tactical factors that act as rate limiters to motor
learning relate to ‘the decisions and actions of players
in the contest to gain an advantage over the opposing
team or players’ (Martens, 2004, p. 170). This may
occur through the manipulation of oneself, the goal to
be achieved or the environment. Motor learning for the
performer may be slowed if they:

e don’t know how to perform the movement
sequence adequately in game-play scenarios

e don’t know when to use the technique during
authentic situations

e are unaware or unfamiliar with all the rules that affect
the play, position and options during game play

© Cambridge University Press & Assessment 2024
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e are unaware or unfamiliar with all the strategies
available to maximise the chances of success

 are unaware of when specific strategies should be used
successfully during authentic game-play situations

e are unable to identify and use strategies to combat
the strengths and weaknesses of the opposition

e struggle to work with others to communicate and
implement the required strategies.

Perceptual factors

Perception is the ability to understand the environment
through the use of our senses. Through perception,
humans gain specific types of awareness in relation

to their surroundings and their body. The information
from the sense and body is used to create:

e body awareness - the capacity to understand body
parts, what they can do, and how they relate to
each other

e spatial awareness - knowledge of how much space
the body occupies and how to use that space

e directional awareness - an understanding of
location and direction of the body in space

e temporal awareness - an awareness of the
relationship between movement and time.
(Frost et al., 2008, pp. 126-7)

Perceptual factors that act as rate limiters to motor
learning relate to the interaction between the body and
the environment and may be the result of inaccurate
interpretation when forming an awareness of the
situation and requirements.

Motor learning for the performer may be slowed if they:

e cannot accurately ‘read the play’ - interpret the
situation and what is happening

e cannot accurately interpret environmental factors
such as speed, direction and force of implements
involved, as well as placement and movements of
teammates and opponents

e do not recognise the opportunities available for
them in the current situation (the affordances
available)

e struggle to decide on the movement sequence
or movement strategy that will best suit their
performance in the situation they have perceived
(poor perception-action coupling).

Physical factors

Physical factors that act as rate limiters to motor learning
relate to the physical capabilities of the learner, where the
athlete’s components of fitness or energy systems may
be restricting potential improvement. For example, is the
strength of the muscular system limiting the learning of a
complex movement in a sport aerobics routine?

Motor learning for the performer may be slowed if the:

o nervous and musculoskeletal system cannot
produce the required subroutine movements for
the selected motor program with adequate timing
and force

e body is currently not capable of moving in the
required way - for example, an injury or a lack of
flexibility resulting in poor mobility

o current level of fatigue is impeding the production
of the movements required

o required level of fitness is not currently developed
for the specific fitness component - for example,
the performer has insufficient speed and power to
jump further in triple jump.

Psychological factors

Psychological factors that act as rate limiters to motor
learning relate to the mental and emotional state of the
person and how this may be affecting learning progress
negatively. Psychological factors include the aspects

of motivation, confidence, arousal levels, attention and
concentration. Motor learning for the performer may
be slowed if the learner:

e isnotready to learn or perform

e is not motivated to improve

e is not confident that improvement can or will occur
e is not stimulated to appropriate levels

e is not focused on the correct aspects to see
improvement or success in training or game play

e is not happy or finding enjoyment in the
physical activity.

enjoyment (of physical activity) the level of
pleasure that is taken from engaging in or
succeeding at physical activity

CHAPTER 3 | FACTORS AFFECTING THE MOTOR LEARNING PROCESS
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Ph ys iol og ical as pect S e body is not capable of producing movements that

produce successful outcomes, even when trained

Physiological aspects that act as rate limiters to motor e body is not capable of moving in the required way
learning relate to the genetic make-up of body systems.
Here, the individual’s body composition elements -

such as height, weight or arm span - may be preventing

e body is not capable of reading and interpreting the
situation due to perceptual issues

. . brain is unable to make effective decisions about
further improvement. Motor learning for the performer :

. a course of action or create an effective motor
may be slowed if the:

program for the situation.

CHECK-IN 3.1

Identify two techniques for the physical activity you are currently studying that are holding back your
performance.

. Identify the one strategy used in your current physical activity that you find most difficult to put into
action when in game-play situations.

. ldentify two features of the performance environment of your current physical activity that you do
not always perceive accurately and provide examples for each of an outcome that has resulted from
this misperception. Consider elements such as implement movement (speed or flight), court or field

position, opponent position or movement, teammate position or movement.

. Based on your current fitness levels, identify one component of fitness that could enhance your
performance of your current physical activity if it was improved, and provide an example of how your
performance would be enhanced.

. When in a training activity or Physical Education class, which psychological aspect do you believe
most negatively affects your motor learning - motivation, confidence, arousal levels, attention or
concentration? Justify your selection with an example.

. ldentify one element of your body make-up that may prevent you from becoming an elite performer in
your current physical activity.
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EXPLAIN DEMONSTRATE SYNTHESISE

Inquiry question: What types of training and
limiting factors affect motor learning?

Recognise and explain

1. Using the rate limiter hexagon graphic organiser, categorise five aspects from each section that may
limit performance in the physical activity being studied.

Rate limiter hexagon

Technical Perceptual

Rate
limiters

Physiological

Psychological

Demonstrate and apply

2. Engage in 30 minutes of game play for the physical activity currently being studied. Pay particular
attention to when you make errors and what might be the causes of them.

Analyse and synthesise

3. Order the limiters in each section by highlighting the top three limiting factors on your performance
in the current physical activity. Remember to consider how each might be affecting the improvement,
consistency, stability, persistence and adaptability of movements or strategies in your physical activity.

4. Decide which is the most significant rate limiter in each section for your performance in the current
physical activity.

{}? Analyse: examine or consider something in order to explain and interpret it, for the purpose of

waamn Tinding meaning or relationships and identifying patterns, similarities and differences

5. Analyse the most significant rate limiter for your performance in the current physical activity.

6. For the most significant limiting factor in each section, recommend a training activity that could be
used to overcome this limitation and therefore enhance your learning and performance.

CHAPTER 3 | FACTORS AFFECTING THE MOTOR LEARNING PROCESS
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motor learning?

Due to the two different approaches to motor
learning - the cognitive systems approach and the
dynamic systems approach - different types of
practice to stimulate learning have been developed
over time. These practice types have been developed
in response to the different underlying assumptions
in each approach. The cognitive systems approach

What types of practice are available to enhance

type approach, where techniques and tactics may be
broken down into sub-components to refine and then
are practised in different scenarios until they improve.
The more modern approach of dynamic systems theory
relies more on the characteristics of problem-solving,
specificity and variability practice, as these are the key
elements of a non-linear constraints-led approach to

relies heavily on practice types 1-9 in Table 3.1. These
practice types are more traditional and reflect a ‘drills’

motor learning. These practice types are represented
more in approaches 10-12 in Table 3.1.

TABLE 3.1 Types of practice

2. Distributed practice. This involves short
intervals focused on a specific skill with
frequent intervals between - for example,
5 X 10 free throws in basketball with
5 lengths of the court dribbling of the ball,
followed by 5 x 10 free throws.

1. Massed practice. This involves continual repetition of a specific
skill with no or limited intervals between. This is completed in
a closed environment. According to the Psychology Dictionary,
‘massed practice is considered less effective than a distributed
practice! An example is 50 passes between two futsal players.

3. Whole practice. This involves practice of the specific skill in 4. Part practice. This involves breaking
total - for example, completing a golf shot. the skill down into separate sections or
subroutines - for example, ball toss in tennis
serve, racquet swing down back.

Many practitioners use a whole-part-whole approach to skill practice.

5. Blocked practice. This involves chunked periods of time 6. Random practice. This involves the
practising a single skill of a multitask activity - for example, in repetition of several skills simultaneously -
volleyball, 10 set passes followed by 10 dig passes, practised for for example, in basketball, shooting practice
15 minutes. alternating between a three-point shot, free

throw and lay-up.

The Medical Dictionary states that, ‘Research shows that while blocked practice is superior at improving immediate
performance, it is not as effective as other approaches, such as random practice, for retained learning:

8. Varied practice. This involves the
repetition of a skill with minor variations
- for example, passing a ball over 10 m,
15 m and 20 m.

7. Constant practice. This involves the repetition of a specific skill
without variation - for example, passing a ball over 10 m.

9. Drills. This involves the repetition of a skill. It generally occurs in a 10. Problem-solving practice. This type of
closed environment with direct instruction by the teacher/coach. practice requires the player to use some
Limited, if any, external factors are involved as the player is aware decision-making to complete the task.
of the direction of reception and the selected technique to be used.

Another term that can be interchangeable with drills’ is ‘grids’ This
generally is an extension of the original drill activity into a secondary
drill. This is the same repetition of the skill in a closed environment
with more players involved in a square or grid.

11. Specificity. This involves representative practice task designs 12. Variability of practice. This involves
that faithfully replicate performance environments during different options to complete a specific task
practice. This is important, as the perception and action are or goal - for example, training for touch
tightly coupled - for example, cricket batting practice using a football with a tennis ball.
bowler rather than a bowling machine.
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massed practice the continual repetition of a varied practice the repetition of a skill with the

specific skill in a closed environment with no or activity requiring minor variations to the motor
limited intervals between program

distributed practice short intervals of practice drills the repetition of a specific skill or strategy,
that focus on refinement of a specific skill or generally in a simplified, closed environment
subroutine within a skill with limited external factors influencing skill

. . . . implementation
whole practice practice that involves the repetition

of a skill in its entirety problem-solving practice an activity that requires
the player to use some decision-making to find

a movement solution in completing the task

or scenario

part practice practice that involves breaking a skill
down to hone separate sections or subroutines

blocked practice chunked periods of time to

. : . i . specificity (as practice) representative activities
practise a single skill of a multitask activity

that replicate the performance environment

random practice the repetition of several skills demands with regard to attunement and

simultaneously within the same activity perception-action coupling

constant practice the repetition of a specific skill variability of practice practice activities that

without variation encourage different options to complete a specific
task or goal

@

ANALYSE &
SYNTHESISE

ENGAGE 3.2 9 (o

Inquiry question: What types of practices affect motor learning?

Recognise and explain
1. Review the following videos:
o “the Piano Juggler” https://cambridge.edu.au/redirect/10673
« Brickies Labourer in Bangladesh. https://cambridge.edu.au/redirect/10674

{4,(;) Consider: think deliberately or carefully about something, typically before making a decision; take

e SOMething into account when making a judgement; view attentively or scrutinise; reflect on

2. ldentify what was needed for each individual’'s motor development. Consider the qualities of
improvement, consistency, stability, persistence and adaptability. How does each affect the motor
control required to complete the tasks observed?

Demonstrate and apply

3. Complete a juggling task in relation to recognising the effect of practice on performance and to identify
different training styles.

Aim: To juggle the ball 30 times
Equipment: 2 balls per pair

CHAPTER 3 | FACTORS AFFECTING THE MOTOR LEARNING PROCESS a
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Organisation:

« Students are to work with a partner. One is student A; the other is student B.
« Each pair of students requires four tennis balls.

« No practice is allowed.

4. Draft a table using the following format, but for 20 attempts.

Dominant hand: Non-dominant hand: | Post- Dominant hand: Non-dominant hand:
completion completion practice | completion completion

Student A Student B Student A StudentB Student A StudentB StudentA StudentB
1 1.
2. 2
3 3

5. Student A is to attempt to juggle two balls in one hand up to a maximum of 30 catches. If the ball is
dropped, the count stops. Student A has 20 attempts on their dominant hand and 20 attempts on their
non-dominant hand. Student B counts and records the number of successful catches for each attempt.

6. Reverse the roles of student A and student B to collect further primary data and ensure that all trials
are recorded in the table.

7. Both students now undertake further practice for this task. Student A undertakes 30 practices for each
hand. If they reach 30 catches, they stop and start again. In between each practice attempt, student A
must bounce the ball in one hand 20 times. At the end of 30 practices using each hand, student A sits
and has no further practice. At the same time, student B has 10 minutes’ continuous practice using
each hand. There is no limit on catches.

8. Repeat step 5 to collect post-practice data and observe improvement.

{4%’) Synthesise: combine different parts or elements (e.g. information, ideas, components) into a whole,

wuam N order to create new understanding

Analyse and synthesise

9. Categorise the practice types involved in the task.

10. Examine the data and consider which practice had the biggest impact on you and your partner.
11. Organise class data into one table.

12. Examine the data and identify which practice had the biggest impact on the class.

13. Evaluate what effect practice had on the performance of the juggling task.

14.1n a 100-word statement, synthesise what you have discovered in this laboratory activity with what you
already know about practice to hypothesise the impact practice has on motor learning.
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ACTIVE INVESTIGATION 3.1 24 Oﬁ’n‘ . @ G &C%

RECOGNISE & ANALYSE &
EXPLAIN DEMUNWWE SYNTHESISE EVALUATE JUSTIFY

Inquiry question: How may creativity of performance be developed
in authentic environments?

Recognise and explain

1. Read the following extract.

Encouraging creativity in learning and performance

‘ ‘ Extensive practice is essential to realise performance potential in any domain (Ericcson, Krampe

& Tesch-Romer, 1993). Ericsson et al. (1993) built their ‘expert-performance approach’ on the concept of
deliberate practice, defined as engagement in relevant activities that require great effort, lots of repetition
and opportunities to acquire feedback and is not inherently enjoyable (Ericsson, 2003; Ward, Hodges,
Williams, & Starkes, 2004). Even in later work, Ericsson (2007) described practice as deliberate ‘when
individuals engage in a practice activity (usually designed by their teachers), with full concentration

on improving some aspect of performance’ (p. 14). This view of practice proposed by Ericsson might

be interpreted as emphasizing the need for early specialization and the need to practise using highly
repetitive drills - the concept of perfect practice. However, given the importance of developing performers
with adaptive variability, it could be argued (as Ericsson did in later work (Ericsson, 2003)) that this type
of practice is far from perfect and can lead to performance that lacks flexibility to adapt in the ways
demonstrated by highly skilled individuals.

In contrast to deliberate practice, nonlinear pedagogy advocates the need for practice that adopts the
principle of ‘repetition without repetition’ (Bernstein, 1967). In this approach, coaches design representative
practice tasks that allow individuals time and space to explore and discover co-ordination patterns and
make decisions that are most appropriate for their unique constraints (Davids et al., 2008). In contrast to
the deliberate practice framework, coaching based on a nonlinear pedagogy would not reject unstructured
learning environments and would promote informal learning opportunities, including having children
design their own games and activities (Chappell, 2004; Kidman, 2001, 2005).

In summary, providing opportunities to learn by playing modified tasks or games that are inherently
enjoyable and intrinsically motivating for the performer will have the dual effect of helping to create
'love’ for the sport while at the same time developing the integrated physical, technical, tactical and
psychological skills needed for competitive success (Bloom, 1985; Chappell, 2004; C6té et al., 2007;
Ericsson, 2007; Jannelle & Hillman, 2003). , ’

Source: Renshaw et al. (2009, pp. 540-602)

2. Draft a table that summarises the key points of the following and provide a specific example of each:
a. the characteristics of deliberate practice

b. issues that may arise from using deliberate practice
c. alternative approaches to deliberate practice
d

. the benefits of a non-linear approach using small-sided or modified games with variability.
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I deliberate practice a special type of practice that is purposeful and systematic

6@ Identify: distinguish; locate, recognise and name; establish or indicate who or what
{-( someone or something is; provide an answer from a number of possibilities; recognise
BT and state a distinguishing factor or feature

3. Identify and recall your involvement in an activity using deliberate practice.

4. Assess the effectiveness of the task by copying and completing the following table.

Task description:

Rate the task according to the table headings using the rankings:
5 - very good, 4 - good, 3 - average, 2 - poor, 1 - very poor.

Enjoyable Intrinsically Develop technical Develop tactical Develop psychological

motivating abilities in authentic | abilities in authentic | abilities in authentic
environment environment environment

Explain ranking

Demonstrate and apply

5. Design and implement a small-sided or modified game using non-linear pedagogy.

6. At the conclusion of your small-sided or modified game, consider the effectiveness of the task in the
above table.

Evaluate and justify

6@ Evaluate: make an appraisal by weighing up or assessing strengths, implications and limitations;
{ (  make judgements about ideas, works, solutions or methods in relation to selected criteria; examine
IEEETO and determine the merit, value or significance of something, based on criteria

7. Evaluate the success of the small-sided or modified game in developing creativity of performance in an
authentic environment.
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ACTIVE INVESTIGATION 3.2 SN . TR RN -

Inquiry question: What motor Iearnlng outcomes do the different
practice types produce?

Recognise and explain

1. In small groups of two, four, six or nine, select one of the clustered types of practices from the list below:
a. massed practice and distributed practice
b. whole practice and part practice

blocked practice and random practice

constant practice and varied practice

drills and problem-solving

- 9o o o0

specificity and variability of practice.

2. Identify the characteristics of the two different types of practice selected.
3. Recall your major technical rate limiter in Engage 3.1.

4. Conduct some secondary research to design a training session targeting your major technical rate
limiter using the two different types of practice you selected.

Demonstrate and apply

5. In groups, share and examine the designed practice session and critically review its appropriateness
for developing motor learning and, if required, refine tasks.

Analyse and synthesise

6. Investigate the success of tasks by implementing all the groups' practice sessions. Collect evidence of
performance. This may be notes on successful trials, accuracy of technique or video evidence.

Evaluate and justify

7. Evaluate the effectiveness of the practice for your performance.

8. Determine whether the practice would have an effect on the performance of your rate limiter in the
authentic performance environment. Justify your argument using primary and secondary data.
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RECOGNISE & ANALYSE &
EXPLAIN SYNTHESISE EVALUATE JUSTIFY

Inquiry question: Why is variability of practice important in
motor learning?

Recognise and explain

1. Read the following extract.

Coaching is a balance between maintaining stability versus creating instabilities

‘ ‘ Coaching is a balance between protecting the confidence of athletes by providing environments that
enable them to be successful and risking the loss of existing confidence levels by exposing them to more
demanding practice tasks.

Variability is an essential component of performance development

Variability within individual movement patterns has traditionally been viewed negatively, since a common
goal for many coaches is the acquisition of an ‘ideal’ technique as a template for performance success.

In fact, much traditional practice is based around the need for performers to have acquired a ‘correct’
technique before being exposed to the real game. However, there is now a large body of research that
demonstrates that individual learners can achieve similar task outcomes by using different co-ordination
patterns and that experts often display more variability within their movement patterns than less skilled
individuals (Bootsma, Houbiers, Whiting, & van Wieringham, 1991; Brisson & Alain, 1996; Davids et al,, 2006;
Davids, Button et al,, 2007; Renshaw & Davids, 2004; Schollhorn & Bauer, 1998).

Despite this many coaches require athletes to practice in sterile conditions and undertake decomposed
practice tasks such as run-throughs in order to provide what they believe is the best chance for their
athletes to standardise their run-up. However, it is now well established that Olympic standard long
jumpers are not capable of placing their feet in the same place for every run-up and actually adjust

their step patterns as they approach the take-off board (Hay, 1988; Montagne, Cornus, Glize, Quaine, &
Laurent, 2000). During a competition the jumper may need to make adjustments for changes in individual
constraints such as fatigue and psychological stress as well as changes in environmental conditions such
as run-up surfaces and changes in wind speed or direction. The implication is that while maintaining the
essential specifying information for actions, rather than reduce variability, the coach might seek to increase
variability in practice conditions so that the athlete develops adaptability and flexibility to cope with
changing task constraints (Davids et al,, 2007). , ,

Source: Renshaw et al. (2009, pp. 540-602)
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Analyse and synthesise

2. ldentify the key components of the article by copying and completing the table below in relation to a
perceived positive or negative influence on player confidence and the outcome during an authentic
performance environment.

T e

Stability rather than instability in practice
Variability of practice in a traditional approach
Variability of practice in a modern approach

Variability in authentic performance environment

Evaluate and justify

3. Evaluate and justify whether variability of practice is important in motor learning.

& o
% .
ENONSTRAE o

Inquiry question: How do we perform in authentic environments?

Demonstrate and apply

1. Capture digital evidence of your performance in a variety of modified game and match situations.
Consider 1vs. 1, 2 vs. 2 and 3 vs. 3 situations as appropriate for your physical activity of study. Ensure
that digital evidence is stored in at least two locations for review, comparison and contrast later in the
unit, and in preparation for assessment.

Analyse and synthesise

o
{GC() Critique: review (e.g. a theory, practice, performance) in a detailed and analytical way
KEY COGNITION

2. Critique the digital data and identify two strengths and weaknesses of your play.
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ACTIVE INVESTIGATION 3.3 e . &

SYNTHESISE JUSTIFY

Inquiry question: What training activity can help you overcome a
specific rate limiter to advance learning and performance?

Demonstrate and apply

1. Undertake 30-minutes of game play in your current physical activity of study and collect footage as
primary data.

Analyse and synthesise

2. Review footage to find evidence of a tactical rate limiter that is currently restricting your performance
and slowing the progress of learning for this activity. To assist in this process, review the information
on tactical rate limiters from earlier in this chapter.

{49 Synthesise: combine different parts or elements (e.g. information, ideas, components) into a whole,

o 1N Order to create new understanding

3. Synthesise your primary data evidence into a brief summary statement that explains the limitations
experienced when implementing the tactic selected.

4. Select a training type from those listed in Table 3.1. Using secondary research, devise a 15-minute
training activity to improve the selected tactic. If undertaking a team physical activity, this might be
done with small groups who have selected the same tactic as their rate limiter. This will allow the training
activity to incorporate a number of players all working to improve the same tactical aspect.

Justify

5. Describe the training activity and justify how it will specifically improve the use of the tactic. Refer
to the elements of motor learning - that is, is it specifically designed to bring about improvement,
consistency, stability, persistence and/or adaptability?

Demonstrate and apply

6. Implement the training activity and record the session.

7. Record digital evidence of a further 30-minute session of game play in which you (or your group) strive
to use the tactic that has been the focus of the training activity.

Evaluate and justify

8. Review the footage collected in steps 6 and 7 and evaluate the effectiveness of the training activity for
enhancing learning and performance of the selected strategy. Ensure that your evaluation includes the
effectiveness of the training type selected from Table 3.1.

9. From your evaluation and the primary data gathered, identify one modification that would make the
training activities more effective, and justify how this would better enhance the effectiveness of tactical
strategy in authentic game-play environments.
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motor learning?

Feedback is an essential part of motor learning, as it
enables learners to reflect upon performance, identify
positive and negative behaviours, and plan to maximise
future outcomes.

The two major types of feedback involved in motor
learning are internal feedback and external feedback.
Internal feedback is when the body receives
information during the performance. This occurs
through the body senses, or proprioceptors. These
senses help to develop a kinaesthetic sense for a
movement and allow the athlete to differentiate between
effective skill execution and error. Internal feedback can
be knowledge of performance feedback, where the
athlete is attuned to the senses and body movement in
the performance. For example, in cricket batting, the
athlete may identify that they feel they were reaching too
far forward to hit the ball. In high jump, they may feel the
arch was not held for long enough.

External feedback or augmented feedback comes
from outside of the body. This can occur in several
different formats. Verbal feedback can occur from an
observer. Written feedback is obviously in writing.
This may be in the form of notes, a long article or
annotations on a checklist. Both verbal and written
feedback can come from a number of sources -

for example, a coach, peer, teammate, opponent,
commentator or spectator. Knowledge of results
feedback is also a part of external feedback and ‘can
include scores, times, and distances (Mononen et al.,
2003).” (Roulier, 2014).

A feedback loop refers to a continual cycle of
information in a traditional approach. First, it relates
to the input of information. This occurs through the
identification of information from the individual, the
task and the environment. Our bodies are constantly

What is feedback and how does it affect

internal feedback information received from
the body's senses and proprioceptors during
a performance

knowledge of performance feedback internal
feedback that is concerned with either perception-
action coupling, decision-making of the selected
movement strategy or sequence, or how the
movement sequence itself was enacted

external feedback feedback that comes from
a source outside of the body, such as a teacher,
coach or video, either during or after a performance

knowledge of results feedback external
feedback that is concerned with the outcome of
the performance

feedback loop a traditional approach concept
where a performer is in a continual cycle of
receiving information, deciding on an action and
then performing a response; this response then
provides new information to again be processed
and governs the next action

receiving messages through internal feedback (body,
position, balance, fatigue) and external feedback from
the environment about key factors around us and

in the game, such as the opposition, our teammates
and the weather. This information is processed and
output or the action occurs. From the output or
action, further information is able to be gathered - for
example, success of the action. This ongoing feedback
allows for constant decisions to be made about what
to do and when to do it - and also what might need

to be adapted about the skill in order for it to suit

the current situation. This is all facilitated through a
feedback loop.
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Input of
information from
performance

Feedback

loop

Processing of
information

Output based on processed information

FIGURE 3.1 A feedback loop

The characteristics of good
and bad feedback

External feedback that comes from a practitioner can
be a powerful catalyst in the learning process. The
quality of feedback given by a teacher or coach can
enhance or restrict motor learning, and therefore it

is essential to be aware of what constitutes effective
external feedback.

Effective feedback should be:

e positive rather than negative - feedback can be
either positive information, which is affirming, or
negative feedback, which produces an adverse
effect. Even when errors occur, describing what
can be done, rather than what was performed
incorrectly, will be more beneficial.

e timely - occurring as soon as possible after
completion of the task

e pertinent and relevant - it should not overload the
learner with information, but rather be specific to
the current situation

o directed, so that learners solve problems.

It is worth noting that the amount of external feedback
that is actually taken in and actioned by a learner has
been questioned. Less ‘white noise’ is better - keep
feedback short, targeted and specific for the learner

n UNIT1 TOPIC1 | MOTOR LEARNING IN PHYSICAL ACTIVITY
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to develop from the feedback given. When looking at
feedback, you will notice that much of the information
relating to feedback is coach-centred. However,

for greater depth of learning to occur, it is far more
beneficial for feedback to be learner-centred. Enhanced
learning will occur if the individual is able to self-
organise and to identify personal rate limiters.

To assist the learner to develop this self-reflective

skill, the practitioner must use strategic questioning

as an important part of the feedback process. Closed
questions with a correct response are directed at the
learner in relation to a technical aspect - for example,
‘What type of shot should you have played?’ Open
questions allow for multiple responses and are usually
directed at learners to solve problems. This may be a
technical problem - for example, ‘What did you need
to do in that situation to pass the ball accurately to the
spiker?” Greater height, accuracy of pass, proximity

to the net and/or timing of the pass are the possible
responses. However, open questions are usually used to
solve more complex tactical problems, such as ‘What
options did you have in attack to enhance your scoring
opportunity?’ By teachers and coaches modelling
effective questioning throughout the learning process,
athletes learn to ask these questions of themselves and
in turn to formulate successful future performances,
without the need for an external person to ‘tell them
what to improve’.
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RECOGNISE &
EXPLAIN

Inquiry question: How is feedback effective?

Demonstrate and apply

1. During game play in your next performance lesson, find a partner with whom you can share
immediate feedback.

2. ldentify specific times in your performance when constructive advice could be delivered
immediately - for example, after a point, after a try, a change of ends or a break in play.

3. Engage in the physical activity, taking it in turns with your partner to play or provide feedback.
If possible, take notes on the feedback you give, so that your partner may review your advice
after the lesson.

Recognise and explain

Explain: give a detailed account, including reasons or causes, and make the relationships between
{45? things evident; make (an idea or situation) plain or clear by describing it in more detail or revealing

relevant facts; provide additional information that demonstrates understanding of reasoning and/or
application

KEY COGNITION

4. At the completion of the performance, give your partner an overall summary of their performance by
identifying the successful aspects you observed. Also give them one area to improve by focusing on
how to develop a specific technique or an area of skill selection.

FIGURE 3.2 A water polo team discussing tactics
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Chapter summary

e A wide variety of factors can restrict the learning of
motor skills and hamper successful performance.
These factors can be categorised into rate limiters.

e Arate limiter is any constraint that holds back or
slows the emergence of a motor skill.

e There are six categories of rate limiters. G

— Technical factors that act as rate limiters to
motor learning relate to the motor programs
and movement sequences required for
the activity.

— Tactical factors that act as rate limiters to
motor learning relate to ‘the decisions and
actions of players in the contest to gain an
advantage over the opposing team or players'
(Martens, 2004, p. 170).

— Perceptual factors that act as rate limiters
to motor learning relate to the interaction
between the body and the environment and
may be the result of inaccurate interpretation
when forming an awareness of the situation
and requirements.

— Physical factors that act as rate limiters
to motor learning relate to the physical
capabilities of the learner, where the athlete's
components of fithess or energy systems may
be restricting potential improvement.

— Psychological factors that act as rate limiters
to motor learning relate to the mental and
emotional state of the person and how this

Chapter review

MULTIPLE-CHOICE QUESTIONS

1. Rate limiters include: 38
A. perceptual, functional and physiological factors.

B. technical, perceptual, and psychological factors.
C. tactical, psychological and sceptical factors.
D. technical, relational and tactical factors.

2. Misreading the ball speed of a softball pitch is an

example of what type of rate limiter?
A. Perceptual C. Functional

B. Tactical D. Physical

UNIT 1 TOPIC1 | MOTOR LEARNING IN PHYSICAL ACTIVITY
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may be affecting learning progress
negatively.

— Physiological aspects that act as rate limiters
to motor learning relate to the genetic
make-up of body systems.

Practice of skills to advance motor learning and
produce optimal performance can be classified
into different types, including:

— massed practice and distributed practice
— whole practice and part practice
— blocked practice and random practice
— constant practice and varied practice
— drills and problem-solving
— specificity and variability of practice.
Training activities that allow practice and feedback
in authentic physical activity environments
and utilise constraints to allow the emerge of
skills through situational problem-solving tend

to produce better learning and performance
outcomes.

Feedback is an essential part of motor learning,

as it enables learners to reflect upon performance,
identify positive and negative behaviours, and plan
to maximise future outcomes.

Feedback can be intrinsic or extrinsic in nature,
and is any information gained during or after the
performance, about the performance.

Massed practice is:

A. implemented to ensure task representation
occurs.

B. repetitive in nature.

C. the presentation of different game-play
situations where the same technique
is required.

D. identical to part practice.
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4. The use of deliberate practice to develop
performance in an authentic environment is:

A.
in 2007.

B.

C.
time to think about what should

D.
and equipment has been source

Feedback can be given:
A. by an expert coach.

B. after video analysis has occurred.

C. by reviewing the subroutines involved in

each task.

D. by any of the above.

SHORT-RESPONSE QUESTIONS

supported by research carried out by Ericsson

only appropriate when the learner can take

effective when a session is planned in advance

2. ldentify and explain three different types of
practice used in the traditional approach to
motor learning.

EXTENDED-RESPONSE QUESTION

Use the primary data gathered by Athlete A, which
is represented in the rate limiter hexagon below,
to identify one specific rate limiter that is currently
affecting learning and performance for volleyball.
In an extended response:

not integral to non-linear pedagogy approaches.

OCcCur.

d.

o justify the reason for your selection of the
rate limiter

e devise and present a training activity that uses
deliberate practice to improve the identified
rate limiter using one of the more contemporary
practice types

e justify how the training activity will enhance the
rate limiter.

1. Give three examples of different categories of
rate limiters and explain how they may affect

performance.
Technical Tactical Perceptual
ready position - court movements - rule implementation - tactical knowledge - court positions - anticipation - reading ball
underarm serve - overarm serve — serve receive positioning - serving into space - hitting into space movement - spatial awareness -
finger pass (set) - forearm pass - 3-hit attack - front court setter system - changing to defensive /' knowing team ability - knowing team
(dig) - a hit - a spike - a tip - a _ positioning - team blocking - back court defence positioning - reading opposition
block Hitting to 3-hit  Front court Back court movements - affordance
space |\ attack setter ) defence recognition (what can | do now?)
Spike / .
Reading ball movement
Forearm pass 4 /
(dig) Knowing team ability
Fmg(;ert;;ass Reading opposition
se ' movements
Overarm .é \‘ Affordance
serve \ recognition
Body Agility
composition
Height Speed
Muscle fibre type
Coordination
Weight
Flexibility Physical
Physiological Confidence /Motivation Concentration Goals aerobic capacity - muscular
endurance - muscular strength
body composition - muscle - - power - speed - agility -
fibre type and proportion - PSyCh0|Oglca| anaerobic capacity - balance -
height - weight - arm span confidence - motivation - focus - concentration - intensity flexibility - reaction time -
- arousal level - drive and purpose - goals coordination

ISBN 978-1-009-31125-0

CHAPTER 3 | FACTORS AFFECTING THE MOTOR LEARNING PROCESS
Stewart et al. © Cambridge University Press & Assessment 2024

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




CHAPTER 4

Body and movement concepts

p— What’'s ahead? :

Chapter 4
Body and movement concepts

4.1 4.2 4.3
What are specialised What are body and Analysing performance
movement sequences and movement concepts? using the body and
movement strategies? movement concepts

Key subject matter

e Identify and explore how body and movement concepts interact to develop specialised
movement sequences and movement strategies in physical activity. Body and movement
concepts are body awareness, space awareness, quality of movement and relationships.

¢ Analyse and synthesise primary data and secondary data about the influence of motor learning
P | concepts and principles on specialised movement sequences and movement strategies to
: ascertain the most significant relationships between the motor learning strategy and movement
d strategies, concepts and principles, and personal performance.

e Justify the development of the motor learning strategy and movement strategies using evidence
from primary data and secondary data.

e Implement the motor learning strategy and movement strategies to gather primary data about
the outcomes and limitations of decisions.

e Make decisions to maintain or modify the motor learning strategy and movement strategies.

- e Justify maintenance or modification of the motor learning strategy and movement strategies —

using evidence from primary data and secondary data.
,/g Source: Adapted from Physical Education 2025 v1.1 General Senior Syllabus © Queensland
. Curriculum & Assessment Authority e ———
——— . Key inquiry questions

e What are specialised movement sequences and movement strategies?

e How are specialised movement sequences and movement strategies used in physical activity to
both analyse and enhance performance?

e What are body and movement concepts?

e How are body and movement concepts used in physical activity to analyse, judge and enhance
performance? Y —

How are specialised movement sequences, movement strategies and body and movement
concepts used in assessment for senior Physical Education?




What are specialised movement sequences and
movement strategies?

Movement se q uences foundational movement skills are linked to create
increasingly intricate motor sequences. A motor

In order for motor learning to occur, the brain must sequence is typically more complex than a foundational

develop the ability to adequately control the body’s movement skill and is required in response to

musculoskeletal system to produce coordinated and a stimulus in the environment (e.g. moving into

timed movements in response to the demands of the position to catch a ball), or to enact a planned order

surrounding environment. Even before birth, the brain of movements (e.g. the finger movements to play a set

is learning to control body movements. To begin with, piece of music on the piano). Movement sequences

these are very simple, moving the arm or clenching are required for the general movements of daily life.

the fingers. Once born, however, a baby has very poor Through the day, people move in response to a stimulus

motor control and the musculoskeletal system is not in their environment (what is happening around them),

equipped for the rigours of complex coordinated and what they need to achieve (a planned action).

movements required for survival. Nevertheless, as the These motor sequences require the brain to construct a

infant’s musculoskeletal system develops, allowing for motor program that tells the muscles how to move and

stronger, more sustained movements, the brain learns comprises smaller subroutines. Motor programs and

to control the body in new ways. The abilities to roll, sit, ~ subroutines have been discussed in Chapter 1.

stand, walk, change direction, run and jump all develop.
As the toddler continues to develop, these movements
become stronger, more controlled and fluent. These

As motor learning is stimulated in response to the
environment a person finds themselves in, then it
follows that the motor sequences required for physical

basic movements are known as foundational activity will develop in response to the activities

movement skills. Foundational movement skills also undertaken by the learner. Consider the learned ability
to kick. The movement sequence for kicking only

develops if the surrounding environment allows access

allow for the control and manipulation of objects,
allowing for abilities such as writing, bouncing,

throwing, catching, kicking and striking to progress. to a ball. The more access that is gained to that ball,

As basic movement skills and object manipulation the more sophisticated the motor control over the ball

are mastered, development continues and these will become. A performer will learn to kick and play
with different techniques to achieve different results.

movement a series of actions or activities directed

towards a particular end .
motor sequence a combination of fundamental

foundational movement skills basic skills upon movement skills and movement elements to enable
which movement sequences and movement a body and/or objects to move in response to a
strategies are built stimulus; or a planned order of movements

TABLE 4.1 Foundational movement skills can be classified into two groups, depending on whether they assist us to change
location or are performed on the spot.

Foundational non-locomotor skills Foundational locomotor skills

Skills that can be done standing in one spot and prepare  Skills that allow us to move from space to space
us to keep our balance in between transitioning from
shape to shape

For example: grasping, releasing, reaching, stretching, For example: rolling, crawling, walking, jogging, running,
balancing, twisting, bending, spinning, turning jumping, hopping, dodging, climbing, skipping, galloping,
and swinging leaping, tackling and sliding
CHAPTER 4 | BODY AND MOVEMENT CONCEPTS a
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ENGAGE 4.1 o . @y

Inquiry question: How does environment allow for the
development of movement sequences?

Demonstrate and apply

1. To demonstrate how motor learning develops in response to environmental demands, spend
10 minutes using chopsticks to carry and move particular objects; for example, moving blocks and
some irregularly-shaped items from one dish to another.

2. At the completion of the time period, give a demonstration of your abilities.

Analyse and synthesise

3. As a class, discuss the difficulties experienced in learning the skill. Were there people in the class who
had this skill? When and why did they develop it? Compare the experience of people in the class with
that of a four-year-old growing up in a traditional Chinese family.

Demonstrate and apply

4. During your next lesson in a performance environment, select one movement sequence (a technique)
from your current physical activity. Experiment with this movement sequence by manipulating how it is
performed and using it at new times throughout your performance.

Analyse and synthesise

{GCZ) Consider: think deliberately or carefully about something, typically before making a decision

KEY COGNITION

5. Consider how you manipulated the movement sequence, when it was used, and decide how
successful the adaptations were to your performance. Consider how the playing environment may
have dictated what you were able to do. Write a brief summary of your findings.

Over time and with practice, motor learning allows the physical activity are termed specialised movement
mind to become more accomplished at manipulating sequences. Specialised movement sequences are the
these ball skills, as the kicking movement sequence techniques that are required to perform in a specific
is used across different games and in more complex sport, position, activity or event - for example, a
situations. Kicking movements become more controlled forearm pass in volleyball, a roll ball in touch football,
and coordinated and are increasingly completed with or throwing the javelin as a field event.

the required speed, force and timing. Essentially,

movement sequences develop as practice or training specialised movement sequence a combination
allows a performer to become more familiar with their of specialised fundamental movement skills and
surrounding environment and the exact movements movement elements particular to a position

required to be successful within it. or an event to enable a body and/or objects to

move in response to a stimulus; a planned order

In relation to senior Physical Education, the movement
of movements

sequences that are specifically associated with a
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and coordination

Specialised An Australian Rules football mark

movement Practice of the movements below with the right timing and coordination

sequence

Fundamental = Running Jumping Catching
movement Practice of the movements below with the Practice of the movements Practice of the
skills right timing and coordination below with the right timing movements below

with the right timing
and coordination

Moving Bending Bending  Bending Bend at Extend Bending Extending Closing
upper the lower and and the knees, knees, at the thearms  fingers
arms and arms extending extending hips, torso hips, torso  knees above the and
shoulders at the the lower the upper andarms andarms on head hands
elbows leg atthe legatthe to lower to propel landing to grasp
knees hips centre of  the body the ball
gravity into the air

FIGURE 4.1 Specialised movement sequences combine fundamental movement skills to respond to stimuli in the performance
environment, such as an Australian Rules football kicked towards you.

KEY MESSAGE
movements

Foundational
movement skills
provide the basic

Pal

KEY MESSAGE

to coordinate
more complex

movement

Movement
sequences are
produced using
motor programs
in response to
the surrounding
environment and

Vsl

KEY MESSAGE

Specialised
movement
sequences in
Physical Education
are those specific
movements related
to a sport, position

the goal to be or event.

achieved.

CHECK-IN 4.1

Select five physical activities from those listed in the senior Physical Education syllabus shown
below, and for each identify three specialised movement sequences that are associated with the
physical activity.

sequences.

Aerobic gymnastics (sport aerobics), Australian Rules football, Basketball, Futsal, Netball, Soccer, Touch
football, Water polo, Cricket, Softball, Badminton, Tennis, Volleyball

. Conduct research into the senior Physical Education syllabus to see if the specialised movement
sequences you identified are assessed when studying the activity.

. Provide three different examples of a specialised movement sequence that is specific only to a
particular position within a physical activity - for example, shooting in netball for a goal attack or
goal shooter.

Select a specialised movement sequence from a field event in track and field. In a series of steps,
describe the basic motor program required to perform it.

CHAPTER 4 | BODY AND MOVEMENT CONCEPTS
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Specialised movement sequences are beneficial in

a number of ways in physical activity and Physical
Education. First, they provide spectators, players and
coaches with a common language to describe specific
aspects and movements that relate to an activity.
Second, through specific analysis, they allow for
enhanced performance of movement through targeted
training strategies. These training strategies may look
to improve technique to maximise accuracy, speed or
power to achieve greater distances, decrease time, or
get an implement closer to a target. Third, the quality
of specialised movement sequences can be judged to
gauge level of performance.

Movement strategies

At the heart of any sport are the basic objectives of the
game. These are what participants are trying to achieve
through play. For invasion games, the basic game
objectives can be broken into offensive and defensive
objectives. In touch football, for example, the objectives
can be broadly described as:

Touch football Touch football
offensive objectives: defensive objectives:

e toscore e to prevent scoring

e to maintain pOSSCSSiOH e to regain possession

e to advance the ball e to limit attacking

towards the scoreline. options and territory
advantage gained by

the opposition.

These objectives can be prioritised in order and are also
reflective of the objectives of the majority of invasion
games - that is, games such as Australian Rules football,
basketball, futsal, football, netball, Oztag, Rugby
League, Rugby Union and water polo all share these
objectives. The same applies to the game objectives
within other physical activity categories, such as net
and court games and striking and fielding games.

As similar physical activities have similar objectives, it
follows that the strategies employed to be successful
within these games also have similarities, with many
strategies being transferable from one physical
activity to another. The principles of play are a set

UNIT1 TOPIC1 | MOTOR LEARNING IN PHYSICAL ACTIVITY
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of fundamental strategical characteristics that are
shared by sports with similar objectives or rules of
play. The invasion game and net and court principles
of play include:

e setting up attack
e defending against attack
e creating, defending and exploiting space

e attacking opposition space and scoring.

While the strategies for striking and fielding games are
slightly different due to the differences in game play
and objectives, there are also basic similarities between
the fundamental strategies used in these games.

Movement strategies are the approaches used within
the principles of play to achieve the game objective.
These strategies are more specific to the physical activity,
and reflect the rules of the game (including number of
players and playing space) and the implements used.

invasion games team games whereby the

main objective is for participants to invade their
opposition’s territory in striving to score more points
within the allocated time frame

net and court games games in which a player
sends an object towards a court or target area that
an opponent is defending, trying to make it difficult
for the opponent to return the object

striking and fielding games games in which one
team can score points when a player strikes a ball
(or similar object) and runs to designated playing
areas while the other team attempts to retrieve
the ball and return it to prevent their opponents
from scoring

principles of play fundamental movement
strategies used by individuals or teams to
effectively adapt to any tactical situation in
authentic performance environments

movement strategies the variety of approaches

that assist a player or team to successfully achieve a
movement outcome or goal; include moving into space
to receive a pass or hitting a ball away from opponents
to make it difficult to retrieve or return the ball
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TABLE 4.2 The similarities between game objectives, principles of play, movement strategies and tactics allow many aspects of

games to be transferred access different contexts.

Game
objective

Principles of
play (broad
movement

Movement
strategy
(activity-

Tactic

Specialised
movement
sequences

strategy)
Invasion physical activity

To maintain
possession

Basketball Setting up

attack

Futsal

Netball

Touch football

Net and court physical activity

To move
opponent
around, creating
space to attack

Badminton Setting up

attack

Tennis

Volleyball

ISBN 978-1-009-31125-0

Stewart et al.

specific)

Attacking the
full court press

Providing
forward,
backward and
lateral options
to the ball
carrier

Providing the
ball to shooters
inside the circle

Providing
attacking
options using
a three-person
ruck

Force the
opponent to the
net at the start
of a rally

Force the
opponent to the
back corners of
the court

Use different
hitter options

Constant
movement to
space from all

players, eyes-up -

look to pass

Eyes-up - look
to pass, support
move to space,
be patient

Leading and
driving into space
with timing

Quick dumps,
accurate acting
half-passes
support in
motion, angled
running lines

Short backhand
serve to the
service T

Use a variety of
ground strokes
to move the
opponent

Outside and inside

hitters both in
motion receiving
variety of sets to
move defensive
structure

required

Dribbling,
passing
(bounce, lob,
chest)

Dribbling,
passing,
receiving/
trapping

Catching
passing
(bounce, lob,
shoulder, chest),
change of
direction

Roll ball, acting
half-pass/scoop,
catching

Backhand serve

Forehand and
backhand

Finger pass, hit/
spike, tip
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If the principles of play and movement strategies
highlight what is to be achieved in the physical activity,
then the tactics that follow are how to achieve those
strategies, and ultimately success. For example, in
touch football, if the goal is to score (game objective), to
achieve this, a team may set up their attack (principle of
play) by advancing the ball towards the scoreline with

a three-person ruck (movement strategy). This strategy
can be achieved with quick dumps, fast and accurate
acting half-passes and support players receiving the

ball in motion (tactical application of specialised
movement sequences). Table 4.2 demonstrates

the relationships between these concepts and the FIGURE 4.2 A three-person ruck can be used as a movement
similarities between physical activities. strategy to set up attack in touch football.
[us) N
ACTIVE INVESTIGATION 4.1 =i @ oy
i Shicsst ™

Inquiry question: What movement strategies can be identified in
physical activity?
Recognise and explain

1. Review the syllabus resources to identify movement strategies that are associated with your current
physical activity of study.

Demonstrate and apply
2. Gather 15 minutes of primary data of your performance for your current physical activity of study.
Analyse and synthesise

{P Analyse: break down or examine in order to identify the essential elements, features, components

euam. ©OF structure
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3. Analyse the footage and identify any strategies being used to achieve the principles of play. Copy and
complete the table below to record your findings and include the specialised movement sequences
required to complete each movement strategy.

Principle of play Movement strategies Special movement sequences
demonstrated demonstrated

Setting up attack

Defending against attack

Creating, defending and
exploiting space

Attacking opposition space
and scoring

Evaluate and justify

4. For each movement strategy, make an evaluation of its overall effectiveness by using the descriptors
from the syllabus instrument-specific marking guide (ISMG) for ‘Demonstrating and applying’ - that is,
is the strategy ‘effective; ‘competent’ or ‘variable’ in its application?

5. Justify one element of a movement strategy that requires maintenance in future performances - that is,
what is working and needs to stay the same?

6. Justify one modification that could be made to one movement strategy so that it becomes more
effective during performance.

7. Justify one modification that could be made to a specialised movement sequence so that it becomes
more effective during performance.

What are body and

body and movement concepts a framework

moveme nt conce pts ? for enhancing movement performance that

incorporates four different aspects

Body and movement concepts are a framework for
enhancing movement performance. They incorporate ,
. . . Quality of
four different aspects, which further include a range of T
more detailed elements that can be used in a number of
different ways. The body and movement concepts can

be used as:

e adjectives to describe movement

Body and Bod
ionshi movement folely
e features to analyse movement Relationships concepts

e criteria to judge movement

e target areas to improve movement.

Space
awareness

FIGURE 4.3 Four aspects of the body and movement concepts
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Quality of movement

Quality of movement refers to how the body moves.
The elements associated with quality of movement
usually require the application of biomechanical
principles to help assess the movement.

quality of movement how the body moves,
assessed using biomechanical principles
TABLE 4.3 Elements of quality of movement.

How precise the movement is in
relation to the target or objective

Accuracy

How successful the movement
is in relation to the next
movement or the desired
outcome

Continuity and
outcome of
movement

How much influence the
movement has on the overall
performance or outcome

A combination of effort, force
development, time and flow
in relation to movement
completion

Efficiency

The energy expelled to complete
the movement

How movements in an activity
or performance are purposefully
sequenced to create a continuity
of movement. Flow is usually
described as interrupted and
bound, or sustained and free.

How to effectively generate
force, absorb forces or direct
these forces

The order of the movements

Time or speed The duration of the movement,
moving with constant rhythm
or whether the participant is
accelerating or decelerating

development

Body awareness

Body awareness can be described as what the body
can do, or how the body is moving. It includes elements
such as:

e balance

o flight

o stability

e transfer of weight

e weight bearing.

body awareness what the body can do, or how
the body is moving

FIGURE 4.4 Balance, stability and transfer of weight are all
important body awareness elements of playing a forehand
from the baseline in a tennis rally. These aspects will help
determine the quality of movement in terms of continuity
and outcome.

Space awareness

Space awareness describes where the body can
move. General space is the playing or performance
area. Personal space is the direct area surrounding
a participant.

space awareness where the body can move

general space the playing or performance area
available to the performer

personal space the direct area surrounding a
participant
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Space awareness also includes the:

e direction of movement within the space, such as up
or down, forward or backward, or left or right

o height of the body in relation to the playing surface
or equipment, such as ‘low’, ‘medium’ or ‘high’

e pathways or lines of movement used through the
space, such as straight, curved or zig-zag

e plane through which the movement occurs, such as
circular, vertical or horizontal.

Relationships

Relationships are about the performer’s interaction
and connection with opponents, other players and/or
implements and objects. Relationships might be
described as close or distant, above or below, or in
front of or behind the performer.

Participants may be engaged in a task, working
together or apart, working in unison or as opposites.
They may be a leader or follower in the activity.

relationships (body and movement concept) an
aspect of the body and movement concepts that
refers to the performer’s interaction and connection
with opponents, other players and/or implements
and objects

Body and movement
concept assessment in
senior Physical Education

Specialised movement sequences, movement strategies
and the body and movement concepts all form part

of the demonstrate and apply criteria in senior Physical
Education. Students should always be applying the
body and movement concepts when demonstrating
specialised movement sequences and movement
strategies to their highest standard for the physical
activity being studied.

When students are demonstrating the required
specialised movement sequences and movement
strategies, they should be applied showing the aspects
of the body and movement concepts. For example,
when demonstrating a finger pass (specialised movement
sequence) to set the volleyball in a front-court setter
system (movement strategy), the student should aim

to apply the strategy and required set with accuracy
and continuity (quality of movement), with balanced
and stable execution of the set (body awareness), to
the position of the designated hitter (space awareness),
by communicating with the hitter and making good
contact with the ball (relationships).

TABLE 4.4 The body and movement concepts and sub-elements

Connections with
objects and other
participants

Awareness of where the
body can move

What movements the
body can perform

How the body moves

e Accuracy e Balance e Direction e Interaction with
* Continuity and e Flight o Levels and planes of opponents
outcome of movement Stability movement e Interaction with other
ERNEfiect e Transfer of weight * Pathways of players
e Efficiency . Wei . movement e Interaction with
ght bearing X

e FEffort e Using general space implements and

. objects
e Flow e Using personal space

e Force development
e Sequence

e Time and speed
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While students should always be striving to showcase b. when demonstrating two movement strategies from
their best performances at all times when performing two different principles of play

across a unit of study, students’ physical performance c. [and] the associated specialised movement

must be supported by visual evidence as part of the sequences to implement these strategies.

assessment instrument. The visual evidence will allow

performance to be judged as effective, competent or More information on the demonstrate and apply

variable. The supporting visual evidence must: criteria in senior Physical Education can be found in

Chapter 23 (digital version only) of this textbook.
a. [show the] application of quality of movement and

one other body and movement concept

ACTIVE INVESTIGATION 4.2 %i s . & &

S’VNTHESISE JUSTIFY

Inquiry question: What movement strategles can be used in
assessment as supporting evidence for the demonstrate and apply
criteria?

Recognise and explain

1. Review Active investigation 4.1, and any more recent performances of your current physical activity, to
decide on two movement strategies that are currently your most effective. As per syllabus requirements,
ensure that the two movement strategies selected are from different principles of play.

Demonstrate and apply

2. Gather as much additional primary data footage of your performance of the two selected movement
strategies as can be achieved.

Analyse and synthesise

{4? Synthesise: combine different parts or elements (e.g. information, ideas, components) into a whole,
in order to create new understanding

KEY COGNITION
3. Review the footage and edit your most effective examples of each movement strategy together. Your
footage should be up to three minutes long in total, with ample examples of both movement strategies.

4. For assessment, it is also helpful if footage shows the full range of specialised movement sequences
that are applied when enacting the movement strategy. Therefore, watch the footage that has been
constructed and take an audit of the specialised movement sequences being demonstrated. Does the
footage selected show the full range of specialised movement sequences being demonstrated at your
highest quality?

Evaluate and justify

5. While the supporting evidence for the demonstrate and apply criteria does not need to be justified
when submitted, it is important that the selection of footage reflects your most effective application of
the strategies. Therefore, for each section gathered in your footage, make some brief notes justifying
why it was included and what aspects make it effective.
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Note: In addition to using this footage as part of your supporting evidence for assessment purposes,
you may also use one of the two movement strategies identified here in the main folio section of

the project. This requires a strategy to be developed to enhance the effectiveness of the movement
strategy. If so, then consider completing the following three parts of this active investigation.

6. Justify one element of a selected movement strategy that requires maintenance in future performances
- that is, what is working and needs to stay the same.

7. Justify one modification to the selected movement strategy so that it becomes more effective during

future performances.

8. Justify one modification that could be made to a specialised movement sequence so that it becomes
more effective when used within the selected movement strategy.

Analysing performance using the body and

movement concepts

The body and movement concepts can be used in
physical activity to improve performance through
enhancing techniques and use of strategy. In
chapters 1-3 on motor learning, the concept of rate
limiters has been discussed. By using the body and
movement concepts to analyse technical, strategical
and perceptual qualities about performance, training
strategies can be developed to target areas for
improved performance.

Game performance assessment instruments
(GPAIs) and other primary data collection methods
are used to gather data about performance in order to
target areas of improvement. This can be done by the
performer, or in conjunction with a coach or teacher.
While the body and movement concepts, specialised
movement sequences and movement strategies all

game performance assessment instrument
(GPALI) an observational tool to analyse performance
in games, using a range of different criteria

ISBN 978-1-009-31125-0

Stewart et al.

form part of the demonstrate and apply criteria for
assessment, the analysis of related primary data is also
essential in the devising of strategies for other areas of
assessment tasks.

Across assessment in senior Physical Education,
students are required to devise a variety of
strategies that reflect the area of study in the unit.
Strategies to be developed include motor learning,
biomechanical, psychological, ethics and training
strategies. However, each strategy is to be devised
in response to analysis of primary data regarding
personal performance. The strategy’s effectiveness is
then justified using primary data about performance
after the strategy has been implemented. In this
sense, the primary data analysis of the body

and movement concepts, specialised movement
sequences and movement strategies is essential for
a successful assessment response. More information
on assessment instruments and responses in senior
Physical Education can be found in Chapter 23 of
this textbook (digital version only).
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Chapter summary

* Movement sequences develop in response to the
environment that surrounds an individual, and
involve the construction of motor plans using
foundational movement skills.

e Specialised movement sequences in physical
activity are those movements that are associated
with a specific activity, position or event. They are
the techniques of the sport.

e Specialised movement sequences and movement
strategies are assessed using the demonstrate and
apply criteria in senior Physical Education.

e Principles of play are generalised strategies that
are common to similar physical activities. They
assist performers in successfully achieving the
objectives of the game.

e Movement strategies are approaches within
the principles of play that are more specific to

Chapter review
MULTIPLE-CHOICE QUESTIONS

1. Which of the following is not a specialised
movement sequence?
A. Twisting

B. Passing
C. Catching
D. Pitching

2. Which of the following lists the four principles of
play identified in the senior Physical Education
syllabus?

A. Setting up attack; breaking from attack;
defending space; scoring and winning

B. Breaking to attack; defending the attack;
creating and exploiting space to score;
defending and protecting space

C. Setting up attack; defending against attack;
creating, defending and exploiting space;
attacking opposition space and scoring

D. Setting up attack; breaking from attack;
creating, defending and exploiting space;
attacking opposition space to score

n UNIT 1 TOPIC1 | MOTOR LEARNING IN PHYSICAL ACTIVITY
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the physical activity. They assist performers in
successfully achieving the objectives of the game.

Body and movement concepts provide a
framework for enhancing movement performance.

Body and movement concepts can be used
to describe, analyse, judge and improve
performance.

Body and movement concepts include the four
aspects of quality of movement, body awareness,
space awareness and relationships.

Body and movement concepts, specialised
movement sequences and movement strategies
can all be used to judge physical performance
through the collection of primary data, as well as
to devise and evaluate strategies that are required
in assessment.

. Which of the following is not a body and

movement concept?
A. Relationships

B. Quality of movement
C. Space awareness

D. Personal awareness

. Which of the following is an element of body

awareness?
A. Accuracy

B. Efficiency
C. Stability
D. Flow

. Which of the following is not assessed in senior

Physical Education?
A. Movement strategies

B. Specialised movement sequences
C. Foundational movement skills

D. Body and movement concepts
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SHORT-RESPONSE QUESTIONS

1. Explain the relationship between principles of play
and movement strategies using an example from a
physical activity.

2. Select an aspect from the quality of movement
body and movement concept and use a physical
activity example to describe the aspect.

ISBN 978-1-009-31125-0
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EXTENDED-RESPONSE QUESTION

Review footage of your performance in the physical
activity that is currently being studied. Using
examples from two movement strategies from

the same principle of play, provide a 250-word
evaluation that outlines the effectiveness of the two
strategies and the effectiveness of the specialised
movement sequences demonstrated when applying
the strategies. Ensure that you use language from
the body and movement concepts when justifying
your evaluation.
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UNIT 1

TOPIC 2

Functional anatomy and
biomechanics in physical activity

Topic 2:
Functional anatomy and biomechanics in physical activity

Chapter 5

Functional anatomy and
physical activity

Chapter 6
Biomechanics in physical activity

Introduction

Being physically educated means developing knowledge in the biophysical, sociocultural and
psychological domains that underpin physical activity and using this knowledge to maximise
enjoyment, engagement and physical performance for yourself and others.

This topic explores functional anatomy and biomechanics as key elements within the biophysical
sub-discipline of physical activity. Through an understanding of functional anatomy and
biomechanics, we can use a common anatomical language to describe specialised movement
sequences in various physical activities. We can use biomechanical analysis to determine the
efficiency of movement sequences and, from such analysis, make justified recommendations to
optimise skilled performance.

UNIT 1 TOPIC 2
Overview




CHAPTER 5

Functional anatomy and
physical activity
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Key subject matter

= e Recognise and explain that functional anatomy is the study of the function of muscles and
- bones in movement.

e Analyse and synthesise primary data and secondary data about the influence of functional
anatomy concepts and principles on specialised movement sequences and movement strategies.

e Identify and explore the critical anatomical and joint movements in physical activity.

e Identify and explore isotonic muscle contractions (concentric and eccentric) and isometric
muscle contractions in physical activity.

e Recognise and explain that reciprocal inhibition describes the process of muscles on one side
of a joint relaxing to accommodate muscle contraction on the other side of the joint in order to
produce movement. Reciprocal inhibition involves the use of agonist and antagonist muscles
and stabilisers.

e Gather primary data about the influence of functional anatomy concepts and principles on
personal performance of specialised movement sequences and movement strategies in
authentic performance environments.

e Use secondary data to analyse how functional anatomy concepts and principles can influence
performance in physical activity.

Source: Adapted from Physical Education 2025 v1.1 General Senior Syllabus © Queensland
Curriculum & Assessment Authority

Key inquiry questions

e How can knowledge of the functional anatomy of the skeletal and muscular systems provide a
common reference to accurately describe specialised movement sequences in physical activity?

How can knowledge of the functional anatomy of the skeletal and muscular systems assist in
the analysis of specialised movement sequences?

e What are the anatomical requirements of specialised movement sequences required by various
physical activities?
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5.1

optimising performance

The human body can produce a wide range of
complex movements, using hundreds of synchronised
muscular movements simultaneously. Functional
anatomy relates (in this chapter) to the study of the
functions of muscles and bones in movement. This
anatomical understanding allows athletes, coaches
and sports scientists to use a common language to
describe human movements and the muscles involved
in producing specialised movement sequences. In

an effort to optimise the efficiency of specialised
movement sequences in various sports, scientists

and coaches began to apply the laws of physics to the
analysis of human movements. This study is known

as biomechanics: bio, meaning living organisms, and
mechanics, the study of the action of forces in producing
movement. This application of mechanics to human
movement has resulted in enhanced performances, not
only through improvements in skills and techniques,
but also through advances in sporting equipment
materials and designs.

For example, biomechanical research has provided
tennis coaches with data indicating that the most
efficient tennis serve has a ball toss at 150 per cent of
the player’s height and a racquet angle to the court of

ENGAGE 5.1

Functional anatomy, biomechanics and

92 degrees at impact. The coach and player can use this
data to perfect serving technique. Tennis equipment
has been influenced greatly by biomechanical research
in recent times. Racquets, for instance, have a larger
‘sweet spot’ and vibration on impact has been

reduced by a broader, stronger frame. Biomechanical
research has also significantly improved performances
through the development of training techniques

and skill modifications that reduce the likelihood of
injury. Running styles, for example, can be modified
through biomechanical analysis in order to prevent
over-use injuries.

The use of biomechanical principles is not confined
to sports laboratories and sports scientists. Coaches
and athletes who understand the mechanical bases
of the phases and subroutines that constitute
specific movement sequences, and can analyse
these in terms of mechanical principles, will be
better able to help performers to enhance efficiency,
accuracy, consistency or speed while minimising
the risk of injury. This chapter outlines the bases of
skeletal and muscular anatomy that can be applied
to understanding and analysing human movement
during performances in any physical activity.

(QK\%?‘ -- :l@’@ é?é}

RECOGNISE & ANALYSE & -
EXPLAIN DEMONSTRATE SYNTHESISE EVALUATE JUSTIFY

Inquiry question: Does altering technique immediately

improve performance?

Recognise and explain

1. Select a specialised movement sequence from a physical activity in which you are currently engaged.
Conduct secondary research to identify any biomechanical principles that are considered ‘good’ for

this technique.

Demonstrate and apply

2. In your next performance of this physical activity, try to apply your research by adjusting
your movements to match the biomechanically ‘good’ execution of the selected specialised

movement sequence.

UNIT1 TOPIC 2 | FUNCTIONAL ANATOMY AND BIOMECHANICS IN PHYSICAL ACTIVITY
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Analyse and synthesise

{}(") Analyse: examine or consider something in order to explain and interpret it, for the purpose of

KEY COGNITION

finding meaning or relationships and identifying patterns, similarities and differences

3. Analyse the outcome of your performance/s and consider if the changes implemented improved the
accuracy, efficiency and consistency of the subroutines related to this movement sequence - that is,

did it become more effective and successful?

4. Consider the reasons why such a change could potentially reduce accuracy, efficiency or consistency

in the short term.

Human movement and
muscular force

In order for an object to change its motion or shape, it
must be acted upon by a force. A force can simply be
described as a push or pull in a given direction. When
a force is applied to an object, it may cause motion.
Motion is the movement that occurs when an object
(which could be a human body or body part) has
changed its position in space and in time, due to the
application of forces. The object may speed up, slow
down, twist, rotate, change shape or a combination of
these, depending on the magnitude and type of force
and where the force is applied to the object.

motion movement that occurs when an object has
changed its position in space and in time, due to
application of forces

force a push or pull in a given direction

The forces that produce motion in physical activities
can be described as being either internal forces or
external forces. Internal forces are produced within
the body by muscles. External forces are forces such
as gravity, friction and forces exerted by other persons,
which may all have an effect on motion. External forces
can be classified further into contact forces (resulting
from contact with other objects, fluids or surfaces) and
non-contact forces (such as resulting from gravity).
The resultant motion produced in physical activities is
caused by the interplay of external and internal forces.
For instance, a javelin accelerates up to the point of
release due to the internal forces generated by the

CHAPTER 5 | FUNCTIONAL ANATOMY AND PHYSICAL ACTIVITY
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thrower’s muscles. After release, external forces act on
the javelin. It slows slightly due to friction with the air,
begins to fall due to gravity and stops upon striking
the ground.

Human movement occurs through the internal force

generated by the action of muscles pulling on tendons
attached to the skeleton.

FIGURE 5.1 A tennis ball changes in shape, begins to
spin and moves forward as a result of the force applied
by the racquet.

internal force a force that is exerted by an object
and acts on another part of the same object

external force a force that is exerted by an object
and acts on a different object

contact force a force applied through direct
contact between objects, fluids or surfaces

non-contact force a force that acts on an
object without physical contact, such as gravity

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

The human body has 206 bones, of which 124 are appendicular skeleton, are essential to the production
devoted to the production of movement (Figure 5.2). of movement.

These bones are collectively referred to as the

appendicular skeleton, as opposed to the bones of appendicular skeleton the bones of the skeletal
the axial skeleton, which serve mainly to protect vital system that are devoted to the production of

organs in the human body and to provide a structure to movement

which the app.endlculauj skeletor} can attach and move axial skeleton the bones of the skeletal system
around. Certain bones in the axial skeleton, such as that are mainly devoted to protecting vital organs
the ribs and vertebrae, are important areas for muscle and providing structure

attachment and, in conjunction with the bones of the
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FIGURE 5.2 Major bones of the human skeleton

CHECK-IN 5.1

1. Consider the shape of the bones of the shoulder and pelvic girdles. What functions of these structures
are related to their shape?

. Knowledge of anatomical terminology and the names of bones, muscles and joints allows athletes,
coaches and sports scientists to use a common language in describing human movements. Therefore,
it is important to be able to name, locate and correctly spell the bones in the human skeleton.
Numerous apps, online quizzes and interactive tools can help to learn and recall the names and
locations of bones. Find and use one or more of these resources to help your recall of skeletal anatomy.
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Allowing for movement

All movements of the skeleton occur where two or
more bones intersect. There are several different types
of joints in the human body, including fibrous joints,
cartilaginous joints and synovial joints. Synovial
joints, or freely moveable joints, are responsible for
allowing movement of the skeleton. These joints are
anatomically designed to drastically reduce the amount
of friction between bones when they move. Figure 5.3
illustrates the typical structure of a synovial joint.
First, the ends of articulating bones are covered by
smooth cartilage that prevents them from rubbing
together. Similarly, menisci are small pieces of cartilage
that sit between the bones to act to cushion the joint.
Finally, the area between the bones is enclosed with
synovial fluid. This fluid functions to further cushion
the end of the bones and acts as a lubricant when
movement occurs.

synovial joints freely moveable joints, designed to
drastically reduce the amount of friction between
bones, and are responsible for allowing movement
of the skeleton

There are six categories of synovial joints:

e Ball-and-socket joints. These joints produce the
greatest range of movement (ROM). As the name
suggests, the end of one of the bones that make up
the joint is shaped like a ball and this sits inside
the cup or ‘socket’-shaped end of the other bone.
Examples of ball-and-socket joints are the hip joint
and the shoulder joint. It is essential that these two
joints provide a large ROM, as they are the sites
where the axial and appendicular skeletons meet.

e Hinge joints. The hinge joints typically only allow
a back-and-forth movement, similar to the opening
and closing of a door. An example of this is the knee
joint. Acting like a hinge, the knee can only allow
the leg to bend and straighten back to its original
position. Any movements outside this range can
lead to damage to the connective tissues supporting
the joint. Other examples of hinge joints are the
elbow joint, the ankle joint and the joints between
the phalanges in the fingers.

e Pivot joints. These are joints that allow a rotation
movement around a central point. The best example

| ___Synovial
‘ membrane

Meniscus

Side view

Front view

FIGURE 5.3 Structure of a synovial joint

of this involves the top two vertebrae of the spine -
the atlas and axis. When shaking the head, the
atlas, which is the uppermost vertebra, spins or
rotates around a fixed point on the axis, the second
vertebra. Another example of a pivot joint is the
radio-ulnar joint near the elbow that produces
pronation and supination of the forearm.

e Gliding joints. Gliding joints occur when the joint
between bones is a flat or nearly flat surface. This
flat surface allows for bones to slide past each other.
Unlike other synovial joints, movement at gliding
joints does not greatly change the angle between
the two bones but alters their position relative to
each other. One common example of the gliding
joint is the carpal bones in the wrist. When waving
the hand from side to side, the small, irregularly
shaped carpal bones glide past each other to allow
for the movement. Gliding joints also occur between
the scapula and clavicle, and between the sternum
and clavicle.

e Saddle joints. These involve one bone fitting over
the end of another that is shaped like a saddle. This
type of joint allows side-to-side and back-and-
forth movements. The joint between the thumb
metacarpal and the trapezium (one of the carpal
bones in the wrist) is a saddle joint.

 Ellipsoidal joints. This joint is formed between
one bone with an oval-shaped end that fits into an
elliptical (oval-shaped) bowl on the end of another
bone. Like a saddle joint, this type of joint allows
side-to-side and back-and-forth movements. The
wrist joint is an example of an ellipsoidal joint.

CHAPTER 5 | FUNCTIONAL ANATOMY AND PHYSICAL ACTIVITY

ISBN 978-1-009-31125-0

Stewart et al.

© Cambridge University Press & Assessment 2024

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



TABLE 5.1 Classification of synovial joints

Types of synovial joints Models of joint movements m

® Shoulder joints

Ball-and-socket joint e Hip joints

Humerus

e Elbow joints
® Knee joints
e Ankle joints

Hinge joint e Interphalangeal joints
(between the bones of
the fingers and toes)

i Atlas
P
Pivot joint o Atlas/axis
Vool - ® Radio-ulnar joints
i
- . = \ .
‘(\‘ . Clavicle Joints between:
gl ® Clavicle and sternum
Gliding joint ¢ Clavicle and scapular
® Carpal bones
Sternum e \Vertebrae and ribs
...\ /Metacarpal
3¢ bone of e Joint at the base of
Saddle joint S the thumb

Ellipsoidal joint

S Scaphoid
i3 / bone

Ulna

.— Radius

e Wrist joint

e Joints between the
fingers and the hand

® Joints between the
toes and the foot

CHECK-IN 5.2

1. The hip and shoulder joints have a large range of movement.
a. What type of joints are these?

b. What is similar about the location of these two joints and the bones they connect?
c. What structural difference allows the shoulder to move more freely than the hip?

2. The knee and elbow are hinge joints. Make a list of the movement sequences associated with the
physical activity that is the focus of your study this term, which involve movements at these two joints.
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The skeleton
provides a
framework that
allows the body to
move and provides
attachments

for tendons and
muscles.
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Planes of motion

All movements produced by the body occur in one
or more of the three planes of motion. As seen in
Figure 5.4, the frontal plane, the sagittal plane and the

transverse plane are imaginary flat surfaces that divide

the body equally in two.

Frontal (coronal) plane

FIGURE 5.4 The three planes of motion

The frontal plane (also known as the coronal plane)
divides the body into front (anterior) and back
(posterior) halves. Movements that involve moving

parts of the body side to side occur in the frontal plane.

A clear example of this is the star jump, as both the
arms and legs are moving in the frontal plane away
from and back towards the body.

The sagittal plane (also known as the median plane)
divides the body into left and right halves. Movements

Sagittal plane

Synovial joints are
freely moveable
and allow a range
of movement to
occur.

Synovial joints are
classified into six
categories based
on the shape

and structure of
the joint.
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planes of motion used to describe motion of the
body, they are imaginary flat surfaces that divide
the body equally in two through three different
planes: the frontal plane, the sagittal plane and the
transverse plane

Transverse (horizontal) plane

J

in this plane involve forwards and backwards motion.
Running is a good example of movement in the sagittal
plane, as both arms and legs are experiencing forwards
and backwards motion.

Finally, the transverse plane (also known as the axial
plane) divides the body into superior (top) and inferior
(bottom) halves. Rotational or twisting movements

of the body occur in this plane. Passing a rugby ball
across the body is an example of such movement.
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Describing movement

When describing the components of the human body
and the vast range of movements it can produce,

anatomical position is always used as a reference point.

The body is said to be in anatomical position when:
e it is upright and facing forward
e the arms are held by the side

e the hands are open with palms facing forward.

anatomical position a set pose of the body
that allows common reference points when
investigating the body and its systems

FIGURE 5.5 The body in anatomical position

The movements that are produced by muscles occur at
the joints. Each movement that can be produced at a
joint has been given a name to describe the movement.
Using this naming system allows athletes, sports
scientists, coaches and Physical Education students to
refer to particular movements in a consistent way that
can be universally understood.

Flexion and extension

Flexion and extension are joint movements that occur
in the sagittal (front and back) plane. Flexion occurs
when the angle of the joint decreases (i.e., when the
joint bends), whereas extension occurs when the angle
of the joint increases (i.e., when the joint straightens).
In some cases, the joint can extend beyond anatomical
position; this is called hyperextension.

Flexion

)

Extension

Flexion
Flexion
\
Extension

Extension Hyperextension

Wrist Elbow Shoulder

Flexion ;Zri
Extension

Hip Knee

Flexion

Hyperextension

Extension

Extension )
Hyperextension. == Hyperextension _«2Xtension

" FIexion Neck
g Flexion
Dorsi-
’ﬂexion
Spine /

Plantar
Ankle flexion

FIGURE 5.6 Examples of flexion, extension and hyperextension

An example of flexion and extension can be seen
when spiking a volleyball. During the preparation
phase (Figure 5.7), the bicep muscle contracts and
bends the arm at the elbow, causing a decrease in the
angle (flexion). During the action phase of the spike
(Figure 5.8), the triceps brachii muscle straightens the
arm and increases the angle (extension).

flexion when the angle of the joint decreases
extension when the angle of the joint increases

hyperextension when the joint extends beyond
anatomical position
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FIGURE 5.8 Elbow and shoulder extension during
spike execution

Other examples of flexion and extension in the sagittal
plane include the extension of the knee joint when
jumping, the extension of the shoulder joint when
raising the bow hand in archery and the flexion of the
hip joint when kicking a ball.

Plantar flexion and
dorsiflexion

Flexion and extension of the foot at the ankle joint is
known as plantar flexion and dorsiflexion. A soccer
player uses plantar flexion when pointing the toes
before kicking the ball. Dorsiflexion is an important
movement when running, as it prepares the foot to
generate maximum force when striking the ground.
When using starting blocks, sprinters begin with
their ankle dorsiflexed so they can push off with
greater force.

plantar flexion the action of extending the ankle
joint downwards, pointing the toes

dorsiflexion the action of flexing the ankle joint
upwards, raising the toes

FIGURE 5.9 Plantar flexion of the left ankle in preparation to kick

Abduction and adduction

Abduction and adduction are the terms used to
describe the movements that occur in the frontal (side
to side) plane in reference to the midline of the body.
Abduction occurs when movement is away from the
midline of the body, whereas adduction occurs when
movement is returning towards the midline of the body.

Adduction /
A duiion m
“» Abduction
&—_//
Hip

Adduction
Shoulder

FIGURE 5.10 Examples of abduction and adduction

abduction the movement of a part of the body
away from the central part of the body or away from
another body part

adduction the movement of a part of the body towards
the middle of the body or towards another body part
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When a gymnast performs the crucifix position on arm back towards the midline of the body. In soccer,

the rings apparatus, the shoulders are being held in an abduction of the hips is evident when someone is
abducted position (Figure 5.11). Adduction is occurring performing a quick change of direction, whereas
when the arms are returned to the side of the body, as passing a ball across the body requires adduction.

the movement is towards the midline of the body.

Circumduction and rotation

Circumduction is the movement of the arm, leg, hand
or fingers in a circular pattern. Circumduction involves
the sequential combination of flexion, abduction,
extension and adduction. When swimming freestyle,
circumduction is used by the shoulder joint.

circumduction the movement of a joint in a
circular pattern

Abduction

Extension

L

Adduction

Circumduction

FIGURE 5.11 A gymnast demonstrates strength and control,
holding the shoulders in an abducted position.

The downswing motion used by golfers is an example
of adduction of the rear shoulder, as it moves the FIGURE 5.12 Example of circumduction

Rotation to
the left

Rotation
to the
right

Rotation

Outward to the left

rotation

Inward

rotation Rotation to

the right

Outward |
rotation

Inward
rotation

Hip Shoulder Atlas/axis Spine
FIGURE 5.13 Examples of rotation
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This action is also used in the bowling motion of
cricket. In both cases, the far end of the limb is making
a wider circular motion than the end closest to the
midline of the body. Rotation, on the other hand, is the
turning of a limb or the spine along its axis. A soccer
player turning their leg outward in order to kick with
the inside of their foot is a good example of rotation.

In contrast to circumduction, the rotation of the leg
along its long axis results in the entire limb turning
uniformly. Inward (or internal) rotation is when a

body part is rotated towards the midline of the body,
whereas outward (or external) rotation is when the limb
is rotated away from the body.

rotation the turning of a limb or the spine along
its axis

FIGURE 5.14 Kicking a soccer ball with the inside of the foot
requires rotation of the hip.

Pronation and supination

Pronation and supination are specialised rotation
movements of the radio-ulnar joints in the forearm.
Pronation is the turning movement that results in the
palm facing down, whereas supination is the reverse,
which causes the palm to face up. Sports that involve
the use of a striking implement such as a bat or racquet
often use pronation and supination to change grips
and produce various shots. Tennis players pronate and
supinate the forearm in changing grips from forehand
to backhand. In order to apply backspin to the ball,
pronation is used when playing a backhand slice. When
playing a horizontal bat shot in cricket, a skilled player
can control whether a ball is hit in the air or along the
ground by using supination and pronation.

pronation rotation of the palm of the hand so the
palm faces down

supination rotation of the palm of the hand so the
palm faces up

==

&

<>

Supination

l

Pronation

Radio-ulnar

FIGURE 5.15 Pronation and supination

FIGURE 5.16 Pronation of the forearm is required to produce
a backhand slice in tennis.

Eversion and inversion

Eversion and inversion are actions associated with
turning the ankle joint. Inversion occurs when the ankle
turns the foot medially so the sole of the foot is facing
inwards. Alternatively, eversion occurs when the ankle
turns the foot laterally, resulting in the sole of the foot
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facing outwards. Sports that involve changing direction

while running at speed utilise these movements.

Sudden or forced inversion or eversion of the ankle

joint is a common cause of ankle injury.

eversion when the ankle turns laterally so the sole
of the foot faces outwards

inversion when the ankle turns medially so the
sole of the foot faces inwards

Table 5.2 provides a summary of the major terms used

in describing joint movements and the joints at which

they occur.

4
Inversion .
\\l Eversion

Ankle

FIGURE 5.17 Inversion and eversion

TABLE 5.2 Summary of terms used to describe joint movements

occur

Flexion

Extension

Abduction

Adduction

Circumduction

Rotation

Plantar flexion

Dorsiflexion

Pronation

Supination

Inversion

Eversion

Decreases the angle at a joint in the forward-
backward plane

Increases the angle of a joint from a flexed position
back to normal (opposite of flexion)

Moves a body part away from the midline of the body

Returns a body part towards the midline of the body
from an abducted position (opposite of abduction)

The movement of a joint in a circular pattern using
a combination of adduction, abduction, flexion
and extension

Rotates a bone around a central axis. Rotation can be
described as outward or inward rotation.

Extends the ankle in order to point the toes downwards
towards the ground

Flexes the ankle joint in order to point the toes upwards
towards the knees (opposite of plantar flexion)

Rolls the forearm and hand to be facing palm down

Rolls the forearm and hand to be facing palm up
(opposite of pronation)

Turns the sole of the foot inwards

Turns the sole of the foot outwards (opposite
of inversion)

Stewart et al.

Shoulder, elbow, wrist, fingers, head,
spine, hip and knee

Shoulder, elbow, wrist, fingers, head,
spine, hip and knee

Shoulder, hip, wrist, head and spine

Shoulder, hip, wrist, head and spine

Shoulder, hip, wrist and fingers

Shoulder, hip, head, spine and knee
(while the knee is flexed)

Ankle

Ankle

Radio-ulnar joint

Radio-ulnar joint

Ankle

Ankle
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CHECK-IN 5.3

1. List an example of a sporting action that requires each of the movements summarised in Table 5.2.
Your examples must be different from those used earlier in the text to illustrate each movement. You

must be specific, naming not only the movement, but also the joint at which it occurs. For example, the
up phase of a push-up is an example of elbow extension.

2. Create a table to record your responses.

EXPLAN SHNTHESISE

Inquiry question: What movement types are involved in a range of
common training and exercise activities?

Recognise and explain

1. Working in pairs, one student replicates or mimics the movements listed in the following table while
the other observes. Swap roles so both have the opportunity to observe the movement.

2. Take note of the movements that occur at the listed joints. Copy and complete the table.

Physical movement Joints involved Movement type Plane of movement

Bicep curl Elbow Flexion and extension Sagittal plane
Sit-up Spine
Hips
Star jump Hips
Shoulders
Squat Ankles
Knees
Hips
Chin-up Elbows
Shoulders

Walking on a treadmill Ankles
Knees
Hips
Shoulders

Riding an exercise bike Hips
Knees
Ankles

Rowing on a machine Ankles
Knees
Hips
Spine
Shoulders
Elbows
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Analyse and synthesise

{2,(;) Analyse: examine or consider something in order to explain and interpret it, for the purpose of

wmno1iNding meaning or relationships and identifying patterns, similarities and differences

3. Analyse each of the movements by completing the table. List the movement types and plane of
movement involved during the effort phase of each movement.

Inquiry question: What movement types are involved in a number
of common sporting actions?

@

ANALYSE &
SYNTHESISE

Demonstrate and apply
1. Collect video footage of yourself completing the following skills:

. shooting a basketball free throw
. kicking a soccer ball with the inside of your foot

. passing a touch football.

Analyse and synthesise

2. Analyse the movements involved in each of the actions by copying and completing the following tables.

Movement Joints involved Plane of t
Shooting a Ankle Plantar flexion Dorsiflexion Sagittal
basketball free . . :
throw Knee Flexion Extension Sagittal

Hip

Shoulder

Elbow

Wrist
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Joints involved

Movement

Kicking a soccer
ball (with the
inside of your foot)

Joint action

Preparation phase

Plane of movement

Action phase

Joint action

Movement Joints involved

Plane of movement

Preparation phase

Passing a touch
football

Action phase

3. In groups, discuss the findings of your analysis. Reach a group consensus regarding the movements

involved in each action.

Production of force by
skeletal muscles

Skeletal muscles (those attached to the skeleton)
produce the force required for movement. Muscles
consist of many hundreds of muscle fibres that are
grouped in bundles along the length of the muscle. Each
muscle fibre contains many contracting units called
myofibrils. Myofibrils contain two types of protein
filaments (myosin and actin) that, when stimulated by a
nerve impulse from the brain, can produce contraction
along the length of the muscle fibre.

skeletal muscles muscles that are attached to the
skeleton in order to produce movement

A single nerve cell (or neuron) does not stimulate the
whole muscle to contract. A nerve impulse from the

brain will propagate through several neurons before
reaching the muscle, and each neuron will stimulate
only a number of muscle fibres. A single neuron

and the muscle fibres it stimulates is called a motor
unit. The number of muscle fibres in each motor unit
depends on the precision of the movement the muscle
is required to produce. For example, the muscles of
the eye contain motor units with only a few fibres

for every neuron, whereas a large, powerful muscle
group such as the hamstrings may have hundreds of
fibres per neuron. Depending on the amount of force
required, the brain can stimulate the whole muscle or
merely sections of the muscle to contract. The more
motor units that are stimulated by nerve impulses

from the brain, the greater the force of the contraction.

Therefore, physical tasks that require small amounts
of force will only require the contraction of a small
percentage of motor units. If more force is required,
the brain stimulates more motor units.
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1%1

Myosin J

FIGURE 5.18 The basic structure of skeletal muscle

Branches of
motor neuron

Motor neuron

Myofibrils

Muscle fibre

FIGURE 5.19 Motor unit consisting of a motor neuron and a
bundle of muscle fibres

Muscles are attached to the skeleton by tendons, and
by contracting they pull on the bones to produce
angular motion at the joints. Muscle fibres can
contract with force, but cannot lengthen with force,
and therefore are arranged in pairs or groups in
order to produce opposite movements. These pairs
of muscles are known as agonist and antagonist
muscles. These are muscles that typically produce

Biceps brachii
contracting

Elbow
flexion

Triceps brachii relaxing
and being extended

opposing movements but commonly work together
to allow a joint to move efficiently through its full
range of motion. The muscle that produces the most
force during a muscular contraction is known as an
agonist muscle, or the ‘prime mover’. The antagonist
muscle is the opposing muscle that must relax for

the joint to move. Other muscles act as stabilisers that
work to stabilise the origin of the agonist, allowing

it to achieve maximum and effective contraction.
When the agonist is activated, the nerve impulse to
the antagonist is inhibited. For example, when flexing
the elbow, the biceps brachii is the agonist muscle
and the triceps brachii is the antagonist. When the
biceps brachii is contracted during this movement,
the muscle feels tense, whereas the triceps brachii is
lengthened and relaxed. This process of muscles on
one side of the joint relaxing to accommodate muscle
contraction on the other side of the joint is known as
reciprocal inhibition.

angular motion movement around a fixed point or
axis of rotation

agonist the muscle that is contracting to produce
movement of the skeletal system at the joint

antagonist the muscle that must relax and
lengthen during a movement to control or slow
down the movement created by the agonist muscle

origin the end of a muscle that is attached to a
fixed bone

reciprocal inhibition the process of muscles on
one side of a joint relaxing to accommodate muscle
contraction on the other side of the joint

Biceps brachii relaxing
and being extended

Elbow
extension

Triceps brachii
contracting

FIGURE 5.20 Action of the biceps brachii and triceps brachii in producing elbow flexion and elbow extension. The biceps brachii
acts as the agonist during elbow flexion, while the triceps brachii acts as the antagonist. During elbow extension, the roles of

agonist and antagonist are reversed.
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With hundreds of individual muscles attached to

the skeleton, each with thousands of individually
controlled motor units, the coordination of seemingly
simple movements such as walking is actually
incredibly complex.

Types of muscular
contraction

Muscles don’t just contract in order to assist in the
production of movement. Muscular contractions

can be classified into two basic types according to
the movement of the muscle during the period of
muscular tension: isotonic contractions and isometric
contractions.

Isotonic muscle contractions occur when the muscle
shortens or lengthens to produce movement. Isotonic
contractions can be either concentric or eccentric.

Concentric muscle contractions are produced when

a muscle shortens under tension. This type of
contraction is used mainly in producing motion
against a resistance. For example, the upward action in
producing a chin-up utilises a concentric contraction
of the biceps brachii. Eccentric muscle contractions are
produced when a muscle lengthens in a controlled
way under tension due to an external force. Eccentric
contractions are commonly used in absorbing or
controlling external force - particularly the force of

gravity. In the downward action of a chin-up, the elbow
is extended - an action usually produced by the triceps
brachii, but because the action involves lowering the
body with gravity, the movement is produced in this
case by the controlled lengthening of the biceps brachii.
This type of contraction also occurs in absorbing the
force of hitting the ground while running.

Isometric muscle contractions (also called static
contractions) are produced when a muscle is

producing tension but remains the same length. Static
contractions are used in stabilising a part of the body in
order to resist a force. If a chin-up is held stationary in
the halfway position, the biceps brachii are producing
an isometric contraction.

6

FIGURE 5.21 A chin-up involves concentric, eccentric and
isometric contractions of the biceps brachii.
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Muscle fibres

are arranged

into motor units
that consist

of a bundle of
muscle fibres
and the nerve
cell (neuron) that
controls them.
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Major muscle groups

Figure 5.22 illustrates the major skeletal muscle groups
used in producing the wide range of movements
possible in the human body.

Sternocleidomastoid
Trapezius
Deltoid

Triceps brachii

Latissimus dorsi Biceps brachii

Brachioradialis ) .
Brachioradialis

External oblique
Rectus .

abdominis

Sartorius
Gracilis
Vastus lateralis
Vastus medialis

Gastrocnemius -
Tibialis
anterior
Soleus

Rhomboids
Deltoid

Trapezius

Triceps brachii
Erector

spine
External
oblique

Gluteus
maximus

Biceps femoris
Semitendinosus

Gastrocnemius

Soleus Soleus

FIGURE 5.22 Major muscle groups

CHECK-IN 5.4

Some major muscles are grouped together
because they produce similar actions or
share points. Research and list
the muscles that make up the groups known
as the hamstrings, the quadriceps and the
abdominals.

. Consider the types of muscular contractions.

a. What are three activities of daily living
that use concentric contractions?

. What are three activities of daily living
that use eccentric contractions?

. What are three activities of daily living
that use isometric contractions?

. Knowledge of anatomical terminology
and the names of bones, muscles and
joints allows athletes, coaches and sports
scientists to use a common language to
describe human movements. It is therefore
important to be able to name, locate and
correctly spell the major skeletal muscles.
Numerous apps, online quizzes and
interactive tools (including 3D views of
individual muscles) can be used to help
learn and recall the names and locations of
the major muscle groups. Locate and use
one or more of these resources to help your
recall of muscular anatomy.

Table 5.3 lists specific joint actions, their involvement
in a range of physical activities and the major muscles
responsible for producing the action. It should be
noted that some muscles, because they stretch over
more than one joint, can be involved in producing
movement at more than one joint. The biceps brachii
is an example of this, as it produces movement at both
the elbow and shoulder joints.

insertion the moveable end of the muscle that is
attached to the bone being pulled
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TABLE 5.3 Examples of muscular involvement in a range of physical activities

m Examples of movements in various physical activities Muscle(s)

Closing fingers to grasp ~ Sports that involve holding on to an opponent, teammate or  Flexor digitorum profundus

(finger flexion) piece of equipment, such as a softball bat Flexor digitorum superficialis
Flexing thumb to grasp  Gripping a bat Flexor pollicis longus
(thumb flexion)
Flexing wrist towards Chest pass in netball, throwing a cricket ball, overhead serve  Palmaris longus
palm (palmar flexion) in volleyball Flexor carpi ulnaris

Flexor carpi radialis
Extending the wrist Backhand shot in squash and badminton, backhand topspin  Extensor carpi ulnaris
towards the back of the  shot in table tennis, throwing a frisbee Extensor carpi radialis
hand (dorsiflexion) Extensor carpi brevis

Extensor carpi longus

Pronation of the forearm Topspin forehand in tennis, spin-passing a touch ball, action  Pronator teres
of top forearm in controlling a pull shot to the ground in

cricket
Supination of the Bowling off spin in cricket, throwing a cricket ball, pitching Supinator
forearm in softball
Elbow flexion Maintaining tight grips in a rugby scrum, rock climbing, Biceps brachii
drawing the bow in archery, kayaking Brachialis
Brachioradialis (while
forearm is pronated)
Elbow extension Shot-put, pitching in baseball, golf swing, throwing a javelin  Triceps brachii
Shoulder flexion Pitching in softball, tenpin bowling Pectoralis major
Anterior deltoid
Biceps brachii
Shoulder extension Holding an opponent tightly, such as in a rugby tackle Latissimus dorsi
or a judo throw Teres major
Deltoid
Triceps brachii
Shoulder abduction Preparing to serve in table tennis, preparing to spike Deltoid
in volleyball Supraspinatus
Shoulder adduction Action of the bottom arm in a golf swing, lifting body weight  Pectoralis major
in rock climbing Latissimus dorsi
Teres minor
Coracobrachialis
Hip flexion Kicking a ball, performing a high kick in sport aerobics Rectus femoris
Sartorius
Psoas major
Psoas minor
lliacus
Hip extension Preparing to kick a ball, lifting in a rugby lineout Gluteus maximus
Biceps femoris
Semimembranosus
Semitendinosus
Hip abduction Outward movement in a star jump, pitching stride in baseball ~Gluteus medius
Gluteus minimus
Tensor fascia latae
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TABLE 5.3 (continued)

Examples of movements in various physical activities Muscle(s)

Hip adduction Inward movement in a star jump, kicking a soccer ball with Adductor brevis
the inside of the foot Adductor longus
Adductor magnus
Pectineus
Gracilis
Knee flexion Swing phase in sprinting, preparing to lift Biceps femoris

Semimembranosus
Semitendinosus
Gastrocnemius
Sartorius

Knee extension Jumping to block in volleyball, kicking a ball Rectus femoris
Sartorius
Vastus intermedius
Vastus medialis
Vastus lateralis

Ankle plantar flexion Pushing off the ground while sprinting, pointing the toes Gastrocnemius
while swimming Soleus
Plantaris
Tibialis posterior
Ankle dorsiflexion Preparing for foot strike while running, holding position ina  Tibialis anterior
ski jump Extensor halluces longus

Extensor digitorum longus
Fibularis tertius

m ANAYSER

SYNTHESISE

Inquiry question: What major muscle groups and types of muscular
contractions are involved in specialised movement sequences?

Analyse and synthesise

{af? Analyse: examine or consider something in order to explain and interpret it, for the purpose of

womm. 1INding meaning or relationships and identifying patterns, similarities and differences

1. Using a format similar to the example in the table on the next page, analyse the types of muscular
contractions involved in one or more movement sequences associated with the physical activity
that is the focus of your study. In a small group, select a movement sequence for the purpose of this
movement analysis.

2. To do this, you will divide the specialised movement sequence into distinct phases of the motor
program. For example, a push-up could be divided into the ‘up phase’ and the ‘down phase; and the
leg action in walking could be divided into the ‘push phase; ‘recovery phase’ and ‘swing phase: The
movement sequence you choose may have two, three or more distinct phases.
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3. Name each of the phases of the movement sequence.

4. Complete your analysis with your group.

Description of movement sequence:

Phase of movement Muscle groups involved Type of contraction (concentric,
eccentric or isometric)

5. What are the implications of this analysis for preparing athletes for competition in this sport? What
types of activities should be included in training for this sport?

(e.g. hip flexion is occurring, not hip flexion and

M uscu | ar ana |ys i S hip extension). The number of phases in movement
sequences will vary, but most sporting movement
Conducting a muscular analysis of particular sequences can be described in two to five phases.
movement sequences examines which muscles A typical breakdown of phases may include:

are working and the type of contractions they are stance phase

performing. From this, coaches and athletes can « preparatory phase
determine what kind of exercises are appropriate for

developing these muscles.

Ste ps In con d uctin g The names given to describe each phase often
muscular ana |ySES use sport-specific terminology and may include

the name of the body part involved. For example,
a baseball pitch is often described in five phases:
wind-up, early cocking, late cocking, acceleration
and follow-through (Figure 5.23).

e movement phase

recovery phase.

1. Select the movement sequence to be analysed. It is
best to select distinct rather than serial movement
sequences - for example, a spike in volleyball.

2. Break the movement sequence into phases
where only one movement per plane is occurring

Wind-up Early cocking Late cocking Acceleration Follow-through

FIGURE 5.23 Phases of a baseball pitch
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3. For each phase, determine the joints at which lengthens under force. The triceps brachii is usually

movements are occurring and the type of the antagonist in elbow flexion, but in this case, it
movement - for example, shoulder horizontal is working eccentrically to control the speed of the
flexion, elbow extension. ‘down’ phase.

4. For each phase, at each joint, determine the type of 5. Considering the types of muscle contraction
muscular contraction that is occurring. occurring, list the muscles that are under force
When the agonist muscles in a movement are to produce each movement, at each joint, in each
developing force while shortening to cause phase. See Table 5.4 for an example of a completed

muscular analysis for a ‘latissimus pull-down’.

movement, the contraction is concentric. The
antagonist muscles must relax to allow the movement
to occur. This usually occurs when a body part is
moving against gravity or in an acceleration phase.

When the antagonist muscles in a movement are
developing force while lengthening to control or
slow down movement, the contraction is eccentric.
This usually occurs when a body part is moving with
gravity or in a follow-through or recovery phase.

In the ‘up’ phase of a push-up, the action of the
triceps brachii to extend the elbow is concentric.
The triceps brachii is the agonist in elbow extension
and is shortening to cause the movement. In the
‘down’ phase, elbow flexion is controlled by the
eccentric contraction of the triceps brachii, which FIGURE 5.24 Latissimus pull-down

TABLE 5.4 Muscular analysis of a latissimus pull-down

rse Lo uoeren——Jconcton s

Down Elbow Flexion Concentric Biceps brachii
Brachialis
Brachioradialis

Shoulder Adduction Concentric Pectoralis major
Latissimus dorsi
Teres minor
Up Elbow Extension Eccentric Biceps brachii
Brachialis

Brachioradialis

Shoulder Abduction Eccentric Pectoralis major
Latissimus dorsi
Teres minor

Muscular analysis determines which
ﬁ muscles are working and the type of

wuessge | contraction they are performing.
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ACTIVE INVESTIGATION 5.1 & . G (60

Inquiry question: What specific joint movements, muscles and
types of muscle contraction occur in specific movement sequences?

Demonstrate and apply

1. Select a movement sequence from the physical activity that is the current focus of your study. Your
teacher may select a less complex movement sequence for your first attempt and then move on to a
more complex sequence.

2. Observe class members perform this action. Take notes, recording your initial thoughts about the
phases and movements involved.

Analyse and synthesise

3. In small groups, follow the steps involved in conducting a muscular analysis outlined in the previous
section. Construct a table similar to Table 5.4 to record your findings.

4. Allow each group to share their findings. Discuss these findings and come to a class consensus about
the analysis.

Evaluate and justify

{4@ Justify: give reasons or evidence to support an answer, response or conclusion; show or prove how

wuam. AN @argument, statement or conclusion is right or reasonable

5. Based on the analysis, construct a list of exercises that could be included in a training circuit designed
to improve the performance of the identified muscle groups. Justify the inclusion of each exercise
by discussing how the exercise targets the specific muscles and contraction types identified in the
analysis. You may also consider matching the speed of the muscular contractions involved in each
phase of the movement sequence.
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Chapter summary

e Functional anatomy in the context of
biomechanics is the study of the function of
muscles and bones.

o Forces that affect motion in physical activity
can be either external or internal forces.

e The skeleton provides a framework that allows
the body to move.

e Muscles, through their attachment to the
skeleton via tendons, provide the forces for the
skeleton to achieve movement.

e Synovial joints are freely moveable and allow a
range of movement to occur.

e Synovial joints are categorised by their shape
and the type of movements that can occur.

Chapter review

MULTIPLE-CHOICE QUESTIONS

1. The sterno-clavicular joint is an example of a:
A. gliding joint.
B. hinge joint.
C. saddle joint.
D. ball-and-socket joint.
2. A front somersault is a movement that occurs

in the:
A. sagittal plane.

B. frontal plane.
C. coronal plane.
D. transverse plane.
3. The movements that occur in the up phase of a
chin-up are:
A. shoulder flexion and elbow flexion.
B. shoulder extension and elbow flexion.
C. shoulder flexion and elbow extension.

D. shoulder extension and elbow extension.

e A common language of anatomical terms is
used to describe human movements at the
joints, the planes on which movement occurs
and the location of structures in the body.

o Internal forces are those produced by the
contraction of muscle fibres that consist of
many contracting units called myofibrils.

e Muscle fibres are arranged into motor units that
consist of a bundle of muscle fibres and the
nerve cell (neuron) that control them.

e As the number of motor units stimulated by
nervous impulses increases, so does the force
produced by the muscle.

e Muscular contractions can be classified as
isotonic, which can be concentric or eccentric,
or isometric (static) contractions.

. Eccentric muscle contractions are produced when

a muscle:
A. is under tension, but no movement occurs.

B. lengthens as it relaxes.

C. shortens under tension to produce
a movement.

D. lengthens under tension to control
a movement.

. Which of the following muscles contributes to

producing shoulder adduction?
A. Deltoids

B. Soleus
C. Latissimus dorsi

D. Rectus femoris
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SHORT-RESPONSE QUESTIONS

1.

List the movements that are possible at the
following joints:

List the muscles responsible for the following

knee
hip
ankle
shoulder

wrist.

actions:

elbow flexion

hip hyperextension
shoulder abduction
knee extension

ankle plantarflexion.

ISBN 978-1-009-31125-0
Photocopying is restricted under law and this material must not be transferred to another party.

EXTENDED-RESPONSE QUESTION

Select a specific subroutine from a movement
sequence involved in the performance of an activity
in which you are currently engaged. Complete a
muscular analysis of the subroutine using the format
outlined in Table 5.4. As only one subroutine is to be
analysed, it is likely that the analysis will only involve
one phase.
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CHAPTER 6

Biomechanics in physical activity

What's ahead?

Chapter 6
Biomechanics in physical activity

6.1 6.2 6.4 6.5 6.6 6.7
Biomechanical Properties Principles Human Projectile Conducting
analysis of force governing the motion in motion in qualitative
application physical physical biomechanical
of muscular activity activity analyses
force

Key subject matter

e Recognise and explain that biomechanics is the study of the laws of mechanics related to
movement.

Recognise and explain that specialised movement sequences in physical activity are comprised
of phases and sub-routines that can be investigated as part of a biomechanical analysis.

Analyse and synthesise primary data and secondary data about the influence of biomechanical
concepts and principles on specialised movement sequences and movement strategies.

Recognise and explain that force is any interaction (e.g. a push or pull) that, when unopposed,
will change the motion of an object.

W

Recognise and explain that motion is movement that occurs when an object has changed
position in space and time, due to the application of forces.

Identify and explore the components of projectile motion in a suitable physical activity, including
speed, angle and height of release.

Recognise and explain that momentum describes a quantity of motion and considers the mass
of an object and its velocity.

Recognise, explain and calculate biomechanical concepts such as summation of forces, speed,
velocity, displacement and acceleration.

Identify and explore the concepts of Newton's three laws of motion in physical activity.

Recognise and explain the concept of balance and stability in force production and movement,
including the position of the centre of gravity and base of support.

—y
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/\ Identify and explore first-, second- and third-class levers in physical activity, including force
[ multipliers and speed multipliers.

Recognise and explain Bernoulli's principle in suitable physical activities, including topspin,
backspin, sidespin and lift forces.

Gather primary data about the influence of biomechanical concepts and principles on personal
performance of specialised movement sequences and movement strategies in authentic
performance environments.

Use secondary data to analyse how biomechanical concepts and principles can influence
performance in physical activity.

¥ Analyse primary data and secondary data to ascertain relationships between the biomechanical
' strategies, concepts and principles, and personal performance.

Devise personal biomechanical strategies to optimise performance in physical activity.

Justify the development of biomechanical and movement strategies using evidence from
\ primary data and secondary data.

f Implement the biomechanical strategies to gather primary data about the outcomes and
limitations of the decisions.

Reflect on primary data and secondary data to evaluate the effectiveness of the biomechanical
strategies to achieve a determined outcome.

Make decisions to maintain or modify the biomechanical and movement strategies.

Justify maintenance or modification of the biomechanical and movement strategies using
evidence from primary data and secondary data.

Source: Adapted from Physical Education 2025 v1.1 General Senior Syllabus © Queensland Curriculum &
Assessment Authority

Key inquiry questions

e What are the biomechanical requirements of specialised movement sequences required by
various physical activities?

How can biomechanical analysis contribute to developing strategies to optimise performance in
physical activity?

How can biomechanical data contribute to personal decisions to maintain or modify specialised
movement sequences?
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Biomechanical
analysis

Biomechanical analysis is an important part of
performance enhancement in elite sport. Biomechanical
analysis is based on the knowledge and understanding
of a range of biomechanical principles that govern the
application of force and the motion that occurs as a result
of the application of forces. Biomechanists use a range
of measurement strategies to analyse specific movement
sequences with a view to assisting athletes to develop more
efficient movement sequences and avoid potential injuries.

As well as assisting elite athletes, biomechanical
analysis can benefit athletes of all ages and skill
levels. For example, biomechanical analysis of

an athlete’s sprint technique may reveal ways to
improve the efficiency of the running stride and
allow them to gain more speed. There are two
types of biomechanical analysis: quantitative

and qualitative. Quantitative analysis involves
collecting performance data that is measurable
(defined using numbers). This type of analysis
usually involves the use of expensive measurement
tools, and therefore is usually only completed for
elite athletes. Qualitative analysis involves data
gathered by observers watching the performance,
and therefore is more accessible to all athletes at any
level. The quality of this form of analysis is related
to the biomechanical and sport-specific technical
knowledge and experience of the observer.

Qualitative biomechanical analysis often involves
collecting video footage at various stages of the
improvement process. This involves an initial filming

quantitative analysis examination of events
through measurement and assigning numeric
values

qualitative analysis examination of events by
recording observations that cannot be measured
using numeric values

session, gathering footage of the targeted movement
sequence (e.g. the performance of an overhead serve
in volleyball). This pre-practice footage is examined
and analysed using understandings of biomechanical
principles and ideal technique. Based on this analysis,
recommendations are made about how to improve the
performance. Athletes are then given time to practise,
making the necessary adjustments to correct the
movement sequence. A second, post-practice filming
session is then conducted. The pre-practice and
post-practice footage is then compared to determine
whether the period of practice was successful. This
cycle is repeated until the coach and athlete are
satisfied that the movement sequence has become as
efficient, accurate and consistent as possible.

Section 6.7 of this chapter, ‘Conducting qualitative
biomechanical analyses’, provides a step-by-step guide
to completing a qualitative biomechanical analysis,
which can be applied to selected specialised movement
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