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Exercise science is a rapidly growing field in Australia. Qualified exercise scientists are professionals equipped 
with the knowledge and skills to apply the science of exercise when developing interventions that improve 
health, fitness, wellbeing and performance, and that assist in the prevention of injury and chronic conditions.

Accredited exercise scientists teach, coach and motivate clients to facilitate self-management of physical 
activity, exercise and healthy lifestyles. They use models of behaviour change, scientific evidence and critical 
thinking, while accounting for individual factors and social determinants of health. An accredited exercise 
scientist practises in a culturally safe and inclusive manner and according to the principles of client-centred 
care. Therefore, prescription, delivery and adherence are important aspects of exercise and sports science. 

This text is a unique book in the Australian setting, providing the theoretical understanding and procedures to 
allow Australian and New Zealand exercise science graduates to work competently within the health, exercise 
and sport industries. It is also the second text available in Australia that has considered Exercise & Sports 
Science Australia’s exercise science accreditation framework.  

ESSA’s Student Manual for Prescription, Delivery and Adherence is a beneficial text for any student undertaking 
an exercise and sports science degree, providing content related to the knowledge and skills required to 
undertake the development and delivery of an individualised program, no matter the setting. 

The editors of this text are expert educators and researchers who have created and structured this text based on 
years of experience teaching this content, ensuring they cover important competencies of prescription, delivery 
and adherence. 

Exercise & Sports Science Australia (ESSA) is the peak organisation in Australia committed to establishing, 
promoting and defending the career paths of tertiary-trained exercise and sports science practitioners. As 
the peak professional body representing exercise and sports science in Australia, ESSA provides national and 
international leadership and advocacy on key issues and supports its members and the community by fostering 
excellence in professional practice, education and training and research.

One of the organisation’s key roles as a recognised self-regulating body is to promote professional standards by 
providing high-quality education, accreditation and management of standards. For this reason, ESSA is pleased 
to support this text as one way we look to ensure consistent and high standards within our professions.

Anita Hobson-Powell
Chief Executive Officer

Exercise & Sports Science Australia

FOREWORD
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Students graduating from an exercise science program require knowledge and skills to design, deliver and 
manage exercise programs that improve performance, fitness, health and wellbeing. These programs may also 
assist in the prevention and management of injury and chronic conditions.

To enable the development of knowledge, skill and practice, this manual is divided into three sections: Exercise 
Programming, Exercise Delivery and Exercise Adherence. Each section contains pragmatic information and 
practicals with activities designed to integrate knowledge and apply decision-making and problem-solving skills 
relevant to a range of practice situations.

The Exercise Programming section covers the science of exercise program design with contemporary concepts 
such as targeting sedentary behaviour and the use of autoregulation and repetitions-in-reserve for resistance 
training prescription and delivery. In this section, general principles of exercise prescription are detailed along 
with those principles specific to different training modalities. Practical 3 covers special considerations such as 
exercise for weight loss, exercise programming for before and after pregnancy and exercise programming for 
special populations (older individuals, children and adolescents).

The section on Exercise Delivery contains a range of practical sessions that cover different aspects of program 
delivery. This begins with aerobic exercise in Practical 4 and then moves to resistance-based exercise in 
Practicals 5 to 9, which cover key regions of the body. The remaining practicals in this section cover the delivery 
of power, speed, agility, flexibility, neuromotor and functional exercise, as well as program delivery in different 
contexts such as the group environment and exercise in water.

The Exercise Adherence section first looks at the components and assessment of non-adherence, and presents 
a framework for appraising contributing factors including motivation, attitudes, knowledge, experiences, 
social influences and setting. Practical 16 presents a framework for how to promote exercise adherence, with 
components related to action planning, social support, exercise readiness and relevance, context, coping, 
efficacy, self-regulation and client satisfaction. Practical 17 discusses client-centred communication and using 
behavioural counselling as an adjunct to exercise programming and delivery in order to understand and promote 
exercise adherence.

Jeff S. Coombes, Emma M. Beckman and Nicola W. Burton

PREFACE
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84 ESSA’s Student Manual for Exercise Prescription, Delivery and Adherence

  Introduction
  Aerobic exercise (also referred to as ‘cardio’) depends primarily on aerobic energy-generating processes. 
Common modes of aerobic exercise include walking, jogging, cycling, swimming, dancing and rowing. Usually 
aerobic exercise is undertaken at a moderate intensity and therefore refers to exercise that can generally be 
maintained for prolonged periods of time (e.g. 30–45 minutes).

  Aerobic exercise can be contrasted with anaerobic exercise of which resistance training and supra-maximal 
‘all-out’ sprinting (e.g. running or cycling) are the most common. ‘All-out’ sprinting requires the participant to 
give a maximal eff ort and depending on the person’s fi tness and motivation may only last for 5 to 30 seconds. 
Although not technically aerobic exercise, activities using sprint exercise will be included in this chapter as they 
are often used in aerobic training programs.

  With the increase in popularity of interval training (e.g. high-intensity interval training or HIIT), it is important 
to delineate between this type of aerobic exercise that is completed at a submaximal intensity and the 
aforementioned ‘all-out’ anaerobic sprinting. Indeed, HIIT is often referred to as aerobic interval training or 
AIT, refl ecting its signifi cant contribution from aerobic metabolism.  Table 4.1  provides thresholds for exercise 
intensities that separate high-intensity exercise from supra-maximal ‘all-out’ sprinting.

  The use of the terms ‘high intensity’ and ‘vigorous intensity’ can be confusing as they are often used 
interchangeably. For the purposes of this manual we have used thresholds for vigorous (77–95% HRmax or 
64–90%  VO2

  max) and high intensity (80–100% HRmax or 70–100%  VO2
  max) that overlap (see  Table 4.1 ).

  This practical will present an opportunity to gain personal experience in performing and delivering aerobic 
exercises. Students are encouraged to consider the physiological principles underpinning the exercise response 
and the benefi ts of aerobic exercise on cardiorespiratory fi tness, weight management, mental and physical 
health and general wellbeing.

  The following will be needed for the activities in this practical: Adult Pre-exercise Screening System (APSS) form 
(Figure 1.2),  1   various pieces of aerobic exercise equipment (e.g. treadmill, cycle ergometer, rower, step), stop 
watch, heart rate monitor set (e.g. transmitter, receiver, chest strap), masking tape, body mass scales and a 
computer with Excel and/or a calculator.

    Activity 4.1   Modes of aerobic exercise

  There is a considerable variety of aerobic exercise modes. A basic separation is to categorise those using 
equipment and those needing minimal or no equipment. Walking and running are examples of aerobic exercise 
modes that may not need equipment. Activity 4.6 gives examples of home-based aerobic activities that do not 
require equipment. Minimal equipment refers to items such as a skipping rope or a box stepper. When it comes 
to aerobic exercise equipment, there are many machines such as treadmills, cycle and rowing ergometers 
and cross-trainers that vary considerably in price and quality. The selection of an appropriate aerobic exercise 
mode is an important consideration for exercise adherence. For the general population, the choice of mode may 
be based on considerations such as availability, preferences/enjoyment, participant’s mobility level, age and 
experience. For individuals exercising for sport-related goals, the specifi city of the mode is important.

 PRACTICAL 4
  AEROBIC EXERCISE
    Nathan A.  Johnson,     Shelley E.   Keating and     Jeff  S.   Coombes
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85Section 2 Exercise Delivery

  Equipment/Mode    Advantages    Disadvantages  

 Arm ergometer

 

    •   Only uses upper body
    •   Useful for lower-limb 

injuries or people who 
use a wheelchair for 
mobility

    •   Could be used to 
modulate load in people 
with high lower-limb 
training loads    

    •   Less muscle mass 
involvement compared 
with other modes that 
use upper and lower 
body, resulting in lower 
energy expenditure

    •   Lack of specifi city for 
people who primarily 
use the lower limbs for 
locomotion    

 Worksheet 4.1    Aerobic Exercise Equipment/Modes

   AIM: 

   •   Consider advantages and disadvantages of diff erent aerobic exercise modes
      TASKS: 

   •   From the options below in  Worksheet 4.1 , choose an aerobic exercise mode and describe some 
advantages and disadvantages of its use. Examples are provided for the arm ergometer.

    •   Present advantages and disadvantages to the class so that classmates can complete the worksheet.
    •   In the fi nal row list another mode of aerobic exercise not mentioned and describe its advantages and 

disadvantages.

 TABLE 4.1    Thresholds and Ranges for Methods to Prescribe and Monitor Aerobic 

Exercise Intensity, and their Relationships to Each Other (Based on Recommendations 

from the American College of Sports Medicine  2  ). Note: this is a Condensed Version of 

 Table 2.1 .

 Intensity 

Category  % of HRmax  % of V̇O 2 max  Talk/Sing Test  RPE 

 Very light  � 57  � 37  Able to sing  � 9 

 Light  57–63  37–45  Able to sing  9–11 

 Moderate  64–76  46–63  Able to talk but 
unable to sing 

 12–13 

 Vigorous a   77–95  64–90  Not comfortable 
talking 

 14–17 

 High a   80–100  70–100  Diffi  cult to talk  17–18 

 Supra-maximal  N/A b   � 100  Unable to talk  � 18 

    a  Note: There is overlap between the ranges for vigorous and high intensities. High-intensity ranges are provided due to widespread use 
of this term (e.g. HIIT).
   b  Due to the short duration of this exercise, heart rate cannot be used to monitor intensity.
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Worksheet 4.1 Aerobic Exercise Equipment/Modes (continued)

  Equipment/Mode    Advantages    Disadvantages  

 Treadmill

   

 Cycle ergometer

   

 Cross-trainer/elliptical
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87Section 2 Exercise Delivery

Worksheet 4.1 Aerobic Exercise Equipment/Modes (continued)

  Equipment/Mode    Advantages    Disadvantages  

 Rowing machine

   

 Skipping

   

 Stepper
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  Equipment/Mode    Advantages    Disadvantages  

 Walking

   

 Nordic pole walking

   

 Walking up stairs

   

 Boxing with partner

   

Worksheet 4.1 Aerobic Exercise Equipment/Modes (continued)
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89Section 2 Exercise Delivery

Worksheet 4.1 Aerobic Exercise Equipment/Modes (continued)

  Equipment/Mode    Advantages    Disadvantages  

 Boxing with bag

   

 Kickboxing

   

 Cross-country skiing

   

 Other: ________________________________________________ 
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       Activity 4.2   Walking for exercise: including walk-to-run speed

  Walking is the most common form of exercise for adults.  3   A recent survey of Australian adults found that 31% 
reported walking for exercise on 1–2 days/week, with the next most common activities being jogging/running/
swimming and ‘going to the gym’.  4   The popularity of walking may be due to numerous factors including that it:

   •   is a natural human action
    •   is accessible and suitable for a considerable portion of individuals
    •   requires limited exercise knowledge
    •   is low cost
    •   has a low risk of injury  5  

    •   can be easily incorporated into activities of daily living and/or undertaken recreationally
    •   may be attractive to people with obesity, sedentary and at high risk of cardiovascular disease
    •   is environmentally friendly
    •   allows people with poor cardiorespiratory fi tness to be able to start with a low intensity and short 

duration and progress both duration and/or intensity
    •   allows for intensity progression (e.g. by increasing speed, using stairs or walking up hills).

     In the general population regular walking may improve cardiorespiratory fi tness, exercise capacity and physical 
functioning and reduce blood pressure.  6   For many adults walking at a self-selected pace equates with a moderate 
intensity.  7   It has been estimated that walking at 4.8 km/h would be vigorous intensity for approximately 20% of 
the population.  8   In this activity students will experience the walk-to-run transition on a treadmill to gain a better 
understanding of walking speeds and energy expenditure during walking.

  As many people exercise to manage body weight, it is important to understand how much energy is expended 
during various exercise tasks, particularly walking, and consider how this might impact on weight/fat loss. 
Generally, if a person expends more energy than he/she consumes then weight/fat loss will occur, and the more 
energy expended the greater the potential weight/fat loss. For example, walking may not be as eff ective as 
running for losing weight/fat.  9  

   AIM: 

   •   Deliver an exercise bout for a participant using walking, with consideration of individual diff erences in 
the walk-to-run speed transition

      Safety 

   •   Throughout this practical, students will be required to undertake aerobic exercise, with Activity 4.5 
requiring supra-maximal intensity exercise. It is therefore important that all students are screened for any 
medical condition that may be a contraindication to completing the activities. The APSS ( Figure 1.2 ) and 
the list of contraindications to exercising ( Appendix D ) should be used to determine whether a student 
should participate in the activities.

    •   Treadmill safety precautions should be provided to the participant (see  Appendix E ). An assessment of 
their ability to walk/jog safely should be conducted prior to exercising on a treadmill.

      TASKS: 

   •   In pairs, one person completes the activity while his/her partner adds the relevant data to  Worksheet 4.2 . 
The pair then swap roles.

    •   Weigh the participant and record the value.
    •   Calculate the participant’s age-predicted HRmax using the equation i.e. 208 � (0.7 � age).  10   (Note: 

The formula 220 – age is often used to estimate maximal heart rate. However, the above formula used 
throughout this manual has been shown to be more accurate.)

    •   Fit a heart rate monitor to the participant.
    •   The participant starts walking on the treadmill (0% gradient) and slowly increases the speed (over 

1–3 minutes) and observes and records the speed at which walking is no longer possible/comfortable 
and the corresponding heart rate. The partner then stops the treadmill and covers the treadmill speed 
display with tape so the participant cannot view the speed.
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91Section 2 Exercise Delivery

 Worksheet 4.2    Walk-to-Run Speed

    •   The participant then does fi ve more similar trials to determine the speed at which walking is no 
longer possible/comfortable. The partner removes the tape after each trial and records this speed 
(without allowing the participant to view the speed) and the corresponding heart rate, then replaces 
the tape.

    •   Swap roles after completing all six attempts. Record your average walk-to-run speed transition in the 
worksheet below.

    •   Complete all questions in  Worksheet 4.2 .

 Your partner (participant): ________________________________________________________________________

Participant’s body mass: _________________________ kg

  Participant’s age-predicted HRmax: _________________________ bpm

  With display visible, speed at which participant’s walking is no longer possible/comfortable:

   _______________ km/h Heart rate: _________________________ bpm

  With display covered, speed at which participant’s walking is no longer possible/comfortable:

  Attempt 1: _______________________ km/h Heart rate: _______________________ bpm

  Attempt 2: _______________________ km/h Heart rate: _______________________ bpm

  Attempt 3: _______________________ km/h Heart rate: _______________________ bpm

  Attempt 4: _______________________ km/h Heart rate: _______________________ bpm

  Attempt 5: _______________________ km/h Heart rate: _______________________ bpm

  Average speed from the 6 attempts _______________________ km/h

  Average heart rate from the 6 attempts _______________________ bpm

  Question 1. What % of HRmax is this intensity equivalent to for the participant? _______________________

  Question 2. Using  Table 4.1 , circle the intensity/intensities to which this is equivalent (you may need to 
circle more than one).

   low moderate vigorous high supra-maximal 

  Question 3.  Comment on any diff erence between speeds when the display was visible compared to 
covered. 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

  Question 4.  Comment on the within-individual diff erence in your participant’s walk-to-run speeds from the 
fi ve attempts when the display was covered. 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 
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  Question 5.  Comment on any between-individual diff erence between you and your partner’s walk-to-run 
speeds from the six attempts. 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

  Question 6.  Discuss what factors may impact on diff erences in walk-to-run speeds (e.g. leg length, 
previous experience). 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

  Question 7.  Refl ect on how this might infl uence your treadmill prescription with future clients. 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

  Question 8.  Using the appropriate formula in  Table 4.2 , estimate the participant’s oxygen consumption at 
their average walk-to-run speed. _______________________ mL/kg/min 

  Question 9.  Using the assumption that an oxygen consumption of 1 L/min uses 21 kJ, estimate the energy 
expenditure if he/she was to walk for 30 minutes at this speed. 

 Step 1: Convert oxygen consumption in mL/kg/min to L/min by multiplying by body mass and dividing by 
1000. _______________________ L/min 

 Step 2: Convert oxygen consumption in L/min to kJ by multiplying by 21. _______________________ kJ 

 Step 3: Multiply by 30 for 30 minutes of walking at this speed. _______________________ kJ 

  Question 10.  Use an internet search to fi nd a food that contains approximately this amount of energy (e.g. 
1 slice of white bread contains around 335 kJ). _____________________________________________________________________________________________ 

  Question 11.  For this question assume that: 1. the participant maintains an unchanged energy intake 
based on their body mass (e.g. 9000 kJ/day); 2. to lose 1 kg of weight/fat requires 37,000 kJ to be 
expended; and 3. all exercise energy expenditure is from oxidation of fat.  *   

 If a participant wishes to lose 3 kg of weight/fat, how long would he/she need to walk for at that speed? 
_______________________ minutes. 

  Question 12.  Following on from Question 11,   if this participant completes 150 minutes per week of 
walking at this speed (and gradient), and keeps energy intake stable, how many weeks will it take to lose 
3 kg weight/fat? _______________________ weeks. 

   *  Although this is incorrect (as glucose and fat both contribute to aerobic exercise metabolism) we will use this assumption for the 
purpose of the calculation. Knowing and using the correct macronutrient contributions would not signifi cantly change the result.  

Worksheet 4.2 Walk-to-Run Speed (continued)
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93Section 2 Exercise Delivery

       Activity 4.3   Achieving, maintaining and monitoring aerobic 
exercise intensity

  Prescribing and setting an aerobic exercise intensity is an important skill for exercise professionals. Two 
common approaches are to use % HRmax or %  VO2

  max. Table 2.1 in Practical 2 discusses the use of these and 
other approaches.  Table 4.1  provides thresholds and ranges used to categorise diff erent intensities and how 
they are equated to each other.

  In Task 1 the participant will be required to maintain intensity in the appropriate zone, using % of HRmax. Work 
rate will be adjusted to maintain the heart rate in the correct zone. At the end of each stage students will also 
compare with the talk/sing test criteria and the rating of perceived exertion (RPE).

  In Task 2 the participant will be required to maintain intensity at a work rate associated with a % of the 
participant’s estimated  VO2

  max. Analogous to the use of % 1 repetition maximum (RM) to prescribe a resistance 
training intensity, in a practical setting, using a % of the participant’s estimated  VO2

  max is limited by the 
diffi  culty in obtaining an accurate  VO2

  max value/estimate. This is similar to the diffi  culty in obtaining a 1 RM, 
resulting in the use of more practical approaches such as the repetitions in reserve (RIR)-based RPE approach 
to set resistance training intensity. Using %  VO2

  max is more common in a research setting and a considerable 
amount of research evidence in exercise science concerns the eff ects of exercise training programs that 
prescribe exercise using this approach (work rate associated with a %  VO2

  max). For example, the research 
may demonstrate improvements in performance outcomes ‘after 12 weeks of cycle training performed 3 days/
week at 70%  VO2

  max’. This is likely to have been set using the work rate associated with 70%  VO2
  max, rather 

than  VO2
   measured in training sessions.

  During these tasks the student will also refl ect on the limitations of using diff erent approaches to set exercise 
intensity, estimate the energy expenditure and observe changes in physiological responses over time. This 
includes appreciating why basing exercise intensity on physiological responses such as heart rate which varies 
within a bout (e.g. due to cardiovascular drift) will not necessarily ensure that a % VO2

  max target ‘zone’ is being 
achieved and maintained.

   AIMS: 

   •   Experience diff erent intensities of aerobic exercise
    •   Understand how both physiological responses and work rate may be used to achieve and maintain a 

specifi c aerobic exercise intensity
    •   Calculate the energy expenditure of an aerobic exercise session

      TASK 1: Aerobic exercise intensity using heart rate 

   •   In pairs, one person completes the exercise while his/her partner adjusts the work rate. Then the pair 
swaps roles.

 TABLE 4.2    Metabolic Equations for the Estimation of V̇O 2  (mL/kg/min) During Cycle 

Ergometry, Treadmill Walking and Running, and Stepping

 Cycle ergometry  11   

 Males  1.76 � (work rate a  � 6.12/kg of body weight) � 3.5 

 Females  1.65 � (work rate a  � 6.12/kg of body weight) � 3.5 

 Treadmill walking and running  12    speed b  � (0.17 � [grade c  � 0.79]) � 3.5 

 Stepping  2    3.5 � (0.2 � steps/min) � (1.33 � [1.8 � step 
height d  � steps/min]) 

    a work rate in watts (150 kpm/min � 25 W)
   b speed in m/min where 1 km/h � 16.7 m/min
   c grade in % expressed as a decimal
   d step height in metres  
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 Worksheet 4.3.1    Aerobic Exercise Intensity Using Heart Rate

 Your partner (participant): ____________________________________

Participant’s age-predicted HRmax: ______________________ bpm

  57% of participant’s age-predicted HRmax: ______________________ bpm

  64% of participant’s age-predicted HRmax: ______________________ bpm

  77% of participant’s age-predicted HRmax: ______________________ bpm

  Mode: _______________________________ 

  Time (mins)    Intensity  

  Heart Rate 

(bpm) at End 

of Interval  

  Work Rate at End 

of Interval (e.g. 

km/h, watts)  

  Talk/Sing 

Test   a    RPE b  

 1–3  Very light 

 3–6  Light 

 6–9  Moderate 

 9–12  Vigorous 

  a Select: 1. able to sing; 2. able to talk but unable to sing; or 3. not comfortable talking.
bSee  Appendix A .
  Question 1: How many work rate adjustments during the stage were needed to maintain the participant’s 
heart rate in the target zone? Suggest reasons why this was needed.
  Very light ________________ Light ________________ Moderate ________________ Vigorous ________________

  __________________________________________________________________________________________________________________________________________________________________________________________________
  __________________________________________________________________________________________________________________________________________________________________________________________________
  __________________________________________________________________________________________________________________________________________________________________________________________________
  __________________________________________________________________________________________________________________________________________________________________________________________________
  __________________________________________________________________________________________________________________________________________________________________________________________________
  __________________________________________________________________________________________________________________________________________________________________________________________________ 

  Question 2:  Did the participant’s responses for the talk/sing test and RPE agree with  Table 4.1 ? Add ‘yes’ 
or ‘no’ to the table below. 

  Intensity    Talk/Sing Test    RPE  

 Very light 

 Light 

 Moderate 

 Vigorous 
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95Section 2 Exercise Delivery

  Question 3:  Using the work rate and heart rate outcomes from the multistage submaximal exercise 
session (fi rst three stages), calculate the participant’s estimated  VO2

  max. *  

 Intensity 

 Work Rate (e.g. 

km/h, watts) 

 Heart Rate 

(bpm) – at 

End of Interval  V̇O 2  (mL/kg/min) 

 Very light 

 Light 

 Moderate 

 Step 1: Calculate the oxygen consumption ( VO2
  ) for the work rates using the metabolic calculation 

equations in  Table 4.2 .

Step 2: Use  Figure 4.1  to plot the three points at the three intensities (heart rate versus  VO2
  ).

  Step 3: Assuming that the HR/ VO2
   relationship is linear, obtain the equation for this line (in the form 

y � mx � b).

  Step 4: Solve the equation to predict the  VO2
  max (by inserting HRmax value for y into the equation 

y � mx � b to fi nd x, where  x �  VO2
   corresponding with HRmax).

   VO2
  max: __________________________ mL/kg/min 

   *  This approach may not be as accurate in estimating V̇O 2 max compared to other tests (e.g. YMCA) but should provide a useful value for 
the next task.
  

Worksheet 4.3.1 Aerobic Exercise Intensity Using Heart Rate (continued)

 Figure 4.1    Graph for calculating  VO2
  max   

V̇O2 (ml/kg/min)

// 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60

    •   Calculate the participant’s age-predicted HRmax using the equation 208 � (0.7 � age) and the various 
percentages of this number, as required in Worksheet 4.3.1.  10  

    •   Fit a heart rate monitor to the participant to monitor intensity.
    •   Each participant selects a piece of aerobic exercise equipment (treadmill, cycle ergometer or stepper) 

and completes 3 minutes of exercise at four diff erent intensities: very light, light, moderate and 
vigorous. The partner adjusts the work rate when necessary to maintain the participant in the intensity 
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 Your partner (participant): ______________________________________________________________________________________

Mode: ______________________________________________________________________________

  Participant’s  VO2
  max: ______________________________ mL/kg/min. If your participant has previously had their  VO2

  max 
measured via a graded exercise test, use this result; otherwise use the estimated  VO2

  max from 
Worksheet 4.3.1.

  70% of participant’s  VO2
  max: ______________________________ mL/kg/min

  Calculate the work rate (km/h, watts, steps/min) to elicit 70%  VO2
  max using the metabolic equations in 

Table 4.2 appropriate for the chosen mode of exercise: ______________________________ 

  Time (mins)    Intensity    Heart Rate (bpm)    RPE   b   

  0  Rest 

  3  70%  VO2
  max 

  6  70%  VO2
  max 

  9  70%  VO2
  max 

  12  70%  VO2
  max 

  Question 1:  Describe the changes to HR and RPE during exercise.

 ______________________________________________________________________________________________________________________________________________________________________________________________

   ______________________________________________________________________________________________________________________________________________________________________________________________

   ______________________________________________________________________________________________________________________________________________________________________________________________

   ______________________________________________________________________________________________________________________________________________________________________________________________

  Question 2: Calculate the total energy expenditure of the exercise session (refer to the calculations from 
Worksheet 4.2): ______________________________ kJ 

 Worksheet 4.3.2    Aerobic Exercise Intensity Using Work Rate

zone or to change to the next intensity. Record how many adjustments in work rate during each stage 
are required to maintain intensity.

    •   The partner completes  Worksheet 4.3.1 . At the end of each interval, the work rate and heart rate 
are recorded and the talk/sing test details and RPE (use  Appendix A ) are obtained by asking the 
participant.

    •   Complete the additional questions.
      TASK 2: Aerobic exercise intensity using work rate 

   •   In pairs, one person completes the exercise while his/her partner sets the work rate and monitors 
responses.

    •   Fit a heart rate monitor to the participant.
    •   Each participant selects a piece of aerobic exercise equipment (e.g. treadmill, cycle ergometer, stepper) 

and completes 12 minutes of exercise at a vigorous intensity (70% of  VO2
  max).

    •   Work rate at 70%  VO2
  max is calculated in  Worksheet 4.3.2  and is used to set and maintain the intensity 

(i.e. work rate is not changed during the activity).
    •   The partner completes  Worksheet 4.3.2 . The heart rate is recorded and the RPE (use  Appendix A ) is 

obtained by asking the participant every 3 minutes.
    •   Complete the additional questions.

  b   See Appendix A  
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97Section 2 Exercise Delivery

       Activity 4.4   High-intensity interval exercise

  High-intensity interval exercise involves alternating periods of high-intensity aerobic exercise with light-to-
moderate recovery activity or no activity between intervals.  13   Activity 2.3 required students to design an aerobic 
high-intensity interval program using seven parameters shown in  Figure 2.2 .

  Completing higher intensity exercise can allow for greater physiological stimulus and adaptation than moderate-
intensity continuous exercise.  14   Studies have shown that people undertaking HIIT for as little as 4 weeks have 
larger improvements in cardiorespiratory fi tness than moderate-intensity continuous training (MICT), and 
can also improve vascular function and skeletal muscle metabolism,  15-17   and prevent primary and secondary 
cardiometabolic diseases.  18  

  Studies using high-intensity exercise have been performed in a variety of settings, with countless variations in 
duration, intensity and mode. One separation of HIIT protocols is based on volume. High-volume HIIT protocols 
have been defi ned as those that accumulate � 15 minutes of time spent in the high-intensity intervals in the 
session, with all other HIIT protocols being defi ned as low-volume HIIT.  15   The majority of evidence for HIIT improving 
cardiorespiratory fi tness has used the high-volume HIIT approach. Recently, low-volume HIIT protocols (e.g. 
1 � 4 minutes or 10 � 1 minute) have led to comparable improvements in cardiorespiratory fi tness to high-
volume HIIT  13   ,   14   and superior to MICT.  13  

   AIM: 

   •   Experience a HIIT session and use physiological responses to obtain specifi c intensities of exercise
      TASKS: 

   •   Suggest choosing a diff erent partner to previous activities.
    •   In pairs, one person completes the exercise while his/her partner adjusts the work rate and provides 

guidance on when to start/stop the intervals and records data. The pair then swap roles.
    •   Calculate the participant’s age-predicted HRmax using the equation 208 � (0.7 � age) and 80% of this 

number, as required in Worksheet 4.4.  10  

    •   Fit a heart rate monitor to the participant to monitor intensity.
    •   Each student selects a piece of aerobic exercise equipment (e.g. treadmill, cycle ergometer, rowing 

ergometer, stepper) and completes 2 � 4-minute high-intensity intervals (i.e. � 80 HRmax; 
see Table 4.1), with a 3-minute recovery period in between.

    •   A 5-minute warm-up should be used.

  Question 3:  Explain why work rate and energy expenditure usually change during exercise sessions that 
use heart rate, the talk test or RPE to achieve and maintain exercise intensity. Refl ect on what this means 
for determining energy expenditure during exercise if heart rate, the talk test or RPE are used to determine 
intensity. 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  Question 4: If you are using heart rate, the talk test or RPE to achieve and maintain intensity of an 
exercise session, can you be sure that the participant is at a targeted %  VO2

  max or receiving the required 
physiological stimulus?

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

Worksheet 4.3.2 Aerobic Exercise Intensity Using Work Rate (continued)
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    •   The 3-minute recovery period should be completed at an intensity that will result in the heart rate going 
down to the moderate-intensity zone (64–76% HRmax) by around the fi rst minute of recovery and 
staying there for the remainder of the recovery period.

    •   The partner completes  Worksheet 4.4 . At the end of each minute, the heart rate is recorded and the talk/
sing test details and RPE are obtained for the  whole interval  by asking the participant at the end of each 
of the high-intensity intervals.

    •   Complete the additional questions.

 Your partner (participant): ______________________________________________________________________________________________________________________________________________

Participant’s age-predicted HRmax: ______________________________ bpm

  80% of participant’s age-predicted HRmax: ______________________________ bpm

  Mode: _______________________________ 

 High-intensity exercise 
interval 1 

 Heart rate (bpm) – at end of 1 minute 

 Heart rate (bpm) – at end of 2 minutes 

 Heart rate (bpm) – at end of 3 minutes 

 Heart rate (bpm) – at end of 4 minutes 

 Work rate – at end of 4 minutes 

 Talk/sing test a  – at end of 4 minutes 

 RPE b  – at end of 4 minutes 

 Recovery  Heart rate (bpm) – at end of 5 minutes 

 Heart rate (bpm) – at end of 6 minutes 

 Heart rate (bpm) – at end of 7 minutes 

 High-intensity exercise 
interval 2 

 Heart rate (bpm) – at end of 8 minutes 

 Heart rate (bpm) – at end of 9 minutes 

 Heart rate (bpm) – at end of 10 minutes 

 Heart rate (bpm) – at end of 11 minutes 

 Work rate – at end of 11 minutes 

 Talk/sing test a  – at end of 11 minutes 

 RPE b  – at end of 11 minutes 

  a Select: 1. able to sing; 2. comfortable talking but unable to sing; or 3. not comfortable talking.
bSee Appendix A. 

  Question 1:  How many work rate adjustments during the fi rst high-intensity interval were needed to 
maintain the participant’s heart rate in the target zone? ______________________________ 

 Worksheet 4.4    High-Intensity Interval Exercise
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  Question 2:  How many work rate adjustments during the second high-intensity interval were needed to 

maintain the participant’s heart rate in the target zone? ______________________________ Discuss any diff erences in work 

rate adjustments with interval 1.  ____________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________  

  Question 3:  Did the participant’s responses to the talk/sing test and RPE after the fi rst high-intensity 
interval agree with  Table 4.1 ? Add ‘yes’ or ‘no’ to the table below. 

 Intensity  Talk/Sing Test  RPE 

 High 

  Question 4:  Did the participant’s responses to the talk/sing test and RPE after the second high-intensity 
interval agree with  Table 4.1 ? Add ‘yes’ or ‘no’ to the table below. Discuss any diff erences with interval 1. 

 Intensity  Talk/Sing Test  RPE 

 High 

 _________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________  

  Question 5:  If you were using an approach with shorter duration intervals (e.g. 10 � 1 minute), why may 
heart rate response not be appropriate for achieving exercise intensity? Discuss alternative options for 
implementing this type of protocol.

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________  

  Question 6:  Critically discuss the suitability of prescribing HIIT for a range of participants.

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________  

Worksheet 4.4 High-Intensity Interval Exercise (continued)
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       Activity 4.5   Sprint interval exercise

  Although not technically aerobic exercise (there is an aerobic component but also a signifi cant contribution 
of energy from anaerobic metabolism), activities using sprint exercise are often included in aerobic training. 
Sprint exercise often requires a person to complete supra-maximal, often ‘all-out’ eff orts, that usually last 
between 5 and 30 seconds.  Figure 2.1    illustrates the diff erences between high-intensity and sprint exercise. 
Spin classes and some types of CrossFit training are examples of where you often see sprint interval exercise. 
Unlike high-intensity intervals that may have interval durations long enough (e.g. � 2 minutes) to use the heart 
rate to monitor intensity, sprint intervals are too short to use this approach. The following activity is designed to 
demonstrate this.

  One of the more common sprint interval protocols uses 30-second ‘all-out’ eff orts on a cycle ergometer. This 
approach is sometimes called a ‘Wingate’, based on a 30-second aerobic capacity test developed at the Wingate 
Institute in Israel.  19   A study showed that 4–6 � 30-second sprints performed 5 times per week for 2 weeks 
led to comparable benefi ts to training involving 5 � 90–120-minute sessions/week at moderate-to-vigorous 
intensity.  20   This contributed to the suggestion that sprint interval exercise can lead to benefi ts with considerably 
less time commitment to moderate-to-vigorous intensity continuous exercise. It should be remembered that 
the actual exercise session time also includes warm-up, cool-down and time for recovery between intervals, 
and that in the study that used 4–6 � 30-second intervals, the overall exercise session duration was around 
30 minutes.  20  

  One limitation of sprint interval exercise is that adjusting the work rate for diff erent exercise modes (e.g. 
cycle ergometers) can be diffi  cult. Electromagnetically braked bikes (e.g. Lode) and rowing ergometers 
(e.g. Concept) provide resistance proportional to the power output (i.e. the harder a person pedals/rows the 
greater the resistance), which is ideal for this type of exercise. However, with other ergometers it may be 
more diffi  cult to set a resistance, which can result in a participant having to overcome a large resistance 
at the start and/or not having enough resistance at peak power output. On a basic cycle ergometer (e.g. 
Monark), one approach to overcome this is to have the participant begin pedalling as fast as possible against 
low resistance (e.g. 2 kg) and after 2 seconds apply a set-load based on body weight (e.g. 0.075 kg/kg body 
mass). For an 80-kg person this would be equivalent to 6 kg. This approach requires an extra person to 
adjust the load, which will not always be practical. During the recovery period between sprint intervals the 
participant can remain on the ergometer and be encouraged to cycle at a low cadence (e.g. 50 rpm) against 
a light resistance (e.g. 0.5 kg) to reduce venous pooling in the lower extremities and minimise possible 
feelings of light-headedness and/or nausea.

   AIM: 

   •   Experience a sprint interval session and use work rate to achieve specifi c intensities of exercise
      TASKS: 

   •   Suggest choosing a diff erent partner to previous activities.
    •   In pairs, one person completes the exercise while his/her partner provides guidance on when to start/

stop the intervals and records the heart rate. The pair then swap roles.
    •   Fit a heart rate monitor to the participant.
    •   This activity needs to be completed on a suitable cycle ergometer (electromagnetically braked), or one 

that can be adjusted to provide a work rate that allows the participant to perform ‘all-out’ cycling.
    •   The protocol involves 3 � 30-second ‘all-out’ sprints with 4 minutes recovery (slow pedalling) between 

each sprint. A 5-minute warm-up should be used if the participant has not completed any exercise in 
the previous 30 minutes.

    •   A 5-minute cool-down should be used.
    •   The partner completes  Worksheet 4.5 .
    •   Complete the additional questions.
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       Activity 4.6   Home-based aerobic exercises

  For many people, attending a gymnasium to exercise is not an option (e.g. cost) or is undesirable (e.g. not wishing 
to be seen in that environment). For some people, exercising outside of their home or workplace is not attractive 
because of environmental constraints (e.g. poor access to paths) or personal safety. In addition, people often 
state that lack of time is a major barrier to exercise and the time needed to travel to a venue to exercise may waste 
valuable time that could be spent being active. Therefore, exercising at home needs to be considered for all people, 
and an exercise professional may consider prescribing home-based programs to overcome these barriers.

  Most people will not have access to large pieces of exercise equipment at home, but aerobic training can be 
performed in this environment with a small amount of, or no, equipment. This activity will look at home-based 
aerobic exercise modes and the heart rate responses to these activities.

   AIM: 

   •   Experience implementing aerobic exercise, including HIIT, for a home-based setting

 Your partner (participant): _______________________________________________________________________________________________________________________________________________ 

 Heart rate (bpm) at end of 5-minute warm-up 

 Heart rate (bpm) at end of 1st 30-second sprint 

 Heart rate (bpm) at end of 1st 4-minute recovery 

 Heart rate (bpm) at end of 2nd 30-second sprint 

 Heart rate (bpm) at end of 2nd 4-minute recovery 

 Heart rate (bpm) at end of 3rd 30-second sprint 

  Question 1:  Why isn’t the heart rate response to exercise used to set or monitor intensity during sprint 
interval exercise? 

_________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________  

  Question 2:  Critically discuss the suitability of prescribing sprint interval training for a range of 
participants.  

_________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________

  _________________________________________________________________________________________________________________________________________________________________________________________________  

 Worksheet 4.5    Sprint Interval Exercise
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 Worksheet 4.6    Home-Based Aerobic Exercises

      TASKS: 

   •   Suggest choosing a diff erent partner to previous activities.
    •   In pairs, one person completes the exercise while his/her partner completes  Worksheet 4.6 . The pair 

then swap roles.
    •   Calculate the participant’s age-predicted HRmax using the equation 208 � (0.7 � age) and the various 

percentages, as required in  Worksheet 4.6 .  10  

    •   Fit a heart rate monitor to the participant to monitor intensity.
    •   Choose one of the home-based aerobic exercise modes from  Worksheet 4.6 .
    •   The participant is required to exercise to get his/her heart rate in the moderate-intensity zone (64–76% 

of age-predicted HRmax) and keep it there for 1 minute.
    •   Increase the intensity so the heart rate is in the vigorous-intensity zone (77–95% of age-predicted 

HRmax).
    •   Present the advantages and disadvantages of each attempt to the class, so that classmates can 

complete the worksheet.
    •   In the fi nal row list one other home-based aerobic exercise not mentioned.
    •   Complete the additional questions.     

 Your partner (participant): ____________________________________ ____________________________________________________________________________________________________________

Participant’s age-predicted HRmax: ______________________ bpm

  64% of participant’s age-predicted HRmax: ______________________ bpm

  77% of participant’s age-predicted HRmax: ______________________ bpm 

  Home-Based Exercise    Heart Rate Response  

 Walking fast on the spot with high knee lifts  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

 Running on the spot  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

 Stepping up and down on a box/step  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

 Shadow boxing  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 
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 Jumping jacks  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

 Burpees  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

 Walking up and down stairs   Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

 Other: ________________________________________________________________________________  Time to achieve moderate-intensity heart rate 
zone: ______________________ seconds

Heart rate after 1 minute in moderate-intensity 
heart rate zone: ______________________ bpm

  Additional time to get into the vigorous-intensity 
zone: ______________________ seconds 

  Question 1:  For the exercise you completed, discuss the heart rate response, including considerations for 
using this mode for high-intensity exercise. 

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

  Question 2:  Refl ect on whether you would prescribe this type of exercise, and to whom.

__________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________

  __________________________________________________________________________________________________________________________________________________________________________________________________ 

 

Worksheet 4.6 Home-Based Aerobic Exercises (continued)
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