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  Pref ace   

 This unique laboratory manual contains a series of conceptually linked research 
paradigms that are based on an empirical framework for tailoring individualized 
exercise programs to client perceptions and behaviors. The various laboratory 
experiments are teaching tools that analyze perceptual and psychosocial variables 
that infl uence participation in physical activities, describe methods for assessing 
these factors in clients, examine guidelines for exercise prescription and program 
evaluation, and feature practical applications of current research. The rationale 
underlying each of the experiments is based on a combination of scientifi c fi ndings 
and psychological insights that will teach students and practitioners how to create 
effective strategies for increasing physical activity in clients at various stages of 
health and illness. The manual is formatted such that the experiments can be per-
formed individually or sequentially in groups of two or more depending on the 
extent of the knowledge base that informs the learning experience. 

 In the late 1950s and early 1960s, research was conducted by Swedish psycholo-
gist Gunnar Borg, together with medical doctor and clinical physiologist Hans 
Dahlstrom, that explored psychophysics and perception in the context of sports and 
occupational endeavors. Borg’s 1962 monograph of his doctoral dissertation 
research,  Physical Performance and Perceived Exertion , introduced the fi eld of per-
ceived exertion to the world. Bruce Noble invited Borg to visit the University of 
Pittsburgh in the fall of 1967, marking the beginning of perceived exertion research 
in the United States. The following spring of 1968, Borg continued his trip with a 
short drive Northeast to the Pennsylvania State University, where he visited 
Ellsworth Buskirk, James Skinner, and Oded Bar-Or. The visit culminated with the 
American College of Sports Medicine annual meeting, which was held in State 
College, Pennsylvania. The presentations made at this conference, most notably by 
Borg, Noble, and Michael Sherman, were the fi rst broad exposure of perceived exer-
tion research to an audience of United States exercise scientists. 

 In 1973, Borg made a second visit to the University of Pittsburgh to continue his 
work with Noble and his doctoral students, Robert Robertson, Kent Pandolf, and 
Enzo Cafarelli. During this trip to the United States, Borg also visited the University 
of Wisconsin to collaborate with William Morgan. These fi ve scientists Noble, 
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Robertson, Pandolf, Cafarelli, and Morgan began the proliferation of perceived 
exertion research throughout the United States and other parts of the world. Most 
exercise scientists conducting perceived exertion research today can be linked to 
one of these researchers through their scientifi c genealogy, connecting student to 
mentor back through the generations. 

 In 1996, almost 30 years after Borg’s fi rst visit to the University of Pittsburgh, 
Noble and Robertson published a book entitled  Perceived Exertion . This was the 
fi rst all-encompassing synthesis of the burgeoning fi eld of perceived exertion. It 
provided both an empirical and theoretical resource for researchers and clinicians. 
The text included a historical review, from the roots of modern psychology to the 
advancement of psychophysical scaling and the development of the fi eld by Borg. It 
described the development, administration, and experimental use of Borg’s rating of 
perceived exertion (RPE) scale and discussed the theoretical models developed to 
explain how psychophysiological signals mediate the intensity of exertional ratings. 
Great detail is devoted to both specifi c and broad explanations for the involvement 
of the physiological (i.e., respiratory-metabolic and peripheral mediators) and psy-
chological inputs to the effort sense, whether conscious or unconsciously moni-
tored. In addition, the text includes a summary of research involving the use of RPE 
for exercise testing and prescription by both the exercise leader and client. 

 In 2004, Robertson published a book entitled  Perceived Exertion for Practitioners: 
Rating Effort with the OMNI Picture System . In contrast to Noble and Robertson’s 
 Perceived Exertion , this book was written as a practical guide for health-fi tness, 
clinical and therapeutic professionals that can also be applied to sports medicine, 
physical education, and coaching. It explains how to use RPE scales to assess physi-
cal fi tness and to prescribe and regulate exercise intensity for individuals of varied 
fi tness level and clinical status. In addition, the text introduces and explains the 
rationale behind the OMNI Scale of Perceived Exertion, developed as a more easily 
understood alternative to the Borg Scale, especially when used with children. The 
book details the use of the OMNI Scale for exercise testing and programming for a 
wide variety of exercise types and settings. 

 This book, entitled  Perceived Exertion Laboratory Manual: From Standard 
Practice to Contemporary Application , serves as the third installment of works by 
Robert Robertson. It is authored along with two of his doctoral students, Luke Haile 
and Michael Gallagher. As this book comes to press, we are approaching the 50th 
year of perceived exertion research in the United States. 

 This book serves a number of purposes that are shared with Robertson’s previous 
books.  Perceived Exertion Laboratory Manual  includes updated summaries of the 
research for multiple areas within the fi eld of perceived exertion. These varied con-
tent areas pertain to exercise assessment, prescription, and program monitoring that 
are linked to underlying psychophysical and physiological rationale. However, 
these reviews are written not only for researchers and clinicians but also for educa-
tors and exercise science students alike.  Perceived Exertion Laboratory Manual  
includes structured experiments that yield practical explanations for the use of RPE 
scales in both teaching laboratories and fi eld-based physical fi tness assessments, as 
well as their use for exercise prescription and intensity self-regulation. A unique 
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feature of the manual is that these explanations are provided in the format of detailed 
exercise experiments with both a literature review and step-by-step methods for 
administration in a research and/or educational setting. 

 Unique to  Perceived Exertion Laboratory Manual  is the inclusion of full chap-
ters devoted to the constructs of  exercise-induced muscle pain  and the  affective 
response to exercise . Although there are many perceptual and psychosocial vari-
ables that may play a role in mediating the perceived exertion response to exercise, 
research has paid special attention to these two, studied both individually and 
together with perceived exertion. Therefore, following an introductory chapter, Part 
I of this book (Chaps.   2    –  4    ) is devoted to three principal variables: perceived exer-
tion, exercise-induced muscle pain, and the affective response to exercise. All three 
of these constructs can be easily used to develop effective and cost-effi cient strate-
gies to promote the adoption and maintenance of physical activity by healthy and 
clinical populations. Each chapter in Part I includes a brief historical review and 
conceptual framework for the constructs and the scales used to measure them during 
exercise. 

 Parts II and III present the conceptual framework and methodology for a series 
of laboratory exercise experiments to study perceived exertion, the principle vari-
able used for the development of each experimental design. The authors chose this 
presentation style to align with the literature. The fi eld of perceived exertion was 
conceived by Borg nearly 30 years prior to studies of pain and affective responses 
to exercise were seen in the literature. Consequently, many of the research models 
used to study pain and affect during exercise were developed through research con-
ducted on the perceived exertion response. Each chapter in these two parts includes 
detailed methodology to examine exertional perceptions during aerobic exercise 
(treadmill exercise and/or cycle ergometry) and resistance exercise (where 
appropriate). 

 Part II (Chaps.   5    –  8    ) is devoted to the use of perceived exertion during exercise 
assessment. Chapter   5     presents laboratory experiments that examine perceived exer-
tion scaling procedures, the mastery of which is a prerequisite to understanding the 
use of perceived exertion during exercise for individuals of varying characteristics. 
The experiment in Chap.   6     covers the use of perceived exertion scales during graded 
exercise testing, i.e., perceptual estimation protocols. This includes procedures for 
both maximal oxygen consumption (VO 2 max) and one-repetition maximum (1RM) 
assessments, which are the primary methods for the determination of RPE scale 
validity. Chapter   7     presents an experiment that focuses on the determination of a 
target RPE for use during exercise intensity self-regulation. The experiment in 
Chap.   8     examines the use of RPE to predict both VO 2 max and 1RM. 

 The information derived from the experiments presented in Chaps.   5     and   6     is a 
necessary prerequisite to the use of RPE in any type of exercise test or prescription 
scenario. However, Chap.   7     begins the presentation of content and laboratory meth-
ods that are only appropriate in specifi c situations. Therefore, Chaps.   7     and   8    , as 
well as each chapter in Part III of the book, contain case studies providing an exam-
ple of an individual for which the methods presented in the laboratory experiment 
would be appropriate. 
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 Part III (Chaps.   9    –  13    ) presents experiments that use perceived exertion for exer-
cise prescription and program evaluation. The experiment in Chap.   9     employs a 
perceptual estimation-production paradigm for exercise intensity self-regulation. 
This paradigm is a staple for most perceived exertion research involving exercise 
intensity regulation pacing strategies for sport performance. Chapter   10     builds upon 
this through an experiment that examines aerobic interval exercise, a form of exer-
cise intensity modulation that is growing in popularity. The experiment in Chap.   11     
takes the paradigm one step further by determining the just noticeable difference 
(JND) in perceived exertion. This experiment presents the JND as a measure of 
perceptual acuity with application towards the study of pacing strategy during 
endurance exercise performance. The experiment in Chap.   12     compares self- 
selected and imposed exercise intensities, an important consideration prior to exer-
cise intensity prescription especially for novice exercisers. Chapter   13     is the fi nal 
segment of Part III and includes an experiment that evaluates “off-stimulus” mea-
surements of perceived exertion, predicted RPE and session RPE, which are assessed 
prior to exercise or following exercise, respectively. 

 As noted above, the laboratory experiments that are described in Parts II and III 
focus solely on the measurement and prescriptive application of perceived exertion. 
Part IV brings focuses on the research variables pain and affect; both of which can 
be examined independently or in concert with perceived exertion. Chapter   14     pres-
ents a series of brief literature summaries (power reviews) that explain how research 
models initially intended to examine perceived exertion can also be applied to the 
study of pain and affective responses to exercise. Then, Chaps.   15    –  17     highlight top-
ics that are of growing interest in the current literature, with a focus on the interplay 
between exertion, pain, and affect. These applied perceptual and psychosocial 
research topics include the effects of caffeine, carbohydrate ingestion, and music on 
the perceived exertion, pain, and affective responses to exercise performance. 

 This fourth and fi nal section of the book illustrates the direction in which per-
ceived exertion research has been traveling, especially over the past 15 years. 
Investigations involving exercise performance and adherence to physical activity 
programs have taken a multidisciplinary approach, with theoretical and empirical 
roots embedded in the disciplines of physiology and psychology. Recent research 
has examined many psychoperceptual variables in addition to perceived exertion, 
pain, and affect. The conceptual models and research methodology necessary to 
study these three variables, along with mediating physiological variables, provide 
the health-fi tness professional with a solid foundation for exercise assessment and 
prescription with the goal of promoting the adoption of long-term physical activity 
participation.  

  Lock Haven, PA, USA     Luke     Haile   
 Conway, AR, USA     Michael     Gallagher     Jr   
 Pittsburgh, PA, USA     Robert    J .   Robertson    
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    Chapter 1   
 Introduction 

                    Regular participation in physical activity (PA) has many physiological and 
 psychological benefi ts, whether undertaken as part of a professionally prescribed 
exercise program or a leisure pursuit. PA includes structured aerobic and resistance 
exercise, competitive and recreational sport, occupational activity, as well as activi-
ties of daily living. Increasing one’s level of PA is gaining wide recognition as one 
of the essential elements of behavioral change necessary to promote overall health-
fi tness. From young to old, from those with chronic illnesses to elite athletes, 
regular PA can play an important role in optimizing performance and enhancing 
functional capacity, even preventing and treating a wide variety of diseases and 
disorders. This laboratory manual presents data based on experiments that are 
intended to provide advanced understanding of those perceptual and psychosocial 
factors that infl uence promotion, adoption, and maintenance of PA of the type that 
provides positive health-fi tness benefi ts. 

1.1     Benefi ts of Physical Activity 

 Regular participation in PA has shown moderate to high associations with the pre-
vention of obesity, cardiovascular disease (especially coronary heart disease), 
stroke, type 2 diabetes, osteoporosis, certain cancers (including colon, rectal, breast, 
and prostate), as well as the decline of mental function (England Department of 
Health  2004 ). PA has also shown moderate to high associations with the successful 
treatment of obesity, coronary heart disease, peripheral vascular disease, osteoar-
thritis, and low back pain (England Department of Health  2004 ). Increasing daily 
levels of PA has shown benefi cial effects by attenuating lung deterioration in smokers 
and decreasing their risk for chronic obstructive pulmonary disease (Garcia- 
Aymerich et al.  2007 ), increasing high-density lipoprotein (HDL) cholesterol while 
decreasing total cholesterol and triglycerides (Codina et al.  1999 ), and preventing 
falls in the elderly (Gillespie et al.  2012 ). Given these salutary effects, increasing PA 
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level leads to a signifi cantly lower mortality rate and longer life expectancy (Kujala 
et al.  1998 ; Manini et al.  2006 ). 

 The psychological effects of increasing PA participation are extensive as well. 
PA can prevent age-related decline in mental function, treat depression and low 
levels of mental well-being, improve mood, reduce anxiety, and enhance self-esteem 
(England Department of Health  2004 ; Fox  1999 ; Fox et al.  2007 ). Increasing the 
habitual PA level can improve overall cognitive function by alleviating stress and 
improving sleep quality (England Department of Health  2004 ). Overall, PA is 
closely tied to health-related quality of life (Elley et al.  2003 ; Pedersen and Saltin 
 2006 ). Of importance is the opinion of many scientists and health professionals that 
quality of life, as infl uenced by regular PA participation, is closely related to mortal-
ity rate and life expectancy.  

1.2     Physical Activity Guidelines 

 The American College of Sports Medicine (ACSM) and the Centers for Disease 
Control and Prevention (CDC) have developed guidelines specifying the minimum 
amount of aerobic PA in which most adults should participate to promote and main-
tain overall health. The initial guidelines, published in 1995 (Pate et al.  1995 ), were 
updated in collaboration with the American Heart Association in 2007 (Haskell et al. 
 2007 ) and are consistent with the recommendations put forth by the U.S. Department 
of Health and Human Services (USDHHS) in its Dietary Guidelines for Americans 
(USDHHS  2005 ). The primary recommendations for aerobic exercise are that an adult 
should participate in at least 30 min of moderate intensity activity at least fi ve times 
per week. The two key words in these recommendations as written here are  at least . 
The guidelines indicate the minimum amount of aerobic activity in which every adult 
should engage. Additional health benefi ts can be achieved, including further reduction 
of chronic disease risk, by increasing the duration, frequency, and intensity of aerobic 
exercise above minimum recommendations. The progressively greater salutary effects 
of increased levels of PA refl ect the dose–response relation that has been shown in 
large-scale, prospective studies over the past decade. In addition, increasing the 
amount of weight-bearing or high-impact aerobic exercise, such as brisk-walking, 
jogging or running, enhances skeletal health. The updated guidelines also include 
recommendations for resistance training and calisthenic exercises to increase and 
subsequently maintain muscular strength and endurance, ultimately improving 
functional capacity and promoting physical independence (Haskell et al.  2007 ).  

1.3     The Physical Inactivity Epidemic 

 Regardless of the detailed guidelines set forth through the cooperative work of mul-
tiple professional and governmental organizations, the adoption and maintenance of 
regular PA to improve health-fi tness, although signifi cantly important in decreasing 
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one’s risk for premature death, seems to be a goal that many people fail to 
 accomplish. In 2012, 23.1 % of United States (US) adults reported performing no 
leisure- time PA (CDC  2014 ). Data from 2011 indicate that only 51.6 % of US adults 
met the ACSM guidelines for aerobic PA and only 20.9 % of US adults met the 
guidelines for both aerobic PA and muscle strengthening exercise (CDC  2014 ). 

 The physical inactivity epidemic is not limited to the US. According to the World 
Health Organization (WHO), physical inactivity is a principle risk factor for chronic 
diseases and premature death in many industrialized nations (WHO  2014 ). Data 
from 2008 indicate that only 18 % of Europeans reported engaging in moderate PA 
on a regular basis (Allender et al.  2008 ). The Spanish National Health Survey of 
2001 reported that 46.6 % of those over age 15 years did not exercise in their free 
time, with only 8.5 % reporting exercising on a regular basis (Gine-Garriga et al. 
 2009 ). In addition, according to 1998 data from the England Department of Health, 
PA, Health Improvement and Prevention, only 31 % of those 16 years of age or 
older achieved the ACSM recommended levels of moderate PA (England Department 
of Health  2004 ). 

 The low prevalence rates of PA participation throughout the industrialized 
world may refl ect the quality of an individual’s available clinical care. However, 
patients seldom receive medical recommendations for PA from their physicians 
and nurses. Recent research has shown that hospital staff frequently report not 
having enough time or knowledge to prescribe appropriate exercise to those seek-
ing care (Puig Ribera et al.  2005 ,  2006 ). This makes it clear that addressing physi-
cal inactivity is not seen as effective health care advice warranting signifi cant use 
of time spent on patient care in the hospital setting. Regardless, given recent data 
from both the United States and Europe, it would appear most adults do not follow 
PA recommendations to achieve positive health outcomes and improve overall 
fi tness.  

1.4     Economic Cost of Physical Inactivity 

 Low levels of PA not only affect the health of nations, but the wealth of nations. 
In a report by Chenoweth and Leutzinger ( 2006 ), the economic cost of physical 
inactivity alone was estimated at $93.32 billion per year, and that only accounted 
for seven states in the US. The yearly cost of physical inactivity and overweight 
combined, when projected to 2008 for the entire US population, was estimated at 
$708 billion. These cost estimates include direct medical care, worker’s compen-
sation, and loss of occupational productivity (Chenoweth and Leutzinger  2006 ). 
Data from England in 2004 estimate the economic cost of physical inactivity at 
£8.2 billion (approximately $13 billion), with obesity adding another £2.5 billion 
(England Department of Health  2004 ). Therefore, attaining optimal levels of over-
all health- fi tness by increasing regular PA participation is one of the foremost 
public health initiatives of our time, in both the US and Europe. Controlling 
 medical costs through PA interventions is especially important in these stringent 
economic times.  

1.4 Economic Cost of Physical Inactivity
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1.5     Exercise Is Medicine ®  

 Recent initiatives by ACSM in partnership with the US Surgeon General have 
 culminated in the  Exercise is Medicine  ®  initiative (Exercise is Medicine  2014 ). 
This initiative promotes the assessment of “exercise vitals” at every visit to the doc-
tor’s offi ce. The campaign stresses that self-report of the frequency and intensity of 
PA participation should be recorded and discussed just as are standard clinical 
assessments of height, weight, heart rate (HR), and blood pressure (BP). The goal 
of the  Exercise is Medicine  ®  initiative is to promote awareness of the importance of 
PA in advancing overall health to both patient and doctor. The measurement of 
“exercise vitals” is intended to begin the discussion of the importance of exercise 
and PA in both the prevention and treatment of disease. It follows that exercise and 
PA can be prescribed like any medication for those patients who must increase their 
habitual PA level and/or decrease excess body weight. Such an exercise prescription 
is particularly important in treating a wide range of chronic diseases and clinical 
disorders for which PA has shown signifi cant physiological and health benefi t. 
However, this awareness of the health implications of regular exercise, whether 
made known at the doctor’s offi ce or hospital, at school, or through a public service 
announcement, is only the beginning step in a systematic process to increase the 
individual’s level of PA participation.  

1.6     Physical Activity Adherence 

 Although the increasing prevalence of physical inactivity is a health care burden 
around the world, there is little evidence concerning how to increase participation in 
PA programs (Gine-Garriga et al.  2009 ). Substantial efforts to develop PA interven-
tion programs have been undertaken by professional and governmental public health 
organizations throughout the world. The guidelines set forth by these organizations 
are designed to have the greatest impact on the overall public health of nations and 
do not necessarily describe the exercise or PA programs that address the needs of 
each individual. 

 The process of individual behavior change is complex and involves numerous 
constructs including personal, programmatic, social and environmental factors. 
Health care and fi tness professionals must move beyond the traditional prescriptive 
exercise program that is based on factors such as medical clearance, supervision 
(Haskell et al.  2007 ), and structured guidelines to identify overload training inten-
sity using target HR, percent of maximal oxygen consumption (VO 2 max), or specifi c 
resistance settings on various types of exercise equipment. An effective PA program 
must take into consideration an individual’s interests, needs, daily schedule, envi-
ronment, family structure, work, social environments, travel, and even the possibil-
ity of inclement weather (Haskell et al.  2007 ). The promotion of long-term adherence 
to PA programs must use strategies to overcome participation barriers, through 
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individual behavioral change and by employing an ecological perspective at multiple 
community levels. In addition, exercise programs must be sensitive to the fi nancial 
status of individuals of all socioeconomic levels and cannot exclusively depend on 
the availability of specifi c equipment and/or enrollment in exercise classes. Morgan 
( 2005 ) reviewed approaches to increase PA through exercise- referral schemes. 
The review concluded that additional research is needed to develop intervention 
strategies that could increase long-term adherence in a wide range of populations 
for differing activities. It was observed that there must be a move to prescribe 
an exercise program that is physiologically and psychologically effective, is cost-
effective and can be performed in a wide range of indoor and outdoor settings. In 
addition, studies have found that most people will remember PA advice only if it is 
linked to a serious health condition for which they have been diagnosed. We must 
work to change the fact that many people are not concerned about their own PA 
habits until they require therapeutic exercise for medical care. In this context they 
receive an exercise prescription that is part of the treatment for a chronic disease or 
clinical disorder rather than a preventive recommendation to promote health-fi tness 
(   Flocke and Stange  2004 ). 

 Most individuals have their own unique characteristics regarding the decision to 
participate in PA. These individual characteristics include perceptions of exertion 
and pain associated with PA intensity, affective responses associated with PA, atti-
tudes toward various types of PA, and self-effi cacy for performance of PA. These 
perceptual and psychosocial variables help to defi ne the PA needs and preferences 
of each individual beyond their living environment and fi nancial abilities. They 
must be used to shape each individual’s PA program. Such individualized programs 
should use strategies for behavior change that meets perceptual and psychosocial 
needs as they pertain to PA adoption and adherence while simultaneously attaining 
optimal physiological stimulus levels to enhance overall health-fi tness. It should be 
the goal of the health professional to help people engage in a new way of thinking 
about an active lifestyle and see PA as an opportunity to promote individual health. 
A physically active lifestyle can bring with it enjoyment, improved vitality, a sense 
of achievement, physical fi tness, optimal body weight, and lasting health (England 
Department of Health  2004 ).  

1.7     Laboratory Manual of Perceptual and Psychosocial 
Exercise Experiments 

 Numerous population-based studies have demonstrated that many individuals who 
reside in industrialized nations are confronted with perceptual and psychosocial 
barriers that prevent regular participation in PA and exercise conditioning programs. 
It is the goal of this manual to present laboratory experiments and accompanying 
literature reviews that help the student learn about programmatic innovations to 
improve PA adoption and maintenance with a unique emphasis on understanding 
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the mitigating role of perceptual and psychosocial dynamics. This task can be 
accomplished by teaching the next generation of fi tness professionals, exercise 
 scientists and public health researchers how to study, test, and use perceptual and 
psychosocial variables to help their clients and patients achieve overall health- 
fi tness. The PA-related variables that are the principal focus of this laboratory man-
ual are  perceived exertion ,  exercise - induced muscle pain , and the  affective response  
( AR )  to exercise . These perceptual and psychosocial constructs can be easily used to 
develop effective and cost-effi cient strategies to promote and improve the adoption 
and maintenance of PA by healthy and clinical populations. The conceptual frame-
work and methodology for each laboratory experiment is presented in terms of per-
ceived exertion, the principle variable used for the development of each experimental 
design. Chapter   14    , which introduces Part 4, Applied Perceptual and Psychosocial 
Research, details the use of each conceptual model with exercise-induced muscle 
pain and AR during exercise. Each of these variables has been an important consid-
eration in the recent literature concerning exercise assessment, prescription, and 
program monitoring. Their continued application in practice and further exploration 
in research are critical to the development of future health-fi tness professionals.     
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    Chapter 2   
 Perceived Exertion 

                    Perceived exertion can be defi ned as  the subjective intensity of effort, strain, 
 discomfort and/or fatigue that is felt during exercise  (Robertson and Noble  1997 ). 
The exertional experience involves detecting and interpreting sensations arising 
from the body during any type of PA (Noble and Robertson  1996 ). The underlying 
processes that are subjectively monitored during PA, referred to as exertional medi-
ators, are classifi ed as physiological, psychosocial, performance-related and symp-
tomatic in nature. Perceived exertion can be assessed during aerobic and resistance 
exercise, leisure time or daily living activities, occupational physical activity, or a 
wide variety of recreational and competitive sport activities. Individuals can rate 
their level of perceived exertion by selecting a number, or rating of perceived exer-
tion (RPE), from a range of numerical categories displayed on a perceived exertion 
scale. These RPE scales may include verbal and pictorial descriptors that are placed 
in juxtaposition to numerical categories representing the range of perceptual respon-
siveness from very low to very high intensity. The Borg RPE Scale and OMNI RPE 
Scales have been used in perceptual paradigms designed to quantify and predict 
physiological responses to acute exercise and adaptations to exercise training. RPE 
is an important variable used to monitor exercise programming, ensuring the attain-
ment of optimal exercise intensity for the achievement of health- fi tness benefi ts and 
to promote PA adherence. 

2.1     Mediators of Exertional Perceptions 

 Over the past 50 years, the perceived exertion knowledge base has grown exponen-
tially. Research has studied many aspects of this gestalt-like perceptual response to 
exercise, described so because it is a complex pattern of physical, biological, and 
psychological phenomena. The Global Explanatory Model for Perceived exertion 
(Fig.  2.1 ) illustrates the mechanisms, both internal and external, by which an exercise 
stimulus results in an individual’s unique perceptual response (Noble et al.  1986 ; 



12

  F
ig

 2
.1

  
  G

lo
ba

l e
xp

la
na

to
ry

 m
od

el
 o

f 
pe

rc
ei

ve
d 

ex
er

tio
n 

(a
da

pt
ed

 f
ro

m
 N

ob
le

 a
nd

 R
ob

er
ts

on
  1

99
6 )

   
   

 

 

2 Perceived Exertion



13

Noble and Robertson  1996 ; Robertson et al.  1986 ). Exertional mediators are the 
underlying physiological, psychosocial, performance-related and symptomatic pro-
cesses that an individual subjectively monitors during PA. These mediators function 
collectively and interactively to ultimately shape the RPE response. Gaining knowl-
edge about how these exertional mediators act to infl uence adoption and mainte-
nance of PA has been a primary focus of perceived exertion research and its 
application in both health-fi tness and clinical settings.

2.1.1       Physiological Mediators 

 Physiological mediators of exertional perceptions can be subdivided into  respiratory- 
metabolic, peripheral , and  nonspecifi c  categories. Respiratory-metabolic physio-
logical mediators include those processes that are infl uenced by aerobic metabolic 
demand during PA. These include pulmonary ventilation (V E ), oxygen uptake 
(VO 2 ), carbon dioxide production (VCO 2 ), HR and BP. Peripheral physiological 
mediators include factors such as metabolic acidosis (pH, lactic acid), muscle blood 
fl ow, muscle fi ber type and glycogen content, as well as plasma glucose and free 
fatty acid concentrations. Nonspecifi c physiological mediators include systemic 
events that occur during exercise, such as hormonal regulation and increases in both 
skin and body core temperature. 

 Physiological mediators of exertional perceptions play a primary role in shaping 
the effort sense due to their effect of altering tension-producing properties of skel-
etal muscle. Muscle contractions are monitored through a neurophysiological path-
way between the motor and sensory cortex (Robertson  2001 ). Developed tension in 
both peripheral and respiratory muscle is monitored and ultimately interpreted as 
effort sensation. As PA intensity increases, a feed-forward mechanism rooted in the 
motor cortex increases skeletal muscle motor unit recruitment and fi ring frequency. 
Corollary signals branching from the motor efferents and terminating in the sensory 
cortex also increase in frequency, intensifying perception of effort. These efferent 
signals are integrated with afferent proprioceptive feedback from muscles and joints 
that help fi ne-tune the RPE response.  

2.1.2     Psychosocial Mediators 

 Physiological mediators of exertion generally function similarly for most individuals 
and have been a major focus of RPE research since conception of the discipline by 
Borg. However, experimental research focusing on the identifi cation of psychosocial 
mediators that may account for inter-individual differences in the perceived exertion 
response is gaining substantial interest. Morgan ( 2001 ) separated the  psychosocial 
mediators of exertional perceptions into four distinct classifi cations: (1) affective 
mediators that are linked to emotions and mood states, including anxiety, depression, 
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introversion, and extroversion; (2) cognitive mediators that include association/ 
dissociation, self-effi cacy, and personality type; (3) perceptual process mediators that 
include pain tolerance, somatic perception, perceptual augmentation, and perceptual 
reduction; (4) social/situational mediators that include music, sex of the counselor or 
test administrator, and social setting. Recently, there have been substantial increases 
in the knowledge base concerning the AR to exercise and its relation to RPE, largely 
due to the work of Ekkakakis ( 2003 ) and his colleagues. This work has identifi ed 
affect as a potential factor mediating the adoption and maintenance of PA. As such, 
AR is one of the primary variables employed in this laboratory manual.  

2.1.3     Performance-Related Mediators 

 Performance-related exertional mediators can be defi ned as variables that describe 
and provide feedback regarding the intensity of an acute exercise bout and the 
 prediction of exercise performance outcomes. Measures of these variables may be 
provided to the individual by a coach or teammate or may be monitored by the indi-
vidual using a watch or digital display of an exercise machine. Variables such as 
time/distance traveled, time/distance remaining, speed/pace or even characteristics 
of a competitor’s exercise performance may affect the RPE response.  

2.1.4     Exertional Symptoms 

 Exertional symptoms, ultimately, are the fi nal outward expression of the internal 
physiological and psychological processes that are experienced by an individual 
during PA and exercise. Physiological, psychological and/or performance-related 
exertional mediators are uniquely integrated such that exertional symptoms are 
linked to the individual’s conscious perceptual report. Exertional symptoms can be 
divided into two separate classifi cations: somatic and psychological. The most pro-
nounced of the somatic exertional symptoms and, arguably, all symptoms, is fatigue. 
Thus, fatigue is a primary term in the defi nition of perceived exertion. Aches, 
cramps, muscle and joint pain, feelings of heaviness and dyspnea (breathlessness) 
are somatic symptoms felt in varying degrees when performing many different exer-
cise modalities. Psychological symptoms that may directly affect the perceptual 
response include task aversion and low motivation.   

2.2     Perceptual-Cognitive Reference Filter 

 The fi nal step in the formation of the perceptual response is the overall integration 
of the various signals generated by exertional mediators that pass through the 
perceptual- cognitive reference fi lter. It is proposed that this fi lter is located in the 
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sensory cortex and provides a sensory weighting to past and present PA experiences 
and environments. These are ultimately expressed as an individual’s perceptual 
style with the weighting often dominated by specifi c physiological or psychosocial 
exertional mediators. In this fi nal step, the exertional signals that arise from the 
physiological responses to an acute exercise performance are mediated by the array 
of stored information in the perceptual-cognitive reference fi lter. This mediating 
process ultimately shapes the intensity of perceived exertion that is rated by the 
individual using a category metric (Robertson  2001 ).  

2.3     Rating Perceived Exertion 

 The origin of perceived exertion is rooted in psychophysics. This science studies 
human sensation by establishing a mathematical relation between physical stimuli 
and sensory responses (Noble and Robertson  1996 ). More specifi cally, psychophys-
ics has been defi ned as the study of the relation between sensation and stimulus 
when both are measured as quantities (Marks  1974 ). Gunnar Borg, a Swedish psy-
chologist, sought to do just that when he pioneered the measurement of perceived 
exertion and developed the fi rst RPE scale. His initial work in the late 1950s and 
throughout the 1960s sought to defi ne perceived exertion as it applied to individu-
als’ subjective adaptation to various types of exercise and occupational activities 
(Borg  1962a ,  1962b ,  1970 ,  1971 ;    Borg et al.  1971 ). Borg introduced his 15-category 
(i.e. 6–20) RPE scale (Fig.  2.2 ) in the mid 1960s while on a sabbatical visit to the 

  Fig 2.2    Borg RPE scale 
(Borg  1998 ) © Gunnar Borg 
1998       
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University of Pittsburgh and the Pennsylvania State University. The Borg Scale is 
used to measure RPE and determine the relation between exertional perceptions and 
a wide array of physical, physiological and psychosocial factors that are linked to 
exercise performance. RPE, measured using Borg’s scale as well as other, newer 
category scales such as Robertson’s OMNI Scale, is one of the most commonly 
employed variables assessed in exercise science research.

   Borg designed the numerical format of the fi rst perceived exertion scales to align 
closely with HR responses, which were taken as a good general indicator of physi-
cal strain during PA. This physiological response is easily measured and, therefore, 
often used as a primary variable for exercise intensity prescription. Borg’s initial 
category metric did not yield perceptual responses that met the expected linear rela-
tion between HR and RPE as measured using a 21-category scale. The scale included 
numerical categories that ranged from 0 to 20 with verbal descriptors linked to 
every odd integer from 3 to 19, such as “Extremely light” at 3 and “Extremely labo-
rious” at 19 (Borg  1962a ,  1962b ,  1970 ). Borg then fi ne-tuned the original scale, 
shortening it to 15 categories that ranged from 6 to 20 with the goal of predicting 
exercise HR from RPE responses of a normal, healthy, middle-aged man perform-
ing cycle ergometry. This prediction was accomplished by multiplying the RPE 
response by 10 (e.g., an RPE of 13 × 10 = exercise HR of 130 b·min −1 ) (Borg  1985 ; 
Borg and Lindblad  1976 ). This 6–20 scale, commonly known as the Borg Scale 
(Fig.  2.2 ), is used in clinical and health-fi tness settings where cycle ergometry is 
employed worldwide. However, the validity of predicting HR from RPE responses 
using a simple multiplication factor of 10 was never truly realized due to the great 
inter-individual variability in HR responses under varying types of exercise, clinical 
and environmental conditions. This fact notwithstanding, many studies have shown 
a linear relation between workload, HR and RPE, establishing validity of the Borg 
(6–20) RPE Scale.  

2.4     Perceived Exertion Scales for Children 

 Prior to 2000, relatively few investigations studied RPE responses of children. Oded 
Bar-Or pioneered the study of children’s perception of effort in a 1977 study involv-
ing cycle ergometer exercise where RPE was measured using Borg’s 6–20 category 
metric validated for adults (Bar-Or  1977 ). However, subsequent research demon-
strated that the Borg (6–20) RPE Scale may be unsuitable for children (Lamb and 
Eston  1997a ). Not until 1994 was consideration given to the design of a child- 
specifi c RPE scale. Roger Eston and colleagues (Eston et al.  1994 ; Williams et al. 
 1994 ) designed the Children’s Effort Rating Table (CERT) to address the semantic 
limitations of children when they attempted to use RPE scales that were formatted 
using adult vocabulary. Verbal descriptors for CERT were chosen by children 
because they were commonly used expressions understood as descriptions of exer-
tion during PA. Ten descriptors were placed along a numerical rating range from 
1 to 10. This resulted in a more familiar rating scale format as opposed to the adult 
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oriented 6–20 Borg Scale. However, a follow-on investigation found a nonlinear 
relation between perceptual and physiological responses. CERT had a diminished 
sensitivity across the upper HR range during dynamic exercise (Lamb and Eston 
 1997b ; Robertson et al.  2000 ).  

2.5     The OMNI Scale 

 In response to growing clinical and experimental interest in investigating children’s 
perceptions of effort and in recognition of the potential methodological and seman-
tic limitations of available RPE scales, Robertson and colleagues developed the 
OMNI picture system for rating effort in children (Robertson  2004 ; Robertson et al. 
 2000 ). For the 0–10 OMNI RPE scale, both verbal and pictorial descriptors were 
chosen by children to aid in linking exertional symptoms with the perceptual rating. 
The name OMNI is a contemporary contraction of the word omnibus, meaning “of, 
relating to, or providing for many things at once” (Merriam-Webster Online  2014 ). 
By extension, when used in the context of exertion scaling the word OMNI refers to 
a category metric having broadly generalizable properties. This was of practical 
importance because the OMNI scales were designed for use by individuals of vary-
ing ages participating in a wide range of PA modalities. The fi rst OMNI scale 
(Fig.  2.3 ), developed for cycle ergometer exercise, demonstrated a high level of 
validity for use by male and female children of mixed race (Robertson et al.  2000 ). 
Later, the adult format of the OMNI-Cycle RPE scale (Fig.  2.4 ) was developed 
using age appropriate verbal and pictorial descriptors (Robertson  2004 ; Robertson 
et al.  2004 ). The Adult OMNI-Cycle RPE Scale demonstrated high concurrent and 
construct validity for use by both men and women (Robertson  2004 ; Robertson 
et al.  2004 ). Subsequently, different OMNI Scale formats were developed and 

  Fig 2.3    Children’s OMNI-cycle RPE scale Robertson  2004 )       
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validated for use by children and/or adults performing such PA modalities as 
 walking and running (Utter et al.  2002 ,  2004 ; Robertson  2004 ), resistance exercise 
(Lagally and Robertson  2006 ; Robertson et al.  2003 ,  2004 ,  2005 ), stepping (Krause 
et al.  2012 ; Robertson et al.  2004 ,  2005 ), and elliptical ergometry (Mays et al.  2010 ) 
(Fig.  2.5 ; see Appendix   A     for fi gures of additional OMNI Scale formats).

  Fig 2.4    Adult OMNI-cycle RPE scale (Robertson  2004 )       

  Fig 2.5    Montage of pictorial descriptors for the OMNI RPE scales (Robertson  2004 )       
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2.6          Use of RPE Scales 

 The fi eld of perceived exertion was originated by Gunnar Borg as he sought a new 
way to describe adaptations to exercise, initially in an occupational setting and later 
fi tness and sport settings. Borg hypothesized that an individual’s perceptual 
responses to exercise testing could provide information to both quantify and predict 
physiological and performance adaptations. In addition, RPE is a measurable con-
struct that most individuals can understand and use after proper instructions from an 
exercise scientist or coach. This fact is largely responsible for the growth of the 
perceived exertion knowledge base in the published literature and its continued 
popularity in clinical and sport settings. The uses of RPE presented in this labora-
tory manual include, but are not limited to, the following: (1) the determination of 
maximal work capacity during fi tness testing, (2) the indication of impending exer-
cise test termination, (3) the prediction of maximal aerobic power or one-repetition 
maximum from submaximal exercise responses, (4) the identifi cation of physiologi-
cal responses such as the ventilatory threshold, and subsequent use of these mea-
sures to prescribe a “target” RPE for exercise conditioning, (5) exercise intensity 
self-regulation and monitoring of exercise intensity self-regulation error, and (6) 
monitoring exercise programs to determine if the exercise intensity is appropriate to 
achieve an overload training stimulus.     
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    Chapter 3   
 Exercise-Induced Muscle Pain 

                    Pain has been defi ned by the International Association for the Study of Pain as  an 
unpleasant sensory and emotional experience associated with actual or potential 
tissue damage ,  or described in terms of such damage  (Merskey and Bogduk  1994 ). 
This defi nition implies that the pain experience is subjective, has an affective com-
ponent, and may not require actual tissue damage (Borg  1998 ; O’Connor and Cook 
 1999 ). The purpose of this laboratory manual is to focus on the intensity of pain that 
occurs naturally in active skeletal muscles during exercise, even in individuals who 
are healthy and injury-free. This perceptual construct is independent of perceived 
exertion, but the two variables have been measured concurrently during both aero-
bic and resistance exercise in adults and children (Cook et al.  1997 ,  1998 ; Kane 
et al.  2010 ; Robertson et al.  2009 ). Similar to perceived exertion, individuals can 
rate their intensity of perceived pain by selecting a rating from a range of numerical 
categories displayed on a scale. Some scales, such as the Pain Intensity Scale and 
the Children’s OMNI Muscle Hurt Scale, include construct-specifi c verbal and 
 pictorial descriptors placed in juxtaposition to numerical categories representing 
the range of perceptual responsiveness from no pain at all to unbearable pain. 
Exercise- induced muscle pain may be an important variable to monitor during exer-
cise testing and prescription because of its potentially powerful implications for the 
adoption and maintenance of regular PA. 

3.1     Pain Threshold During Exercise 

 In addition to exercise-induced muscle pain intensity, other aspects of pain that have 
been examined include pain threshold, pain tolerance and the affective components 
of pain (Cook et al.  1997 ). The threshold of naturally occurring muscle pain has 
been assessed during exercise as the time-point at which pain is “just noticeable”. 
This has been measured using a timer that the subject activates to indicate the time- 
point during an exercise test at which pain sensation is detected (Cook et al.  1997 ). 
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In contrast, the construct of perceived exertion does not allow for an onset threshold. 
It is generally expected that as soon as exercise begins, a certain level of exertion is 
perceived, the intensity of which can range from very low to very high. However, 
the onset of muscle pain varies greatly between individuals and in some cases may 
not occur until 90 % of peak exercise intensity (Cook et al.  1998 ).  

3.2     Mechanisms for Pain During Exercise 

 Muscle pain during exercise may occur as a result of the stimulation of two separate 
nociceptive pathways: mechanoreceptors and chemoreceptors. Both of these affer-
ent pathways send information to the central nervous system regarding tissue dam-
age or the potential for tissue damage (O’Connor and Cook  1999 ). With respect to 
mechanoreceptor pathways, as physical measures of exercise such as power output 
(PO), break resistance, or weight lifted increase, there is a corresponding deforma-
tion of nociceptive mechanoreceptors. Second, as specifi c noxious byproducts of 
metabolism accumulate, such as bradykinin, there may be a greater stimulation of 
nociceptive chemoreceptors as well as a sensitization of the aforementioned mecha-
noreceptors. Metabolites such as hydrogen ions sensitize both types of nerve fi bers, 
increase in contracting skeletal muscle as a function of time, and have been 
shown to accumulate at a faster rate with a greater anaerobic contribution to energy 
metabolism (Stebbins et al.  1990 ). In addition, increasing the amount of active mus-
culature during exercise may increase stimulation of both of these nociceptive path-
ways (Cook et al.  1998 ). 

 Noxious sensations detected by the body during exercise are interpreted as a 
specifi c level of perceived exertion. As exertional perceptions increase during exer-
cise, they can also be accompanied by increases in muscle-specifi c pain sensation. 
The onset of muscle pain sensation usually occurs at higher exercise intensity or at 
a later point in time during exercise. Muscular sensations of pain change in quality 
when the noxious stimulus increases in strength, stimulating nociceptors. This neu-
rophysiological sequence results in pain and subsequent voluntary actions or even 
refl exes to withdraw from the stimulus (Borg  1998 ). However, it is important to 
effectively differentiate between perceptions of exertion and pain, especially when 
measuring them concurrently, as they are not isomorphic constructs. This can be 
accomplished by using standardized scaling instructions and separate, construct specifi c 
scales (Cook et al.  1997 ; Robertson et al.  2009 ).  

3.3     Clinical Conditions and Pain 

 For certain clinical conditions, it is important to differentiate between naturally 
occurring muscle pain during exercise and pain that is symptomatic of a disease or 
disorder. An individual with cardiovascular disease can experience pain as a result 
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of ischemia (or decreased tissue oxygen supply relative to demand) that is often 
reproducible during exercise at a specifi c level of exertion or exercise intensity. This 
includes angina pectoris, which is chest pain secondary to coronary artery disease, 
and intermittent claudication, which is pain in the legs secondary to peripheral 
artery disease. Pain is also a common symptom in diabetic patients with peripheral 
neuropathies and various types of arthritis. There are also certain disorders that are 
primarily characterized by pain, such as fi bromyalgia and lower back pain. For 
these conditions, a well-supervised PA program or exercise prescription may be 
an important aspect of the treatment plan to help improve fi tness levels and 
psychological well-being. Depending on the clinical condition and the degree 
of functional limitation as a result of a particular disease state, it may be more impor-
tant to monitor clinically specifi c pain rather than naturally occurring muscle pain 
during exercise.  

3.4     Rating Exercise-Induced Muscle Pain 

 Although the concept of pain and related clinical symptoms has been recognized 
for centuries, the study of naturally occurring muscle pain during exercise is rela-
tively new (Cook et al.  1997 ). The earliest known investigations include those of 
Lloyd ( 1972 ), who reported pain threshold and pain tolerance during isometric 
biceps contractions, and Weiser and colleagues ( 1973 ), who asked subjects to rate 
the intensity of “leg aches” and “leg cramps” using a 5-point Likert scale immedi-
ately following moderate intensity cycle ergometer exercise. Prior to these stud-
ies, research involving the measurement of pain during exercise focused on pain 
that occurred as a symptom of a disease process, such as claudication secondary 
to peripheral artery disease. Because research that involved the measurement of 
muscle and limb pain intensity in healthy individuals employed a mechanical 
occlusion model to induce claudication pain, the fi ndings of such experiments 
cannot be considered naturally occurring muscle pain during exercise (O’Connor 
and Cook  1999 ). 

 Borg, best known for his work with perceived exertion, began his study of 
exercise- induced pain as reported by patients undergoing clinical exercise stress 
tests. It was found that the quality of patients’ rating of perceived exertion was 
affected by pain often in the form of angina pectoris or induced by musculoskeletal 
problems (Borg  1998 ). This led, in part, to the development of a new perceptual 
scale, the Borg (0–10) Category-Ratio (CR) Scale (CR10 Scale), that could be used 
for the measurement of perceived exertion and pain. The CR10 Scale was designed 
with easy-to-use numerical categories and verbal descriptors, similar to the Borg 
RPE Scale. However, a more complicated format was employed to give the new 
scale ratio properties similar to the observed changes in the physical and physiologi-
cal responses often measured along with perceived exertion (Borg  1998 ). The origi-
nal CR10 Scale (Borg  1977 ) had numerical categories ranging from 0 to 10 and 
contained responses to avoid bottom and ceiling effects which were expanded in a 
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later version (Borg  1998 ). To avoid bottom effects, the original CR10 Scale 
 contained an additional numerical category, 0.5, and later was expanded to include 
0.3, 1.5 and 2.5. To avoid ceiling effects, the scale allowed subjects to rate a number 
higher than 10 (higher than 11 in the newer version), in case they experience a very 
high level of perception never encountered before (Borg  1998 ). 

 In early studies of exercise-induced pain, Borg et al. ( 1985 ) and Ljunggren 
et al. ( 1987 ) used the original version of the CR10 Scale to rate pain sensation, 
described as “aches and pain in the legs”, reported during cycle ergometer testing. 
The same scale was used to simultaneously rate perceived exertion during cycle 
ergometry. For both load-incremented and constant PO exercise protocols, moder-
ate to strong correlations were found between pain and perceived exertion (Borg 
et al.  1985 ; Ljunggren et al.  1987 ). Later, it was argued that the measurement of 
both muscle pain and perceived exertion during exercise should not be so closely 
linked, and previously reported strong correlations may have been a “ demand arti-
fact ” consequent to using the same perceptual scale to simultaneously measure 
two independent perceptual constructs (Cook et al.  1997 ). In response, Cook and 
colleagues ( 1997 ) developed the Pain Intensity Scale (Fig.  3.1 ), a construct spe-
cifi c scale based on the original numerical category format of the Borg CR10 
Scale but containing verbal descriptors specifi c to exercise-induced muscle pain. 
The scale included the option to rate a sensory level higher than ten if the pain 
experienced by the subjects was higher than that ever encountered before. In the 
fi rst investigation that employed the Pain Intensity Scale, Cook et al. ( 1997 ) 
 presented detailed instructions, evidence for reliability and validity, and a study of 
pain threshold.

  Fig. 3.1    Pain intensity scale 
(Cook et al.  1998 )       
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3.5        The Children’s OMNI-Hurt Scale 

 Due to the complex construction of the CR10 Scale format (especially the presence 
of an undesignated upper response category) and the strong validity of the OMNI 
Scales for rating perceived exertion in children, Robertson and colleagues ( 2009 ) 
developed the Children’s OMNI-Hurt Scale. The term hurt was used rather than 
pain because it is more commonly expressed by children to describe their nocicep-
tive feelings (Hicks et al.  2001 ). Robertson et al. ( 2009 ) extended the observation of 
Cook et al. ( 1997 ) that construct specifi c perceptual scales were necessary to con-
currently and differentially rate perceived exertion and muscle pain when assessed 
during the same bout of exercise, especially when children were evaluated. 
Therefore, the Children’s OMNI-Hurt Scale was developed based on the principles 
of the Children’s OMNI RPE Scales. The scale contains numerical categories and 
construct specifi c verbal and pictorial descriptors appropriate for children (Fig.  3.2 ). 
The pictorial descriptors were adapted from the Faces Pain Scale used to assess 
clinical pain experienced during the treatment of diseases (Hockenberry et al.  2005 ).

   The Children’s OMNI-Hurt Scale was used initially to measure naturally occur-
ring muscle hurt (i.e., pain) during resistance exercise in 10–14 year old children 
(Robertson et al.  2009 ). The results of this investigation indicated that the children 
could differentially rate the intensity of both muscle hurt and perceived exertion 
when measured during isotonic resistance exercise. Perceived exertion was mea-
sured by the Children’s OMNI-Resistance Exercise RPE Scale. Even though both 
scales share a common foundational format having the same numerical categories, 
children were able to identify muscle hurt and perceived exertion as separate 
 perceptual constructs. This conclusion was based on the moderate correlations 

  Fig. 3.2    Children’s OMNI-hurt scale       
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(ranging from  r  = 0.19–0.82) between the two perceptual ratings during unilateral 
arm curl and leg extension exercise (Robertson et al.  2009 ). It was observed that 
construct specifi c verbal and pictorial descriptors, as well as standardized instruc-
tion with special attention paid to the differentiation between muscle hurt and per-
ceived exertion, may be necessary for this level of perceptual differentiation, 
especially in children.  

3.6     The Use of Scales for Exercise-Induced Pain 

 In its formative stages, measures of exercise-induced pain were used to model, 
measure and monitor the pain symptoms of disease, clinical disorders and injury 
processes (Borg  1998 ; O’Connor and Cook  1999 ). Over time, the fi eld progressed 
to include pain assessment in healthy and injury-free individuals in order to quan-
tify a potential barrier to exercise participation. Using the same measurement prin-
ciples as applied in the assessment of perceived exertion, exercise-induced pain is 
easy to assess in individuals ranging widely in demographic characteristics. 
Whether the individual is a child or adult, special attention should be paid to dif-
ferentiating between the constructs of perceived exertion and pain, especially when 
the two are measured concurrently. The applications of exercise-induced pain are 
presented in this laboratory manual in conjunction with perceptual paradigms 
developed originally, in most cases, for perceived exertion. However, for many indi-
viduals the measurement of exercise-induced pain, such as when used to determine 
the exercise intensity corresponding to the pain threshold, may be an important 
factor in  optimizing PA programming to achieve health-fi tness goals.     
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    Chapter 4   
 The Affective Response to Exercise 

                    An affective response (AR) can be defi ned as  the general psychological state of an 
individual ,  including but not limited to emotions and mood ,  within a given situation  
(Ekkekakis and Petruzzello  2002 ). In its most basic context, AR is used to describe 
an individual’s subjective experience (i.e., intrapersonal or experiential core) of all 
valenced responses; i.e., those that involve the potential for both positive and nega-
tive dimensions. Similar to RPE and exercise-induced muscle pain responses, indi-
viduals can rate the AR to exercise and PA by selecting a number from a range of 
numerical categories (both positive and negative) displayed on an affect scale. 
Scales designed to measure AR, such as the Feeling Scale (FS), include verbal 
descriptors placed in juxtaposition to numerical categories representing the range 
of affective responsiveness from the most negative feelings to the most positive 
feelings regarding the exercise situation. The Feeling Scale has been used to assess 
the range of overall feelings an individual may experience before, during and after 
PA (Ekkekakis  2008 ; Haile et al.  2013 ; Hardy and Rejeski  1989 ). In addition, scales 
have been designed to measure specifi c affective domains, such as enjoyment 
 during PA. The measurement of AR and enjoyment during exercise, along with 
perceived exertion, may be crucial to identifying the types of exercise programs 
that provide health-fi tness benefi ts and promote psychological well-being. 

4.1     Cognitive Appraisal in the Formation of AR 

 An individual’s overall AR to a given situation, such as a bout of exercise, may be 
shaped by more complex affective phenomena such as specifi c domains, emotions 
and mood states (Ekkekakis and Petruzzello  2000 ). For example, an individual’s 
overall feelings during a given situation may range from very good or pleasurable to 
very bad or displeasurable. However, when an individual decides the specifi c point 
along a continuum that accurately describes overall AR, a process of cognitive 
appraisal is engaged. This process, whether subconscious or conscious, integrates 
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information from the internal and external environment to evaluate the current 
 situation regarding its meaning for the individual’s survival and well-being 
(Ekkekakis  2003 ; Lazarus  1991 ).  

4.2     Signifi cance of Affective Responses to Exercise 

 Since the development of the Borg RPE Scale over 50 years ago (Borg  1962 ), 
 perceived exertion has dominated the literature attempting to explain the subjective 
response to an exercise stimulus. As demonstrated by the Global Explanatory Model 
of Perceived Exertion in Chap.   2     (see Fig.   2.1    ), RPE is a gestalt-like perceptual 
response that involves a complex pattern of physiological, psychosocial, performance-
related and symptomatic process mediators. These mediators, functioning individu-
ally or collectively, ultimately shape the RPE response to exercise. Hardy and Rejeski 
( 1989 ) cited Borg ( 1962 ) when they suggested “Because RPE represents a ‘gestalt’ of 
various sensations related to the stress and strain of physical work, it may not accu-
rately refl ect the affect a person feels during exercise.” In their example, two individu-
als performing exercise may give the same RPE for a given workload (e.g., 15 on the 
6–20 Borg Scale). However, one individual may feel “good” while the other feels 
“bad” at the same level of exertion (Hardy and Rejeski  1989 ). Research has suggested 
that one’s overall AR during exercise, as well as specifi c affective states such as exer-
cise enjoyment and social physique anxiety, can play an important role in regular PA 
participation, the adherence to an exercise program, and the potential of an individual 
to withdraw from participating in exercise (Ekkekakis and Lind  2006 ; Parfi tt et al. 
 2006 ; Wankel  1993 ). Therefore, it is not only important to determine “what” one is 
feeling during exercise (i.e., RPE), but also “how” one feels during exercise (i.e., AR) 
(Hardy and Rejeski  1989 ).  

4.3     The Affect Circumplex Model 

 In the early factor analyses of terms used to describe various affective states 
reported by subjects, researchers identifi ed up to a dozen independent affective 
states (Nowlis and Nowlis  1956 ), including anger, anxiety, elation, sadness, and 
tension, to name a few. It was generally agreed that each of these affective states 
could be treated as separate dimensions, which served as the basis for early mono-
polar scales used to measure the degrees of these various states (Izard  1972 ; McNair 
et al.  1971 ; Nowlis  1965 ; Thayer  1967 ). Another school of thought was that these 
various self-reported affective states were related to one another and that this rela-
tion could be described using two bipolar scales that bisect one another: one rang-
ing from pleasantness/pleasure to unpleasantness/displeasure; the other from 
attention/arousal to rejection (i.e., degrees of arousal) (Schlosberg  1952 ). This was 
termed as the  circumplex  model. Studies involving subject identifi cation of facial 
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expressions (Cliff and Young  1968 ; Royal and Hays  1959 ; Schlosberg  1952 ; 
Shepard  1962a ,  1962b ) and vocal expressions of emotions (Green and Cliff  1975 ) 
agreed with this circumplex model of affect. Whereas each observed affective state 
could be placed on the continuum of each of these bipolar scales, certain affective 
states were found to be better explained as a combination of these two bipolar 
scales (Russell and Pratt  1980 ). For example, one could feel excitement, an affective 
state being pleasant and having a high degree of arousal. Other examples include 
contentment (pleasant, low arousal), distress (unpleasant, high arousal), and depression 
(unpleasant, low arousal) (Russel  1980 ).  

4.4     The Challenge of Measuring AR During Exercise 

 Affect includes numerous dimensions that can each be analyzed separately. In addi-
tion, the study of PA can include physiologically and psychologically diverse sub-
jects performing exercise of varying intensity and modalities in diverse environments 
(Ekkekakis  2008 ). Therefore, numerous metrics have been used to study the relation 
between PA and AR. Two such metrics involving affective domains include the 
State-Trait Anxiety Inventory (Spielberger et al.  1970 ) and the Profi le of Mood 
States (McNair et al.  1971 ). However, the use of these metrics has assumed that very 
specifi c affective domains can represent the whole affective spectrum as may be 
represented in a diverse group of individuals (Ekkekakis  2008 ). Other metrics 
developed specifi cally for the study of the PA–AR relation have defi ned, and there-
fore have limited, this relation to include specifi c affective domains. These include 
the Exercise-Induced Feeling Inventory (Gauvin and Rejeski  1993 ), the Subjective 
Exercise Experiences Scale (McAuley and Courneya  1994 ), and their derivations 
(Annesi  2006 ; Lox et al.  2000 ; Rejeski et al.  1999 ). However, these metrics were 
developed in healthy, physically active individuals and may not represent the affec-
tive experience of other subject populations (Ekkekakis  2008 ), especially those who 
have signifi cant barriers to the adoption and maintenance of regular PA. Ekkekakis 
( 2008 ) described this effect as domain under-representation, which has been dem-
onstrated in sedentary adults (Gauvin et al.  1997 ) and older adults with osteoarthri-
tis (Focht et al.  2004 ). 

 Other limitations of scales used to measure the PA–AR relation is that they are 
often diffi cult for the subject to understand and diffi cult to use during the actual 
exercise performance. It has been suggested that the average person’s understanding 
of affective states may be overly simplifi ed if not mistaken (Russel  1980 ). However, 
from a public health perspective, it is important to understand an individual’s deci-
sion making process regarding PA participation. Therefore, PA research should 
employ an easy-to-use AR metric that can accurately describe the overall feelings 
of a wide range of individuals. Many AR scales involve questionnaires with numer-
ous test items each targeting specifi c affective domains. These questionnaires can-
not be used effectively to assess a subject’s AR during acute PA. This is especially 
the case during high intensity exercise when one’s affective state can change rapidly 
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due to increases in the intensity of interoceptive physiological cues originating from 
exercising muscle and cardiorespiratory responses (Ekkekakis  2003 ). Therefore, to 
measure AR during acute exercise, it is necessary to have a metric that can be used 
quickly by subjects. Therefore, it would be benefi cial to have affect rating scales 
that assess the overall AR rather than specifi c affective domains during an acute 
bout of exercise. This type of rating scale could be similar to an RPE scale. The 
overall AR is formed by incorporating all of the various affective domains important 
to that individual. This type of scale allows individuals to interpret their own subjec-
tive feelings about the exercise experience using their own unique thought pro-
cesses. In addition, rating the overall AR may provide a construct that is easier to 
understand for the average individual, especially a child, rather than measuring an 
entire set of affective domains.  

4.5     Rating AR using The Feeling Scale 

 Rejeski and colleagues ( 1987 ) developed the Feeling Scale (FS, Fig.  4.1 ) to measure 
AR during exercise. The scale was intended to be easy to use and easily understand-
able. The FS is not intended to measure various categories or specifi c domains of 
affect because it was believed that the strongest aspect of AR is the initial determina-
tion of good or bad, a more global response (Hardy and Rejeski  1989 ; Weiner et al. 
 1979 ). The FS was based on one of the core bipolar constructs of Russell’s ( 1980 ) 
circumplex model that could be used to differentiate between feelings along the 
continuum of core emotions ranging from pleasantness/pleasure to unpleasantness/
displeasure (Frijda  1988 ). The FS is an 11-point bipolar (i.e., valenced) metric with 
numerical categories ranging from −5 to 5. Verbal descriptors were situated in 

  Fig. 4.1    Feeling scale 
(Rejeski et al.  1987 )       
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 juxtaposition to each odd integer, with numerical categories ranging from “very 
bad” (at −5), representing maximal displeasure/unpleasantness, to “neutral” (at 0), 
to “very good” (at +5) representing maximal pleasure/pleasantness (Rejeski et al. 
 1987 ).

   The FS has demonstrated face, content and construct validity (Hardy and Rejeski 
 1989 ; Rejeski et al.  1987 ) and has been widely used to measure AR in various sub-
ject populations performing a variety of exercise situations (Ekkekakis et al.  2000 ; 
Ekkekakis et al.  2004 ; Ekkekakis and Petruzzello  2002 ; Lind et al.  2008 ; Parfi tt 
et al.  2006 ). This line of research has indicated that, although affective states are 
considered as a psychosocial correlate of exertional perceptions, AR measured 
using the FS and RPE are not isomorphic constructs. When subjects were asked to 
rate both AR and RPE during cycle ergometer exercise bouts of various workloads 
(30, 60, and 90 % of peak VO 2 ), the constructs were only moderately inversely cor-
related, with resultant coeffi cients ranging from  r  = −0.33 to −0.55 (Hardy and 
Rejeski  1989 ). 

 The FS was based on the bipolar construct of the circumplex model. This model 
differentiates between feelings distributed along the affective continuum from 
pleasantness/pleasure to unpleasantness/displeasure (Russel  1980 ). Therefore, 
consideration has been given to the bipolar construct of the circumplex model that 
bisects pleasure–displeasure during exercise, and analogously differentiates 
between feelings along the affective continuum from low to high arousal (or activa-
tion). The single-item Felt Arousal Scale (FAS), developed by Svebak and 
Murgatroyd ( 1985 ), is a 6-point scale that has been used to measure the degree of 
perceived activation associated with exercise (Kerr and Vlaswinkel  1993 ; Kerr and 
van den Wollenberg  1997 ; Hall et al.  2002 ). Previous research has measured the 
AR to exercise using both the FS and FAS to investigate the application of the 
circumplex model in explaining exercise behavior (Hall et al.  2002 ). Evidence sug-
gests that FS ratings of AR that distribute along the pleasure–displeasure contin-
uum have a strong practical application to exercise intensity prescription and PA 
program adherence. The application of ratings of perceived activation using the 
FAS requires further investigation. As such, this manual will only focus its discus-
sion of AR as measured using the FS. The assumption here is that the FS provides 
a global AR measurement indicating good or bad feelings during exercise (Hardy 
and Rejeski  1989 ).  

4.6     Exercise Intensity and AR: The Dual-Mode Model 

 Ekkekakis ( 2003 ) proposed the “dual-mode model” to explain inter-individual 
differences in AR during exercise of varying intensities. As described by Parfi tt 
and colleagues ( 2006 ), the model “is based upon the interplay of relevant cogni-
tive processes and interoceptive cues prior to and following the transition from 
aerobic to anaerobic metabolism”, namely, the anaerobic threshold (AT) as identi-
fi ed using the ventilatory threshold (VT) or lactate threshold (LT). At exercise 
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intensities below the AT, when the energy metabolism is supported by aerobic 
pathways, the acute AR is primarily infl uenced by cognitive processes such as 
appraisal, self-effi cacy, and social context. These cognitive processes are shaped 
by personal experience, individual personality variables, personal goal achieve-
ment, etc. All of these factors are unique to the individual (Ekkekakis  2003 ). Thus, 
there may be heterogeneity in AR at intensities below the AT due to the inter-
individual differences in interpretation of the exercise (Rose and Parfi tt  2007 ). At 
exercise intensities above the AT, when energy metabolism is supported by ever-
increasing anaerobic sources, lactacidemia in active muscle and decreasing tissue 
and blood pH become signifi cant mediators of the acute AR. In addition, AR is 
infl uenced by interoceptive cues from baroreceptors, thermoreceptors, and vis-
ceroreceptors in the heart and lungs (Rose and Parfi tt  2007 ). Thus, there would be 
less inter-individual variability in AR during exercise at intensities above the AT 
because the affect experience is shaped less by cognitive processes and more by 
physiological cues that disrupt metabolic homeostasis (Ekkekakis  2003 ; Parfi tt 
et al.  2006 ). 

 Research has supported the “dual-mode model” in that the acute AR to exercise 
declined once the intensity exceeded the AT (Ekkekakis et al.  2005 ; Hall et al. 
 2002 ). It was shown that, while 47 % of subjects exhibited a decline in AR during 
15 min of treadmill exercise intensities below their VT, 80 % of subjects exhibited 
a decline in affect during similar exercise at intensities above their VT (Ekkekakis 
et al.  2005 ). Similar results were reported by Parfi tt and colleagues ( 2006 ) when 
subjects performed 20 min of treadmill exercise. AR was more positive and stable 
when subjects performed intensities below their LT, with only 25 % of subjects 
exhibiting a decline in AR during exercise. When subjects performed intensities 
above their LT, AR became increasingly more negative with 83 % of subjects exhib-
iting a decline in AR during exercise (Parfi tt et al.  2006 ).  

4.7     PA Enjoyment: A Specifi c Affective Domain 

 The AR to exercise is an all-encompassing estimation of the overall feelings an 
individual experiences during exercise. Each individual’s AR to PA is an integration 
of specifi c affective domains, shaped by emotions and mood states after evaluation 
of the exercise situation through the cognitive appraisal process (Ekkekakis  2003 ). 
Enjoyment can be defi ned as a positive affective or emotional state that refl ects the 
feelings of fun, liking or pleasure (Wankel  1993 ). Enjoyment experienced during 
PA (PAE) may be a critical element in promoting adherence to a PA program and 
improving psychological well-being (Wankel  1993 ). In fact, enjoyment has been 
found to be associated with higher levels of PA participation in studies involving 
healthy children (DiLorenzo et al.  1998 ; Sallis et al.  1999 ; Trost et al.  1997 ) and 
adults (Dacey et al.  2008 ; McArthur and Raedeke  2009 ; Williams et al.  2006 ), as 
well as adults with clinical conditions (Hagberg et al.  2009 ). 
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4.7.1     Questionnaire Methodology to Assess PAE 

 The assessment of PAE has been undertaken primarily using questionnaire 
 methodology that involves multiple test items with questions that are rated on 5- or 
7-point Likert scales. The most prominent example in the literature is the Physical 
Activity Enjoyment Scale (PACES, Kendzierski and DeCarlo  1991 ) which asks 
participants to rate how they feel at the present moment about previous PA using 18 
different test items. Abbreviated versions of PACES have been developed that have 
decreased the number of test items (Mullen et al.  2011 ; Paxton et al.  2008 ). 
Investigations using PACES have focused on PAE measurement in youth (Crisp 
et al.  2012 ; Grieser et al.  2008 ; Schneider and Graham  2009 ; Schneider and Cooper 
 2011 ). Grieser and colleagues ( 2008 ) found that black and Hispanic girls reported 
lower PAE, as well as lower levels of support for PA within the school setting, 
compared to white girls of the same age. Schneider and Graham ( 2009 ) found PAE 
to be signifi cantly correlated with scores from a questionnaire regarding the 
Behavioral Activation System (BAS) in adolescent males and females. In theory, 
the BAS is a neurobehavioral mechanism that governs one’s drive to undertake 
goal-oriented behavior and experience positive emotions. In contrast, PAE was not 
correlated to scores regarding the Behavioral Inhibition System (BIS). The BIS is 
proposed as a mechanism that drives an individual away from threatening or 
unknown situations and causes negative emotions (Carver and White  1994 ; 
Schneider and Graham  2009 ). Schneider and Cooper ( 2011 ) found that baseline 
levels of PAE moderated exercise behavior change across a 9-month, school-based 
PA intervention in adolescent girls. Specifi cally, those girls reporting low PAE 
before undertaking the intervention signifi cantly increased their vigorous PA level 
across the 9-month participation period. In contrast, those girls reporting high 
baseline PAE levels showed no change in vigorous PA during the intervention 
(Schneider and Cooper  2011 ). Crisp and colleagues ( 2012 ) measured PAE follow-
ing two cycle ergometer exercise bouts in normal and overweight boys: a continu-
ous cycle ergometer exercise bout performed at the intensity of maximal fat 
oxidation, and a continuous cycle ergometer exercise bout performed at the same 
intensity with added sprint intervals. Adding sprint intervals to the continuous 
cycle ergometer exercise bout did not change PAE scores compared to the continu-
ous cycle ergometer exercise performed without the sprint intervals, even though 
the subjects reported to prefer the exercise that included sprints. In addition, energy 
expenditure during exercise was increased with added sprints and post-exercise 
energy intake was not different between trials (Crisp et al.  2012 ). Two recent inves-
tigations have used PACES to assess PAE in adults. Bartlett and colleagues ( 2011 ) 
found that high intensity interval running induced higher post-exercise PAE than 
moderate intensity continuous running in recreationally active young men. In addi-
tion, Mullen and colleagues ( 2011 ) recently validated an abbreviated version of 
PACES to measure PAE in older adults.  
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4.7.2     Limitations of Questionnaire Methodology to Assess PAE 

 The results of research involving PACES and other PAE questionnaires have pro-
vided potentially valuable information regarding individuals’ memory of enjoyment 
during previous PA that may predict future PA participation. A limitation of survey 
PAE metrics is that they are administered off-stimulus, i.e., not while the subject is 
actually performing a bout of PA. Completion of these metrics can be time- consuming 
and, as such, are not administered on-stimulus, i.e., during an acute bout of PA. When 
using a questionnaire such as the PACES, individuals can be asked to rate PAE for (a) 
recent PA in general, (b) after participation in a specifi c PA program or intervention, 
or (c) immediately after a specifi c bout of PA. However, these questionnaires are not 
designed to indicate the change in PAE that may occur across the acute exercise bout 
(before, during and after) or to differentiate between specifi c intensities of exercise.  

4.7.3     Single-Item Metrics for Assessment of PAE During 
Exercise 

 Research has found considerable inter-individual variability in AR during exercise, 
especially of a moderate intensity (Ekkekakis  2008 ). In addition, post-exercise esti-
mations of AR to previous exercise may not be indicative of the acute exercise 
experience (Haile et al.  2013 ). Therefore, a single-item bipolar scale similar to 
the FS was developed to measure AR during exercise. It was anticipated that this 
 single- item metric would allow an evaluation of the dynamics of PAE across the 
exercise stimulus similar to previous research involving AR. The FS integrates all 
valenced affective states into a continuum of numerical categories. A subject is 
asked to estimate AR based on the initial, and perhaps strongest, emotional aspect 
of the exercise experience that places overall feelings on a scale ranging from very 
bad to very good. Using a similar measurement construct, a scale was developed by 
Haile and colleagues ( 2012 ) specifi c to PAE. In this context, PAE was considered as 
an affective domain with important implications regarding PA adoption and mainte-
nance. The scale was modeled after the FS to assess the most basic aspect of enjoy-
ment by asking subjects to rate overall feelings of PAE on a continuum ranging 
from very unenjoyable to very enjoyable (Fig.  4.2 ). The investigation by Haile and 
colleagues ( 2012 ) measured acute exercise PAE, physiological variables (VO 2 , HR), 
RPE and acute exercise AR during a load-incremented cycle ergometer exercise test 
that terminated at peak intensity in college-aged adults. Signifi cant low to moderate 
negative correlations ( r  = −0.33 to −0.53) were found for the relation between PAE 
and both physiological variables and RPE. As expected, a signifi cant correlation 
was found between PAE and AR,  r  = 0.92 (Haile et al.  2012 ). Stanley and colleagues 
( 2009 ; Stanley and Cumming  2010 ) developed a similar 7-point, single-item PAE 
metric which they used to measure the PAE response to cycle ergometer exercise. 
Signifi cant correlations were found between PAE and FS ratings of AR before, 
 during, and after exercise ( r  = 0.41–0.55) (Stanley et al.  2009 ).
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4.8         The Use of Scales for AR and PAE 

 Although many scales and questionnaire methods have been developed to assess 
specifi c psychosocial affective domains, overall AR, and exercise specifi c AR, few 
metrics are appropriate for the assessment of these responses across the entire time 
sequence of an exercise test, i.e., before, during, and after exercise. The FS and 
single-item PAE scales have this measurement capability. A unique characteristic of 
these scales compared to survey methods is their simplicity. These scales ask the 
subject to rate the most basic aspects of the AR or PAE. Do you feel good or bad? 
Is the experience enjoyable or unenjoyable? Subjects are asked to choose the degree 
to which they feel positive (good/enjoyable) or negative (bad/unenjoyable) about 
the experience, but can also choose neutral if they feel neither good/enjoyable nor 
bad/unenjoyable? This characteristic allows the scales to be easily understood by 
adults and children because it asks them to rate their PA experience using terms they 
are familiar with and use to rate behavior and experiences of everyday life. The 
simplicity of these scales does not take away from the signifi cance of the informa-
tion they can provide about the constructs they measure. AR and PAE have long 
been proposed as important links in the chain between appropriate exercise intensity 
and the eventual adoption and maintenance of regular PA. However, it must be 
understood that the exercise intensity that elicits the optimal level of AR and PAE 
may vary greatly between individuals. 

 The applications of AR and PAE measurement during exercise that are presented 
in this laboratory manual are in conjunction with perceived exertion paradigms 
designed for purposes of effective exercise prescription. The simultaneous measure-
ment of perceived exertion and affective variables during an acute exercise bout 
provides the health-fi tness professional with information that can determine both 
physiological and psychological benefi ts to PA programming. At times, especially 
for previously sedentary individuals at the onset of an exercise program, physiologi-
cal benefi ts may have to be considered as secondary in order to promote adherence. 
However, continued PA participation is not likely if physiological benefi ts, such as 
improved cardiorespiratory fi tness and weight loss, are not achieved. Therefore, 

  Fig. 4.2    Bipolar physical 
activity enjoyment scale 
(Haile et al.  2012 )       

 

4.8 The Use of Scales for AR and PAE



38

knowledge regarding the measurement of both perceptual and affective variables 
associated with exercise prepares health-fi tness professionals to weigh the costs and 
benefi ts of the various characteristics of an effective exercise prescription.     
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    Chapter 5   
 Perceived Exertion Scaling Procedures 

                    Borg has developed and validated two empirical models that explain: (a) psycho-
physiological interdependence during exercise (i.e., Effort Continua Model) and (b) 
provide the psychophysical justifi cation for inter-individual comparisons of effort 
ratings. Borg’s Effort Continua Model describes the functional interdependence of 
perceptual and physiological responses during exercise. The model provides valu-
able information regarding the corresponding and interdependent responses of exer-
tional perceptions and underlying physiological mediators as exercise performance 
intensity increases. Borg’s Range Model predicts that for all clinically normal indi-
viduals, there exists corresponding and equal perceptual and physiological/physical 
response ranges during exercise. This model provides the psychophysical rationale 
for perceived exertion scaling procedures. There are two types of category scale 
anchoring: (a) memory procedures and (b) exercise procedures. Memory proce-
dures involve asking the individual to think about the level of exertion perceived 
during previous PA that they have performed and use this exertional memory to 
establish their feelings that correspond to the low and high response categories. 
Exercise procedures involve the individual actually experiencing levels of exertion 
from a very low to a very high or maximal level and cognitively assigning corre-
sponding low and high scale categories to the intensity of these sensations. The use 
of both procedures depends on an individual’s previous experience with rating exer-
tional perceptions that varied widely in intensity and mode. The rationale underly-
ing the experimental purpose of the investigation is embedded in the basic tenet of 
Borg’s Effort Continua Model and Range Model. The primary purpose of this labo-
ratory experiment is to orient an individual to the use of a perceived exertion cate-
gory metric during aerobic and/or resistance exercise using both memory and 
exercise scale anchoring procedures. 
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5.1     Background 

5.1.1     Borg’s Effort Continua and Range Models 

 The rationale underlying Borg’s development of metrics to measure perceived exer-
tion during exercise was based on the concept of the three effort continua: perfor-
mance, physiological, and perceptual (Robertson  2001 ). Each continuum represents 
the individual’s range of possible responses within that specifi c domain, yet the 
three continua are closely related. For example, during an aerobic running event, an 
individual’s performance intensity increases as evidenced by a decrease in minute 
per mile pace. This increased pace corresponds to increases in both perceptual 
responses (RPE) and physiological responses, such as HR and VO 2 . Knowledge of 
the functional interdependence of perceptual and physiological responses during 
exercise can provide valuable information about exercise performance and is the 
theoretical backbone for applications of RPE research. 

 The basic tenet underlying the Borg’s Range Model makes inter- and intra- 
individual comparisons of RPE possible. The model describes how the increase in 
RPE from a very low to a very high level matches the increase in exercise intensity 
specifi c to an individual’s performance capacity (Borg  1998 ). In other words, the 
lowest RPE value matches the lowest exercise intensity and the highest RPE value 
matches maximal exercise intensity. In addition, 50 % of the RPE range corresponds 
to approximately 50 % of the individual’s exercise intensity range. This holds true 
whether exercise intensity is expressed in physical units, such as PO, or using a 
physiological variable such as HR or VO 2 . When clinically normal individuals per-
form exercise at a given intensity, the corresponding level of exertion (RPE) can be 
compared between clients regardless of aerobic fi tness level (Robertson  2004 ). 
Likewise, RPE obtained from a single individual can be compared at different time 
points within an exercise program. If an exercise program results in signifi cant 
improvements in fi tness, the individual’s range of possible exercise intensities has 
increased. However, the RPE range corresponding to these exercise intensities 
remains the same. Therefore, a given RPE will be attained at higher exercise inten-
sity as training adaption occurs. This can be seen in clinically normal individuals as 
well as those with various diseases and disorders for which exercise can be benefi -
cial, such as cystic fi brosis. 

 The Range Model forms the conceptual basis of the standard, pre-exercise 
instructions to teach an individual how to use an RPE scale and is crucial to estab-
lishing category scale anchoring points. In this application, it is recognized that for 
all clinically normal individuals the level of perceived exertion corresponding to 
very low intensity and maximal intensity is the same. Such correspondence of per-
ceptual and exercise intensity ranges provides the psychophysical rationale underly-
ing anchoring procedures for a numerical category scale. 

 To satisfy the requirements of the Borg’s Range Model, an individual must be 
able to link the full range of RPE responses with the full range of physiological 
responses during exercise (Robertson  2004 ). Therefore, anchoring procedures 
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should be used to ensure that an individual understands this psychophysiological 
linkage prior to exercise performance in which RPE will be measured or used as a 
basis for exercise prescription. It is important to note that the scale anchoring pro-
cedures be presented on an individual basis because the physiological range required 
by the exercise task may vary greatly between individuals.  

5.1.2     Memory and Exercise Anchoring Procedures 

 The most practical method of RPE scale anchoring is the  memory procedure  in 
which the individual is asked to think about the exertion experienced during previ-
ous exercise or physical activity. Using this procedure, the individual is asked to 
remember when he/she reached levels of exertion equal to the low and high anchor 
points on the scale. Then, during subsequent bouts of exercise, the individual is 
asked to rate exertion levels based on memory of exertion at the low and high anchor 
points. An example of this type of procedure is written into the standard instructions 
for use of the Adult OMNI-Cycle RPE Scale below. 

 Following administration of these scaling instructions and anchoring procedures, 
it is benefi cial to ask some simple questions of the individual to determine if he/she 
understands how to use the scale to rate perceived exertion. Ask the individual to 
provide an RPE that corresponds to the memory of exertion felt during very light 
exercise. The individual should respond with a very low number on the scale. If the 
expected rating is not made, verbally reinforce the individual that perceived exertion 
is the subjective intensity of effort, strain, discomfort and/or fatigue that is felt dur-
ing exercise. Ask the individual about various types of exercise or recreational 
activities he/she performs and what a common RPE value is during those activities. 
This allows the individual to think about RPE during various exercise intensities 
that are normally performed during recreation and leisure pursuits. Also, ask the 
individual to think about and explain the most exhausting exercise he/she has ever 
performed, and remember the level of exertion experienced during that activity. In 
this case, if the client rates that activity less than the maximal RPE available on the 
scale, further explanation of maximal exertion may be necessary. 

 The second method of RPE scale anchoring is the  exercise procedure . In this 
procedure, the individual actually performs exercise, preferably using the same 
mode as the exercise test or physical activity program that is to be performed. The 
scale anchor points, once established, ensure the linkage between perceptual and 
physiological responses during a specifi c type of exercise. The exercise anchoring 
procedure begins after reading the standard instructions for the RPE scale and con-
ducting the memory anchoring procedure. First, the client performs 2 min of exer-
cise at a very low intensity. For treadmill exercise, slow walking would be appropriate; 
for cycle exercise, unloaded (i.e., zero brake resistance) cycling would be appropri-
ate. For resistance exercise, a very light weight that the subject can lift the specifi ed 
number of repetitions without any fatigue would be appropriate. The number of 
repetitions used in a resistance exercise anchoring procedure may vary depending on 

5.1 Background



46

the exercise test or training program to be performed. At the end of the orientation 
period, instruct the subject to assign the lowest RPE values (0 or 1 on the OMNI 
Scale) to the level of exertion experienced at that intensity. Next, the client performs 
load-incremented exercise (i.e., aerobic or resistance) to maximal intensity, which 
occurs at the point of volitional termination owing to exhaustion. Begin with the 
intensity that was previously linked to the lowest RPE on the scale and progressively 
increase intensity until he/she reaches maximal exercise. Immediately following 
cessation of exercise, instruct the subject to assign a maximal RPE value (10 on the 
OMNI Scale) to the level of exertion experienced at that intensity. 

 A load-incremented exercise protocol that employs standard procedures to deter-
mine maximal aerobic power, or maximal oxygen uptake (VO 2 max), can also be 
used to establish the high anchor point for aerobic exercise. VO 2 max is defi ned as 
the maximum amount of oxygen that can be consumed while breathing ambient air 
during load-incremented aerobic exercise at sea level. Normally, a graded exercise 
test (GXT) to measure VO 2 max involves 2- to 3-min stages with the test ultimately 
terminating owing to the subjects inability to continue consequent to fatigue. The 
length of the exercise stage can be shortened to 30 s or 1 min to quickly progress 
the individual to a very high intensity. 

 A load-incremented resistance exercise protocol that employs standard proce-
dures to determine maximal muscle strength, or one-repetition maximum (1RM), 
can also be used to establish the high anchor point for a category perceived exertion 
metric such as the OMNI-Resistance Exercise Scale. 1RM is defi ned as the maxi-
mal amount of force that can be produced during a single isotonic contraction of a 
muscle (group) moving through the full range of joint motion.  

5.1.3     Undifferentiated Versus Differentiated RPE 
and the Dominant Signal 

 The scale anchoring procedures should separately establish low and high perceptual 
reference points for the  undifferentiated RPE  for the overall body and the  differenti-
ated RPE  for the active limbs and chest/breathing. Rating exertion separately for the 
chest/breathing (RPE-C), also referred to as respiratory exertion, is appropriate for 
any type of exercise. In addition, during cycle and treadmill exercise it is appropri-
ate to ask subjects to rate exertion separately for the legs (RPE-L). Other examples 
of differentiated RPE’s include estimating exertion for the arms (RPE-A) during 
arm ergometry and the back during rowing exercise. 

 When performing the exercise anchoring procedures, it is appropriate to choose 
a primary type of RPE to use in establishing the low and high anchor points. For 
cycle exercise, RPE-L is representative of the major muscle mass being used during 
exercise and is often the most dominant signal, showing higher values than RPE-O 
or RPE-C. Therefore, RPE-L can be used as the primary RPE for exercise anchoring 
and is presented as such in the laboratory procedures that are presented in this man-
ual. For treadmill exercise, RPE-L may be the dominant perceptual signal compared 
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to RPE-O. However, since walking/running exercise is considered as a weight- 
bearing, total body activity, RPE-O can be used to establish the anchor points. For 
resistance exercises, it is appropriate to operationally defi ne a specifi c differentiated 
RPE that represents the level of exertion for the active muscle mass (RPE-AM). This 
RPE may be labeled according to the agonist muscle group, or prime movers, for the 
specifi c exercise. For example, differentiated RPE for bench press exercise is spe-
cifi c to the chest/pectoral muscles and should be used to set the scale anchor points.  

5.1.4     Exercise Anchoring Procedures and the Perceptual 
Outlier 

 It is common practice for clinicians and researchers to orient their clients and 
 subjects using memory anchoring procedures only. However, this is not always 
appropriate, especially for individuals who may not be familiar with a given type of 
exercise and may not have experienced exercise intensities across their entire physi-
ological response range. It is not possible to ask someone to remember a level of 
exertion experienced at certain exercise intensity if they have never performed that 
intensity. For example, asking a child or sedentary adult to assign a maximal RPE 
value to the memory of the most diffi cult exercise ever performed would not be 
appropriate if they had never performed maximal exercise. Therefore, memory 
anchoring followed by exercise anchoring is most appropriate in these individuals. 

 It is important to note that, even for extremely active and/or fi t individuals, rating 
perceived exertion is a learned skill (Robertson  2004 ). Physical activity and fi tness 
levels may not determine one’s ability to rate perceived exertion accurately across 
the full physiological and performance range. Individuals who rate perceived exer-
tion inappropriately and whose responses do not conform to the Borg’s Range 
Model are termed as  perceptual outliers . Some individuals tend to augment RPE, or 
provide higher RPE values than expected relative to the measured physiological 
response (Fig.  5.1 , client A). They may even report a maximal RPE when perform-
ing submaximal exercise intensity. Likewise, some individuals tend to reduce RPE, 
or provide lower RPE values than expected relative to the measured physiological 
response (Fig.  5.1 , clients B and C). They may assign a submaximal RPE to maxi-
mal exercise intensity. Perceptual reducers seem to be more common than percep-
tual augmenters, especially among young recreationally active adults. Therefore, 
the combination of memory and exercise anchoring procedures is recommended for 
all individuals who are not experienced with RPE procedures in order to identify 
perceptual outliers who require additional practice, feedback and reinforcement.

   There is a more advanced exercise anchoring procedure that has been employed 
in previous investigations involving an exercise program in which a “target” RPE is 
used to self-regulate exercise intensity (Higgins et al.  2013 ). This procedure allows 
time for additional practice, feedback and reinforcement that is not usually included 
in the standard exercise anchoring procedure presented in the instructional set. This 
intensity-specifi c anchoring procedure may be helpful for any individual having 
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diffi culty understanding how to use a category scale to rate exertion levels, espe-
cially young children. In this procedure, the exercise anchoring is divided into three 
distinct phases: low, moderate, and high/maximal intensity. Each phase includes a 
brief, 2- to 4-min bout of load-incremented exercise in which physical intensity is 
increased and the client provides an RPE every 15 or 30 s. In addition to using the 
low and moderate intensities for anchoring purposes, these bouts can include a 
brief, 2- to 4-min perceptual production format in which the client performs exer-
cise that elicits a specifi c (i.e., target) level of exertion. See Appendix   F     for a detailed 
description of this advanced perceived exertion scaling procedure.   

5.2     Methods 

5.2.1     Treadmill Procedures 

5.2.1.1     Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig.   A.2    )   
   2.    Treadmill   
   3.    HR monitor (optional)   
   4.    Respiratory-metabolic measurement system (optional)      

  Fig. 5.1    OMNI RPE responses given by three clients ( A ,  B ,  C ) who were having diffi culty using 
the RPE scale in comparison to the expected, i.e., reference, RPE response (Robertson  2004 )       
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5.2.1.2     Memory Anchoring Procedure 

     1.    Read the standard instructions for the Adult OMNI-Walk/Run RPE Scale for 
RPE-O to the subject (Appendix   B.1    ).   

   2.    Following the standard instructions and answering any of the subject’s questions, 
ask the subject this series of questions to check understanding. Take notes about 
the subject’s responses.

    (a)    What RPE corresponds to your memory of exertion experienced during light 
walking activity you performed recently?   

   (b)    What sport or recreational activity have you performed recently? What RPE 
corresponds to a preferred level of exertion experienced during that activity?   

   (c)    What was the most exhausting exercise you remember performing? What 
RPE would you assign to the level of exertion you experienced during that 
exercise?          

5.2.1.3     Exercise Anchoring Procedure 

 *Clinical note: During the anchoring procedures, it may be benefi cial to have the 
subject wear the same physiological monitoring equipment that will be worn during 
the actual exercise test or conditioning program where RPE will be measured. The 
following instructional set includes procedures for HR and respiratory-metabolic 
measurement, but these physiological assessment methods are optional for this 
experiment.

    1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review test termination proce-
dures: When the subject cannot continue exercise due to exhaustion or discom-
fort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    With the treadmill grade set at 0 %, increase the treadmill speed so the subject 
can walk slowly for 2 min.   

   4.    Establish the  low anchor point .

    (a)    At the end of the 2-min period, with the subject still walking and the Adult 
OMNI-Walk/Run RPE Scale in full view, instruct the subject that he/she 
should assign an RPE-O of 0 to the intensity of exertion that is experienced 
at that moment.   

   (b)    If using a respiratory-metabolic mouth piece, instruct the subject to point to 
the numbers on the RPE scale, which should be conveniently positioned 
within the subject’s arm reach. State aloud the numerical ratings for each 
momentary assessment to which the subject pointed and request a confi rma-
tory nod that the number stated was correct. If incorrect, allow the subject to 
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point to the appropriate rating on the RPE scale once more. Ask the subject to 
hold his or her fi nger on the appropriate scale number for approximately 1 s.    

      5.    Establish the  high anchor point  using an abbreviated version of the Bruce 
Multistage Treadmill Test Protocol. This can be performed by manually adjust-
ing treadmill speed and grade or using a program on a computer that is interfaced 
to the treadmill.

    (a)    Instruct the subject to face the front of the treadmill, straddle the treadmill 
belt so the feet are not on the belt and hold onto the hand rails.   

   (b)    Each exercise test stage will last for 30 s. The stages progress as follows:

   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

   (c)    When the subject cannot continue exercise any longer due to exhaustion and 
indicates such by grasping the hand rails, terminate the test. Instruct the 
subject to assign an RPE-O of 10 to the intensity of exertion experienced at 
this maximal exercise level.    

5.2.2            Cycle Ergometer Procedures 

5.2.2.1     Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Treadmill   
   3.    HR monitor (optional)   
   4.    Respiratory-metabolic measurement system (optional)      

5.2.2.2     Memory Anchoring Procedure 

     1.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale for RPE-L 
to the subject (Appendix   B.4    ).   

   2.    Following administration of the standard instructions and answering any of the 
subject’s questions, ask the subject the following to check understanding. Take 
notes about the subject’s responses.

    (a)    What RPE corresponds to your memory of exertion experienced during light 
cycle exercise you performed recently?   
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   (b)    What sport or recreational activity have you performed recently? What RPE 
corresponds to a preferred level of exertion experienced during that activity?   

   (c)    What was the most exhausting exercise you remember performing? What 
RPE would you assign to the level of exertion you experienced during that 
exercise?          

5.2.2.3     Exercise Anchoring Procedure 

 *Clinical note: During the anchoring procedures, it may be benefi cial to have the 
subject wear the same physiological monitoring equipment that will be worn during 
the actual exercise test or conditioning program where RPE will be measured. The 
following instructional set includes procedures for HR and respiratory-metabolic 
measurement, but these physiological assessment methods are optional for this 
experiment.

    1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
there should be a fl exion of the right knee should be in 5 degrees of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 b · min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   4.    For electronically braked cycle ergometers (e.g., Lode), with the cycle set at 
0 W, instruct the subject to begin unloaded pedaling for 2 min.   

   5.    For friction-braked cycle ergometers (e.g., Monark), with the cycle break resis-
tance set at 0 kg, instruct the subject to begin unloaded pedaling for 2 min.   

   6.    Establish the  low anchor point .

    (a)    At the end of the 2-min period, with the subject still pedaling and the Adult 
OMNI-Cycle RPE Scale in full view, instruct the subject that he/she should 
assign an RPE-L of 0 to the intensity of exertion that is experienced at that 
moment.   

   (b)    If using a respiratory-metabolic mouth piece, instruct the subject to point to 
the numbers on the RPE scale, which should be conveniently positioned 
within the subject’s arm reach. State aloud the numerical ratings for each 
momentary assessment to which the subject pointed and request a confi r-
matory nod that the number stated was correct. If incorrect, allow the sub-
ject to point to the appropriate rating on the RPE scale once more. Ask the 
subject to hold his or her fi nger on the appropriate number on the scale for 
approximately 1 s.    

      7.    Establish the  high anchor point  using an abbreviated version of a load- 
incremented peak exercise test. This can be performed by manually adjusting 
cycle resistance or using a program on a computer that is interfaced to the cycle.   

5.2 Methods
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   8.    For electronically braked cycle ergometers (e.g., Lode), increase the resistance 
25 W every 30 s.   

   9.    For friction-braked cycle ergometers (e.g., Monark), increase the resistance 
0.5 kg every 30 s.   

   10.    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds owing to exhaustion in the leg muscles, terminate the exercise test.   

   11.    Instruct the subject to assign an RPE-L of 10 to the level of exertion experi-
enced at the moment of test termination owing to fatigue.       

5.2.3     Resistance Exercise Procedures 

5.2.3.1     Equipment 

     1.    Adult OMNI-Resistance Exercise RPE Scale (Fig.   A.5    )   
   2.    Resistance exercise equipment of choice      

5.2.3.2    Memory Anchoring Procedure 

     1.    Read the standard instructions for the Adult OMNI-Resistance Exercise RPE 
Scale for RPE-AM to the subject (Appendix   B.7    ).   

   2.    Following administration of the standard instructions and answering any of the 
subject’s questions, ask the subject the following to check understanding of the 
procedures. Take notes about the subject’s responses.

    (a)    What RPE corresponds to your memory of exertion experienced during light 
resistance exercise you performed recently?   

   (b)    What was the most exhausting resistance exercise you remember perform-
ing? What RPE would you assign to the level of exertion you experienced at 
the point of exhaustion during that exercise?          

5.2.3.3    Exercise Anchoring Procedure 

     1.    Prior to resistance exercise, explain and demonstrate proper lifting technique for 
the isotonic exercise to be performed and discuss how a test administrator will 
“spot” (i.e., guide) the subject while lifting the weight both concentrically and 
eccentrically. Then, instruct the subject to take the proper position on the weight 
bench or resistance exercise machine, if applicable.   

   2.    Establish the  low anchor point .

    (a)    Instruct the subject to perform the lift using an extremely light resistance for 
1 repetition. This may involve performing the lift without additional weight 
beyond the bar or rack. You may even choose to have the subject perform 
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the repetition with a broom stick or light dumbbells to better simulate the 
actual lift.   

   (b)    When the repetition is complete, with the Adult OMNI-Resistance RPE 
Scale in full view, instruct the subject that he/she should assign an RPE (for 
the active muscle group, e.g., RPE for the chest/pectoral muscles if perform-
ing bench press) of 0 to the intensity of exertion that was felt.    

      3.    Establish the  high anchor point  using a 1RM procedure (Baechle and Earle  2008 ).

    (a)    Instruct the subject to warm-up with a light resistance that can be performed 
in 5–10 repetitions, then provide a 1-min rest.   

   (b)    Estimate a warm-up load that will allow the subject to complete 3–5 repeti-
tions by adding 10–20 pounds (5–10 % of previous weight lifted) for upper 
body exercise or 30–40 pounds (10–20 % of previous weight lifted) for 
lower body exercise, then provide a 2-min rest.   

   (c)    Estimate a conservative, near maximal load that will allow the subject to 
complete 2–3 repetitions by adding 10–20 pounds (5–10 % of previous 
weight lifted) for upper body exercise or 30–40 pounds (10–20 % of previ-
ous weight lifted) for lower body exercise, then provide a 2- to 4-min rest.   

   (d)    Increase the load by 10–20 pounds (5–10 % of previous weight lifted) for 
upper body exercise or 30–40 pounds (10–20 % of previous weight lifted) 
for lower body exercise and instruct the subject to attempt a 1RM.   

   (e)    If the subject successfully completed the lift using proper technique, provide 
a 2- to 4-min rest and repeat the previous step. If the subject failed to com-
plete the lift using proper technique, provide a 2- to 4-min rest then decrease 
the resistance by 5–10 pounds (2.5–5 % of previous weight attempted) for 
upper body exercise or 15–20 pounds (5–10 % of previous weight attempted) 
for lower body exercise and instruct the subject to attempt a 1RM.   

   (f)    Continue increasing or decreasing the resistance load until the subject can 
complete a 1RM with proper exercise technique.   

   (g)    Following the fi nal set, instruct the subject to assign an RPE of 10 to the 
feelings of exertion arising from the active muscle group as felt during the 
1RM lift.    

5.3             Discussion Questions 

     1.    Explain the concept of perceptual scale anchoring using the Borg’s Range Model 
as a theoretical framework.   

   2.    Based on the questions asked about the subject following the memory anchoring 
procedure, do you believe the procedure would suffi ce for this individual prior to 
exercise testing or engage in an exercise program? Why?   

   3.    During the exercise anchoring procedures performed in this laboratory experi-
ment, did your subject conform to the Borg’s Range Model? Explain.   

5.3 Discussion Questions
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   4.    Based on your knowledge of Borg’s Range Model, what should RPE responses 
be during a maximal graded exercise test that is volitionally terminated by the 
individual at exhaustion? How could RPE be used as a criterion for attainment of 
VO 2 max?         
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    Chapter 6   
 Perceived Exertion Scale Validation 

                     Both concurrent and construct validity are important psychometric properties for 
perceived exertion scales applied in the clinical and performance settings. A graded 
exercise test that employs a perceptual estimation protocol is the standard for 
 determination of perceived exertion scale validity for both aerobic and resistance 
exercise. Both undifferentiated and differentiated RPE can be measured using a 
scale validity experiment, but special attention should be paid to determination of 
the dominant RPE signal during exercise. Concurrent and construct validity evi-
dence has been shown for both undifferentiated and differentiated RPE in various 
sample populations performing aerobic and resistance exercise. A perceived exer-
tion scale that demonstrates concurrent and construct validity can be applied to 
both exercise testing and prescription in hospital and fi eld settings. Such applica-
tions can include the prediction of impending exercise test termination and exercise 
intensity self- regulation. The primary purpose of this laboratory experiment is to 
establish concurrent and construct validity for an OMNI RPE Scale. Secondary 
purposes include the comparison of concurrent validity evidence between the 
OMNI RPE Scale and the Borg Scale and to determine differentiated RPE signal 
dominance.

6.1      Background 

6.1.1       Validity 

  Validity  can be defi ned as the degree to which a test or test item measures what it is 
intended to measure and is the most important characteristic of any specifi c test 
(Baechle and Earle  2008 ). Without validity, test results have no meaning. Measures 
of basic physical characteristics of an individual (e.g., height and weight) are rela-
tively easy to validate. The validity of metrics to be used during exercise 
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performance, especially perceived exertion scales, can be more diffi cult to establish. 
Therefore, there are two main types of validation experiments used to confi rm the 
validity of a perceived exertion scale: concurrent validity and construct validity.  

6.1.2    Concurrent Validity 

  Concurrent validity  is the extent to which test scores are associated with those of 
other accepted tests when both measures are obtained along a common stimulus 
range. In the case of a scale that measures RPE, this defi nition refers to the accuracy 
of the metric to measure perceived exertion across one’s entire physiological range 
as exercise intensity is systematically increased from low to high levels. A test of 
concurrent validity involves a statistical calculation of the relation between a crite-
rion variable (the stimulus) and the concurrent variable (the response). This statisti-
cal paradigm often uses a Pearson correlation calculation that yields “ r ” values 
referred to as validity coeffi cients (Baechle and Earle  2008 ). To establish concurrent 
validity of a perceived exertion scale, it is expected that the concurrent variable, 
RPE, increases concurrently with increases in a physical and/or physiological crite-
rion variable as intensity of exercise increases (Robertson  2004 ). A statistically sig-
nifi cant concurrent validity coeffi cient indicates a strong relation between the 
concurrent and criterion variables, often resulting in high  r  values greater than 0.70. 

 The theoretical framework underlying the assessment of concurrent validity of a 
perceived exertion scale is derived from the basic tenets of Borg’s Effort Continua 
and Range Models. There are three main effort continua: performance, physiologi-
cal, and perceptual. An increase in exercise performance, usually denoted as increas-
ing intensity, results in corresponding and interdependent increases in both 
physiological and perceptual responses. Exercise intensity can be measured as min-
ute per mile pace or PO for aerobic exercise and as absolute weight lifted or %1RM 
for resistance exercise. Physiological responses are underlying processes that an 
individual subjectively monitors during exercise to ultimately mediate their RPE 
response. HR and VO 2  are respiratory-metabolic exertional mediators that are com-
monly measured during exercise serving as physiological indicators of exercise 
intensity. Physiological and perceptual responses display a functional interdepen-
dence. As such, the model predicts that perceptual responses will increase in cor-
respondence with physiological responses throughout the individual’s entire 
exercise intensity range, from a very low to a maximal level. In addition, the lowest 
RPE value matches the lowest exercise intensity and the highest RPE value matches 
maximal exercise intensity. This holds true whether exercise intensity is expressed 
in physical units, such as PO, or using a physiological variable such as HR or VO 2 . 
In this context, it is the goal of scale anchoring procedures to set the low and high 
anchor points on an RPE scale, linking them to very low and maximal exercise 
intensities. Once it is known that an individual conforms to the model following 
scale anchoring, a concurrent validation experiment can be used to measure the 
physiological and perceptual effort continua across the full range of possible exer-
cise performance intensities.  

6 Perceived Exertion Scale Validation
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6.1.3    Construct Validity 

  Construct validity  can be defi ned as the ability of a test to represent the underlying 
construct, or the theory developed to organize and explain aspects of existing knowl-
edge and observations (Baechle and Earle  2008 ). For perceived exertion scales, con-
struct validity is tested by comparing RPE measured using a newly developed scale 
for which validity has yet to be established with the RPE derived from a perceived 
exertion scale having well-established construct validity. In this paradigm, it is 
expected that both the new (i.e., conditional) scale and the criterion scale have dem-
onstrated a high level of concurrent validity. Traditionally, construct validity of a 
perceived exertion scale is statistically determined by correlating RPE measured 
using the conditional metric with RPE measured using the 15-category Borg Scale 
(i.e., the criterion metric).  

6.1.4    Validity Test Protocols 

 Concurrent and construct validity of a perceived exertion scale can be tested simul-
taneously using perceptual estimation test protocols. An  estimation protocol  is a 
GXT during which an individual estimates RPE during each exercise stage. Using 
commonly employed procedures for determining maximal aerobic or resistance 
exercise capacity, an estimation protocol allows an individual to rate RPE from a 
very low exercise intensity to maximal exercise intensity. For example, the Bruce 
treadmill protocol for the determination of VO 2 max employs incremental stages of 
walking and running exercise. For resistance exercise, variations on 1RM or multi-
ple- RM procedures are used. These procedures must include measurements of 
physiological exertional mediators (e.g., HR, VO 2 ) and the recording of physical 
markers of exercise intensity (e.g., PO, weight lifted, %1RM) necessary for the 
determination of concurrent validity. As such, a concurrent and construct validation 
experiment only requires that RPE be measured using the 15-category Borg Scale 
and the RPE scale for which validity is sought.  

6.1.5     Use of Perceived Exertion Scaling Procedures Prior 
to the Estimation Protocol 

 It is important to note that the scale anchoring procedures should be presented 
 separately from and prior to the estimation test protocol used for a scale validation 
experiment. For the concurrent/construct validation experiment to be valid, it must 
be known that the individual’s RPE responses conform to Borg’s Range Model. 
Individuals who have experience using perceived exertion scales and have partici-
pated in exercise anchoring procedures in the past are more likely to provide RPE 
responses that conform to the prediction of Borg’s Range Model. However, as 
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 discussed previously, some individuals are perceptual outliers, either overestimating 
or underestimating the RPE response. Such responses usually occur upon initial 
exposure to RPE assessment and prior to administration of full memory and exer-
cise anchoring procedures. When possible, youth and sedentary adult subjects 
should undergo both the memory and exercise procedures for perceived exertion 
scale anchoring. However, even active adults have been known to be perceptual 
outliers and as such can benefi t from additional anchoring and practice in estimating 
RPE prior to undertaking the actual exercise trial.  

6.1.6     Differentiated Versus Undifferentiated Exertional 
Ratings 

 Experiments to validate perceived exertion scales can employ both undifferentiated 
and differentiated RPE. A differentiated RPE is linked to a specifi c anatomical region 
of the body. Differentiated RPE specifi c to the leg muscles (RPE-L) can be measured 
during cycle ergometry and treadmill exercise. The RPE-L refl ects peripheral exer-
tional signals resulting from localized metabolic acidosis, blood glucose level, mus-
cle glycogen content, and muscle blood fl ow (Robertson  2004 ). Differentiated RPE 
specifi c to the chest and breathing (RPE-C) can be measured during any aerobic 
activity. The RPE-C refl ects respiratory-metabolic exertional mediators such as  V  E  
and total body VO 2 . Differentiated RPE rated during resistance exercises are usually 
specifi c to the active muscle mass (RPE-AM). Undifferentiated RPE is a measure of 
the overall body (RPE-O) exertional level. It is formed by integrating the various 
exertional signals arising from the composite of anatomical regions involved in the 
exercise task. Many investigations have asked subjects to rate RPE-O only, but impor-
tant information can be derived by also measuring  differentiated exertional ratings.  

6.1.7    Concurrent Validity Evidence for Undifferentiated RPE 

 Numerous investigations have established concurrent validity of various iterations 
of the OMNI Perceived Exertion Scale using mode-specifi c estimation protocols. 
Experiments have included male and female children and adults performing a wide 
variety of exercise modalities: cycle ergometry, treadmill walking and running, 
stepping exercise, elliptical ergometry, and resistance exercise. High validity coef-
fi cients were reported for male and female children and adults during cycle ergome-
try and treadmill exercise, with  r  values ranging from 0.67 to 0.99 for the associations 
between RPE and HR or VO 2  (Balasekaran et al.  2012 ; Robertson  2004 ; Robertson 
et al.  2000 ; Utter et al.  2004 ). High validity coeffi cients were found in a sample of 
male and female children and a sample of adult females  performing load- incremented 
stepping exercise. In these stepping experiments, the relation between RPE and VO 2  
exhibited  r  values ranging from 0.87 to 0.96. The relation between RPE and HR 
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exhibited  r  values ranging from 0.81 to 0.95 (Krause et al.  2012 ; Robertson et al. 
 2005b ). High validity coeffi cients were found in adult males and females perform-
ing elliptical ergometry. The relation between RPE and VO 2  exhibited  r  values rang-
ing from 0.93 to 0.95, while the relation between RPE and HR exhibited  r  values 
ranging from 0.95 to 0.97 (Mays et al.  2010 ). High validity coeffi cients were 
reported during biceps curl and knee extension exercises, with  r  values ranging 
from 0.72 to 0.91 for the association between RPE and total weight lifted in both 
children and adults (Robertson et al.  2003 ,  2005a ). In addition, an  r  = 0.87 was 
determined for the association between RPE-AM and blood lactic acid concentra-
tion in adults; providing evidence for lactacidemia as a physiological exertional 
mediator for resistance exercise (Robertson et al.  2003 ). 

 Concurrent validation has been tested and confi rmed for other perceived exertion 
scales as well, such as the Children’s Effort Rating Table (CERT). CERT, a 
10- category scale ranging from 1 to 10, was developed specifi cally for children to 
be easily understood with verbal descriptors positioned at each numerical category. 
CERT, however, does not include pictorial descriptors as does the OMNI Scale. 
Concurrent validation of CERT has been examined for various youth populations 
performing stepping and cycle ergometer exercise. Validity coeffi cients for the rela-
tion between RPE and HR ranged from  r  = 0.73 to 0.99 during stepping exercise 
(Williams et al.  1994 ) and from  r  = 0.70 to 0.97 for cycle ergometry (Eston et al. 
 1994 ; Lamb  1995 ; Leung et al.  2002 ). In addition, investigations determined the 
relations between RPE measured by the CERT and both PO and VO 2  for cycle 
ergometer exercise. The relation between RPE and power output exhibited  r  values 
ranging from 0.70 to 0.98 (Eston et al.  1994 ; Lamb  1995 ; Leung et al.  2002 ). The 
relation between RPE and VO 2  exhibited  r  values ranging from 0.85 to 0.91 (Leung 
et al.  2002 ). 

 HR and VO 2  are the most commonly used physiological criterion variables to 
demonstrate concurrent scale validity for aerobic exercise modalities. They are the 
most widely used because they increase as a positive function of increases in exer-
cise intensity. However, other physiological criterion variables have been used to 
study concurrent scale validity during aerobic exercise. Investigations have corre-
lated OMNI Scale RPE with %VO 2 max, %HRmax, pulmonary ventilation ( V  E ), 
respiratory rate (RR), the respiratory exchange ratio (RER), and the  V  E  to VO 2  ratio 
( V  E  · VO 2  −1 ). All of these physiological variables are expected to increase concur-
rently with increases in aerobic exercise intensity, demonstrating either linear or 
polynomial growth functions. High validity coeffi cients for OMNI Scale responses 
were found for adolescent girls performing treadmill exercise, as evidenced by the 
relation between RPE and %HRmax ( r  = 0.86) and the relation between RPE and 
%VO 2 max ( r  = 0.89) (Pfeiffer et al.  2002 ). Moderate validity coeffi cients ranging 
from  r  = 0.33 to 0.43 were shown between RPE with %VO 2 max,  V  E , RR, and 
 V  E  · VO 2  −1  for children performing treadmill exercise (Utter et al.  2002 ). Another 
study involving children performing treadmill exercise found high validity 
 coeffi cients ranging from  r  = 0.71 to 0.81 for the relation between RPE with 
%VO 2 max,  V  E , RR, and RER using the Spanish version of the Children’s OMNI-
Walk/Run RPE Scale (Suminski et al.  2008 ). In addition, high validity coeffi cients 
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ranging from  r  = 0.67 to 0.88 were found for the relation between RPE with 
%VO 2 max,  V  E , RR, and RER where data were determined for adults performing 
treadmill exercise (Utter et al.  2004 ) (Tables  6.1  and  6.2 ).

6.1.8        Construct Validity Evidence for Undifferentiated RPE 

 Construct validity has also been tested and confi rmed for various OMNI RPE scales 
using the 15-category Borg Scale as the criterion metric. Validity coeffi cients ranged 
from  r  = 0.92 to 0.97 for adults performing cycle ergometry (Robertson et al.  2004 ), 

      Table 6.1    Summary of OMNI Scale validation for aerobic and resistance exercise when 
undifferentiated RPE for the overall body (RPE-O) was the concurrent variable   

 Correlation coeffi cient a  

 Scale  HR  VO 2  

 Investigation  Mode  Format  Age  F  M  B  F  M  B 

 Robertson et al. 
( 2000 ) 

 Cycle  Cycle  Child  0.94  0.92  0.93  0.93  0.94  0.94 

 Pfeiffer et al. 
( 2002 ) 

 Treadmill  Cycle  Child  0.82  –  –  0.88  –  – 

    Robertson et al. 
( 2004 ) 

 Cycle  Cycle  Adult  0.83  0.90  –  0.88  0.94  – 

 Utter et al. ( 2004 )  Treadmill  Walk/run  Adult  0.84  0.75  –  0.85  0.86  – 
 Robertson et al. 
( 2005b ) 

 Step  Step  Child  0.83  0.88  –  0.88  0.93  – 

 Suminski et al. 
( 2008 ) b  

 Treadmill  Walk/run  Child  –  –  0.85  –  –  0.85 

 Mays et al. 
( 2010 ) 

 Elliptical  Elliptical  Adult  0.97  0.96  –  0.95  0.95  – 

 Balasekaran et al. 
( 2012 ) 

 Cycle  Cycle  Child  0.99  0.98  0.98  0.99  0.99  0.95 

 Krause et al. 
( 2012 ) 

 Step  Step  Adult  0.95  –  –  0.96  –  – 

  WTtot  
  F    M  

 Robertson et al. 
( 2003 ) 

 BC  Resistance  Adult  0.87  0.89 

 Robertson et al. 
( 2003 ) 

 KE  Resistance  Adult  0.86  0.87 

 Robertson et al. 
( 2005a ) 

 BC  Resistance  Child  0.87  0.80 

 Robertson et al. 
( 2005a ) 

 KE  Resistance  Child  0.80  0.88 

  The criterion variables were:  HR  heart rate,  VO   2   oxygen consumption,  WTtot  total weight lifted.  F  
female,  M  male,  B  both males and females,  BC  biceps curl,  KE  knee extension 
  a All correlation coeffi cients are signifi cant ( p  < 0.05) 
  b This study validated a Spanish version of the Children’s OMNI-Walk/run Scale  
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treadmill exercise (Utter et al.  2002 ), elliptical ergometry (Mays et al.  2010 ), and 
knee extension resistance exercise (Lagally and Robertson  2006 ). The basis for the 
development of child versions of perceived exertion metrics, such as the OMNI 
Scale and CERT, was that children often exhibited semantic limitations in under-
standing the verbal descriptors employed in adult formatted metrics such as the 
Borg Scale. The numerical categories of the Borg Scale range from 6 to 20 and 
many of its verbal descriptors use the word “exertion,” a word not typically a part of 
a younger child’s vocabulary. As such, researchers did not believe the Borg Scale to 
be a valid metric to measure a child’s perceived exertion. An investigation by 
Robertson and colleagues ( 2005b ) conducted a construct validation experiment for 
the Children’s OMNI-Step RPE Scale using the previously validated Children’s 
OMNI-Cycle RPE Scale as the criterion metric. Even though the study involved 
stepping exercise, the only difference between the two RPE scales was the mode- 
specifi c pictorial descriptors. Since the concurrent validity of the Children’s OMNI- 
Cycle Scale was well established by previous investigations, using it as the criterion 
metric was conceptually similar to previous construct validation experiments in 
adults that compared OMNI RPE with the well-established Borg Scale RPE. Future 
investigations seeking to establish construct validity of a new perceived exertion 
scale for children in future investigations may also consider using as a criterion a 
well-established children’s OMNI scale that has been shown to have a high level of 
concurrent validity.  

6.1.9    Differentiated RPE in a Validity Experiment 

 Previous RPE scale validation studies have employed differentiated RPE during 
cycle ergometry, elliptical ergometry, and resistance exercise in adults (Lagally 
and Robertson  2006 ; Mays et al.  2010 ; Robertson et al.  2003 ,  2004 ); and cycle 
ergometry, stepping exercise, and resistance exercise in children (Balasekaran 
et al.  2012 ; Robertson et al.  2000 ,  2005a ,  2005b ). All investigations found evi-
dence of concurrent scale validity where differentiated RPE were employed as 
well as the undifferentiated, overall-body RPE. In addition, construct scale valid-
ity has been confi rmed using differentiated RPE measured during cycle ergome-
try, elliptical ergometry, and resistance exercise in adults, as well as for stepping 
exercise in children (Lagally and Robertson  2006 ; Mays et al.  2010 ; Robertson et al. 
 2004 ,  2005b ). 

 It is possible to ask a subject to rate both undifferentiated and differentiated 
RPE’s during each exercise test stage of an aerobic or resistance exercise 
 load- incremented protocol. Three RPE values can easily be rated within a 30-s time 
frame at the end of each stage of the Bruce treadmill protocol (Robertson  2004 ). 
Using this procedure, it can be determined which RPE signal, the overall signal or 
a differentiated signal, is the dominant perception (i.e., most intense) for a specifi c 
mode of exercise. Three primary factors determine the dominant RPE response 
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 during exercise: (1) the mode of exercise, (2) the anatomical origin of the differentiated 
feelings, and (3) the performance environment (i.e., air or water, temperature, 
humidity) (Robertson  2004 ). Robertson and colleagues ( 2001 ) asked child subjects 
to rate RPE-O, RPE-L, and RPE-C at the end of each stage of an incremental cycle 
ergometer exercise test. When the RPE’s associated with the ventilatory threshold 
(VT) were calculated, it was found that RPE-L provided the dominant RPE signal 
with RPE-C being comparatively less intense (Robertson et al.  2001 ). Therefore, 
since RPE-O fell between the two differentiated RPE signals, it generally appeared 
as a mathematical average of the anatomically regionalized ratings. Such a response 
confi rmed that the undifferentiated RPE is a good overall indicator of total body 
exertion level and represented an integration of differentiated perceptual signals. 
Also, it should be noted that differentiated RPE’s can be compared with undifferen-
tiated RPE at any intensity of exercise to identify perceptual signal dominance and 
mode of signal integration.  

6.1.10    Application of a Valid Perceived Exertion Scale 

 Concurrent and construct validity evidence has been shown for scales that mea-
sured both undifferentiated and differentiated RPE signals for a wide variety of 
exercise modalities. This is an important confi rmation of the original intent and 
practical importance of the OMNI perceived exertion scales and the reason for the 
name OMNI. The name OMNI is an abbreviation of the word omnibus, meaning 
“of, relating to, or providing for many things at once” (Merriam-Webster Online 
 2014 ). Even though the fi rst iteration of the OMNI Scale focused on children’s 
responses during cycle ergometer exercise, it was intended that the original design 
could be reformatted for use by female and male clients of all ages performing a 
wide variety of exercise modalities consequent to future scale development. 
However, RPE scales are not solely restricted for use during incremental exercise, 
such as that used in this experiment. It was reasoned that as RPE scales showed 
strong concurrent and construct validity and the perceptual responses conformed 
to Borg’s Range Model, that an individual could self-regulate exercise at a pre-
scribed intensity using a “target” RPE. For example, after an individual success-
fully performs perceptual scale anchoring and undergoes a separate perceptual 
estimation test procedure, the exercise professional chooses a specifi c target RPE 
that corresponds to an a priori determined physiological intensity, one of the most 
important of which is the VT. Then, in a separate production procedure, the exer-
cise professional teaches the individual to self-adjust exercise intensity until it 
feels like the level of exertion equal to the target RPE. The ability to determine an 
appropriate target RPE and teach an individual how to accurately self-regulate 
exercise intensity according to the designated perceptual level is one of the most 
important applications of RPE to exercise prescription and programming for overall 
health-fi tness activities.  
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6.1.11     Clinical Application of RPE During Maximal Exercise 
Testing 

6.1.11.1     Use of RPE to Predict Impending Graded Exercise 
Test Termination 

 ACSM recommends the assessment of RPE throughout graded exercise testing to 
monitor an individual’s progress toward maximal exertion in an effort to predict 
impending fatigue and test termination (ACSM  2013 ; Morgan and Borg  1976 ). For 
this reason, undifferentiated and/or differentiated RPE should be estimated at least 
at the end of each exercise test stage, preferably at the end of each minute of exer-
cise in more functionally limited individuals whose exercise tolerance could dete-
riorate rapidly at comparatively higher intensities. Noble and Robertson ( 1996 ) 
identifi ed  RPE warning zones  for graded exercise test termination using both the 
Borg Scale and OMNI Scales. The warning zones were defi ned as a range of RPE’s, 
15–17 on the Borg Scale and 7–8 on the OMNI Scales (Fig.   6.1    ). Those RPE zones 
signal impending test termination and as such indicate that it is the time at which 
procedures to safely end the GXT should be initiated. Goss and colleagues ( 2010a ) 
identifi ed the mean Borg RPE that indicated a subject would terminate the exercise 
test during the next 3-min stage of a Bruce treadmill protocol in apparently healthy 
male and female adults. Using the Borg 6–20 category scale, women terminated the 
exercise test an average of 142 s after an RPE of 14, while men terminated the test 

  Fig. 6.1    OMNI RPE warning zone that signals impending exercise test termination (Robertson 
 2004 )       
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an average of 120 s after an RPE of 15 (Goss et al.  2010a ). Using RPE as a determinant 
of time until test termination can be especially important when a patient is taking a 
medication that affects the HR response to exercise, such as coronary artery disease 
patients who take beta-blockers. In such patients, the expected HR response based 
on a percent of age-predicted maximum is not an accurate predictor of impending 
test termination because the actual HR response is pharmacologically blunted. 
However, the RPE response is independent of cardioactive medication effects. As 
such, RPE will increase appropriately from rest to maximal exertion as it would 
without medication. Goss and colleagues ( 2010b ) identifi ed the mean Borg RPE 
that indicated a subject would terminate the exercise test during the next 3-min stage 
of a Bruce treadmill protocol in men with coronary artery disease. The men, who 
were all taking beta-blocker medication, terminated the exercise test an average of 
153 s after a Borg (6–20) Scale RPE of 14 (Goss et al.  2010b ), a perceptual value 
similar to that reported previously in apparently healthy men and women (Goss 
et al.  2010a ).  

6.1.11.2    Use of RPE as a Criterion for the Achievement of VO 2 max 

 The “gold standard” assessment of cardiorespiratory fi tness is a GXT used to deter-
mine VO 2 max by indirect calorimetry. The Bruce treadmill protocol is an ideal 
example because it involves upright, dynamic, weight-bearing exercise using the 
total body. It is common for the researcher or health-fi tness professional to use 
defi ned criteria to determine if the individual has achieved a “true” VO 2 max. The 
“gold standard” criterion for the achievement of VO 2 max is a plateau in VO 2  seen at 
the end of exercise when the individual has terminated the exercise test owing 
to exhaustion. A VO 2  plateau is defi ned as less than a 2.1 ml · kg −1  · min −1  (or 
150 ml · min −1 ) increase in VO 2  with an increase in workload (Siconilfi  et al.  1982 ). 
However, a number of investigations have found that few individuals actually 
achieve a VO 2  plateau at the end of load-incremented GXTs (Day et al.  2003 ; Foster 
et al.  2007 ; Rossiter et al.  2006 ). Therefore, other VO 2 max criteria that have been 
used include a respiratory exchange ratio (RER; VCO 2  divided by VO 2 ) of greater 
than 1.15, blood lactate concentration greater than 8 mmol · l −1 , and HR within 10 
b ·min −1  of age-predicted maximum HR (APMHR). Yet many individuals will not 
achieve these supplementary criteria as well (Powers and Howley  2012 ). 

 ACSM ( 2013 ) reports that most apparently healthy individuals estimate RPE’s 
for the overall-body from 18 to 19 (using the Borg Scale 6 to 20 format) or 9 to 10 
(using a 0 to 10 format such as the OMNI Scales) at exercise test termination. 
According to the Range Model, if maximal exertion is reached, an individual 
should report the highest RPE available on the perceived exertion scale. However, 
since undifferentiated RPE (RPE-O) is an integration of differentiated signals, an 
OMNI RPE-O of 9 most likely indicates that the dominant differentiated response 
was a 10, such as RPE for the active musculature. Previous investigations measur-
ing OMNI RPE during maximal or peak aerobic power testing have used the rating 
of an OMNI RPE ≥ 9 as a primary criterion for attainment of VO 2 max/peak in 
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children (Andreacci et al.  2007 ) and adults (Krause et al.  2012 ). Therefore, for the 
purposes of this and the following laboratory experiments, the primary criterion 
for the successful completion of a GXT should be volitional termination due to 
exhaustion as indicated by maximal RPE, i.e., OMNI RPE ≥ 9 or Borg RPE ≥ 19.    

6.2    Methods 

6.2.1    Treadmill Procedures 

6.2.1.1    Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig. A.2)   
   2.    Borg RPE Scale   
   3.    Treadmill   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

6.2.1.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Walk/Run RPE Scale to the 

subject for undifferentiated and differentiated RPE (Appendix B.2). Perform the 
memory anchoring procedure as described in Chap. 5.   

   3.    Read the standard instructions for the Borg Scale during treadmill exercise for 
RPE-O, which will be used to determine construct validity of the OMNI Scale 
(Appendix B.3).      

6.2.1.3    Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be performed by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.
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    (a)    Begin the warm-up at 1.5 miles · h −1  and 0 % grade for 3 min.   
   (b)    Each exercise test stage will last for 3 min. The stages progress as follows:

   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

   (c)    When the subject cannot continue any longer, terminate the exercise test by 
initiating the cool-down period at 1.5 miles · h −1  and 0 % grade. The cool- 
down should be 5 min in duration.   

   (d)    Ask the subject to estimate RPE starting at 2:30 of each exercise stage using 
both the Borg Scale (RPE-O only) and the OMNI Scale (RPE-O, RPE-L, 
and RPE-C). The RPE’s should be rated in a counterbalanced sequence. 
Because the position of the respiratory-metabolic mouth piece prevents a 
verbal response, instruct the subject to point to the numbers on the RPE 
scale, which should be conveniently positioned within the subject’s arm 
reach. State aloud the numerical ratings for each momentary assessment to 
which the subject pointed and request a confi rmatory nod that the number 
stated was correct. If incorrect, allow the subject to point to the appropriate 
rating on the RPE scale once more. Ask the subject to hold his or her fi nger 
on the appropriate number on the scale for approximately 1 s.   

   (e)    Record HR (b · min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  (ml · kg −1  · min −1 ) for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded at the end of the test.          

6.2.1.4    Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (ml · kg −1  · min −1 ), Borg RPE-O, OMNI RPE-O, 
OMNI RPE-L, OMNI RPE-C, HR (b · min −1 ).   

   2.    Plot of VO 2  and Borg RPE-O for determination of concurrent scale validation.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
Borg RPE-O. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
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the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the Borg RPE-O values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with Borg RPE-O on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   

   (d)    To determine the validity coeffi cient, click on one of the data points to high-
light the entire data series. Right click on one of the data points and a menu 
will appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  
menu will appear. Select  LINEAR ,  DISPLAY EQUATION ON CHART , 
and  DISPLAY R-SQUARED VALUE ON CHART  then click  CLOSE . 
The trendline and equation will be displayed on the chart. Take the square 
root of the  R  2  value to determine the Pearson correlation coeffi cient.    

      3.    Repeat the above steps to plot and determine validity coeffi cients for the follow-
ing variable pairs to establish concurrent validity: HR and Borg RPE-O, VO 2  and 
OMNI RPE-O, HR and OMNI RPE-O, VO 2  and OMNI RPE-L, HR and OMNI 
RPE-L, VO 2  and OMNI RPE-C, HR and OMNI RPE-C; and for construct vali-
dation: Borg RPE-O and OMNI RPE-O.   

   4.    An example of these procedures with a screenshot depicting each step as per-
formed using Microsoft Excel 2013 can be found in Appendix C.       

6.2.2    Cycle Ergometer Procedures 

6.2.2.1    Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Borg RPE Scale   
   3.    Cycle ergometer   
   4.    Metronome   
   5.    HR monitor   
   6.    Respiratory-metabolic measurement system      

6.2.2.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale for undif-

ferentiated and differentiated RPE to the subject (Appendix B.5). Perform the 
memory anchoring procedure as described in Chap. 5.   

   3.    Read the standard instructions for use of the Borg Scale during cycle exercise 
emphasizing measurement of RPE-L, which will be used to determine construct 
validity of the OMNI Scale (Appendix B.6).      
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6.2.2.3    Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
there should be a fl exion of the right knee of approximately 5°.   

   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 b · min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive 
 seconds, terminate the exercise test. The test may also be volitionally termi-
nated by the subject owing to fatigue.   

   (e)    Ask the subject to estimate RPE starting at 1:30 of each exercise stage using 
both the Borg Scale (RPE-O only) and the OMNI Scale (RPE-O, RPE-L, 
and RPE-C). The RPE’s should be rated in a counterbalanced sequence. 
Because the position of the respiratory-metabolic mouth piece prevents a 
verbal response, instruct the subject to point to the numbers on the RPE 
scale, which should be conveniently positioned within the subject’s arm 
reach. State aloud the numerical ratings for each momentary assessment to 
which the subject pointed and request a confi rmatory nod that the number 
stated was correct. If incorrect, allow the subject to point to the appropriate 
rating on the RPE scale once more. Ask the subject to hold his or her fi nger 
on the appropriate number on the scale for approximately 1 s.   

   (f)    Record HR (b · min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  (l · min −1 ) for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the test.          

6.2.2.4    Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following 
 variables: Exercise Stage, VO 2  (l · min −1 ), Borg RPE-L, OMNI RPE-O, OMNI 
RPE- L, OMNI RPE-C, HR (b · min −1 ).   
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   2.    Plot of VO 2  and Borg RPE-L for determination of concurrent validity.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
Borg RPE-L. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the Borg RPE-L values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with Borg RPE-L on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   

   (d)    To determine the validity coeffi cient, click on one of the data points to  highlight 
the entire data series. Right click on one of the data points and a menu will 
appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  menu 
will appear. Select  LINEAR ,  DISPLAY EQUATION ON CHART , and 
 DISPLAY R-SQUARED VALUE ON CHART  then click  CLOSE . The 
trendline and equation will be displayed on the chart. Take the square root of 
the  R  2  value to determine the Pearson correlation coeffi cient.    

      3.    Repeat the above steps to plot and determine validity coeffi cients for the follow-
ing variable pairs for concurrent scale validity: HR and Borg RPE-L, VO 2  and 
OMNI RPE-O, HR and OMNI RPE-O, VO 2  and OMNI RPE-L, HR and OMNI 
RPE-L, VO 2  and OMNI RPE-C, HR and OMNI RPE-C; and for construct vali-
dation: Borg RPE-L and OMNI RPE-L.   

   4.    An example of these procedures with a screenshot depicting each step as per-
formed using Microsoft Excel 2013 can be found in Appendix C.       

6.2.3    Resistance Exercise Procedures 

6.2.3.1    Equipment 

     1.    Adult OMNI-Resistance Exercise RPE Scale (Fig. A.5)   
   2.    Borg RPE Scale   
   3.    Resistance exercise equipment of choice   
   4.    Metronome      

6.2.3.2    Pre-exercise Procedures 

     1.    Read the standard instructions to the subject for use of the Adult OMNI-Resistance 
Exercise RPE Scale for undifferentiated and differentiated RPE (Appendix B.8). 
Perform the memory anchoring procedure as described in Chap. 5.   
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   2.    Read the standard instructions to the subject for the Borg Scale during resistance 
exercise emphasizing measurement of RPE-AM, which will be used to deter-
mine construct validity of the OMNI Scale (Appendix B.9).      

6.2.3.3    Exercise Protocols 

     1.    Administer a 1RM procedure for assessment of muscular strength (Baechle and 
Earle  2008 ).

    (a)    Instruct the subject to warm-up with a light resistance that can be performed 
for 5–10 repetitions, then provide a 1-min rest.   

   (b)    Estimate a warm-up load that will allow the subject to complete 3–5 repeti-
tions by adding 10–20 lb (5–10 % of weight lifted) for upper body exercise 
or 30–40 lb (10–20 % of weight lifted) for lower body exercise, then provide 
a 2-min rest.   

   (c)    Estimate a conservative, near maximal load that will allow the subject to 
complete 2–3 repetitions by adding 10–20 lb (5–10 % of weight lifted) for 
upper body exercise or 30–40 lb (10–20 % of weight lifted) for lower body 
exercise, then provide a 2–4-min rest.   

   (d)    Make a load increase of 10–20 lb (5–10 % of weight lifted) for upper body 
exercise or 30–40 lb (10–20 % of weight lifted) for lower body exercise and 
instruct the subject to attempt a 1RM.   

   (e)    If the subject successfully completed the lift using proper technique, provide 
a 2–4-min rest and repeat the previous step. If the subject failed to complete 
the lift using proper technique, provide a 2–4-min rest then decrease the 
resistance by 5–10 lb (2.5–5 % of weight lifted) for upper body exercise or 
15–20 lb (5–10 % of weight lifted) for lower body exercise and instruct the 
subject to attempt a 1RM.   

   (f)    Continue increasing or decreasing the load until the subject can complete a 
1RM with proper exercise technique.   

   (g)    Calculate the weight equal to the following %1RM intensities: 20, 40, 50, 
60, 70, 80, and 90 %.   

   (h)    It may be benefi cial to ask the subject to rate Borg RPE-AM, OMNI RPE-O 
and OMNI RPE-AM in a counterbalanced fashion immediately following 
each set. This will provide additional practice and feedback prior to under-
taking the scale validation protocol.    

      2.    Category scale validation will be assessed using the procedures described by 
Lagally and Robertson ( 2006 ).

    (a)    Instruct the subject to warm-up with one set of ten repetitions at 20 % of 
exercise specifi c 1RM then provide a 1-min rest.   

   (b)    Instruct the subject to perform one repetition at 40, 50, 60, 70, 80, and 90 % 
of 1RM in a random order with a 2-min rest between intensities.   

   (c)    Repetition speed should be paced by a metronome set at 70 b · min −1  so each 
repetition is performed with a two-count-up, two-count-down pattern.   

6.2 Methods
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   (d)    Instruct the subject to estimate Borg RPE-AM, OMNI RPE-O and OMNI RPE- 
AM in a counterbalanced sequence immediately following each repetition.    

6.2.3.4          Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: %1RM, Weight Lifted, Borg RPE-AM, OMNI RPE-O, OMNI RPE-AM.   

   2.    Plot of Weight Lifted and Borg RPE-AM for determination of concurrent validity:

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter Weight 
Lifted and Borg RPE-AM. Then click on the icon to the right of the  SERIES 
X VALUES  text box and highlight the Weight Lifted values. After the val-
ues are highlighted click the icon on the box that appeared. Then click on the 
icon to the right of the  SERIES Y VALUES  text box and highlight the Borg 
RPE-AM values. After the values are highlighted click the icon on the box 
that appeared. Click  OK  on the next two screens.   

   (c)    You should now have a scatter plot with Borg RPE-AM on the  y -axis and 
Weight Lifted on the  x -axis. Create a title for the plot and enter the appropri-
ate axis labels and units of measure.   

   (d)    To determine the validity coeffi cient, click on one of the data points to high-
light the entire data series. Right click on one of the data points and a menu 
will appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  
menu will appear. Select  LINEAR ,  DISPLAY EQUATION ON CHART , 
and  DISPLAY R-SQUARED VALUE ON CHART  then click  CLOSE . 
The trendline and equation will be displayed on the chart. Take the square 
root of the  R  2  value to determine the Pearson correlation coeffi cient.       

   3.    Repeat the above steps to plot and determine validity coeffi cients for the follow-
ing variable pairs to establish concurrent scale validity: Weight Lifted and OMNI 
RPE-O, Weight Lifted and OMNI RPE-AM; and for construct validation: Borg 
RPE-AM and OMNI RPE-AM.   

   4.    An example of these procedures with a screenshot depicting each step as 
 performed using Microsoft Excel 2013 can be found in Appendix C.        

6.3    Discussion Questions 

     1.    Defi ne validity, in general, as it applies to the use of a perceived exertion scale 
during exercise.   

   2.    Explain the differences and similarities between concurrent and construct valida-
tion as they apply to a perceived exertion scale.   

6 Perceived Exertion Scale Validation
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   3.    Did your subject’s perceived exertion responses conform to Borg’s Range 
Model? Explain your data using the conceptual framework of Borg’s Effort 
Continua Model.   

   4.    Describe why RPE should be used as one of the criteria for the achievement of 
VO 2 max/peak? Should the criterion be based on RPE-O, a differentiated RPE, or 
both? Explain.   

   5.    Do your results for OMNI Scale concurrent and construct validity agree with 
previous RPE validation studies? Explain why, citing previous literature.   

   6.    Which RPE scale demonstrated stronger concurrent validity for RPE-O, the 
OMNI Scale or Borg Scale? Why?   

   7.    Choose a specifi c exercise test stage (treadmill and cycle) or %1RM from your 
data sheet.

    (a)    Which OMNI RPE was the dominant signal, RPE-O or a specifi c differenti-
ated RPE?   

   (b)    If you measured differentiated RPE (L and C) during treadmill or cycle exer-
cise, did RPE-O represent a true integration (i.e., average) of these differen-
tiated signals?       

   8.    Based on your results, how would you use the perceived exertion scale from this 
experiment to prescribe exercise to the individual you tested?         
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    Chapter 7   
 Target RPE at the Ventilatory Threshold 

                     The  ventilatory threshold  (VT) is an important physiological marker of the exercise 
intensity at which an individual can sustain performance for a prolonged period, and 
therefore is an important determinant of aerobic exercise performance capacity. 
Determination of the exercise training intensity equivalent to the VT is an important 
measure for both elite athletes and sedentary individuals. Training at the intensity 
equivalent to the individual’s VT provides an optimal overload stimulus to achieve 
both performance and health-fi tness benefi ts. Identifi cation of the VT in the labora-
tory setting requires experienced personnel and expensive laboratory equipment. 
Therefore, a surrogate measure of the VT is needed to guide exercise training inten-
sity. This can be achieved by identifying a target HR associated with the VT (HR- 
VT). However, exercise HR can be affected by both environmental and clinical 
conditions and requires skill for accurate palpation when a HR monitoring device is 
unavailable. RPE has been validated for the prescription and regulation of exercise 
in a variety of settings and subject populations. Owing to its ease of use and cost- 
effi ciency, a target RPE associated with the VT (RPE-VT) presents a practical 
method for prescribing exercise at VT intensity. The primary purpose of this labora-
tory experiment is to determine RPE-VT, using both the Borg and OMNI Scales, 
and HR-VT during load-incremented aerobic exercise. 

7.1    Background 

7.1.1    Ventilatory Threshold 

 The VT (also known as the ventilatory breakpoint) can be defi ned as the point  during 
dynamic exercise of increasing intensity when  V  E  begins to increase at a rate dispro-
portionately faster than that of VO 2 . Some investigations refer to this as the 1stVT 
infl ection point because a further increase in  V  E  resulting in a 2ndVT infl ection point 
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(i.e., 2ndVT) often follows the 1stVT during load- incremented  exercise tests 
(Alberton et al.  2013 ). The experiment described later in this chapter employs the 
1stVT. This increase in  V  E  occurs as the body attempts to expel excess carbon diox-
ide produced as a result of an increased reliance on anaerobic metabolism to meet 
the energy requirements of higher intensity exercise. The VT occurs at approxi-
mately the same exercise intensity or VO 2  as the lactate threshold (LT). The LT can 
be defi ned as the point during exercise of increasing intensity when the clearance of 
lactate from the blood can no longer keep up with the increased rate of lactate 
 production by muscle. During exercise of progressively increasing intensity, blood 
lactate begins to accumulate above resting values owing to an increased reliance on 
anaerobic metabolism. In the typical adult, the VT and LT occur between 55 and 
70 % of VO 2 max (Kenney et al.  2012 ). 

 Identifying the VT is very important when developing training programs for elite 
endurance athletes because it marks the highest exercise intensity that an individual 
can sustain for a prolonged period. The VT is a better indicator of performance in 
endurance athletes than VO 2 max because one cannot sustain the intensity at which 
VO 2 max occurs for extended periods. In addition, an athlete’s VO 2 max and ability 
to increase VO 2 max with training have a signifi cant hereditary determinant. Twenty- 
fi ve to 50 % of the variance in VO 2 max can be explained by genetic factors (Kenney 
et al.  2012 ). However, once an elite athlete achieves genetically determined VO 2 max 
through aerobic training, the athlete can continue to increase endurance perfor-
mance through further increases in VT. Elite endurance athletes have been known to 
increase their VT to 80–90 % of VO 2 max. 

 The VT can also be used for exercise prescription and programming for non- 
athletes. The exercise training intensity equivalent to the VT provides an optimal 
overload stimulus to achieve health-fi tness benefi ts, including weight loss and the 
improvement of cardiorespiratory fi tness. When individuals are allowed to self- 
select aerobic exercise intensity, many choose intensities similar to the VT (Dishman 
et al.  1994 ; Ekkekakis and Lind  2006 ; Lind et al.  2005 ). However, at exercise intensi-
ties above the VT, marked decreases in self-reported pleasure begin to occur that may 
lead to cessation of exercise and subsequent dropping out from an exercise program 
(Acevedo et al.  2003 ; Bixby et al.  2001 ; Ekkekakis et al.  2004 ; Hall et al.  2002 ). 

 Direct assessment of the VT or LT is often impractical because it requires expert 
personnel and expensive laboratory equipment. Generally, an individual must 
undergo a load-incremented exercise test terminating at maximal intensity in order 
to adequately measure all of the physiological variables necessary to determine the 
VT or LT. For many with cardiovascular risk factors, such a maximal GXT may 
require continuous heart monitoring using an electrocardiograph (ECG) and direct 
physician supervision. To measure the VT, a respiratory-metabolic measurement 
system is required. This automated system determines the individual’s volume of 
expired air, VO 2 , and the volume of CO 2  production (VCO 2 ). This system requires 
the individual to wear a respiratory apparatus including a head support, mouthpiece 
and nose clip. These can be uncomfortable and would not be worn during a normal 
exercise session. To measure the LT, venous or capillary blood samples are taken at 
regular intervals throughout the exercise test. These invasive measurement proce-
dures can be painful and psychologically stressful.  

7 Target RPE at the Ventilatory Threshold
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7.1.2    Target HR at the VT for Exercise Prescription 

 The calculation of a target HR associated with the VT (HR-VT) has been proposed 
as an inexpensive method to estimate this important marker of anaerobic metabo-
lism. It is recognized that the target HR method may be more practical and much 
less expensive than respiratory-metabolic methodology to identify the VT. However, 
the HR response to exercise can be affected by psychological stress and the body’s 
need for thermoregulation, especially during exercise in high ambient heat and 
humidity. When measurements are performed outside of a controlled laboratory 
environment, there may be considerable variability in HR-VT. In addition, when an 
exercise prescription is based on a target HR, the individual must be able to measure 
HR during exercise. This requires skill if measuring HR by palpation, additional 
cost if using a HR monitoring system, or restriction to a fi tness facility where HR 
can be measured using monitors attached to available ergometers.  

7.1.3    Target RPE at the VT for Exercise Prescription 

 RPE can be used to prescribe and regulate exercise in a variety of athletic, clinical 
and pedagogical settings (Goss et al.  2003 ) and can be used in place of or in addition 
to traditional exercise prescriptions based on HR. Rather than prescribe exercise 
based on a target HR range, one can prescribe exercise using a target RPE. This appli-
cation is justifi ed because for most exercise modalities RPE is more closely linked to 
prescribed levels of VO 2  than HR (Goss et al.  2011 ; Noble and Robertson  1996 ). 

 The RPE used in an exercise prescription is selected based on its correspondence 
to a specifi c physiological intensity, such as the VT, a %VT or a %VO 2 max. A target 
RPE at the VT (RPE-VT) can be identifi ed using responses to a perceptual estima-
tion test protocol including measures of VO 2 . Once the RPE-VT is calculated, the 
individual is taught to self-regulate exercise intensity to produce the specifi ed target 
RPE. It should be noted that when an exercise prescription is based on a target RPE, 
the client should have a fi rm knowledge of the RPE scale and its use during exercise. 
Such familiarization with the RPE scale can be established when the instructional 
set and anchoring procedures are administered as part of the test orientation. 

 Goss and colleagues ( 2003 ) defi ned the  group-normalized perceptual response  
as a range of RPE’s that corresponds to a target physiological outcome during exer-
cise and that is common to a specifi ed group of individuals. The use of group- 
normalized RPE to prescribe and monitor exercise intensity has application to a 
variety of activities for a wide range of individuals as it is comparatively easy to 
determine and is readily understood by the participant (Goss et al.  2003 ). The group-
normalized RPE-VT may be a more practical method to establish an optimal train-
ing intensity (i.e., zone) to improve cardiorespiratory fi tness than the VT or LT 
which must be determined by laboratory-based exercise testing (Goss et al.  2011 ). 
The measurement of RPE does not require expensive equipment or extensive 
 technical skill as do determination of the VT or LT. 

7.1 Background
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 Many individuals choose to exercise at intensities near to or just below their VT. 
However, studies have shown that a substantial number of individuals would not 
prefer to exercise at intensities above the VT because these levels induce unpleasant 
feelings and psychological distress (Lind et al.  2005 ). As such, prescription of exer-
cise intensities above the VT may lead to a decrease in exercise adherence. Therefore, 
it is important in the health-fi tness setting to have a simple, inexpensive method to 
identify a physiologically optimal training intensity that is subjectively acceptable 
to the participant. In this context, the RPE-VT may be useful to identify the upper-
limit of a prescribed exercise intensity range, especially for beginning exercisers 
who are psychologically intolerant of high-intensity aerobic exercise. In addition, 
the RPE-VT is a perceptual marker that can be used to identify the optimal training 
intensity for elite endurance performers. Competitive cyclists and runners can use 
the RPE-VT during training and races alike to produce their optimal performance 
pace, especially when HR and VO 2  monitoring are not practical or not allowed 
(Monnier-Benoit et al.  2009 ).  

7.1.4    Evidence for the RPE-VT: Borg and OMNI Scales 

 Studies have found RPE-VT to range from 11 to 14 using the Borg (6 to 20) Scale 
in a wide variety of subjects (Alberton et al.  2013 ; Ekkekakis et al.  2004 ; Feriche 
et al.  1998 ; Hill et al.  1987 ; Mahon et al.  1998 ; Purvis and Cureton  1981 ; Swaine 
et al.  1995 ). A recent study by Elsangedy and colleagues ( 2013 ) compared RPE-VT 
between sedentary women who were normal weight, overweight, and obese as 
 classifi ed by body mass index (BMI). RPE-VT was a mean of ~12 on the Borg Scale 
regardless of BMI classifi cation (Elsangedy et al.  2013 ). A recent study by Alberton 
and colleagues ( 2013 ) determined Borg Scale RPE at the 1stVT and 2ndVT infl ec-
tion points during treadmill exercise and three different water aerobic exercises: 
stationary running, jumping jacks, and forward kicks. Mean RPE-VT for the 1stVT 
ranged from 12 to 13, while mean RPE-VT for the 2ndVT ranged from 15 to 16 
(Alberton et al.  2013 ). 

 Studies investigating the RPE-VT using the OMNI Scale have observed values 
ranging from 5 to 7 (Fig.  7.1 ). Goss and colleagues ( 2011 ) identifi ed a mean 
RPE-VT of 5.1 in Division I football players performing treadmill exercise. RPE 
was assessed by the Adult OMNI Walk/Run RPE Scale. Robertson et al. ( 2001 ) 
identifi ed a mean OMNI RPE-VT of 6.1 in children of average and above average 
fi tness levels performing cycle ergometer exercise. In addition, Robertson et al. 
( 2007 ) identifi ed the RPE-VT in children using direct observation, rather than 
 subject estimation, with OMNI RPE values ranging from 6 to 6.5. These results 
derived from the OMNI Scale seem to be in agreement with previous research 
using the Borg Scale. This comparison can be done using Robertson’s ( 2004 ) table 
to convert RPE between the Borg and OMNI Scales (Fig.  7.2 ). Using this table, 
OMNI RPE values ranging from 5 to 7 correspond to Borg Scale RPE values of 
12 to 16.    

7 Target RPE at the Ventilatory Threshold
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7.1.5    Case Study 

7.1.5.1    Client Information 

 A 21-year-old male college student comes to your fi tness facility. During a 
 pre- participation interview prior to exercise testing, he tells you that he plays recre-
ational basketball once or twice per week. He describes that he gets “winded” easily 
when playing a full court game. He also tells you that he exercises on a stationary 
bike at his school’s student fi tness center once or twice per week for 10–20 min per 
session. He is moderately overweight and he describes his fi tness level as average. 
His goals are to lose weight and increase his aerobic fi tness. He enjoys going to the 

  Fig. 7.1    OMNI Scale RPE-VT Zone (Robertson  2004 )       

  Fig. 7.2    RPE conversions between the OMNI Scale and Borg (6–20) Scale (Robertson  2004 )       

 

 

7.1 Background
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fi tness center because he can go with a friend or watch television while exercising 
and he prefers the bike over the treadmill. He knows he should go to the fi tness 
center more often. He wants to learn the proper exercise intensity to perform on the 
bike so he can meet his goals and perform better on the basketball court. Due to the 
client’s age, health status, and current level of PA, a pre-participation GXT is likely 
not required. Therefore, his exercise prescription could be developed using a group- 
normalized RPE-VT.  

7.1.5.2    Assessments 

 Perform a graded exercise test on a cycle ergometer or treadmill terminating at 
maximal exertion to determine CRF (VO 2 peak/max), the VT, and RPE-VT. These 
test responses, when incorporated into an exercise prescription, will identify an 
effective exercise intensity to achieve his weight loss and aerobic fi tness goals.  

7.1.5.3    Results and Analysis 

    Identify HRmax/peak (b · min −1 ):  
  Identify VO 2 max/peak (ml · kg −1  · min −1  or l · min −1 ):  
  Identify the VT (ml · kg −1  · min −1  or l · min −1 , %VO 2 max/peak, PO):  
  Identify OMNI RPE-VT:  
  Identify HR-VT (b · min −1 ):       

7.2    Methods 

7.2.1    Treadmill Procedures 

7.2.1.1    Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig. A.2)   
   2.    Borg RPE Scale   
   3.    Treadmill   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

7.2.1.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for use of the Adult OMNI-Walk/Run RPE Scale 

for RPE-O to the subject (Appendix B.1). If determination of differentiated 
RPE-VT (RPE-L and RPE-C) is also desired, read the standard instructions for 

7 Target RPE at the Ventilatory Threshold



81

use of the Adult OMNI-Walk/Run RPE Scale for undifferentiated and differenti-
ated RPE to the subject (Appendix B.2). Perform the memory anchoring proce-
dure as described in Chap.   5    .   

   3.    Read the standard instructions for use of the Borg Scale during treadmill exercise 
for measurement of RPE-O to the subject (Appendix B.3).      

7.2.1.3    Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or 
 discomfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be performed by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.

    (a)    Begin the warm-up at 1.5 miles · h −1  and 0 % grade for 3 min.   
   (b)    Each exercise test stage will last 3 min. The stages progress as follows:

   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

   (c)    When the subject cannot continue any longer owing to fatigue, terminate the 
exercise test by initiating the cool-down period at 1.5 miles · h −1  and 0 % 
grade. The cool-down is 5 min in duration.   

   (d)    Ask the subject to estimate RPE starting at 2:30 of each exercise stage using 
both the Borg Scale (RPE-O only) and the OMNI Scale (RPE-O, RPE-L, 
and RPE-C). The RPE’s should be rated in a counterbalanced sequence. 
Because a verbal response is inhibited by the position of the respiratory- 
metabolic mouth piece, instruct the subject to point to the number on the 
RPE scale, which should be conveniently positioned within the subject’s arm 
reach. State aloud the numerical rating for each momentary assessment to 
which the subject pointed and request a confi rmatory nod that the number 
stated was correct. If incorrect, allow the subject to point to the appropriate 
rating on the RPE scale once more. Ask the subject to hold his or her fi nger 
on the appropriate number on the scale for approximately 1 s.   

7.2 Methods
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   (e)    Record HR (b · min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  (ml · kg −1  · min −1 ) for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded at the end of the test.   
   (i)    Obtain the VO 2  (ml · kg −1  · min −1 ) and %VO 2 max associated with the VT 

using measurements obtained from the respiratory-metabolic system and 
calculate the VT using the automated program.          

7.2.1.4    Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (ml · kg −1  · min −1 ), Borg RPE-O, OMNI RPE-O, HR 
(b · min −1 ). Include columns for OMNI RPE-L and OMNI RPE-C if applicable.   

   2.    If the respiratory-metabolic measurement system does not automatically calcu-
late VT or if instruction on manual calculation and visual identifi cation of the VT 
is desired, refer to Appendix D for detailed instructions for the following:

    (a)    Calculation of  V  E  · VO 2  −1  and  V  E  · VCO 2  −1 .   
   (b)    Plot of  V  E  · VO 2  −1  and  V  E  · VCO 2  −1  for visual identifi cation of the VT using the 

ventilatory equivalent method.   
   (c)    Adjustment of automatic VT calculation using a respiratory-metabolic mea-

surement system if a computer application is available for the system employed.       

   3.    Plot of VO 2  as a function of Borg RPE-O for determination of RPE-VT.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
Borg RPE-O. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the Borg RPE-O values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with Borg RPE-O on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   

   (d)    To determine RPE-VT, click on one of the data points to highlight the 
entire data series. Right click on one of the data points and a menu will 
appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  
menu will appear. Select  LINEAR  and  DISPLAY EQUATION ON 
CHART  then click  CLOSE . The trendline and equation will be displayed 
on the chart.   

7 Target RPE at the Ventilatory Threshold
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   (e)    Use this linear equation to calculate RPE-VT. Use VO 2  (ml · kg −1  · min −1 ) 
 corresponding to the VT as the “x” value in the equation and solve for “y.” 
The calculated “y” value, once rounded to the nearest whole integer, is the 
Borg RPE-VT.    

      4.    Repeat the above steps for VO 2  and OMNI RPE-O to determine OMNI RPE-VT 
and VO 2  and HR to determine HR-VT. Repeat the above steps for the following 
variable pairs to determine differentiated OMNI RPE-VT’s: VO 2  and OMNI 
RPE-L, VO 2  and OMNI RPE-C.   

   5.    An example of these procedures with a screenshot depicting each step as 
 performed using Microsoft Excel 2013 can be found in Appendix D.       

7.2.2    Cycle Ergometer Procedures 

7.2.2.1    Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Borg RPE Scale   
   3.    Cycle ergometer   
   4.    Metronome   
   5.    HR monitor   
   6.    Respiratory-metabolic measurement system      

7.2.2.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for use of the Adult OMNI-Cycle RPE Scale for 

RPE-L to the subject (Appendix B.4). For determination of undifferentiated 
RPE-VT (RPE-O) and differentiated RPE-VT for (RPE-L and -C), read the stan-
dard instructions for use of the Adult OMNI-Cycle RPE Scale for undifferenti-
ated and differentiated RPE to the subject (Appendix B.5). Perform the memory 
anchoring procedure as described in Chap.   5    .   

   3.    Read the standard instructions for use of the Borg Scale during cycle exercise for 
RPE-L to the subject (Appendix B.6).      

7.2.2.3    Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
there should be a fl exion of the right knee of approximately 5°.   

7.2 Methods
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   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so the downward movement of each foot is syn-
chronized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive 
 seconds, terminate the exercise test.   

   (e)    Ask the subject to estimate RPE starting at 1:30 of each exercise stage using 
both the Borg Scale (RPE-L only) and the OMNI Scale (RPE-L; RPE-O 
and –C if desired). The RPE’s should be rated in a counterbalanced sequence. 
Because the position of the respiratory-metabolic mouth piece prohibits a 
verbal response, instruct the subject to point to the number on the RPE scale, 
which should be conveniently positioned within the subject’s arm reach. 
State aloud the numerical rating for each momentary assessment to which 
the subject pointed and request a confi rmatory nod that the number stated 
was correct. If incorrect, allow the subject to point to the appropriate rating 
on the RPE scale once more. Ask the subject to hold his or her fi nger on the 
appropriate number on the scale for approximately 1 s.   

   (f)    Record HR (b · min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  (l · min −1 ) for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the 

test.   
   (j)    Obtain the VO 2  (l · min −1 ) and %VO 2 peak associated with the VT using mea-

surements obtained from the respiratory-metabolic system and calculate the 
VT using the automated program.          

7.2.2.4    Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (l · min −1 ), Borg RPE-L, OMNI RPE-L, HR (b · min −1 ). 
Include columns for OMNI RPE-O and OMNI RPE-C if applicable.   

   2.    If the respiratory-metabolic measurement system does not automatically 
 calculate VT or if instruction on manual calculation and visual identifi cation 
of the VT is desired, refer to Appendix D for detailed instructions for the 
following:

    (a)    Calculation of  V  E  · VO 2  −1  and  V  E  · VCO 2  −1 .   
   (b)    Plot of  V  E  · VO 2  −1  and  V  E  · VCO 2  −1  for visual identifi cation of the VT using the 

ventilatory equivalent method.   

7 Target RPE at the Ventilatory Threshold
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   (c)    Adjustment of automatic VT calculation using a respiratory-metabolic 
 system if the computer application is available for the program employed.       

   3.    Plot of VO 2  as a function of Borg RPE-L for determination of RPE-VT.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
Borg RPE-L. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the Borg RPE-L values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with Borg RPE-L on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   

   (d)    To determine Borg RPE-VT, click on one of the data points to highlight the 
entire data series. Right click on one of the data points and a menu will 
appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  menu 
will appear. Select  LINEAR  and  DISPLAY EQUATION ON CHART  
then click  CLOSE . The trendline and equation will be displayed on the 
chart.   

   (e)    Use this linear equation to calculate RPE-VT. Use VO 2  (l · min −1 ) corre-
sponding to the VT as the “x” value in the equation and solve for “y.” The 
calculated “y” value, once rounded to the nearest whole integer, is the Borg 
RPE-VT.    

      4.    Repeat the above steps expressing VO 2  as a function of OMNI RPE-L to deter-
mine OMNI RPE-VT. Next, express VO 2  as a function of HR to determine 
HR-VT. Repeat the above steps for the following variable pairs to determine 
other OMNI RPE-VT’s if desired: VO 2  and OMNI RPE-O; VO 2  and OMNI 
RPE-C.   

   5.    An example of these procedures with a screenshot depicting each step as 
 performed using Microsoft Excel 2013 can be found in Appendix D.        

7.3    Discussion Questions 

     1.    In general, explain the concept of the RPE-VT using the group-normalized RPE 
model as a theoretical framework.   

   2.    Do the results of this experiment agree with previous literature concerning the 
RPE-VT? Specifi cally, are they consistent with previous reports of a group- 
normalized RPE equivalent to the VT where both the OMNI and Borg (6–20) 
Scales were separately employed? Please explain why, citing previous literature.   

7.3 Discussion Questions
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   3.    How can you use your RPE-VT results to prescribe a self-regulated aerobic exer-
cise intensity for the client described in the case study? To what population can 
your results be applied?   

   4.    Describe why the VT can be an effective exercise intensity for aerobic condition-
ing, both physiologically and psychologically.   

   5.    In what type of environments should you avoid using HR-VT to prescribe exer-
cise intensity? What happens to the HR response in these abnormal conditions?   

   6.    Describe the characteristics of another client, different from that identifi ed in the 
case study in this laboratory module, who would benefi t from aerobic exercise at 
an intensity equivalent to the VT.

    (a)    Explain how you would customize the exercise prescription to fi t his/her 
needs and goals?   

   (b)    What is unique about this other client that you must address in the exercise 
program?             
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    Chapter 8   
 Prediction of Maximal Aerobic Power 
and Dynamic Muscular Strength Using RPE 

                     Cardiorespiratory fi tness and muscular strength are important components of 
health- related physical fi tness. The criterion measures for cardiorespiratory fi tness 
and dynamic muscular strength are maximal oxygen uptake (VO 2 max) and one- 
repetition maximum (1RM), respectively. VO 2 max testing requires expensive labo-
ratory equipment and expert personnel. Such maximal intensity testing may require 
physician clearance or supervision for older, sedentary and/or unfi t individuals. 
1RM testing requires the performance of multiple resistance exercise sets at near- 
maximal and maximal intensities and may not be safe for many individuals who are 
unfamiliar with resistance exercise or who have medical contraindications to high 
intensity exercise. Therefore, administration of maximal fi tness test protocols may 
not be possible, pragmatic or even desirable in health-fi tness and clinical settings. 
As such, submaximal tests have been developed to predict both VO 2 max and 
1RM. It is proposed that the use of submaximal test protocols is both safe and cost- 
effective. Statistical models to predict VO 2 max have been based on the positive 
relation between HR and VO 2  during load-incremented exercise. Models to predict 
1RM have been based on the inverse relation between weight lifted and repetitions 
performed to the point of muscular fatigue. However, both VO 2 max and 1RM can 
be predicted from submaximal RPE. The use of RPE as a predictor variable in such 
tests is valid, technically simple, and easily understood by most individuals. In addi-
tion, submaximal fi tness tests including the measurement of RPE can be used as an 
assessment of training-induced fi tness changes. The primary purpose of this labo-
ratory experiment is to predict VO 2 max/peak and 1RM from submaximal RPE 
measured during an estimation protocol exercise test. 
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8.1    Background 

8.1.1       Assessment of Cardiorespiratory Fitness 

 Cardiorespiratory fi tness determines an individual’s ability to perform dynamic 
exercise of a moderate to vigorous intensity using large muscle groups for a pro-
longed period. Cardiorespiratory fi tness depends on the functional capacity of 
the cardiovascular and respiratory systems and the oxidative capacity of skeletal 
muscle (ACSM  2013 ). The criterion or “gold-standard” assessment of cardiore-
spiratory fi tness is VO 2 max (i.e., maximal aerobic power), defi ned as the maxi-
mal amount of oxygen an individual can use during dynamic exercise while 
breathing air at sea level. The assessment of VO 2 max requires an individual to 
perform a load- incremented aerobic exercise protocol, or GXT, where pulmonary 
ventilation ( V  E ) and expired concentrations of VO 2  and VCO 2  are determined 
using a respiratory- metabolic measurement system. For most clinically normal 
individuals, a valid VO 2 max can only be achieved during upright, weight- 
bearing, total body exercise such as uphill walking or running on a treadmill. The 
term VO 2 peak is used rather than VO 2 max when the measure is obtained using 
cycle ergometer exercise and other partial- or non-weight-bearing exercise 
modalities (e.g., swimming, elliptical ergometer, rowing ergometer, and arm 
ergometer). However, it is of note that when elite cyclists perform a load- 
incremented GXT on a cycle ergometer they often demonstrate a higher VO 2 max 
than for uphill treadmill exercise. It is important to assess an individual’s VO 2 max/
peak with a mode-specifi c GXT that matches their exercise experience and the 
mode of exercise for which the prescription is intended. For most individuals, a 
treadmill protocol is appropriate. 

 VO 2 max and VO 2 peak tests allow determination of the VT. The VT is an 
important physiological marker for aerobic training intensity. At test intensities 
above the VT, an individual can no longer achieve steady state metabolic energy 
production. HR and/or RPE can be measured throughout a GXT. The HR or RPE 
values corresponding to specifi c physiological intensities (e.g., %VO 2 max or 
%VT) can then be used to prescribe exercise intensity. However, the ability to 
calculate target HR or RPE ranges based on VO 2  responses to an exercise test 
comes with inherent costs and risks. First, the measurement and interpretation of 
respiratory-metabolic responses are time-consuming procedures that require 
expensive laboratory equipment and expert personnel that are not available in 
many clinics and fi tness facilities. Maximal exercise testing often requires physi-
cian clearance and test supervision, especially when older, sedentary and/or unfi t 
individuals are evaluated. This imposes additional fi nancial and testing burden on 
the client and testing facility. Therefore, it is often not possible, practical or even 
desirable to perform a maximal test with respiratory-metabolic measurement to 
establish an individual’s cardiorespiratory fi tness prior to undertaking an aerobic 
exercise program.  

8 Prediction of Maximal Aerobic Power and Dynamic Muscular Strength Using RPE
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8.1.2    Assessment of Dynamic Muscular Strength 

 Muscular strength refl ects the ability of a muscle or muscle group to exert force. 
Muscular strength can be assessed statically, involving isometric muscular action 
with no change in muscle length or joint angle, or dynamically, involving concen-
tric and/or eccentric muscular contractions and changes in muscle length. Since 
assessments of static muscular strength are only specifi c to the joint angle used in 
testing, dynamic muscular strength is considered more ecologically valid. The cri-
terion or “gold-standard” assessment of dynamic muscular strength is the 1RM 
test. The 1RM is used to establish the maximal amount of force an individual can 
exert during one repetition of single maximal effort using a defi ned muscle or mus-
cle group. The lift must be performed in a controlled manner through the full range 
of motion with proper technique (ACSM  2013 ). This test requires that an individ-
ual perform multiple resistance exercise sets at near-maximal and maximal intensi-
ties using a progressive protocol. Unlike VO 2 max testing, most clinics and fi tness 
facilities have ample resistance exercise equipment and educated personnel to 
assess 1RM strength. The primary concern for an individual who is undergoing a 
1RM baseline test prior to beginning a resistance exercise program is safety. Many 
individuals who are beginning a resistance exercise program, including children 
and adolescents, have little to no experience with resistance exercise. In particular, 
they lack instruction on proper exercise technique. For these individuals, perform-
ing a 1RM test is not practical and may result in musculoskeletal injury. Even a 
multiple-RM test, where the goal is to perform a set number of repetitions ending 
at maximal intensity (e.g., 5RM or 10RM), may not be safe for many individuals. 
If a 1RM or multiple-RM test is employed, it may be best to guide the individual 
through a brief orientation and practice period that employs the exercise protocol 
prior to maximal testing.  

8.1.3     Submaximal Tests to Predict Maximal Aerobic Power 
and Muscular Strength 

 Due to the methodological and safety limitations of measuring maximal aerobic 
power (i.e., VO 2 max) and muscular strength (i.e., 1RM), researchers have designed 
submaximal exercise tests from which maximal values can be predicted. The meth-
ods used to predict VO 2 max and 1RM are based on the relations between the crite-
rion variable and predictor variable(s). For aerobic exercise, VO 2  serves as the 
criterion variable since VO 2 max/peak is the unknown that is estimated by prediction 
models. For resistance exercise, weight lifted serves as the criterion variable since 
1RM is the unknown that is estimated by prediction models. The predictor variables 
are physiological and/or physical markers that rise concurrently with increases in 
exercise intensity. 

8.1 Background
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 Traditional prediction models for aerobic exercise are based on the strong 
 positive correlation between VO 2  and HR that has been consistently demonstrated 
in the literature. The model of VO 2  max using submaximal HR is dependent on the 
relative accuracy of age-predicted maximal HR (APMHR) equations (e.g., 
APMHR = 220 − age) and the positive relation between VO 2  and HR as measured 
during a load-incremented protocol. The prediction can be presented graphically 
and/or determined using linear regression analysis. For a graphic determination, 
VO 2  and HR data points from multiple submaximal exercise intensities are plotted 
on separate axes. HR, the predictor variable, is on the  x -axis. VO 2 , the criterion vari-
able, is on the  y -axis. A line of best fi t that describes the relation between the two 
variables is drawn by visual determination. The point where the line intercepts 
APMHR is extended laterally to the VO 2  axis, identifying predicted VO 2 max. Using 
a linear regression model a line of best fi t is calculated that describes the relation 
between HR and VO 2  where these variables are expected to change as a function of 
increasing exercise intensity. This calculation yields an equation, 
VO 2 max =  s (APMHR) +  i . In this equation,  s  is the slope of the line and  i  is the 
 y -intercept. One solves for VO 2 max by entering APMHR into the prediction 
equation. 

 Although HR is relatively easy to measure during aerobic exercise and most 
 clinics and fi tness facilities have appropriate technology and/or personnel, APMHR 
is not always the most accurate prediction of actual HRmax. The primary prediction 
equations used in the health-fi tness setting are: APMHR = 220 − age for males; 
APMHR = 226 − age for females. These equations are based on large sample data 
with standard deviations of ±11 b·min −1  (Londeree and Moeschberger  1982 ). 
A standard deviation can be defi ned as the average amount by which the scores in a 
distribution differ from the mean. Therefore, based on the above APMHR equation 
for men and women and the reported standard deviation for the derived value, the 
average 20-year-old will have a HRmax between 189 and 211 b·min −1 , but could 
even have a HRmax below 189 b·min −1  or above 211 b·min −1 . As such, APMHR can 
have a considerable amount of error for an individual resulting in even greater error 
for predicted VO 2 max. A target HR range for a prescribed training program that is 
based on a VO 2 max prediction model using APMHR, could then be either below or 
above that which provides an optimal overload stimulus for the individual. A target 
HR range set too low may not provide the individual with an appropriate overload 
stimulus to achieve health-fi tness benefi ts. A target HR range set too high may not 
be tolerable for the individual, causing early termination of an exercise session and 
eventually leading to dropout from the exercise program. 

 The use of equations that employ APMHR to predict VO 2 max/peak as a basis for 
exercise prescription is not appropriate for many individuals with certain clinical 
conditions. Individuals taking beta-blocker medication to control hypertension 
exhibit a blunted HR response, especially during aerobic exercise. In such condi-
tions, HRmax would be much lower than that estimated by the APMHR equation. 
Individuals with pulmonary limitations to exercise, such as chronic obstructive 
 pulmonary disease (COPD) or cystic fi brosis, often terminate exercise because of 
dyspnea, or shortness of breath, and cannot reach maximal/peak HR levels similar 
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to clinically normal individuals of the same age. Also, individuals with peripheral 
artery disease (PAD) experience claudication pain in active limbs, even at submaxi-
mal exercise intensities. In these patients, exercise is prescribed based on tolerable 
levels of perceived pain rather than a target HR range. For any clinical conditions 
where there may be an increased risk for adverse events during exercise, it is 
 important to obtain physician clearance prior to participation in exercise testing or 
an exercise program. Often, exercise testing with physician supervision may be 
indicated. 

 The only way to ensure accuracy when prescribing aerobic exercise based on the 
expected positive relation between HR and VO 2  is to actually measure HRmax and 
VO 2 max. This necessitates that the GXT terminates at maximal intensity. However, 
a maximal GXT may not be possible due to the lack of respiratory-metabolic instru-
mentation or trained testing personnel. In addition, a maximal GXT may not be 
appropriate because of time constraints when administering the test protocol and the 
possible error induced when developing a prediction based on APMHR. VO 2  has 
shown strong correlations with RPE, a fact well-established in experiments demon-
strating the concurrent validity of RPE scales. As such, submaximal RPE expressed 
as a function of either HR or VO 2  can be used to predict VO 2 max/peak. Numerous 
investigations have shown the validity of RPE-based exercise tests to predict 
VO 2 max/peak (Davies et al.  2008 ; Eston et al.  2005 ,  2006 ,  2008 ,  2012 ; Faulkner 
et al.  2007 ; Faulkner and Eston  2007 ; Morris et al.  2009 ,  2010 ). 

 Prior to the initiation of a resistance training program for an untrained individual, 
the administration of 1RM testing may not be indicated because of safety concerns. 
The statistical basis for traditional models to predict 1RM is the strong inverse rela-
tion between weight lifted per repetition and the number of repetitions performed 
until fatigue. As weight increases, the number of repetitions that can be performed 
until fatigue decreases, ultimately resulting in the 1RM value. The linear relation 
between submaximal weight lifted and repetitions performed can be analyzed to 
predict the amount of weight lifted for 1RM. Weight lifted has shown strong corre-
lations with RPE, a fact well-established in experiments demonstrating the concur-
rent validity of RPE scales. As such, the relation between resistance and RPE allows 
the prediction of 1RM. A number of investigations have shown the validity of RPE-
based exercise tests to predict 1RM (Eston and Evans  2009 ; Gearhart et al.  2008 ; 
Robertson et al.  2008 ).  

8.1.4    RPE-Based Models to Predict VO 2 max and 1RM 

 The development of RPE-based models to predict VO 2 max and 1RM follow the 
same design as models based on HR and weight lifted, respectively. Prediction of 
VO 2 max using RPE as the predictor variable is based on the positive relation between 
VO 2  and RPE that occurs during load-incremented aerobic exercise. Likewise, pre-
diction of 1RM using RPE as the predictor variable is based on the positive relation 
between weight lifted and RPE that occurs during load-incremented resistance 
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exercise. These relations and their predictive properties can be presented graphically 
and/or determined using linear regression analysis. For a graphic prediction proce-
dure, VO 2  (or weight lifted) and RPE data points measured at multiple submaximal 
exercise intensities are plotted on separate axes. A line of best fi t that describes the 
relation between the two variables is drawn by visual determination. When using a 
HR-based model to predict maximal aerobic power, the point where the line inter-
cepts APMHR is extended laterally to the VO 2  axis, identifying predicted VO 2 max. 
However, when using a category rating scale, the RPE used to predict VO 2 max or 
1RM is a fi xed value, i.e., the maximal RPE (RPEmax) on the category scale. The 
use of such a fi xed upper rating category facilitates the prediction of the correspond-
ing VO 2 max/1RM value when employing a graphic procedure. 

 Statistical prediction models that employ RPE as a predictor variable are based 
on Borg’s Range Model. According to Borg’s Range Model, when an individual 
reaches maximal intensity of the perceptual response range, they should report the 
highest numerical category, i.e., an RPEmax of 10 using the OMNI Scale, or 20 
using the Borg Scale. Therefore, for visual determination of VO 2 max using the line 
of best fi t derived from an RPE-based model, the point where the line of best fi t 
intercepts RPEmax is extended laterally to the VO 2  axis, identifying predicted 
VO 2 max. For visual determination of 1RM using submaximal RPE responses, the 
point where the line of best fi t intercepts RPEmax is extended laterally to the  y -axis 
to identify predicted 1RM. Using linear regression, the average positive relation as 
depicted by the line of best fi t is calculated using submaximal VO 2  (or weight lifted) 
and RPE responses to a load-incremented protocol. For aerobic exercise, this calcu-
lation yields an equation, VO 2 max =  s (RPEmax) +  i , where the predictor variable is 
RPE and the criterion variable is VO 2 . For resistance exercise, 1RM is predicted 
using the same linear regression model. In these linear regression equations,  s  is the 
slope of the line of best fi t and  i  is the  y -intercept. Then, one solves for VO 2 max or 
1RM by entering RPEmax into the prediction equation.  

8.1.5     Evaluating the Accuracy of RPE-Based Prediction 
Models 

 The accuracy of both HR- and RPE-based statistical models to predict VO 2 max can be 
evaluated in a laboratory setting where standardized testing instrumentation and con-
trol and experimental conditions are available. Using a statistical regression procedure 
where multiple measurements are required, the subject performs three different sub-
maximal exercise intensities. On a treadmill, the intensities are progressively increased 
by changing speed and/or grade. On a cycle ergometer, the intensities are progres-
sively increased by incremental changes in PO. The intensities on both a treadmill and 
cycle ergometer are presented in a load-incremented format. However, there are also 
less frequently employed protocols that present the different intensities in random 
order. HR and RPE are measured near the end of each 2–3-min exercise stage. 

 Using a computer program such as Microsoft Excel, plots of VO 2  expressed as a 
function of HR and as a function of RPE are developed so the relation between 
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variables can be depicted both graphically and using statistical linear regression 
analysis. VO 2 max can be predicted by extrapolating submaximal responses to inter-
cept at APMHR or RPEmax using the graphic procedure. In addition, the computer 
program employs the linear regression equation to determine the line of best fi t. The 
slope and intercept of this regression line can be used to predict VO 2 max as previ-
ously described. Alternatively, some computer programs, such as the Statistical 
Package for the Social Sciences (SPSS), use a linear regression equation to deter-
mine the line of best fi t without inclusion of the graphic procedure. In order to 
compare measured VO 2 max with that predicted using both the HR and RPE models, 
the subject should perform an entire GXT terminating at maximal intensity. 

 For aerobic exercise, both undifferentiated RPE (RPE-O) and the dominant dif-
ferentiated RPE (i.e., RPE-Legs) have been used in models to predict VO 2 max/peak 
(Faulkner and Eston  2007 ). In some instances, the dominant RPE for a given exer-
cise mode may explain a greater amount of variance in VO 2 max (i.e., is a better 
predictor) than the undifferentiated RPE-O. For resistance exercise, only differenti-
ated RPE for the active muscle mass (RPE-AM) has been used in statistical models 
to predict 1RM (Eston and Evans  2009 ; Robertson et al.  2008 ).  

8.1.6    Cross-Validation of RPE-Based Prediction Models 

 From a research perspective, statistical prediction models can be developed for the 
fi eld setting that do not require actual measurement of VO 2 . These statistical models 
must be validated in one sample of subjects then cross-validated in a separate but 
similar sample of subjects. For the initial validation study, subjects undergo two 
separate exercise trials: (1) a criterion VO 2 max test on a treadmill in a laboratory 
setting; and (2) a submaximal exercise protocol appropriate for administration in the 
fi eld setting during which RPE are measured. A statistical regression procedure is 
used to develop an equation to predict criterion measured VO 2 max using submaxi-
mal RPE responses measured during the fi eld test. This equation is used to calculate 
predicted VO 2 max for each subject. Criterion measured VO 2 max is then compared 
with predicted VO 2 max. If predicted VO 2 max is similar to actual measured VO 2 max 
(i.e., exhibiting no statistically signifi cant difference), the fi eld-based prediction 
model is deemed valid. 

 The statistical model developed and validated in one subject group is then cross- 
validated by testing the equation on a separate sample of subjects. For such a cross- 
validation study, the subjects also undergo two separate exercise trials: (1) a criterion 
VO 2 max test on a treadmill in a laboratory setting; and (2) the same submaximal 
exercise fi eld protocol used for the initial validation study, during which RPE are 
measured. This second, cross-validation sample should have similar characteristics 
(i.e., age, sex, PA level) as the initial validation sample used to develop the RPE- 
based prediction equation. Generally, the more specifi c the population for which the 
prediction equation is designed, the less error there will be in the predicted VO 2 max 
using criterion variables measured under fi eld conditions. Predicted VO 2 max, calcu-
lated using the previously developed equation, is compared with actual measured 
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VO 2 max using the cross-validation subject sample. If predicted VO 2 max is similar 
to actual measured VO 2 max, then the fi eld-based prediction equation has been 
 successfully cross-validated using an independently selected subject sample. 
The equation could then be used to predict VO 2 max for similar individuals in a 
health-fi tness facility where respiratory-metabolic instrumentation is unavailable.  

8.1.7     A Perceptually Regulated Exercise Test to Predict 
VO 2 peak 

 Eston and colleagues ( 2005 ) developed an alternative type of submaximal exercise 
test to predict cycle ergometer VO 2 peak in healthy adults. This exercise is in con-
trast to commonly used protocols that employ specifi c increments in power output 
to produce a systematic increase in exercise intensity. This exercise test is perceptu-
ally regulated using step-wise increments in RPE that are produced sequentially to 
progressively increase exercise intensity. Using the Borg (6–20) Scale, at each 
2-min test stage subjects were asked to self-regulate exercise intensity by producing 
the following RPE’s: 9, 11, 13, 15, and 17. VO 2  was recorded near the end of each 
stage. Linear regression was used to develop equations for the relation between RPE 
and the corresponding submaximal VO 2  response. To predict VO 2 peak, RPEmax 
(i.e., Borg Scale RPE of 20) was entered into the regression equations. The percep-
tually regulated exercise test and subsequent prediction equation d procedures were 
repeated two additional times to test the effects of protocol familiarity on VO 2 peak 
prediction. The results of the investigation found that equations developed using 
RPE’s 9 through 15 and RPE’s 9 through 17 both predicted VO 2 peak with reason-
able accuracy. However, the equation developed using RPE’s 9 through 17 was 
more precise, predicting most subjects’ VO 2 peak within 5–7 ml·kg −1  min −1 . In addi-
tion, the accuracy of such prediction was improved with practice, evidenced by a 
closer agreement of predicted and measured VO 2 peak between trials two and three 
than between trials one and two (Eston et al.  2005 ). Subsequent investigations con-
fi rmed the ability of perceptually regulated exercise tests to predict VO 2 max/peak in 
both active and sedentary adults performing cycle ergometer exercise (Eston et al. 
 2006 ,  2008 ; Faulkner et al.  2007 ; Morris et al.  2009 ) and treadmill exercise (Eston 
et al.  2012 ; Morris et al.  2010 ), as well as in able-bodied individuals and paraplegics 
performing arm ergometery (Al-Rahamneh and Eston  2011 ).  

8.1.8     Submaximal Tests to Assess Training-Induced 
Fitness Changes 

 An advantage of exercise tests used to predict VO 2 max/peak and 1RM is that they 
can also use submaximal end-points to assess training induced fi tness changes. If the 
same procedures are performed prior to the initiation of an exercise training program 
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and after a designated amount of time participating in the exercise  program, pre- and 
post-training submaximal values can be compared. This can be accomplished using 
either load-incremented estimation protocols or perceptually regulated protocols. 
For an estimation protocol, HR and RPE measured during a given workload (i.e., 
exercise intensity) can be compared before and after training. For a given exercise 
intensity, decreases in HR reveal a lowered physiological strain to perform the fi xed 
intensity and an improvement in cardiorespiratory fi tness. Pre- to post-training 
decreases in RPE when measured at a given PO (intensity) indicates that the percep-
tion of effort associated with a given level of exercise is comparatively lower follow-
ing a training program. A lower perception of exertion fatigue at a given workload 
indicates improved tolerance of that exercise intensity and as such an improvement 
in cardiorespiratory fi tness. In addition, this perceptual training adaptation allows 
the individual to perform the given exercise intensity for a greater amount of time. 

 This perceptual training adaptation holds true for resistance exercise training 
programs as well. That is, for a given weight lifted, the perception of exertion 
decreases from pre- to post-training. A decrease in RPE for a given resistance load 
indicates improved muscular strength and the ability to perform a lift of that weight 
for a higher number of repetitions after training. Likewise, for a perceptually regu-
lated aerobic exercise protocol, if a given RPE is produced by self-regulating exer-
cise at a higher workload following training, this decreased perception of exertion 
indicates an improved exercise tolerance.  

8.1.9    Case Study 

8.1.9.1    Client Information 

 A 55-year-old female who works in a local offi ce building comes to your fi tness 
facility. During a pre-participation interview prior to exercise testing, she tells you 
that she walks her dog each evening after dinner. She describes how she recently 
completed an offi ce fi tness challenge that involved counting steps each week and 
learned that she does not exercise nearly as much as others in the offi ce nor does she 
meet recommended guidelines for regular PA participation. She is slightly over-
weight and believes her fi tness level to be below average. Her goals are to lose 
weight, increase aerobic fi tness and improve muscular strength. She is very busy at 
the offi ce and cannot increase her time available to exercise. She knows she should 
try to exercise at a higher intensity but is not sure what level is appropriate for her. 
Also, she wants to learn how she can keep her muscle tone using the resistance 
equipment that is available through her offi ce wellness center.  

8.1.9.2    Assessments, Results and Analysis 

 Perform submaximal exercise protocols to predict VO 2 max/peak and/or muscular 
strength (1RM) using RPE from which appropriate exercise intensities can be deter-
mined to achieve weight loss, aerobic fi tness, and muscular strength goals.
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    1.    Calculate predicted VO 2 max/peak:   
   2.    Determine the appropriate exercise intensity for her initial aerobic exercise 

prescription.   
   3.    Calculate predicted 1RM:   
   4.    Determine an appropriate load for the resistance exercises to be performed for 

her initial resistance exercise prescription.    

8.2        Methods 

8.2.1    Treadmill Procedures: Prediction of VO 2 max 

8.2.1.1    Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig. A.2)   
   2.    Treadmill   
   3.    HR monitor   
   4.    Respiratory-metabolic measurement system      

8.2.1.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Walk/Run RPE Scale for 

RPE-O to the subject (Appendix B.1). For prediction of VO 2 max using differen-
tiated RPE (RPE-L and RPE-C) as well, read the standard instructions for the 
Adult OMNI-Walk/Run RPE Scale for undifferentiated and differentiated RPE 
(Appendix B.2). Perform the memory anchoring procedure as described in 
Chap.   5    .      

8.2.1.3    Graded Exercise Test to Measure VO 2 max 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be performed by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.
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    (a)    Begin the warm-up at 1.5 miles·h −1  and 0% grade for 3 min.   
   (b)    Each exercise test stage will last for 3 min. The stages progress as follows:

   Stage 1—1.7 miles·h −1  and 10 % grade  
  Stage 2—2.5 miles·h −1  and 12 % grade  
  Stage 3—3.4 miles·h −1  and 14 % grade  
  Stage 4—4.2 miles·h −1  and 16 % grade  
  Stage 5—5.0 miles·h −1  and 18 % grade  
  Stage 6—5.5 miles·h −1  and 20 % grade  
  Stage 7—6.0 miles·h −1  and 22 % grade  
  Stage 8—6.5 miles·h −1  and 24 % grade      

   (c)    When the subject cannot continue any longer, terminate the exercise test by 
initiating the cool-down period at 1.5 miles h −1  and 0 % grade. The cool- 
down should be 5 min in duration.   

   (d)    Instruct the subject to estimate RPE starting at 2:30 of each exercise stage 
using the OMNI Scale (RPE-O; RPE-L and RPE-C if desired). The RPE’s 
should be rated in a counterbalanced sequence. Because the position of 
respiratory-metabolic mouth piece inhibits a verbal response, instruct the 
subject to point to the numbers on the RPE scale, which should be conve-
niently positioned within the subject’s arm reach. State aloud the numerical 
ratings for each momentary assessment to which the subject pointed and 
request a confi rmatory nod that the number stated was correct. If incorrect, 
allow the subject to point to the appropriate rating on the RPE scale once 
more. Ask the subject to hold his or her fi nger on the appropriate number on 
the scale for approximately 1 s.   

   (e)    Record HR (b·min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  (ml·kg −1 ·min −1 ) for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded at the end of the test.          

8.2.1.4    Submaximal Protocol to Predict VO 2 max 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review termination procedures. 
The subject should be reminded not to step off the treadmill belt while it is still 
in motion.   

   3.    Three submaximal exercise intensities will be performed. Select the intensity 
sequence from Table  8.1  that is consistent with the subject’s training status.

     (a)    The subject will perform each exercise intensity (A, B, and C) for 4 min with 
a 5-min seated recovery between each exercise.   

   (b)    Instruct the subject to estimate RPE-O (RPE-L and RPE-C are optional) at 
1:30 and 3:30 of each exercise intensity using the OMNI Scale. The RPE’s 
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should be rated in a counterbalanced sequence. Because the position of the 
respiratory- metabolic mouth piece inhibits a verbal response, instruct the 
subject to point to the numbers on the RPE scale, which should be conve-
niently positioned within the subject’s arm reach. State aloud the numerical 
ratings for each momentary assessment to which the subject pointed and 
request a confi rmatory nod that the number stated was correct. If incorrect, 
allow the subject to point to the appropriate rating on the RPE scale once 
more. Ask the subject to hold his or her fi nger on the appropriate number on 
the scale for approximately 1 s.   

   (c)    Record HR (b·min −1 ) every 2 min of each exercise intensity.   
   (d)    Record the fi nal 15-s VO 2  (ml·kg −1 ·min −1 ) for each 2-min segment of 

exercise.    

8.2.1.5          Data Organization and Analysis 

        1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Intensity (A, B, C), VO 2  (ml·kg −1 ·min −1 ), OMNI RPE-O, HR 
(b·min −1 ). Include columns for OMNI RPE-L and OMNI RPE-C if applicable.   

   2.    Plot of VO 2  and OMNI RPE-O for prediction of VO 2 max.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-O. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the OMNI RPE-O values. After the values are high-
lighted click the icon on the box that appeared. Then click on the icon to the 
right of the  SERIES Y VALUES  text box and highlight the VO 2  values. 
After the values are highlighted click the icon on the box that appeared. 
Click  OK  on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-O on the  x -axis and 
VO 2  on the  y -axis. Create a title for the plot and enter the appropriate axis 
labels and units of measure. 

   *Methodological note: During aerobic exercise, RPE increases linearly with 
increases in both physical (PO, speed, grade) and physiological (HR, VO 2 ) 
analogs of exercise intensity. Therefore, this laboratory experiment uses a 
linear equation to predict VO 2 max.   

      Table 8.1    Exercise intensities for submaximal treadmill protocol   

 Exercise intensity  Mode  Trained (speed/grade)  Sedentary or untrained (speed/grade) 

 A  Walk  2.5 miles·h −1 /0.0 %  1.5 miles·h −1 /0.0 % 
 B  Walk  3.5 miles·h −1 /5.0 %  2.5 miles·h −1 /5.0 % 
 C  Run  5.0 miles·h −1 /2.5 %  4.0 miles·h −1 /2.5 % 
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   (d)    To determine the equation from which VO 2 max will be predicted, click on 
one of the data points to highlight the entire data series. Right click on one 
of the data points and a menu will appear. Click  ADD TRENDLINE  and the 
 FORMAT TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear equation to calculate predicted VO 2 max. Use the OMNI 
RPE-O of 10 as the “x” value in the equation and solve for “y.” The calcu-
lated “y” value is the predicted VO 2 max (ml·kg −1 ·min −1 ).    

      3.    Repeat the above steps for VO 2  and HR to determine VO 2 max predicted from 
submaximal HR, using APMHR as the “x” value in the prediction equation. You 
may also determine predicted VO 2 max using differentiated OMNI RPE’s (RPE-L 
and RPE-C), also using the OMNI RPE-L and -C of 10.   

   4.    An example of these procedures with a screenshot depicting each step as per-
formed using Microsoft Excel 2013 can be found in Appendix E.       

8.2.2    Cycle Ergometer Procedures: Prediction of VO 2 peak 

8.2.2.1    Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Cycle ergometer   
   3.    Metronome   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

8.2.2.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale for RPE-L 

to the subject (Appendix B.4). For prediction of VO 2 peak using undifferentiated 
RPE (RPE-O) and differentiated RPE for chest/breathing (RPE-C) as well, read 
the standard instructions for the Adult OMNI-Cycle RPE Scale for undifferenti-
ated and differentiated RPE to the subject (Appendix B.5). Perform the memory 
anchoring procedure as described in Chap.   5    .      

8.2.2.3    Graded Exercise Test to Measure VO 2 peak 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
there should be a fl exion of the right knee of approximately 5°.   

8.2 Methods
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   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev min −1  pedal cadence. Set the metro-
nome to 100 b·min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds, terminate the exercise test.   

   (e)    Instruct the subject to estimate RPE starting at 1:30 of each exercise stage 
using the OMNI Scale (RPE-L; RPE-O, and RPE-C if desired). The RPE’s 
should be rated in a counterbalanced sequence. Because the position of the 
respiratory-metabolic mouth piece inhibits a verbal response, instruct the 
subject to point to the numbers on the RPE scale, which should be conve-
niently positioned within the subject’s arm reach. For each momentary 
assessment, state aloud the numerical ratings to which the subject pointed 
and request a confi rmatory nod that the number stated was correct. If incor-
rect, allow the subject to point to the appropriate rating on the RPE scale 
once more. Ask the subject to hold his or her fi nger on the appropriate num-
ber on the scale for approximately 1 s.   

   (f)    Record HR (b·min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  (l·min −1 ) for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the test.          

8.2.2.4    Submaximal Protocol to Predict VO 2 peak 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to maintain a 50 rev min −1  pedal cadence. Set the metronome 
to 100 b·min −1  so each downward movement of each foot is synchronized with a 
beat of the metronome. The subject may also use the digital monitor on the cycle 
control panel to regulate pedal cadence.   

   3.    Three submaximal exercise intensities will be performed. Select the intensity 
sequence from Tables  8.2  or  8.3  that is consistent with the subject’s training status.

      (a)    The subject will perform each exercise intensity (A, B, and C) for 4 min with 
a 5-min seated recovery between each exercise. Terminate exercise if the 
subject cannot maintain the 50 rev min −1  pedal cadence for 10 consecutive 
seconds owing to fatigue.   
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   (b)    Instruct the subject to estimate RPE-L at 1:30 and 3:30 of each exercise 
intensity using the OMNI Scale (RPE-O and RPE-C are optional). The 
RPE’s should be rated in a counterbalanced sequence. Because the position 
of the respiratory- metabolic mouth piece inhibits a verbal response, instruct 
the subject to point to the numbers on the RPE scale, which should be con-
veniently positioned within the subject’s arm reach. State aloud the numeri-
cal ratings for each momentary assessment to which the subject pointed and 
request a confi rmatory nod that the number stated was correct. If incorrect, 
allow the subject to point to the appropriate rating on the RPE scale once 
more. Ask the subject to hold his or her fi nger on the appropriate number on 
the scale for approximately 1 s.   

   (c)    Record HR (b·min −1 ) every two minutes of each exercise intensity.   
   (d)    Record the fi nal 15-s VO 2  (l·min −1 ) for each two minute segment of exercise.    

8.2.2.5          Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Intensity (A, B, C), VO 2  (l min −1 ), OMNI RPE-L, HR (b·min −1 ). 
Include columns for OMNI RPE-O and OMNI RPE-C if applicable.   

   2.    Plot of VO 2  and OMNI RPE-L for prediction of VO 2 peak.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the 
 LEGEND ENTRIES  text box then click  ADD . Under  SERIES NAME , 
enter VO 2  and OMNI RPE-L. Then click on the icon to the right of the 
 SERIES X VALUES  text box and highlight the OMNI RPE-L values. 

   Table 8.2    Exercise intensities for submaximal, electronically braked cycle ergometer protocol   

 Exercise 
intensity 

 Trained 
males (W) 

 Trained 
females (W) 

 Sedentary/untrained 
males (W) 

 Sedentary/untrained 
females (W) 

 A   50   25   50  25 
 B  100   75   75  50 
 C  150  125  100  75 

   Table 8.3    Exercise intensities for submaximal, friction-loaded cycle ergometer protocol   

 Exercise 
intensity 

 Trained males 
(kg m min −1 ) 

 Trained females 
(kg m min −1 ) 

 Sedentary/untrained 
males (kg m min −1 ) 

 Sedentary/untrained 
females (kg m min −1 ) 

 A  300  150  300  150 
 B  600  450  450  300 
 C  900  750  600  450 
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After the values are highlighted click the icon on the box that appeared. 
Then click on the icon to the right of the  SERIES Y VALUES  text box and 
highlight the VO 2  values. After the values are highlighted click the icon on 
the box that appeared. Click  OK  on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-L on the  x -axis and VO 2  
on the  y -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure. 

    *Methodological note: During aerobic exercise, RPE increases linearly 
with increases in both physical (PO, speed, grade) and physiological (HR, 
VO 2 ) analogs of exercise intensity. Therefore, this laboratory experiment 
uses a linear equation to predict VO 2 max.   

   (d)    To determine the equation from which VO 2 peak will be predicted, click on 
one of the data points to highlight the entire data series. Right click on one 
of the data points and a menu will appear. Click  ADD TRENDLINE  and the 
 FORMAT TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear equation to calculate predicted VO 2 peak. Use the OMNI 
RPE-L of 10 as the “x” value in the equation and solve for “y.” The calcu-
lated “y” value is the predicted VO 2 peak (l min −1 ).    

      3.    Repeat the above steps using submaximal VO 2  and HR to predict VO 2 peak. Then 
calculated regression model uses APMHR as the “x” value in the prediction 
equation. You may also determine predicted VO 2 peak from OMNI RPE-O and 
RPE-C. This procedure uses the OMNI RPE of 10 as the “x” value.   

   4.    An example of these procedures with a screenshot depicting each step as per-
formed using Microsoft Excel 2013 can be found in Appendix E.       

8.2.3    Resistance Exercise Procedures: Prediction of 1RM 

8.2.3.1    Equipment 

     1.    Adult OMNI-Resistance Exercise RPE Scale (Fig. A.5)   
   2.    Resistance exercise equipment for performance of fl at bench press   
   3.    Metronome      

8.2.3.2    Pre-exercise Procedures 

 Read the standard instructions for the Adult OMNI-Resistance Exercise RPE Scale 
for RPE-AM to the subject (Appendix B). Perform the memory anchoring proce-
dure as described in Chap.   5    .  
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8.2.3.3    1RM Maximum Strength Test 

 Administer a 1RM procedure for assessment of muscular strength according to the 
procedures of Baechle and Earle ( 2008 ).

    1.    Instruct the subject to warm-up with a light resistance that can be performed for 
5–10 repetitions, then provide a 1-min rest.   

   2.    Estimate a warm-up load that will allow the subject to complete 3–5 repetitions 
by adding 10–20 lb (5–10% of previous weight lifted) for upper body exercise or 
30–40 lb (10–20% of previous weight lifted) for lower body exercise. At the 
conclusion of the warm-up, provide a 2-min rest.   

   3.    Estimate a conservative, near maximal load that will allow the subject to com-
plete 2–3 repetitions by adding 10–20 lb (5–10% of previous weight lifted) for 
upper body exercise or 30–40 lb (10–20% of previous weight lifted) for lower 
body exercise. Following completion of the lift, provide a 2-minute rest.   

   4.    Increase the resistance load by 10–20 lb (5–10% of previous weight lifted) for 
upper body exercise or 30–40 lb (10–20% of previous weight lifted) for lower 
body exercise and instruct the subject to attempt a 1RM.   

   5.    If the subject successfully completes the lift using proper technique, provide a 
2–4-min rest and repeat the previous step. If the subject failed to complete the lift 
owing to improper technique or having reached maximum muscle tension pro-
duction, provide a 2–4-min rest then decrease the resistance by 5–10 lb (2.5–5% 
of previous weight lifted) for upper body exercise or 15–20 lb (5–10% of previ-
ous weight lifted) for lower body exercise and instruct the subject to attempt a 
1RM using the adjusted weight.   

   6.    Continue increasing or decreasing the load until the subject can complete a 1RM 
with proper exercise technique.   

   7.    Instruct the subject to estimate OMNI RPE-AM at the end of each resistance 
exercise set.    

8.2.3.4      Submaximal Protocol to Predict 1RM 

     1.    Three submaximal exercise intensities will be performed. Select the intensity 
sequence from Table  8.4  that is consistent with the subject’s resistance training 
status.

       2.    The subject will perform each exercise intensity (A, B, and C) for one set of fi ve 
repetitions with a 5-min seated recovery between sets.   

   Table 8.4    Exercise intensities for submaximal resistance exercise protocol for bench press   

 Exercise 
intensity 

 Trained 
male 

 Trained 
female 

 Recreational 
male 

 Recreational 
female 

 Untrained 
male 

 Untrained 
female 

 A  120   60   80  40  40  20 
 B  150   80  110  60  60  40 
 C  180  100  140  80  80  60 

8.2 Methods
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   3.    Remind the subject to rate the intensity of feelings of exertion for the active 
muscle(s) during the concentric phase of the fi nal repetition of each set.   

   4.    Instruct the subject to estimate OMNI RPE-AM at the end of each resistance 
exercise set.      

8.2.3.5    Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following 
 variables: Exercise Intensity (A, B, C), Weight Lifted, and OMNI RPE-AM.   

   2.    Plot of Weight Lifted and OMNI RPE-AM for prediction of 1RM.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter Weight 
Lifted and OMNI RPE-AM. Then click on the icon to the right of the 
 SERIES X VALUES  text box and highlight the OMNI RPE-AM values. 
After the values are highlighted click the icon on the box that appeared. Then 
click on the icon to the right of the  SERIES Y VALUES  text box and high-
light the Weight Lifted values. After the values are highlighted click the icon 
on the box that appeared. Click  OK  on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-AM on the  x -axis and 
Weight Lifted on the  y -axis. Create a title for the plot and enter the appropri-
ate axis labels and units of measure. 

    *Methodological note: During resistance exercise, RPE increases linearly 
with increases in both physical (absolute weight lifted, %1RM) and physio-
logical (blood lactate concentration) analogs of exercise intensity. Therefore, 
this laboratory experiment uses a linear equation to predict 1RM.   

   (d)    To determine the equation from which 1RM will be predicted, click on one 
of the data points to highlight the entire data series. Right click on one of the 
data points and a menu will appear. Click  ADD TRENDLINE  and the 
 FORMAT TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear regression equation to calculate predicted 1RM. Use the 
OMNI RPE-AM of 10 as the “x” value in the equation and solve for “y.” The 
calculated “y” value is the predicted 1RM (lbs).       

   3.    An example of these procedures with a screenshot depicting each step as per-
formed using Microsoft Excel 2013 can be found in Appendix E.        
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8.3    Discussion Questions 

     1.    How does VO 2 max/peak or 1RM that is predicted using responses from a 
 submaximal exercise protocol compare to the actual measured VO 2 max/peak or 
1RM? List some possible reasons why predicted values may differ from actual 
measured values.   

   2.    How can fi tness be tracked over time using a VO 2 max/peak or 1RM prediction 
protocol? What must be done to ensure the methods are sensitive to changes in 
aerobic or muscular fi tness?   

   3.    How could RPE be used to prescribe aerobic and resistance exercise intensity 
based on the results from a submaximal protocol to predict VO 2 max/peak or 
1RM?         
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    Chapter 9   
 The Estimation–Production Paradigm 
for Exercise Intensity Self-Regulation 

                     The  estimation–production paradigm  is a set of exercise test procedures designed to 
assess the validity of using RPE to prescribe and self-regulate exercise intensity. 
The paradigm is intended to evaluate an individual’s ability to accurately self- 
regulate exercise intensity according to a specifi ed  target RPE  or  target RPE range . 
The target RPE is produced and maintained by self-regulating exercise intensity. 
The target RPE is prescribed using the data derived from a pre-participation GXT 
also referred to as the  estimation trial . In a subsequent exercise training bout called 
the  production trial , the individual is instructed to produce the target RPE by self- 
adjusting exercise intensity in order to attain the target level of exertion. In an 
assessment of prescription congruence, physiological responses such as VO 2  and 
HR corresponding to the target RPE are compared between estimation and produc-
tion trials. This cross-trial comparison is used to determine the validity of exercise 
intensity self-regulation using a target RPE. Evidence for prescription congruence 
has been shown for adults and children performing various exercise modalities 
using both the Borg and OMNI Scales. The primary purpose of this laboratory 
experiment is to use an estimation–production paradigm to determine an individual’s 
ability to self-regulate exercise intensity using a target RPE range. 

9.1    Background 

9.1.1       The Estimation Protocol 

 The importance of the estimation protocol alone has been discussed in previous 
chapters. When proper anchoring procedures are performed and it is confi rmed 
that the individual’s perceptual responses conform to Borg’s Range Model, the 
estimation protocol allows the measurement of RPE from very low to maximal 
exercise intensity. The estimation protocol can be used to test the concurrent 
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validity of an RPE Scale. In this type of validity experiment, RPE is correlated 
with such physiological variables as VO 2  and HR that increase concurrently with 
increasing aerobic exercise intensity. 

 The measurement of RPE and corresponding physiological variables during an 
estimation protocol allows the prescription of an exercise intensity that provides an 
overload training stimulus for cardiorespiratory conditioning. This prescribed exer-
cise intensity can be based on a specifi c physiological marker such as the VT. The 
RPE-VT is then used as the target RPE for exercise prescription. Previous studies 
have shown RPE-VT to range from 5 to 7 on the OMNI Scale and 11 to 16 on the 
Borg Scale. Recently, Parfi tt and colleagues ( 2012 ) guided sedentary adults through 
an 8-week perceptually regulated exercise program. Using an estimation–produc-
tion paradigm, subjects were taught to self-regulate exercise intensity to produce an 
exertional level equivalent to 13 on the Borg Scale. The perceptually regulated train-
ing program resulted in signifi cant improvements in mean arterial pressure, total 
cholesterol, and body mass index over the 8-week period (Parfi tt et al.  2012 ). 

 An estimation protocol that employs corresponding physiological monitoring 
also allows the determination of an appropriate exercise intensity range to promote 
cardiorespiratory fi tness. This range can be based on specifi c VO 2  or HR values cor-
responding to a percent of maximum level or a percent of the VT. The appropriate 
exercise intensity range to elicit improvement in cardiorespiratory fi tness depends 
on the training level of the individual (Garber et al.  2011 ). Regular aerobic exercise 
at intensities between 70 and 85 % of VO 2 max is an accepted range to provide an 
overload stimulus to enhance cardiorespiratory fi tness (Robertson  2004 ), even in 
trained individuals (Midgley et al.  2006 ). Therefore, the RPE’s corresponding to 70 
and 85 % of VO 2 max can serve as an appropriate target perceptual range for exercise 
prescription. However, intensities as low as 30 % of VO 2  reserve may be suffi cient 
to improve cardiorespiratory fi tness in low fi t individuals (Swain and Franklin  2002 ) 
and very high exercise intensities may be necessary for trained runners to improve 
cardiorespiratory fi tness (Midgley et al.  2006 ). Individual aerobic fi tness level must 
be taken into account prior to exercise intensity prescription, even when the over-
load stimulus is expressed in relative terms.  

9.1.2    The Production Protocol 

 The production exercise protocol is administered after the estimation exercise pro-
tocol. When the individual begins exercise, he/she is asked to self-regulate exercise 
intensity to produce the target RPE or target RPE range that has been prescribed 
based on the responses to the estimation protocol. The individual is instructed to 
adjust exercise intensity throughout the production protocol in order to continually 
produce the prescribed target RPE (range). VO 2  and/or HR are monitored just as 
during the estimation protocol so that physiological values can be compared 
between trials to document validity of the self-regulation procedures. If the indi-
vidual  accurately self-regulated exercise intensity by producing the target RPE(s), 
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the physiological responses from the production trial should be similar to those 
corresponding to the same target RPE(s) derived from the estimation trial. This is 
termed  prescription congruence  (Robertson et al.  2002 ). If the physiological values 
are different between the estimation and production protocols when measured at the 
prescribed target RPE, then it is said that the individual is exhibiting  exercise inten-
sity self-regulation error . The validity of exercise intensity self-regulation using a 
target RPE can be tested with an assessment of prescription congruence. Evidence 
for prescription congruence has been shown in studies of cycle ergometry, arm 
ergometry and treadmill exercise for children and adults (Dunbar et al.  1992 ,  1994 ; 
Dunbar and Kalinski  2004 ; Kang et al.  1998 ,  2003 ,  2009 ; Parfi tt et al.  2007 ; 
Robertson et al.  2002 ), including children with cystic fi brosis (Higgins et al.  2013 ) 
and adults with cardiovascular disease (Weiser et al.  2007 ). 

 Robertson and colleagues ( 2002 ) confi rmed prescription congruence in 8–12 
year-old children during cycle ergometer exercise. During two separate 6-min pro-
duction trials, the children were instructed to produce the target RPE’s 2 and 6 from 
the Children’s OMNI Cycle Scale in either ascending or descending order. 
Prescription congruence was exhibited for both target RPE’s using HR and VO 2 . 
Neither the order of target RPE production nor gender had an effect on the accuracy 
of exercise intensity self-regulation (Robertson et al.  2002 ). 

 Weiser and colleagues ( 2007 ) presented evidence for prescription congruence for 
cycle ergometer exercise in cardiovascular disease patients participating in cardiac 
rehabilitation. During the fi rst 6-min production trial, patients produced a target 
Borg Scale RPE of 13. During the second 6-min production trial, patients were 
instructed to begin exercise by producing an RPE of 11 then adjust intensity to pro-
duce a target RPE of 13 for minutes 3 through 6. The researchers termed this proce-
dure an RPE “step-up” procedure, positing that it would reduce the likelihood of 
overshoot, or producing an intensity higher than the target. Overshoot production 
could be potentially hazardous in this population, putting them at risk of an untow-
ard cardiovascular event during exercise. Prescription congruence was confi rmed 
since HR corresponding to an RPE of 13 measured during the estimation trial was 
similar to HR at the end of both production trials. In addition, the RPE step-up pro-
cedure resulted in signifi cantly less patients producing a HR that was higher than 
the target intensity (Weiser et al.  2007 ).  

9.1.3    Intramodal Versus Intermodal Prescription Congruence 

 The aforementioned studies examined prescription congruence using a single exer-
cise mode. Thus, the experimental paradigm involved  intramodal  prescription con-
gruence, where estimation and production protocols employed the same exercise 
modality. For example, target RPE’s obtained from a cycle ergometer estimation 
protocol were used to self-regulate exercise intensity during cycle ergometer pro-
duction protocols. Normally, target RPE’s are based on a predetermined %VO 2 max/
peak. However, VO 2 max/peak varies with differing exercise modalities. As such, it 
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is necessary to examine the validity of intermodal estimation–production paradigms 
to prescribe and self-regulate exercise intensity using a target RPE. It is possible 
that an exercise prescription could involve the production of a target RPE using 
multiple modes of exercise. In this instance, multiple estimation protocols should be 
administered employing exercise modes that match those used in the production 
protocols. However, this poses a problem from a practical standpoint since multiple 
maximal GXTs would require additional burden for both client and exercise profes-
sional. Nevertheless there is an advantage in employing multiple exercise modes in 
a single conditioning session. In particular, such an approach to exercise program-
ming could improve PAE and increase participation. Therefore, some investigations 
have examined an assessment of prescription congruence between modes, i.e., 
 intermodal  or  cross-modal  prescription congruence. This paradigm involves estima-
tion and production protocols of differing modes of exercise. For example, target 
RPE’s obtained from a cycle ergometer estimation protocol can be used to self- 
regulate exercise intensity during a treadmill exercise production protocol or vice 
versa. The signifi cance of intermodal prescription congruence is the ability to 
require the performance of only one pre-participation GXT prior to a multimodal 
exercise prescription. 

 A study by Kang et al. ( 2003 ) tested intramodal and intermodal prescription con-
gruence for target OMNI Scale RPE’s corresponding to 50 and 70 % VO 2 max/peak 
in young physically active men and women. Estimation protocols and 20-min pro-
duction trials were performed for both cycle ergometer and treadmill exercise. 
Subjects were assigned to one of four groups: estimation and production protocols 
on a treadmill, estimation and production protocols on a cycle, estimation protocol 
on a treadmill and production protocol on a cycle, estimation protocol on a cycle 
and production protocol on a treadmill. Intramodal prescription congruence was 
confi rmed for treadmill and cycle ergometer exercise at 50 and 70 % VO 2 max/peak 
using HR and VO 2  as criterion variables. At only one time-point during the treadmill 
exercise production protocol was HR higher than the treadmill estimation protocol 
for a given target RPE. However, intermodal prescription congruence was not con-
fi rmed in this paradigm. For the treadmill estimation-cycle ergometer production 
group, VO 2  and HR were signifi cantly lower during the production protocol for both 
intensities. For the cycle ergometer estimation-treadmill production group, VO 2  and 
HR were signifi cantly higher during the production protocol for both intensities 
(Kang et al.  2003 ). 

 The results of the Kang et al. ( 2003 ) investigation reveal a problem that can arise 
when using an intermodal estimation–production paradigm to prescribe exercise 
intensity according to a target RPE. Physiological responses (VO 2 , HR) compared 
between treadmill and cycle ergometer exercise at the same level of exertion will be 
higher during treadmill exercise due to a higher metabolic rate and, subsequently, a 
higher HR and VO 2  (Robertson et al.  1990 ). Kang and colleagues ( 2003 ) conducted 
a post hoc comparison that normalized physiological variables measured during 
production protocols to mode-specifi c estimation trials performed by subjects in 
other groups. In that analysis, HR and VO 2  values were similar to 50 and 70 % 
VO 2 max/peak as expected (Kang et al.  2003 ). From a practical standpoint, an 
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 estimation protocol employing a single exercise mode (i.e., treadmill or cycle) may 
be used to identify a target RPE to self-regulate exercise intensity during production 
protocols of various exercise modalities. It should be expected that physiological 
responses may change with the metabolic demands of different types of exercise. 
Regardless, a number of investigations have found evidence for intermodal pre-
scription congruence as evidenced by similar physiological responses between esti-
mation and production modes with assessment undertaken at the same target RPE. 

 Dunbar and colleagues ( 1992 ) presented evidence for intramodal and intermodal 
prescription congruence in 17–35-year-old men ranging from sedentary to very 
active. Subjects performed two estimation protocols, one on a cycle and one on a 
treadmill. These trials were used to calculate target RPE’s from the Borg Scale cor-
responding to 50 and 70 % VO 2 max/peak. Subjects then performed four production 
protocols; two on a cycle and two on a treadmill, each involving self-regulation of 
exercise intensity at target RPE’s corresponding to 50 and 70 % VO 2 max/peak. Each 
exercise bout was 8 min in duration with 5 min of rest between intensities. Both 
intramodal and intermodal prescription congruence was confi rmed for the produc-
tion trials using target RPE’s derived from the cycle ergometer estimation trial. VO 2  
and HR values corresponding to 50 and 70 % VO 2 peak measured during the cycle 
ergometer estimation trial were similar to VO 2  and HR measured during the produc-
tion trials performed on both the cycle and treadmill. Intermodal prescription con-
gruence was confi rmed for the cycle ergometer production trial using target RPE’s 
derived from the treadmill estimation trial. However, intramodal prescription con-
gruence for treadmill exercise was confi rmed only using the target RPE correspond-
ing to 50 % VO 2 max. During the production protocol using the target RPE 
corresponding to 70 % VO 2 max, subjects selected a lower treadmill intensity result-
ing in lower VO 2  and HR values (Dunbar et al.  1992 ). 

 In a similar design, Dunbar and colleagues ( 1994 ) tested intramodal and inter-
modal prescription congruence in active college-aged men. Following a cycle 
ergometer estimation protocol, four 25-min production protocols were performed at 
a target RPE (Borg Scale) corresponding to 60 % VO 2 peak. Two production proto-
cols were performed on a cycle ergometer to test intramodal prescription congru-
ence and the reproducibility of cycle ergometer exercise intensity self-regulation. 
Two production protocols were performed on a treadmill to test intermodal pre-
scription congruence and the reproducibility of treadmill exercise intensity self- 
regulation. Interestingly, intermodal prescription congruence was confi rmed but 
intramodal prescription congruence was not. VO 2  and HR values were similar at 
60 % VO 2 peak during the cycle ergometer estimation trial and throughout both 
treadmill production protocols. VO 2  values were similar for only one of the cycle 
ergometer production protocols, but signifi cantly lower for the other. HR values 
were signifi cantly lower than the estimation protocol during both cycle ergometer 
production protocols (Dunbar et al.  1994 ). These results indicate a somewhat better 
ability of the subjects tested to self-regulate exercise intensity during treadmill exer-
cise than cycle ergometer exercise. 

 Higgins and colleagues ( 2013 ) presented evidence for prescription congruence 
in 10–17 year-old children with cystic fi brosis during cycle ergometer and treadmill 
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exercise. First, the subjects performed an estimation protocol on a cycle ergometer. 
Then, two separate 10-min production protocols were employed. The fi rst protocol 
was performed on a cycle ergometer to assess intramodal prescription congruence, 
while the second was performed on a treadmill to assess intermodal prescription 
congruence. The children were instructed to self-regulate exercise intensity at target 
RPE’s of 4 and 7 using the Children’s OMNI Cycle RPE Scale. Both protocols were 
performed using an interval exercise format during which the children alternated 
between the target RPE’s of 4 and 7 performed for 2-min intervals. Intervals 1, 3 and 
5 were performed at an RPE of 4, while intervals 2 and 4 were performed at an RPE 
of 7. VO 2  and HR from both the cycle ergometer and treadmill production protocols 
were compared to the values measured during the cycle ergometer GXT. Prescription 
congruence was not confi rmed at an RPE of 4 during the cycle production protocol. 
VO 2  and HR were signifi cantly higher during the production protocol than the esti-
mation protocol. Prescription congruence was confi rmed at an RPE of 4 during the 
treadmill production protocol and at an RPE of 7 for both the cycle and treadmill 
production protocols (Higgins et al.  2013 ).  

9.1.4    Teleoanticipation to Improve Prescription Congruence 

 The studies by Dunbar and colleagues ( 1992 ,  1994 ) and, more recently, Higgins 
et al. ( 2013 ) largely support prescription congruence, but some inconsistencies have 
been shown for both intramodal and intermodal perceptual prescription procedures. 
Prescription congruence data were also inconsistent in a study of cycle ergometry 
and outdoor track walking/running in overweight children (Ward and Bar-Or  1990 ). 
Therefore, additional instruction, practice, and feedback may be necessary for some 
individuals to accurately self-regulate exercise intensity using a target RPE, whether 
the estimation trial is mode-specifi c or not. 

 The physiological values corresponding to target RPE(s) should be measured 
during the estimation protocol prior to performance of the production protocol. 
These same physiological values can be monitored during the production protocol 
to provide feedback to the individual regarding the accuracy of exercise intensity 
self-regulation according to a target RPE. If the individual is accurately self- 
regulating exercise intensity, positive reinforcement can be given. Evidence that 
the individual is exhibiting exercise intensity self-regulation error by either over-
shooting or undershooting the target level is provided by the VO 2  and HR 
responses. When such self-regulation error is present, feedback can be provided 
that exercise intensity should be either decreased or increased to attain the desired 
level. This would be considered a form of  teleoanticipation , whereby feedback is 
given during practice exercise trials prior to participation in an actual exercise 
program (Ulmer  1996 ). Providing an individual with multiple production proto-
cols, or pre- participation practice trials, and simultaneously giving appropriate 
feedback regarding correction of self-regulation error may improve prescription 
congruence, i.e., avoid exercise intensity self-regulation error. 
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 Dunbar and Kalinski ( 2004 ) conducted a 20-week cycle ergometer exercise 
training study in postmenopausal women. Target RPE’s were identifi ed for intensi-
ties corresponding to 40, 50 and 60 % of VO 2 peak during an initial pre-participation 
GXT. This testing protocol allowed the training intensity to be increased throughout 
the fi rst 5 weeks of the exercise program. Specifi cally, exercise intensity was self- 
regulated at the target RPE corresponding to 40 % VO 2 peak during the fi rst 2 weeks, 
50 % VO 2 peak during weeks 3 and 4, and 60 % VO 2 peak from weeks 5 through 20. 
Prescription congruence was tested by comparing the average HR achieved during 
exercise training bouts to the HR corresponding to target RPE’s achieved during the 
pre-participation GXT. At week 2, prescription congruence was confi rmed for the 
target RPE corresponding to 40 % VO 2 peak. At week 4, prescription congruence 
was not confi rmed for the target RPE corresponding to 50 % VO 2 peak since HR 
values were signifi cantly lower than the target values. At weeks 6 and 10, HR values 
were again signifi cantly lower than the target values corresponding to 60 % VO 2 peak. 
At week 20, prescription congruence was confi rmed for the target RPE correspond-
ing to 60 % VO 2 peak. These results indicate that the women in the study were able 
to accurately self-regulate exercise intensity at an RPE corresponding to 40 % 
VO 2 peak, but that several weeks of practice might be necessary to accurately self-
regulate exercise intensity above 40 % VO 2 peak where a target RPE is employed. 
The researchers provided the subjects with no feedback regarding exercise intensity 
self-regulation, i.e., the women were not instructed to either increase or decrease 
exercise intensity when they were respectively under- or over-producing intensity at 
RPE’s corresponding to 50 and 60 % VO 2 peak (Dunbar and Kalinski  2004 ). In this 
case, teleoanticipation administered during the pre-participation period may have 
improved the women’s accuracy in exercise intensity self- regulation at intensities 
above 40 % VO 2 peak.  

9.1.5     Differentiated RPE for Exercise Intensity 
Self-Regulation 

 The undifferentiated perceptual rating for the overall body may not always be the 
best choice to prescribe a target RPE to self-regulate exercise intensity. It has been 
shown that an RPE differentiated to the legs (RPE-L) often provides the dominant 
perceptual signal during treadmill and cycle ergometer exercise. Therefore, pre-
scribing and self-regulating exercise intensity using a target RPE-L may be prefer-
able under some conditions. That is, choosing the comparatively more intense 
differentiated RPE signal for exercise intensity self-regulation can help the indi-
vidual stay within functionally and perceptually tolerable limits (Robertson  2004 ). 

 Using a differentiated RPE for exercise prescription can be particularly useful 
when developing an exercise program for individuals with certain clinical disor-
ders. Self-regulating exercise intensity based on RPE differentiated to the chest and 
breathing (RPE-C) is appropriate for those who experience exertional dyspnea, 
including individuals with pulmonary limitations such as (exercise-induced) 
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asthma, chronic obstructive pulmonary disorders, or cystic fi brosis. In addition, the 
use of RPE-L or RPE differentiated to the arms is appropriate in the rehabilitation 
setting for limb-specifi c exercises following (neuro)muscular or articular injury 
(Robertson  2004 ).  

9.1.6    Exercise Intensity Self-Regulation Using RPE Versus HR 

 A unique advantage of an RPE-based exercise prescription compared to traditional 
exercise prescriptions that are based on absolute exercise intensity and/or HR can 
be seen in the perceptual production protocol. A traditional HR-based exercise 
prescription involves determining a target HR or HR range. Similar to a target 
RPE, target HR’s are prescribed because they correspond to specifi c physiological 
intensities shown to provide an overload stimulus and elicit physiological benefi t 
when performed as part of a regular exercise program. In this procedure the train-
ing intensity is set at the VT or a certain percent of maximum. If the individual is 
adherent to the HR-based exercise prescription, aerobic fi tness level improves over 
time. As aerobic fi tness improves, the individual becomes more metabolically 
 effi cient at any given submaximal aerobic exercise intensity. Subsequently, less 
cardiorespiratory work is required to perform the same exercise intensity. Some 
exercise prescriptions employ an absolute intensity, such as a specifi c power out-
put setting on an ergometer. In the presence of a training induced increase in maxi-
mal aerobic power, the prescribed absolute intensity will no longer serve as an 
overload stimulus and physiological benefi ts will plateau. As aerobic fi tness 
increases, changes occur in the individuals overall HR range. Resting HR decreases 
as parasympathetic (vagal) tone increases. The HR required to produce a specifi c 
aerobic metabolic demand may be different. In addition, HR is sensitive to 
 environmental extremes, such as high heat and humidity, which will not cause 
concomitant changes in VO 2 . Therefore, periodic exercise testing will be needed to 
reevaluate the individual’s maximal aerobic power and the HR values correspond-
ing to the target physiological intensity to ensure the continued effectiveness of the 
exercise program. 

 With an RPE-based exercise prescription, periodic reevaluation of maximal 
aerobic power over the time course of the conditioning program is not necessary. 
If the individual’s perceptual responses to the pre-participation GXT conform to 
predictions of Borg’s Range Model, it is assumed that the RPE response range 
will proportionately redistribute over the expected physiological range. In this 
case, the target RPE will continue to correspond with the desired physiological 
intensity required to produce an overload stimulus in the presence of either an 
increase or decrease in aerobic fi tness. For example, if the prescribed RPE corre-
sponds to the VT, the exertional level remains constant even though the absolute 
work and associated physiological response at the VT will increase consequent to 
training adaptation. In this context it is important that the RPE scale anchoring 
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procedures are appropriately administered, providing ample practice, feedback, 
and reinforcement. When these pre-participation conditions are met, exercise 
intensity self-regulation is accurate and the desired effects of the exercise pro-
gram are achieved.  

9.1.7    Case Study 

9.1.7.1    Client Information 

 A 40-year-old male who is already a member of your fi tness facility inquires about 
personal training. He tells you that he recently lost about 30 lb of body weight by 
participating in a nutrition program and using the elliptical trainer at the gym. He is 
happy with the weight loss and is now classifi ed as normal weight. However, he 
worries about being able to maintain the weight loss because he gets bored exercis-
ing on the elliptical trainer. He has recently started to run on the treadmill to improve 
his aerobic fi tness, but he would like to be able to run outside on a nice day. Using 
exercise tips provided as part of the nutrition program, he learned to exercise at an 
intensity based on HR measured on the elliptical trainer. However, he would like to 
learn a method of regulating exercise intensity that would be appropriate no matter 
where he exercises, be it at the fi tness facility, around his neighborhood, or on the 
new “rails to trails” course located outside of town.  

9.1.7.2    Assessments, Results and Analysis 

 Administer the estimation–production paradigm to the client to determine the 
appropriate intensity for exercise prescription and test the subject’s ability to self- 
regulate exercise intensity using a target RPE range.

  Using the estimation protocol: 

   1.    Determine VO 2 max.   
   2.    Determine the appropriate exercise intensity range for the subject’s initial aero-

bic exercise prescription.   
   3.    Calculate the corresponding physiological values that defi ne the exercise inten-

sity range.   
   4.    Identify the target RPE’s corresponding to the lower and upper limits of the pre-

scribed exercise intensity range.     

 Using the production trial, test the subject’s ability to self-regulate exercise 
intensity within the prescribed target RPE range by comparing physiological values 
collected during the production protocol to those corresponding to the target RPE’s 
measured during the estimation protocol.    
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9.2    Methods 

9.2.1    Treadmill Procedures 

9.2.1.1    Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig. A.2)   
   2.    Treadmill   
   3.    HR monitor   
   4.    Respiratory-metabolic measurement system      

9.2.1.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Walk/Run RPE Scaleto the 

subject to measure RPE-O (Appendix B.1). If measurement of differentiated RPE 
(RPE-L and/or RPE-C) is desired, read the standard instructions for the Adult 
OMNI-Walk/Run RPE Scale for undifferentiated and differentiated RPE (Appendix 
B.2). Perform the memory anchoring procedure as described in Chap.   5          

9.2.1.3    Graded Exercise Test: Estimation Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be administered by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.

    (a)    Begin the warm-up at 1.5 miles · h −1  and 0 % grade for 3 min.   
   (b)    Each exercise test stage will last for 3 min. The stages progress as follows:

   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

9 The Estimation–Production Paradigm for Exercise Intensity Self-Regulation

http://dx.doi.org/10.1007/978-1-4939-1917-8_5


121

   (c)    When the subject cannot continue any longer, terminate the exercise test by 
initiating the cool-down period at 1.5 miles · h −1  and 0 % grade. The cool-
down should be 5 min in duration.   

   (d)    Ask the subject to estimate RPE starting at 2:30 of each exercise stage. 
Because the position of the respiratory-metabolic mouth piece inhibits a ver-
bal response, instruct the subject to point to the numbers on the RPE scale, 
which should be conveniently positioned within the subject’s arm reach. 
State aloud the numerical ratings for each momentary assessment to which 
the subject pointed and request a confi rmatory nod that the number stated 
was correct. If incorrect, allow the subject to point to the appropriate rating 
on the RPE scale once more. Ask the subject to hold his or her fi nger on the 
appropriate number on the scale for approximately 1 s.   

   (e)    Record HR (b·min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  (ml · kg −1  · min −1 ) for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded at the end of the test.   
   (i)    Calculate the VO 2  (ml · kg −1  · min −1 ) associated with 70 and 85 % of VO 2 max. 

These values will be used to obtain the RPE’s corresponding to the upper 
and lower limits of the overload training zone to be performed during the 
production trial. An explanation of how to calculate this target RPE range 
will be presented in the data organization and analysis section below.          

9.2.1.4    Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (ml · kg −1  · min −1 ), OMNI RPE-O, HR (b·min −1 ).   

   2.    Plot of VO 2  and OMNI RPE-O for determination of the RPE corresponding to 
70 % VO 2 max, i.e., the lower limit of the target RPE range.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-O. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the OMNI RPE-O values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-O on the  y -axis and 
VO 2  on the  x -axis. Create a title for the plot and enter the appropriate axis 
labels and units of measure.   
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   (d)    To determine the RPE corresponding to 70 % VO 2 max, click on one of the 
data points to highlight the entire data series. Right click on one of the data 
points and a menu will appear. Click  ADD TRENDLINE  and the  FORMAT 
TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear equation to calculate the RPE corresponding to 70 % VO 2 max. 
Use VO 2  (ml · kg −1  · min −1 ) corresponding to 70 % VO 2 max as the “x” value 
in the equation and solve for “y.” The calculated “y” value, once rounded to 
the nearest whole integer, is the RPE corresponding to the lower limit of the 
target RPE range.    

      3.    Use the forgoing linear equation procedures to determine the RPE corresponding 
to 85 % VO 2 max, i.e., the upper limit of the target RPE range.   

   4.    An example of the procedures to determine an RPE corresponding to a specifi c 
%VO 2 max with a screenshot depicting each step as performed using Microsoft 
Excel 2013 can be found in Appendix D since these procedures are the same as 
those used for determination of RPE-VT.      

9.2.1.5    Production Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will slow down or stop the treadmill. The subject should be 
reminded not to step off the treadmill belt while it is still in motion.   

   3.    Start the treadmill at 3 miles · h −1  and 0 % grade for a 2-min warm-up.   
   4.    Following the warm-up, instruct the subject to exercise for 10 min within the 

predetermined target RPE range by adjusting the speed of the treadmill until the 
desired intensity is met.   

   5.    Record HR (b·min −1 ) every 2 min.   
   6.    Record the fi nal 15-s VO 2  (ml · kg · min −1 ) for each 1-min segment of exercise.   
   7.    Following the 10-min exercise, the treadmill should be set to 3 miles · h −1  and 0 % 

grade for a 2-min cool-down period.      

9.2.1.6    Production Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Time (minutes), VO 2  (ml · kg −1  · min −1 ), HR (b·min −1 ).   

   2.    Count the number of minutes in which the subject’s VO 2  was between 70 and 
85 % of VO 2 max. Divide that number by 10 then multiple by 100 to determine 
the percent of time the subject exercised in the overload training zone.   
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   3.    Count the number of minutes in which the subject’s VO 2  was lower than 70 % 
VO 2 max. Divide that number by 10 then multiple by 100 to determine the per-
cent of time the subject exercised below the overload training zone.   

   4.    Count the number of minutes in which the subject’s VO 2  was higher than 85 % 
VO 2 max. Divide that number by 10 then multiple by 100 to determine the per-
cent of time the subject exercised above the overload training zone.       

9.2.2    Cycle Ergometer Procedures 

9.2.2.1    Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Cycle ergometer   
   3.    Metronome   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

9.2.2.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale to the 

 subject to measure RPE-L (Appendix B.4). If measurement of undifferentiated 
RPE (RPE-O) or differentiated RPE for the chest/breathing (RPE-C) is desired, 
read the standard instructions for the Adult OMNI-Walk/Run RPE Scale for 
undifferentiated and differentiated RPE (Appendix B.5). Perform the memory 
anchoring procedure as described in Chap.   5    .      

9.2.2.3    Graded Exercise Test: Estimation Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5° of fl exion.   

   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is syn-
chronized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   
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   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds, terminate the exercise test.   

   (e)    Ask the subject to estimate RPE starting at 1:30 of each exercise stage. 
Because the position of the respiratory-metabolic mouth piece inhibits a ver-
bal response, instruct the subject to point to the numbers on the RPE scale, 
which should be conveniently positioned within the subject’s arm reach. 
State aloud the numerical ratings for each momentary assessment to which 
the subject pointed and request a confi rmatory nod that the number stated 
was correct. If incorrect, allow the subject to point to the appropriate rating 
on the RPE scale once more. Ask the subject to hold his or her fi nger on the 
appropriate number on the scale for approximately 1 s.   

   (f)    Record HR (b·min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  (l · min −1 ) for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the 

test.   
   (j)    Calculate the VO 2  (l · min −1 ) associated with 70 and 85 % of VO 2 peak, which 

will be used to obtain the RPE’s corresponding to the upper and lower limits 
of the overload training zone performed during the production trial. An 
explanation for the calculation of this target RPE range will be presented in 
the data organization and analysis section below.          

9.2.2.4    Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (l · min −1 ), OMNI RPE-L, HR (b·min −1 ).   

   2.    Plot of VO 2  and OMNI RPE-L for determination of the RPE corresponding to 
70 % VO 2 peak, i.e., the lower limit of the target RPE range.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-L. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the OMNI RPE-L values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-L on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   
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   (d)    To determine the RPE corresponding to 70 % VO 2 peak, click on one of the 
data points to highlight the entire data series. Right click on one of the data 
points and a menu will appear. Click  ADD TRENDLINE  and the  FORMAT 
TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear equation to calculate the RPE corresponding to 70 % VO 2 peak. 
Use VO 2  (l · min −1 ) corresponding to 70 % VO 2 peak as the “x” value in the 
equation and solve for “y.” The calculated “y” value, once rounded to 
the nearest whole integer, is the RPE corresponding to the lower limit of the 
target RPE range.    

      3.    Use the linear equation described above to determine the RPE corresponding to 
85 % VO 2 peak, i.e., the upper limit of the target RPE range.   

   4.    An example of the procedures to determine an RPE corresponding to a specifi c 
%VO 2 peak with a screenshot depicting each step as performed using Microsoft 
Excel 2013 can be found in Appendix D since these procedures are the same as 
those used for determination of RPE-VT.      

9.2.2.5    Production Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5° of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metronome 
to 100 beats · min −1  so each downward movement of each foot is synchronized 
with a beat of the metronome. The subject may also use the digital monitor on the 
cycle control panel to regulate pedal cadence.   

   4.    Instruct the subject to perform a 2-min warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resistance 

at 0.5 kg.       

   5.    Following the warm-up, instruct the subject to exercise for 10 min within the 
predetermined target RPE range by adjusting the power output or break resis-
tance until the desired intensity is met.   

   6.    Record HR (b·min −1 ) every 2 min.   
   7.    Record the fi nal 15-s VO 2  (l · min −1 ) for each 1-min segment of exercise.   
   8.    Following the 10-min exercise bout, instruct the subject to perform a 2-min cool- 

down period.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resistance 

at 0.5 kg.          
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9.2.2.6    Production Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Time (minutes), VO 2  (l · min −1 ).   

   2.    Count the number of minutes in which the subject’s VO 2  was between 70 and 
85 % of VO 2 peak. Divide that number by 10 then multiple by 100 to determine 
the percent of time the subject exercised in the overload training zone.   

   3.    Count the number of minutes in which the subject’s VO 2  was lower than 70 % 
VO 2 peak. Divide that number by 10 then multiple by 100 to determine the per-
cent of time the subject exercised below the overload training zone.   

   4.    Count the number of minutes in which the subject’s VO 2  was higher than 85 % 
VO 2 peak. Divide that number by 10 then multiple by 100 to determine the per-
cent of time the subject exercised above the overload training zone.        

9.3    Laboratory Discussion Questions 

     1.    What information can be collected during an estimation protocol that can be used 
to determine an appropriate intensity for a self-regulated exercise prescription? 
List various ways that exercise intensity or an exercise intensity range can be 
calculated using the information collected during a perceptual estimation 
protocol.   

   2.    Describe how the production protocol in an estimation–production paradigm 
provides data to test the validity of exercise intensity self-regulation using a tar-
get RPE.   

   3.    How did your subject’s VO 2  and HR responses compare between the estimation 
and production protocols when measurements were obtained within the target 
intensity range of 70–85 % VO 2 max/peak? Do the results of this perceptual esti-
mation–production paradigm provide evidence for prescription congruence?   

   4.    Describe methods that can be employed to assist the subject with exercise inten-
sity self-regulation during a perceptual production protocol.   

   5.    Describe the comparative advantages of using a target RPE rather than a target 
HR to self-regulate exercise intensity.      

9.4     Laboratory Addendum: Exercise Prescription 
for Resistance Exercise 

 Although the procedures used to determine 1RM can be considered a multi-stage 
GXT for resistance exercise and were presented as such regarding perceived exer-
tion scale validation in Chap.   6    , there is no production trial for resistance exercise 
that is analogous to a production trial used for aerobic exercise. The use of RPE 
to prescribe a resistance exercise program recognizes that, for a given intensity 
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(i.e., resistance or weight), perceived exertion increases as the number of repetitions 
increase. A set of resistance exercise begins by identifying a predetermined sub-
maximal weight that produces an a priori determined initial RPE. As the resistance 
exercise set continues (i.e., the number of repetitions increases), RPE increases until 
the point of exhaustion causing the individual to terminate exercise. For example, an 
individual could begin an exercise set using a resistance of 60 % 1RM. Initially, the 
individual might rate this intensity a 6 on the Adult OMNI-Resistance Exercise RPE 
Scale. As the individual performs the repetitions of that set, RPE increases until 
maximal exertion is achieved, i.e., a 10 on the OMNI Scale. 

 The systematic change in perceived exertion induced by a constant submaximal 
resistance exercise intensity allows for a unique prescriptive paradigm that is spe-
cifi c to the desired neuromuscular training outcomes: endurance, hypertrophy, 
strength. Robertson ( 2004 ) developed the Sliding RPE Zone System (Fig.  9.1 ) for 
individualized resistance exercise training using this paradigm. The system is ide-
ally suited to provide a progressive training stimulus that promotes muscular 
 endurance, hypertrophy, and/or strength, depending on the initial target RPE desig-
nated for each resistance exercise set. When muscular endurance is the goal of the 
resistance exercise prescription, an OMNI RPE of 3 is an ideal initial target, most 
likely resulting in a set of greater than 12 repetitions. When muscular hypertrophy 
is the goal, an OMNI RPE of 6 is an ideal initial target, most likely resulting in a set 
of 8–12 repetitions. When muscular strength is the goal, an OMNI RPE of 9 is an 
ideal initial target, most likely resulting in a set of 3–4 repetitions. For each resis-
tance exercise set, the individual is instructed to use trial and error to select a weight 
that produces the initial target RPE during a single lift. This process may require 

  Fig. 9.1    Sliding RPE Zone for Resistance Exercise Training (Robertson  2004 )       
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several attempts to identify the initial RPE for a given exercise type. Once the 
weight is selected, the individual begins the resistance exercise set with each repeti-
tion lasting approximately 4 s: 2 s in the concentric phase (i.e., lifting or pushing), 
2 s in the eccentric phase (i.e., lowering). Repetitions are performed until the point 
of volitional termination owing to exhaustion (i.e., an OMNI RPE of 10 is reached). 
Additional sets can be performed using the same initial target RPE for resistance 
exercise training to focus on the improvement of a single aspect of muscular fi tness. 
However, subsequent sets could vary the initial target RPE for the improvement of 
multiple aspects of muscular fi tness. The forgoing described method to prescribe an 
RPE-based resistance exercise program accommodates the individual’s unique lev-
els of strength, fatigue, and comfort. This occurs by allowing the individual to con-
trol the amount of weight lifted and the number of repetitions performed, which 
may improve adherence to such a resistance training program.

   Since the Sliding RPE Zone System is based on initial target RPE’s for each 
resistance exercise set, the assessment and reevaluation of 1RM is not necessary. 
The individual automatically increases the weight that corresponds to each initial 
target RPE as muscular strength and endurance increase. Therefore, the Sliding 
RPE Zone method continually provides the optimal overload training stimulus to 
enhance muscular fi tness. In addition, although it may be desirable to use the mea-
surement of 1RM to track individual improvement, progression can also be tracked 
by documenting the weight selected and repetitions performed throughout the train-
ing program.     
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    Chapter 10   
 Exercise Intensity Self-Regulation 
for Interval Exercise 

                    The estimation–production paradigm can be used to test an individual’s ability to 
 self-regulate exercise intensity at multiple target RPE’s, a skill that is necessary to 
perform RPE-based aerobic  interval  exercise. Prior to implementing an interval 
exercise prescription, an evaluation of intensity discrimination is warranted. This 
evaluation determines the individual’s ability to perceptually differentiate between 
separate levels of exertion such as are prescribed in an interval training program. 
Intensity discrimination can be tested using a separate production trial for each 
 target RPE or using an aerobic interval exercise protocol during which exercise 
intensity self-regulation alternates between two different target RPE’s in the same 
production trial. Intensity discrimination has been confi rmed using both production 
formats such that physiological responses differed between self-regulated target 
RPE’s. Aerobic interval training may have advantages over a traditional exercise 
prescription that employs a continuous moderate intensity protocol. Such advan-
tages may be a comparatively greater improvement of VO 2 max and its rate-limiting 
physiological factors (i.e., stroke volume and muscle cell oxidation) in healthy and 
clinical populations. In addition, interval exercise training may minimize the time 
necessary to achieve health-fi tness goals, a major barrier to regular PA participation. 
The primary purpose of this laboratory experiment is to determine an individual’s 
ability to self-regulate interval exercise intensity using multiple target RPE’s accord-
ing to an estimation–production paradigm. 



132

10.1     Background 

10.1.1     The Estimation–Production Paradigm 
for the Assessment of Intensity Discrimination 

 The estimation–production paradigm is used to assess the validity of self-regulating 
exercise intensity using a prescribed target RPE. First, the target RPE and associated 
physiological responses are derived from the estimation test protocol. The produc-
tion protocol is then presented, allowing an assessment of an individual’s ability to 
accurately self-regulate exercise intensity at a specifi c target RPE or within a spe-
cifi c target RPE range. Evidence that the individual can accurately self-regulate 
exercise intensity is obtained by comparing the physiological responses (e.g., VO 2 , 
HR) determined during the production trial to those corresponding to the target 
RPE(s) determined during the estimation trial. If the physiological responses are the 
same between the estimation and production trials, it can be concluded that the 
exercise intensity prescribed using a target RPE is valid. Such a response estab-
lished prescription congruence. In contrast, if the physiological responses differ 
between estimation and production test protocols, then the individual is exhibiting 
exercise intensity self-regulation error. 

 The validity of exercise intensity self-regulation can be tested one step further by 
asking the subject to produce multiple target RPE’s during single or multiple pro-
duction trials. This is a method to evaluate the validity of  intensity discrimination  
during interval exercise. In this instance, the test protocol determines the ability to 
perceptually differentiate between separate target RPE’s such that physiological 
responses differ between different self-regulated intensities (Robertson et al.  2002 ). 
Intensity discrimination during interval exercise can be tested using two different 
formats. The fi rst format uses a separate production trial for each target RPE, simi-
lar to the laboratory procedures in the previous chapter. The second format requires 
the subject to self-regulate exercise intensities corresponding to multiple target 
RPE’s in the same production trial using an interval exercise protocol. 

 Using separate production trials for different target RPE’s, intensity discrimina-
tion has been confi rmed in children during cycle ergometer exercise (Robertson et al. 
 2002 ) and adults during cycle ergometer (Weiser et al.  2007 ), treadmill and fi eld run-
ning exercise (Ceci and Hassmen  1991 ). Robertson and colleagues ( 2002 ) confi rmed 
exercise intensity discrimination between OMNI RPE’s 2 and 6 in children perform-
ing cycle ergometry. Weiser et al. ( 2007 ) confi rmed intensity discrimination between 
Borg RPE’s 11 and 13 for cycle ergometer exercise in adults participating in a cardiac 
rehabilitation program. Ceci and Hassmen ( 1991 ) confi rmed intensity discrimination 
between Borg RPE’s 11, 13, and 15 for both treadmill and running on an outdoor 
track in active adult males. Intensity discrimination data were inconsistent in a study 
of overweight youth performing cycle ergometry and outdoor track walking/running 
(Ward and Bar-Or  1990 ). Intensity discrimination was confi rmed during cycle 
ergometry but not for walking/running exercise, indicating that additional instruction 
and practice may be necessary for overweight children and adolescents when self-
regulating exercise intensity using multiple target RPE’s (Ward and Bar-Or  1990 ).  
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10.1.2     Assessment of Intensity Discrimination Using 
Interval Exercise 

 When performing an interval exercise protocol, the individual is instructed to begin 
the exercise trial by self-regulating intensity to produce a specifi c target RPE. After 
self-regulating intensity for a specifi ed time interval, the individual is instructed to 
adjust the exercise intensity to produce a different target RPE for another time inter-
val. The length and number of intervals can be adjusted to accommodate the desired 
amount of time to complete the entire exercise bout. A simple study of intensity 
discrimination could involve only one interval at each target RPE. However, multi-
ple intervals at each target RPE are more appropriate when examining the ability of 
an individual to self-regulate exercise intensity. This is especially important when 
preparing an individual prior to performing of an interval exercise program. 
Additional practice, feedback, and reinforcement may be necessary when teaching 
an individual to perform RPE-based interval exercise compared to continuous 
exercise. 

 Higgins and colleagues ( 2013 ) used the interval production format to examine 
intensity discrimination and prescription congruence for both cycle ergometer and 
treadmill exercise. The intent of the paradigm was to assess the validity of interval 
exercise intensity self-regulation in children with cystic fi brosis. The research 
design included an estimation trial on a cycle ergometer and two interval production 
trials, one on a cycle ergometer and another on a treadmill. Each interval production 
trial simulated an actual aerobic exercise trial that could be performed during an 
interval exercise program. Subjects alternated between 3-min intervals of self- 
regulated exercise intensity at OMNI RPE’s 4 and 7 without rest between intervals. 
Intensity discrimination was confi rmed between OMNI RPE’s 4 and 7 for cycle 
ergometer and treadmill exercise when both HR and VO 2  were compared between 
the two target RPE’s (Higgins et al.  2013 ). In addition, both intramodal and inter-
modal prescription congruence was confi rmed for both RPE’s, indicating the valid-
ity of exercise intensity self-regulation during interval exercise.  

10.1.3     Advantages of Aerobic Interval Exercise for Health- 
Fitness and Performance Outcomes 

 For healthy adult subjects (Daussin et al.  2007 ; Esfandiari et al.  2014 ; Helgerud 
et al.  2007 ; Matsuo et al.  2013 ), patients with coronary artery disease and heart 
failure (Fu et al.  2011 ; Guirard et al.  2012 ; Haykowski et al.  2013 ; Rognmo et al. 
 2004 ; Wisloff et al.  2007 ), as well as type 2 diabetics (Mitranum et al.  2013 ), aero-
bic interval exercise has resulted in more positive health-fi tness and performance- 
related outcomes when compared with a continuous moderate intensity program. 
Improvement in the rate-limiting physiological factors that infl uence VO 2 max as 
well as VO 2 max itself has been shown to be greater following interval training 
when compared to moderate intensity continuous exercise. In a study by Daussin 
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and colleagues ( 2007 ), previously sedentary subjects performed 8 weeks each of 
aerobic interval exercise and continuous moderate-intensity exercise with pro-
grams presented in random order and separated by 12 weeks of detraining. These 
cycle ergometer exercise programs were matched for energy expenditure and exer-
cise duration. Both programs resulted in improved arterial-venous oxygen differ-
ence, but only the interval exercise program resulted in improved VO 2 max and 
maximal cardiac output (Daussin et al.  2007 ). In a study by Esfandiari and 
 colleagues (    2014 ), previously untrained but healthy men increased plasma volume, 
end-diastolic volume, stroke volume and cardiac output after only 6 sessions of 
cycle ergometer exercise involving either high-intensity intervals or continuous 
moderate-intensity training. However, only the interval exercise group signifi -
cantly improved VO 2 max (Esfandiari et al.  2014 ). In a study of previously seden-
tary men performing an 8-week cycle ergometer exercise program, Matsuo and 
colleagues ( 2013 ) found that interval training resulted in a greater improvement in 
VO 2 max compared to continuous aerobic training. In addition, interval training 
resulted in signifi cant improvements in left ventricular mass, stroke volume and 
resting HR as compared to continuous exercise training (Matsuo et al.  2013 ). 
Helgerud and colleagues ( 2007 ) conducted a study in which moderately trained 
men performed one of four, 8-week treadmill exercise programs. The protocol 
employed two different continuous exercise intensities (70 or 85 % of VO 2 max) 
and two different interval exercise protocols (15-s intervals with 15-s recovery 
periods or 4-min intervals with 4-min recovery periods). All training programs 
signifi cantly improved running economy and velocity at the lactate threshold, but 
only the interval exercise programs signifi cantly improved maximal stroke volume 
and VO 2 max. Interestingly, both the interval durations of 15 s and 4 min were 
equally effective (Helgerud et al.  2007 ). 

 A recent meta-analysis investigated the effect of aerobic interval training com-
pared with moderate-intensity continuous exercise on VO 2 peak and left ventricular 
ejection fraction in heart failure patients (Haykowski et al.  2013 ). Seven random-
ized trials were identifi ed. Collectively, the studies indicated that interval exercise 
was signifi cantly more effective at improving VO 2 peak compared with continuous 
exercise. However, observed improvements in ejection fraction were not signifi -
cantly different between training protocols (Haykowski et al.  2013 ). Rognmo and 
colleagues ( 2004 ) compared the effects of aerobic interval exercise with moderate 
intensity continuous exercise in coronary artery disease patients. After 10 weeks of 
treadmill exercise, patients who performed interval exercise experienced a signifi -
cantly greater increase in VO 2 peak (Rognmo et al.  2004 ). In a study of diabetic 
patients, Mitranum et al. ( 2013 ) found that 12 weeks of either aerobic interval train-
ing or continuous aerobic training conferred various improvements in health, 
including reductions in body fat, resting HR, and fasting blood glucose, as well as 
increases in leg muscle strength. However, only the group of patients who per-
formed the interval exercise program signifi cantly decreased glycosylated hemoglo-
bin values, an indication of improved blood glucose control over a prolonged period. 
In addition, although both groups improved VO 2 max, the interval exercise group 
had a greater increase (Mitranum et al.  2013 ).  
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10.1.4     Duration of the Interval Exercise Bout 

 High-intensity interval training may be an effective method to achieve health-fi tness 
benefi ts while performing for a comparatively shorter time period during each exer-
cise session. Time commitment is a common barrier to exercise participation (Trost 
et al.  2002 ). Minimizing the time required for a given exercise session could be a 
major factor to promote program adherence in some individuals (Kessler et al.  2012 ; 
Reichert et al.  2007 ). In a study by Matsuo et al. ( 2013 ), sedentary men who per-
formed 8 weeks of aerobic interval training achieved signifi cantly greater benefi cial 
changes in VO 2 max, left ventricular mass, stroke volume, and resting HR compared 
with those who performed a continuous aerobic exercise training program. The 
duration of each interval exercise session was 13 min, compared to the 40-min con-
tinuous exercise session. The shorter time period required for an interval program 
could facilitate an individual’s ability to complete exercise sessions within the time 
they have available for daily PA. However, average caloric expenditure for the inter-
val exercise sessions was 180 kilocalories (kcals) compared to the 360 kcals required 
during continuous exercise (Matsuo et al.  2013 ). Therefore, an increased exercise 
duration or a greater focus on dietary changes may be necessary to achieve weight 
loss goals when employing an interval program.  

10.1.5     Appropriate Intensity of Exercise Intervals 

 The intensity of the exercise intervals may infl uence the type and size of physiologi-
cal training adaptations. In a study by Higgins and colleagues ( 2013 ), children with 
cystic fi brosis performed interval exercise by alternating intensity between target 
OMNI RPE’s 4 and 7. For most individuals, an OMNI RPE 4 represents low to mod-
erate exercise intensity, usually falling below the VT. An OMNI RPE 7 represents 
high exercise intensity falling above the VT. Studies have examined high- intensity 
intervals at prescribed HR or VO 2  values of 80–100 % of maximal intensity. This 
comparatively high intensity range is not only safe and effective for healthy indi-
viduals but may also be safe for most patients with coronary artery disease or heart 
failure who are participating in cardiac rehabilitation programs (Helgerud et al. 
 2007 ; Moholdt et al.  2014 ; Rognmo et al.  2004 ; Wisloff et al.  2007 ). Moholdt and 
colleagues (2013) employed an interval exercise cardiac rehabilitation program 
where patients performed within an intensity range of 85–95 % of HRmax. They 
found that those coronary heart disease patients who performed the exercise inten-
sity intervals at the higher end of the prescribed range had greater improvements in 
VO 2 peak. A target RPE of 7 for high-intensity intervals may not be high enough to 
elicit HR responses within the range of 85–95 % of HRmax. In addition, a target 
RPE of 4 may not be low enough to allow proper active recovery between high- 
intensity intervals. Therefore, to ensure optimal target RPE’s that require the produc-
tion of high-intensity exercise intervals and low-intensity active recovery periods, it 
may be best to determine which target RPE’s should be used on an individual basis.  

10.1 Background
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10.1.6     Advanced Perceived Exertion Scaling Procedures 
for Interval Exercise 

 Prior to undertaking an interval exercise program, it is important to ensure that the 
participants are adequately oriented to the scaling procedures necessary to self- 
regulate exercise intensity using multiple target RPE’s in a single exercise bout. 
Therefore, a more advanced perceived exertion scale anchoring procedure was 
developed and has been used in previous investigations involving such an interval 
type exercise program (Higgins et al.  2013 ). This procedure allows time for addi-
tional practice, feedback, and reinforcement that is not included in the standard 
scale anchoring procedures already presented in Chap.   5    . This advanced anchoring 
procedure may be helpful for any individual having diffi culty understanding how to 
use a category scale to rate exertion levels, especially young children. In this proce-
dure, the scale anchoring is divided into three distinct phases: low, moderate, and 
high/maximal exercise intensity. Each phase includes a brief, 2–4-min bout of load- 
incremented exercise in which physical intensity is increased and the client esti-
mates his or her RPE every 15 or 30 s. In addition, the low and moderate intensity 
phases include a brief, 2–4-min production bout in which the individual is instructed 
to perform exercise that elicits a specifi c level of exertion as indicated by a target 
RPE. See Appendix   F     for a detailed description of this advanced perceived exertion 
scaling procedure. 

 Even after a comprehensive exercise anchoring procedure has been adminis-
tered, additional feedback may be helpful during production trials. The physiologi-
cal values corresponding to the multiple target RPE’s should be measured during 
the estimation trial. These values should be monitored during the production trial(s) 
to provide appropriate feedback and reinforcement regarding the accuracy of inten-
sity self-regulation according to a target RPE. Exercise intensity self-regulation 
error may be more common when the individual is asked to titrate exercise intensity 
between different target RPE’s a number of times in a single exercise bout. Pre- 
participation practice exercise trials, or teleoanticipation, may improve prescription 
congruence and intensity discrimination (Ulmer  1996 ).  

10.1.7     Case Study 

10.1.7.1     Client Information 

 A 63-year-old male with coronary artery disease (CAD) entered your cardiac reha-
bilitation program after undergoing a surgical procedure that included angioplasty 
and the placement of a stent in one of his coronary arteries. Prior to the procedure, 
he would walk his dog through his hilly housing development on a regular basis. 
Sometimes he would even jog for an extra workout, which is what caused him to 
experience angina pectoris (i.e., chest pain) symptomatic of CAD. He has been in 
the rehabilitation program for 4 weeks and is tolerating moderate intensity exercise 
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very well. He has been cleared by his physician to engage in more vigorous 
 intensity exercise under supervision. He looks forward to being able to progress to 
harder workouts and feeling comfortable enough to exercise at home again.  

10.1.7.2     Assessments, Results and Analysis 

 Administer the estimation–production paradigm using an RPE-based interval exer-
cise protocol. Determine the appropriate intensities for an aerobic interval exercise 
prescription and determine the subject’s ability to self-regulate exercise intensity 
using multiple target RPE’s within the same exercise bout. 

 Using the estimation trial:

    1.    Determine VO 2 max/peak.   
   2.    Determine the target RPE’s corresponding to the high-intensity intervals and the 

low-intensity active recovery periods.   
   3.    Calculate the corresponding physiological values that correspond to these target 

RPE’s.     

 Using the production trial, test the ability of the subject to self-regulate exercise 
intensity at multiple target RPE’s by comparing physiological values measured dur-
ing the production protocol to those corresponding to the target RPE’s determined 
from the estimation protocol.    

10.2     Methods 

10.2.1     Treadmill Procedures 

10.2.1.1     Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig.   A.2    )   
   2.    Treadmill   
   3.    HR monitor   
   4.    Respiratory-metabolic measurement system      

10.2.1.2     Pre-Exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Perform the memory anchoring procedure as described in Chap.   5    , reading the 

standard instructions for the Adult OMNI-Walk/Run RPE Scale for RPE-O to 
the subject (Appendix   B.1    ). If measurement of differentiated RPE (RPE-L and/
or RPE-C) is desired, read the standard instructions for the Adult OMNI-Walk/
Run RPE Scale for undifferentiated and differentiated RPE (Appendix   B.2    ).      

10.2 Methods
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10.2.1.3     Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be performed by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.

    (a)    Begin the warm-up at 1.5 miles · h −1  and 0 % grade for 3 min.   
   (b)    Each exercise test stage will last for 3 min. The stages progress as follows:

   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

   (c)    When the subject cannot continue any longer, terminate the exercise test by 
initiating the cool-down period at 1.5 miles · h −1  and 0 % grade. The cool- 
down should be 5 min in duration.   

   (d)    Ask the subject to estimate RPE starting at 2:30 of each exercise stage. Because 
of the respiratory-metabolic mouth piece, instruct the subject to point to the 
numbers on the RPE scale, which should be conveniently positioned within 
the subject’s arm reach. State aloud the numerical ratings for each momentary 
assessment to which the subject pointed and request a confi rmatory nod that 
the number stated was correct. If incorrect, allow the subject to point to the 
appropriate rating on the RPE scale once more. Ask the subject to hold his or 
her fi nger on the appropriate number on the scale for approximately 1 s.   

   (e)    Record HR (b · min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  (ml · kg −1  · min −1 ) for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded at the end of the test.   
   (i)    Calculate the VO 2  (ml · kg −1  · min −1 ) associated with 40 and 80 % of VO 2 max. 

These values will be used to obtain the RPE’s corresponding to the lower 
and higher exercise intensity intervals that will be performed during the pro-
duction trial. An explanation of how to calculate the target RPE’s will be 
presented in the data organization and analysis section below.          
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10.2.1.4     Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following 
 variables: Exercise Stage, VO 2  (ml · kg −1  · min −1 ), OMNI RPE-O, HR (b · min −1 ).   

   2.    Plot of VO 2  and OMNI RPE-O for determination of the RPE corresponding to 
40 % VO 2 max, the target exercise intensity for the lower intensity interval.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-O. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the OMNI RPE-O values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-O on the  y -axis and 
VO 2  on the  x -axis. Create a title for the plot and enter the appropriate axis 
labels and units of measure.   

   (d)    To determine the RPE corresponding to 40 % VO 2 max, click on one of the 
data points to highlight the entire data series. Right click on one of the data 
points and a menu will appear. Click  ADD TRENDLINE  and the  FORMAT 
TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear equation to calculate the RPE corresponding to 40 % VO 2 max. 
Use VO 2  (ml · kg −1  · min −1 ) corresponding to 40 % VO 2 max as the “x” value 
in the equation and solve for “y.” The calculated “y” value, once rounded to 
the nearest whole integer, is the RPE corresponding to the lower limit of the 
target RPE range.    

      3.    Use the linear equation as explained above to determine the RPE corresponding 
to 80 % VO 2 max, the target exercise intensity for the higher intensity interval.   

   4.    An example of the procedures to determine an RPE corresponding to a specifi c 
%VO 2 max with a screenshot depicting each step as performed using Microsoft 
Excel 2013 can be found in Appendix   D     since these procedures are the same as 
those used for determination of RPE-VT.      

10.2.1.5     Production Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or 
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 discomfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will slow down or stop the treadmill. The subject should be 
reminded not to step off the treadmill belt while it is still in motion.   

   3.    Start the treadmill at 3 miles · h −1  and 0 % grade for a 2-min warm-up.   
   4.    Following the warm-up, instruct the subject to exercise for 2 min at the predeter-

mined target RPE associated with 40 % VO 2 max by adjusting the speed of the 
treadmill until the desired perceptual intensity is met. This is the fi rst lower 
intensity interval. Repeat these instructions at the 4 and 8-min time points.   

   5.    At the 2-min time point, instruct the subject to exercise for 2 min at the predeter-
mined target RPE associated with 80 % VO 2 max by adjusting the speed of the 
treadmill until the desired perceptual intensity is met. This is the fi rst higher 
intensity interval. Repeat these instructions at the 6-min time point.   

   6.    Record HR (b · min −1 ) every 2 min.   
   7.    Record the fi nal 15-s VO 2  (ml · kg · min −1 ) for each 2-min segment of exercise.   
   8.    Following the 10-min exercise, the treadmill should be set to 3 miles · h −1  and 

0 % grade for a 2-min cool-down period.       

10.2.2     Cycle Ergometer Procedures 

10.2.2.1     Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Cycle ergometer   
   3.    Metronome   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

10.2.2.2     Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Perform the memory anchoring procedure as described in Chap.   5    , reading the 

standard instructions for the Adult OMNI-Cycle RPE Scale for RPE-L to the 
subject (Appendix   B.4    ). If measurement of undifferentiated RPE (RPE-O) or 
differentiated RPE for the chest/breathing (RPE-C) is desired, read the standard 
instructions for the Adult OMNI-Walk/Run RPE Scale for undifferentiated and 
differentiated RPE (Appendix   B.5    ).      

10.2.2.3    Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   
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   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is syn-
chronized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds, terminate the exercise test.   

   (e)    Ask the subject to estimate RPE starting at 1:30 of each exercise stage. 
Because the position of the respiratory-metabolic mouth piece inhibit a ver-
bal response, instruct the subject to point to the numbers on the RPE scale, 
which should be conveniently positioned within the subject’s arm reach. 
State aloud the numerical ratings for each momentary assessment to which 
the subject pointed and request a confi rmatory nod that the number stated 
was correct. If incorrect, allow the subject to point to the appropriate rating 
on the RPE scale once more. Ask the subject to hold his or her fi nger on the 
appropriate number on the scale for approximately 1 s.   

   (f)    Record HR (b · min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  (l · min −1 ) for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the test.   
   (j)    Calculate the VO 2  (l · min −1 ) associated with 40 and 80 % of VO 2 peak. These 

values will be used to obtain the RPE’s corresponding to the lower and 
higher exercise intensity intervals that will be performed during the produc-
tion trial. An explanation of how to calculate the target RPE’s will be pre-
sented in the data organization and analysis section below.          

10.2.2.4    Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (l · min −1 ), OMNI RPE-L, HR (b · min −1 ).   

   2.    Plot of VO 2  and OMNI RPE-L for determination of the RPE corresponding to 
40 % VO 2 peak, the lower limit of the target RPE range.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

10.2 Methods
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   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-L. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the OMNI RPE-L values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-L on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   

   (d)    To determine the RPE corresponding to 40 % VO 2 peak, click on one of the 
data points to highlight the entire data series. Right click on one of the data 
points and a menu will appear. Click  ADD TRENDLINE  and the  FORMAT 
TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and equation 
will be displayed on the chart.   

   (e)    Use this linear equation to calculate the RPE corresponding to 40 % VO 2 peak. 
Use VO 2  (l · min −1 ) corresponding to 40 % VO 2 peak as the “x” value in the 
equation and solve for “y.” The calculated “y” value, once rounded to the 
nearest whole integer, is the RPE corresponding to the lower limit of the 
target RPE range.    

      3.    Use the linear equation explained above to determine the RPE corresponding to 
80 % VO 2 peak, the target exercise intensity for the higher intensity interval.   

   4.    An example of the procedures to determine an RPE corresponding to a specifi c 
%VO 2 peak with a screenshot depicting each step as performed using Microsoft 
Excel 2013 can be found in Appendix   D    . It should be noted that these procedures 
are the same as those used for determination of RPE-VT.      

10.2.2.5    Production Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metronome 
to 100 beats · min −1  so each downward movement of each foot is synchronized 
with a beat of the metronome. The subject may also use the digital monitor on 
the cycle control panel to regulate pedal cadence.   

   4.    Instruct the subject to perform a 2-min warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode), set the power output 
at 25 W.   

10 Exercise Intensity Self-Regulation for Interval Exercise
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   (b)    For friction-braked cycle ergometers (e.g., Monark), set the resistance at 
0.5 kg.       

   5.    Following the warm-up, instruct the subject to exercise for 2 min at the predeter-
mined target RPE associated with 40 % VO 2 max by adjusting the speed of the 
treadmill until the desired perceptual intensity is met. This target RPE identifi es 
the fi rst lower intensity interval. Repeat these instructions at the 4- and 8-min 
time points.   

   6.    At the 2-min time point, instruct the subject to exercise for 2 min at the predeter-
mined target RPE associated with 80 % VO 2 max by adjusting the speed of the 
treadmill until the desired perceptual intensity is met. This target RPE identifi es 
the fi rst higher intensity interval. Repeat these instructions at the 6-min time 
point.   

   7.    Record HR every 2 min.   
   8.    Record the fi nal 15-s VO 2  in l · min −1  for each 1-min segment of exercise.   
   9.    Following the 10-min exercise period, instruct the subject to perform a 2-min 

cool-down period using the following intensities:

    (a)    For electronically braked cycle ergometers (e.g., Lode), set the power output 
at 25 W.   

   (b)    For friction-braked cycle ergometers (e.g., Monark), set the break resistance 
at 0.5 kg.            

10.3     Laboratory Discussion Questions 

     1.    Describe the concept of prescription congruence and how it can be tested using 
an estimation–production procedure in an aerobic interval exercise format.   

   2.    How did your subject’s VO 2  and HR responses associated with the lower target 
RPE interval measured during the production protocol compare with the VO 2  
and HR corresponding to the lower target RPE measured during the estimation 
protocol? How did your subject’s VO 2  and HR responses associated with the 
higher target RPE interval measured during the production protocol compare 
with the VO 2  and HR corresponding to the higher target RPE measured during 
the estimation protocol? Do the results of this interval exercise prescription 
 protocol that employs an estimation–production paradigm provide evidence for 
prescription congruence?   

   3.    Describe the concept of intensity discrimination and how it can be tested using 
an estimation–production procedure in an aerobic interval exercise format?   

   4.    How did your subject’s VO 2  and HR responses associated with the lower target 
RPE interval measured during the production protocol compare with those asso-
ciated with the higher target RPE interval during the same protocol? Do the 
results of this RPE-regulated interval exercise protocol provide evidence for 
 perceptual intensity discrimination?   

10.3 Laboratory Discussion Questions
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   5.    What are the reasons why an RPE-based exercise prescription be more cost- 
effi cient compared with a traditional HR-based exercise prescription?   

   6.    How has high-intensity interval exercise training been found to be superior to 
continuous moderate-intensity aerobic training regarding physiological outcomes 
in healthy participants?   

   7.    How has high-intensity interval exercise training been found to be superior 
to continuous moderate-intensity aerobic training regarding health-related 
 outcomes in individuals with certain chronic diseases?         
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    Chapter 11   
 Exercise Intensity Self-Regulation Using 
the Perceived Exertion JND 

                    The achievement of optimal performance during exercise is not a new area of 
 interest among athletes, trainers, and coaches. Many tend to employ external perfor-
mance enhancing devices or substances, such as improved clothing and footwear, 
nutritional beverages and high caloric (i.e., energy) shakes. However, those that 
solely rely on such external mechanisms to improve performance may still be limit-
ing the potential of their athletes to achieve the absolute upper limits of a specifi c 
exercise endeavor. Regardless of the type of clothing, footwear, or ergogenic bever-
age, the athlete’s psychological and/or physiological capacities to attain and main-
tain maximal loads provides the greatest contribution to reach the upper limits of 
exercise performance. Information gained from these interrelated psychophysiolog-
ical mechanisms, known collectively as teleoanticipation, incorporate memory from 
previously completed exercise along with both centrally generated efferent signals 
and peripheral afferent signals during exercise in order to minimize fatigue and 
obtain optimal performance. The assessment of an individual’s just noticeable dif-
ference (JND) in perceived exertion may assist in providing appropriate feedback 
during exercise intensity self-regulation to improve pacing strategy. The perceived 
exertion JND is a measure of an individual’s perceptual acuity, i.e., the smallest 
change in exercise intensity (expressed as VO 2  or PO) that elicits a noticeable 
change in perceived exertion. The perceived exertion JND can be applied to the 
improvement and refi nement of teleoanticipation to attain optimal exercise perfor-
mance. The primary purpose of this laboratory experiment is to examine the use of 
the perceived exertion JND in a traditional RPE-based exercise prescription. Using 
the JND as identifi ed in an estimation–production paradigm can in turn provide 
feedback during the production protocol regarding the accuracy of intensity self- 
regulation according to a target RPE. 
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11.1     Background 

11.1.1     Pacing Strategy and Teleoanticipation 

 The study of exercise performance pacing, and associated pacing strategies, arose 
from research into the mechanisms of fatigue during exercise. It was concluded that 
an optimal pacing strategy should reduce muscular fatigue by setting performance 
intensities that optimize both physiological and psychological responses to muscu-
lar exertion. It is on this previously established reference point that teleoanticipation 
plays a critical role in dictating exercise performance in the upcoming and/or ongo-
ing task. Teleoanticipation uses the individual’s cognitive ability to recall the stored 
information regarding metabolic and biomechanical responses to a previously per-
formed exercise task (Ulmer  1996 ). This recalled information provides a cognitive 
reference for periodic adjustment in exercise pace throughout the performance, 
especially at the outset. Once exercise is underway, afferent signals provide feed-
back on the “state of the body” to obtain optimal performance for that given task, 
signaling the need to maintain or adjust performance pace. The closer to optimal 
performance an athlete is at the beginning of exercise, the better the overall perfor-
mance for that task throughout the duration of the event. 

 The teleoanticipation process is analogous to looking at someone to provide a 
general estimate of their age. The evaluator’s collective memory of individuals, 
their age, and appearance accrued over the lifespan are used to provide a cognitive 
estimate of the age of the target individual. Feedback and subsequent storage of this 
information is obtained through a series of queries aimed at identifying the exact 
age of the target individual. This process of using stored information provides a 
more realistic estimate of age for future estimates of individuals possessing the 
same general characteristics. 

 Much of the research and support for teleoanticipation as a mechanism for deter-
mining a pacing strategy utilized a perceptual estimation–production paradigm. 
Additionally, performance pacing strategies are partially dependent on the duration of 
the task and follow one of three possibilities: positive, negative, or even pacing (Abbiss 
and Laursen  2008 ). A positive pacing strategy is commonly observed in events lasting 
less than 2 min in which an athlete initially starts out at an intensity faster than meta-
bolically optimal, but then the speed or PO is systematically decreased with time. 
A negative pacing strategy employs an increase in performance pace or producing a 
higher PO as the task progresses. An even pacing strategy occurs when the athlete 
performs the task at a preset constant speed or PO throughout the duration of the task.  

11.1.2     Mechanisms of Different Pacing Strategies 

 The three commonly employed pacing strategies may be dependent upon the 
 availability, type and magnitude of metabolic and biomechanical feedback. Tasks 
that are short-duration may not last long enough to provide suffi cient time for the 
afferent signals to be processed and thereby relying more on the stored memories 
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of that task. These events indicate positive pacing strategies, i.e., a sprinter “bursts” 
out of the blocks at high speed and the speed tends to slow down towards the end 
of the sprint. Additionally, the decline in substrate availability of ATP, phosphocre-
atine, and intramuscular glycogen regulate the rate of muscular fatigue for exercise 
tasks lasting between 1 and 30 min. Conversely, increases in core body tempera-
ture appear to contribute greatly to the onset and progression of muscular fatigue 
in exercise tasks lasting between 20 and 120 min. Likewise, a decline in intramus-
cular carbohydrate as an energy source contributes greatly to muscular fatigue in 
tasks lasting greater than 90 min (de Koning et al.  2011 ).  

11.1.3     Pacing Strategies and RPE 

 As such, one marker of the integration of the psychological “exercise template” (St 
Clair Gibson et al.  2005 ) and physiologic feedback involving energy substrate eval-
uation is the overall rating of perceived exertion (RPE). An even pacing strategy, as 
measured by speed, power output, and/or RPE, is thought to provide an optimal 
performance level throughout the competitive event. Such a pace can forestall the 
onset of muscular fatigue by using stored information regarding previously per-
formed pace and resulting metabolic and biomechanical feedback that occurred dur-
ing a similar previously performed task. Therefore, the exercise duration and the 
pre-rehearsed “exercise template” that guides pace using in-task sensory feedback 
is continually updated with each subsequent repetition. The resulting pacing strat-
egy for a competitive event is a composite of preset signals from a teleoanticipation 
sensory feedback system that is continually updated based on the effectiveness of 
the in-task competitive strategy (Hettinga et al.  2011 ). 

 Undifferentiated RPE (overall or whole-body) has been employed in many stud-
ies examining pacing strategies as linked to underlying teleoanticipation mecha-
nisms. These studies used match–mismatch exercise paradigms or pharmacological 
interventions to selectively block afferent signals arising from active muscles and 
joints during exercise (Amann et al.  2009 ; Roelands et al.  2009 ,  2013 ). Match–mis-
match exercise paradigms involve participants that are informed they would per-
form a predetermined number of trials at the same intensity and duration (Baden 
et al.  2005 ) or distance (Albertus et al.  2005 ). In reality, the paradigm was designed 
to deceive the participants into believing they exercised at different durations or 
distances. This was done by masking the participants to correct visual or verbal 
feedback regarding the performance. 

 Baden et al. ( 2005 ) had participants complete three trials at the same intensity 
and duration, in random order: (1) a 20 min run, (2) a 10 min run, but then with 
1 min remaining subjects were instructed to run another 10 min (20 min total), and 
(3) a run of an unspecifi ed duration, but subjects were instructed to stop at 20 min. 
Albertus et al. ( 2005 ) had participants complete four separate 20-km exercise time 
trials. However, the distance feedback was presented as: (1) correct, (2) under- 
reported, (3) over-reported, and (4) randomly between 25 and 250 m for each 1-km 
split. Regardless of the distance feedback, participants completed the 20-km cycle 
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ergometer time trial in similar times. Albertus et al. ( 2005 ) suggested that factors 
other than distance feedback may have been responsible for pacing strategies among 
the four trials. They further speculated that the anticipatory response, indicative of 
the predetermined “exercise template,” may have been more critical in setting the 
pace than the performance feedback during exercise. The support for teleoanticipa-
tion was evident in the last kilometer of each time trial in which the participants 
were still capable of increasing the power output suggesting that the participants 
utilized a “hardwired” motor-sensory mechanism to prevent the development of 
premature fatigue and subsequent loss of power or speed. 

 The results reported by Baden et al. ( 2005 ) and Albertus et al. ( 2005 ) suggest that 
perceived exertion is infl uenced by physiological changes during exercise. 
Therefore, this theory holds that prior to the exercise performance the anticipated 
intensity of the perceived level of exertion that will be experienced in-task is preset 
but subsequently fi ne-tuned on a moment-to-moment basis during exercise to ensure 
optimal performance. Lambert et al. ( 2005 ) summarizes the potential underlying 
mechanisms of teleoanticipation: “mechanoreceptor and metaboreceptor stimula-
tion of the exercise refl ex, perhaps initiated at the onset of exercise by mechanical 
feedback, and adjusted by chemoreceptor feedback according to the continuing 
energy demands of the muscle” (Lambert et al.  2005 ).  

11.1.4     Just Noticeable Difference in Perceived Exertion 

 One method to optimize use of the “exercise template” containing the memory of 
preferred pacing strategies is to determine the just noticeable difference (JND). The 
JND refl ects the acuity of human sensory processes. The concept of identifying a 
JND between isomorphic sensations of different intensities was explored by classic 
psychophysicists E. H. Weber and G. T. Fechner. These pioneers in experimental 
psychology sought to quantify the smallest detectable changes in physical stimuli 
that humans could perceive, i.e., the difference threshold, or JND (Noble and 
Robertson  1996 ; Wozniak  1999 ). Identifying the perceived exertion JND in an 
individual may improve the “exercise template” that guides pacing strategies, 
ensuring faster attainment of optimal performance. JND procedures identify physi-
ological boundaries that defi ne the intensity of an individual’s perceived exertion 
above and below a given exercise intensity. These boundaries are indicative of an 
individual’s perceptual acuity in the presence of changes in exercise intensity. 
Subsequent practice trials with feedback based on this JND range may allow an 
individual to more accurately self-regulate exercise intensity to achieve optimal 
performance strategies. 

 To measure the JND for a given type of sensation, a standard stimulus must fi rst 
be determined. The standard stimulus represents a single point within the entire 
detectable range of stimuli. This point normally occurs somewhere between the 
stimulus threshold and terminal threshold, i.e., the lowest and highest perceived 
stimuli possible for that individual, respectively. The JND is then determined for 
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that specifi c standard stimulus and is expressed as the smallest amount of change in 
the intensity of the stimulus that is required for that change to be perceived 
(Buckworth et al.  2013 ). The JND is determined for intensities that are both greater 
and less than the standard stimulus. It cannot be assumed that the JND above a stan-
dard stimulus is the same size as the JND below the same standard stimulus. In 
addition, it cannot be assumed that the JND determined for one standard stimulus is 
the same for other types of stimuli as perceived by any given individual.  

11.1.5     Perceived Exertion JND Methodology 

 The JND for sensations such as hearing or touch can be measured easily using clas-
sic methods that involve multiple presentations of stimuli that are compared to the 
standard stimulus, each referred to as a comparative stimulus. For example, using 
the Method of Constant Stimuli, after presentation of the standard stimulus, a num-
ber of comparative stimuli are presented in random order and each one is presented 
multiple times. For each comparative stimulus the subject is asked whether it is 
similar to or different from the standard. The JND is calculated as the comparative 
stimulus that is perceived as being different from the standard 50 % of the time. The 
logic underlying their measurement proposes that the JND is not an absolute; rather 
it falls within a certain perceptual response range at any given time (Noble and 
Robertson  1996 ). 

 Classic psychophysical methods are not appropriate for determination of a per-
ceived exertion JND. For senses such as hearing or touch, multiple comparative 
stimulus intensities can be presented without any residual or cumulative conse-
quences that may change the individual’s overall perception of that sense. However, 
multiple presentations of various intensities of exercise may increase RPE, lead to 
fatigue, and hinder the ability to measure the perceived exertion JND (Haile et al. 
 2013 ). Therefore, methods unique to the determination of the perceived exertion 
JND have been designed. A recent investigation determined a perceived exertion 
JND for cycle ergometer exercise in young adults (Haile et al.  2013 ). The individual 
PO corresponding to an OMNI RPE of 5 derived from an estimation trial served as 
the SS. This RPE was chosen because it was previously shown to correspond to the 
lower limit of the perceptual zone encompassing the response-normalized RPE at 
the ventilatory threshold. The perceived exertion JND above (JND-A) and below 
(JND-B) the standard stimulus was determined using four separate 5-min cycle 
ergometer exercise bouts with rest periods between bouts. Exercise bouts 1 and 3 
presented the standard PO. In exercise bouts 2 and 4, subjects were allowed to adjust 
the PO to produce the smallest detectable change in perceived exertion, either 
greater than the standard (for JND-A) or less than the standard (for JND-B). VO 2  
was measured during each bout. The change in VO 2  between each JND bout and the 
previously presented standard stimulus bout was used as the aerobic metabolic ana-
log to defi ne the perceived exertion JND. In addition, physical units (i.e., PO) 
describing the JND were also determined (Haile et al.  2013 ).  

11.1 Background
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11.1.6     Evidence for Perceptual Acuity 

 Perceptual acuity varies greatly between individuals for all human senses, includ-
ing perceived exertion. For cycle ergometer exercise in young adults, the average 
perceived exertion JND-A was 5.90 %VO 2 peak with a standard deviation of 
4.09 %VO 2 peak. This corresponded to an average change in PO required for detec-
tion of 8.4 W. The average JND-B was 8.33 %VO 2 peak with a standard deviation 
of 6.01 %VO 2 peak, corresponding to an average change required for detection of 
15.6 W (Haile et al.  2013 ). This indicates that some individuals had comparatively 
fi ne perceptual acuity and sensed very small changes in the exertional level associ-
ated with changes in exercise intensity. Other individuals required more substan-
tial changes in intensity before a noticeable difference in perceived exertion was 
detected. In addition, JND-A was signifi cantly smaller than JND-B indicating that, 
on average, perceptual acuity was more precise just above an OMNI RPE 5 com-
pared to just below an OMNI RPE 5. This indicates that the perceived exertion 
JND may change with exercise intensity or target RPE’s. Further research is 
needed to investigate the relation between the perceived exertion JND and exercise 
intensity, as well as the effects of fi tness and PA levels. These potential differences 
in the perceived exertion JND, whether between exercise intensities in a single 
individual or between separate individuals of differing fi tness or PA characteris-
tics, may infl uence or even predict individual pacing strategy. Comparatively larger 
and smaller JND values may explain the appearance of positive and/or negative 
pacing strategies even when steady state pacing strategies may be considered the 
most optimal.  

11.1.7     Perceived Exertion JND and Exercise Intensity 
Self-Regulation 

 A measurement of the perceived exertion JND can be used as an ideographic assess-
ment of exercise intensity self-regulation error. A classic estimation–production 
paradigm analyzes prescription congruence by comparing physiological values that 
correspond to a specifi c RPE between estimation and production trials. This method 
does not take individual perceptual acuity into consideration. For example, VO 2  
values could be found signifi cantly different between trials by a statistical analysis. 
However, an individual with less perceptual acuity and hence a greater perceived 
exertion JND would not be able to perceive them as different. 

 Therefore, the addition of the JND method to examine prescription congruence 
between estimation and production protocols can improve the validity of exercise 
intensity self-regulation error assessment. The VO 2  values corresponding to JND-A 
and JND-B defi ne a physiological range spanning an exercise intensity that corre-
sponds to the target RPE for an exercise prescription. The VO 2  range analogous to 
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the perceived exertion JND identifi es the limits of perceptual acuity of an individual 
for that exercise intensity. By defi nition, when an individual produces the target 
RPE, if VO 2  values fall within the VO 2  range for that mode specifi c JND then that 
individual is accurately self-regulating exercise intensity. Exercise intensity self- 
regulation error would be defi ned as physiological values that fall outside of the VO 2  
range corresponding to that perceptual JND when attempting to produce a pre-
scribed target RPE. 

 The perceived exertion JND measures an individual’s perceptual acuity during 
physical exercise. The JND identifi es those with fi ne and broad perceptual acuity 
corresponding to the same relative exercise intensity. In addition, determination of 
the perceived exertion JND allows precise feedback regarding accuracy of intensity 
self-regulation during production protocols. This feedback can provide an individ-
ual with the knowledge of whether or not exercise intensity self-regulation error is 
present, i.e., if the individual’s VO 2  is within or outside of the analogous JND range. 
In addition, this feedback would provide the individual with information about 
which direction to adjust exercise intensity to correct self-regulation error. This 
additional step in the traditional estimation–production paradigm may be crucial for 
some individuals to accurately self-regulate exercise intensity using target RPE’s. 
Incorporating JND into exercise or fi tness testing and training may provide a better- 
matched “exercise template” from which the individual may begin exercise and 
achieve an optimal pace to promote health-fi tness gains. The improved “template” 
of the stored memory for the upcoming exercise may allow the individual’s body to 
effi ciently and effectively reach the metabolic requirements for optimal exercise 
performance.  

11.1.8     Case Study 

11.1.8.1     Client Information 

 A 30-year-old female school teacher comes to your exercise physiology laboratory 
for follow-up exercise testing. Previously she performed maximal and submaximal 
exercise testing under your supervision upon entering an exercise program as part 
of her employer’s faculty health promotion program. The exercise testing involved 
both estimation and production procedures to test her ability to accurately self-reg-
ulate exercise intensity at a target RPE corresponding to the VT. The data from her 
production trial revealed that she seemed to have diffi culty self-regulating exercise 
intensity. In this instance, she was demonstrating a signifi cant amount of exercise 
intensity self-regulation error, as indicated by VO 2  values quite dissimilar to that 
corresponding to the VT achieved during a maximal exercise test. Further examina-
tion of her ability to self-regulate exercise intensity is recommended to better allow 
her to achieve her goals for the exercise conditioning.  

11.1 Background
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11.1.8.2     Assessments, Results, and Analysis 

 Administer the perceived exertion JND exercise testing procedures with metabolic 
measurement to investigate the individual’s perceptual acuity using the VO 2  analog 
to the perceived exertion JND. 

 Using the perceived exertion JND procedures:

    1.    Determine JND-A.   
   2.    Determine JND-B.   
   3.    Calculate the JND range.     

 Using the production trial:

    1.    Test the individual’s ability to self-regulate exercise intensity at the VT by compar-
ing physiological values collected during the production protocol to the upper and 
lower limits of the JND range, i.e., use JND-A and JND-B where appropriate.   

   2.    At regular intervals during the production protocol, determine if the individual’s 
physiological response (VO 2 ) is inside or outside of the JND range and provide 
appropriate feedback in order to improve exercise intensity self-regulation.        

11.2     Methods 

11.2.1     Cycle Ergometer Procedures 

11.2.1.1     Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Cycle ergometer   
   3.    Metronome   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

11.2.1.2     Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale for RPE-L 

to the subject (Appendix   B.4    ). Perform the memory anchoring procedure as 
described in Chap.   5    .      

11.2.1.3     Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   
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   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is syn-
chronized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds owing to fatigue, terminate the exercise test.   

   (e)    Instruct the subject to estimate RPE starting at 1:30 of each exercise stage. 
Because the position of the respiratory-metabolic mouth piece inhibits a ver-
bal response, instruct the subject to point to the numbers on the RPE scale, 
which should be conveniently positioned within the subject’s arm reach. 
State aloud the numerical ratings for each momentary assessment to which 
the subject pointed and request a confi rmatory nod that the number stated 
was correct. If incorrect, allow the subject to point to the appropriate rating 
on the RPE scale once more. Ask the subject to hold his or her fi nger on the 
appropriate number on the scale for approximately 1 s.   

   (f)    Record HR (beats · min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  (l · min −1 ) for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the 

test.   
   (j)    Determine the VO 2  (l · min −1 ) and %VO 2 peak associated with the VT using 

the respiratory-metabolic measurement system automatic VT calculator. The 
perceived exertion JND should be calculated for RPE-VT.   

   (k)    Record the PO (W) or brake resistance (kg) of the exercise test stage during 
which the VT occurred. For Monark cycle ergometers with a 6-m fl ywheel, 
multiply the brake resistance by 50 to convert the value from kg to W. This 
PO will serve as the standard stimulus during the JND trial.          

11.2.1.4     Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (l · min −1 ), OMNI RPE-L.   

11.2 Methods
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   2.    If the respiratory-metabolic measurement system does not automatically calcu-
late VT or if instruction on manual calculation and visual identifi cation of the VT 
is desired, refer to Appendix   D     for detailed explanation of the following:

    (a)    Calculation of V E  · VO 2  −1  and V E  · VCO 2  −1 .   
   (b)    Plot of V E  · VO 2  −1  and V E  · VCO 2  −1  for visual identifi cation of the VT using the 

ventilatory equivalent method.   
   (c)    Adjustment of automatic VT calculation using the appropriate application 

on the automated respiratory-metabolic measurement system.    

      3.    Plot of VO 2  and OMNI RPE-L for determination of OMNI RPE-VT.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
RPE-L. Then click on the icon to the right of the  SERIES X VALUES  text 
box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the RPE-L values. After the 
values are highlighted click the icon on the box that appeared. Click  OK  on 
the next two screens.   

   (c)    You should now have a scatter plot with RPE-L on the  y -axis and VO 2  on the 
 x -axis. Create a title for the plot and enter the appropriate axis labels and 
units of measure.   

   (d)    To determine RPE-VT, click on one of the data points to highlight the entire 
data series. Right click on one of the data points and a menu will appear. 
Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  menu will 
appear. Select  LINEAR  and  DISPLAY EQUATION ON CHART  then 
click  CLOSE . The trendline and equation will be displayed on the chart.   

   (e)    Use this linear equation to calculate RPE-VT. Use VO 2  (l · min −1 ) corre-
sponding to the VT as the “x” value in the equation and solve for “y.” 
The calculated “y” value, once rounded to the nearest whole integer, is the 
RPE-VT.    

      4.    An example of these procedures with a screenshot depicting each step as per-
formed using Microsoft Excel 2013 can be found in Appendix   D    .      

11.2.1.5     JND Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   
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   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   4.    Prior to bout 1 of the standard stimulus, instruct the subject to perform a 2-min 
warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode), set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.   
   (c)    During the second minute of the warm-up, gradually ramp the exercise 

workload (W or kg) up to the predetermined SS that was determined as the 
workload for the graded exercise test stage during which the VT occurred.       

   5.    Standard stimulus bout 1

    (a)    Instruct the subject to perform the standard intensity for 5 min.   
   (b)    Record the fi nal 30-s average VO 2  (l · min −1 ).   
   (c)    The subject should rest for 5 min.       

   6.    Prior to the JND-A bout, instruct the subject to perform the same 2-min warm-
 up as performed prior to standard stimulus bout 1.   

   7.    JND-A bout (5 min)

    (a)    Instruct the subject to perform the standard intensity for 2 min.   
   (b)    During minutes 3 and 4, instruct the subject to adjust the resistance so the 

level of exertion is just noticeably above that of the standard. Remind the 
subject every 30 s that he/she may adjust the resistance as necessary to 
attain the JND. Do not allow further adjustment during minute 5.   

   (c)    During minute 5, instruct the subject to continue pedaling at the self- 
selected intensity.   

   (d)    Record the fi nal 30-s average VO 2  (l · min −1 ).   
   (e)    Record the fi nal PO.   
   (f)    Then allow the subject to rest for 5 min.       

   8.    Prior to standard stimulus bout 2, instruct the subject to perform the same 2-min 
warm-up as performed prior to standard stimulus bout 1.   

   9.    Standard stimulus bout 2

    (a)    Instruct the subject to perform the standard intensity for 5 min.   
   (b)    Record the fi nal 30-s average VO 2  (l · min −1 ).   
   (c)    Then allow the subject to rest for 5 min.       

   10.    Prior to the JND-B bout, instruct the subject to perform the same 2-min warm-
 up as performed prior to standard stimulus bout 1.   

   11.    JND-B bout (5 min)

    (a)    Instruct the subject to perform the standard intensity for 2 min.   

11.2 Methods
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   (b)    During minutes 3 and 4, instruct the subject to adjust the resistance so the 
level of exertion is just noticeably below that of the standard. Remind the 
subject every 30 s that he/she may adjust the resistance as necessary to 
attain the JND. Do not allow further adjustment during minute 5.   

   (c)    During minute 5, instruct the subject to continue pedaling at the self- 
selected intensity.   

   (d)    Record the fi nal 30-s average VO 2  (l · min −1 ).   
   (e)    Record the fi nal PO.       

   12.    Instruct the subject to perform a 2-min cool-down.
    (a)    For electronically braked cycle ergometers (e.g., Lode), set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.          

11.2.1.6     JND Protocol: Data Organization and Analysis 

     1.    JND-A Calculations

    (a)    Calculate JND-A VO 2  (l · min −1 ) by subtracting the fi nal 30-s average VO 2  of 
standard stimulus bout 1 from the fi nal 30-s average VO 2  of the JND-A bout.   

   (b)    Calculate JND-A PO (W) for electronically braked cycle ergometers by sub-
tracting the standard stimulus PO from the fi nal PO of the JND-A bout.   

   (c)    Calculate JND-A PO for friction-loaded cycle ergometers by subtracting the 
standard stimulus brake resistance from the fi nal resistance of the JND-A 
bout. For Monark cycle ergometers with a 6-m fl ywheel, multiply by 50 to 
convert the value from kg of resistance to W.       

   2.    JND-B Calculations

    (a)    Calculate JND-B VO 2  (l · min −1 ) by subtracting the fi nal 30-s average VO 2  of 
the JND-B bout from the fi nal 30-s average VO 2  of standard stimulus bout 2.   

   (b)    Calculate JND-B PO (W) for electronically braked cycle ergometers by sub-
tracting the fi nal PO from the JND-B bout from the standard stimulus PO.   

   (c)    Calculate JND-B PO for friction-loaded cycle ergometers by subtracting the 
fi nal brake resistance from the JND-B bout from the standard stimulus brake 
resistance. For Monark cycle ergometers with a 6-m fl ywheel, multiply by 
50 to convert the value from kg of resistance to W.       

   3.    JND Range Calculations

    (a)    To calculate the upper limit of the VO 2  Range for the JND, add JND-A VO 2  
to the VO 2  corresponding to the VT.   

   (b)    To calculate the lower limit of the VO 2  Range for the JND, subtract JND-B 
VO 2  from the VO 2  corresponding to the VT.   

   (c)    To calculate the upper limit of the PO Range for the JND, add JND-A PO to 
the PO corresponding to the VT.   

   (d)    To calculate the lower limit of the PO Range for the JND, subtract JND-B 
PO from the PO corresponding to the VT.          
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11.2.1.7     Production Protocol 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metronome 
to 100 beats · min −1  so each downward movement of each foot is synchronized 
with a beat of the metronome. The subject may also use the digital monitor on 
the cycle control panel to regulate pedal cadence.   

   4.    Instruct the subject to perform a 2-min warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode), set the power output 
at 25 W.   

   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resistance 
at 0.5 kg.       

   5.    Following the warm-up, instruct the subject to exercise for 10 min at the prede-
termined target RPE-VT by adjusting the PO until the desired intensity is met.   

   6.    Record HR (beats · min −1 ) every 2 min.   
   7.    Record the fi nal 15-s VO 2  (l · min −1 ) for each 1-min segment of exercise.   
   8.    Following the 10-min exercise bout, instruct the subject to perform a 2-min cool- 

down period.

    (a)    For electronically braked cycle ergometers (e.g., Lode), set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resistance 

at 0.5 kg.       

   9.    It may be necessary to have the subject perform a second production trial during 
which feedback is given regarding the accuracy of exercise intensity self- 
regulation. Following each 1-min segment of this additional exercise trial, the 
VO 2  associated with that time-point can be used immediately to determine 
whether the subject is within, above, or below the JND Range. Feedback can 
then be provided to the subject informing him/her that the current exercise inten-
sity being self-regulated is correct, too high, or too low. Then, the effect of feed-
back on the frequency of exercise intensity self-regulation error can then be 
evaluated. If error in intensity self-regulation is still present, further practice and 
feedback is necessary.      

11.2.1.8    Production Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Time (minutes), VO 2  (l · min −1 ).   

   2.    Count the number of minutes in which the subject’s VO 2  was within the JND 
VO 2  Range. Divide that number by 10 then multiple by 100 to determine the 
percent of time the subject exercised within the JND VO 2  Range.   

11.2 Methods
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   3.    Count the number of minutes in which the subject’s VO 2  was below the JND VO 2  
Range. Divide that number by 10 then multiple by 100 to determine the percent 
of time the subject exercised below the JND VO 2  Range.   

   4.    Count the number of minutes in which the subject’s VO 2  was higher than the 
JND VO 2  Range. Divide that number by 10 then multiple by 100 to determine the 
percent of time the subject exercised above the JND VO 2  Range.        

11.3     Laboratory Discussion Questions 

     1.    How does pacing strategy infl uence an athlete’s race performance?   
   2.    How is the psychophysiological feedback mechanism that infl uences perfor-

mance pace infl uenced by mechanoreceptors, metaboreceptors, and chemore-
ceptors referenced by Lambert et al. ( 2005 )?   

   3.    Describe how an individual who is demonstrating intensity self-regulation error 
would benefi t from an orientation trial that included the JND exercise proce-
dures. Your description should be based on responses derived from an estimation 
protocol and a production protocol.   

   4.    In a previous investigation that studied the perceived exertion JND for an exer-
cise intensity corresponding to an OMNI RPE of 5, JND-A was found to be 
signifi cantly smaller than JND-B. This indicated a more sensitive perceptual 
acuity at an intensity just above an OMNI RPE 5 than for an intensity just below 
an OMNI RPE 5. What is the meaning of these data for intensity self-regulation 
to produce a target RPE?   

   5.    What psychophysiological mechanisms might explain why the perceived exer-
tion JND differs between very low exercise intensity and an exercise intensity 
corresponding to the ventilatory threshold?   

   6.    What mechanisms explain why the perceived exertion JND might be different 
between individuals of low fi tness compared with elite runners?   

   7.    Why would the perceived exertion JND for a specifi c absolute exercise intensity 
change after an intense, 6-month training program?         
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    Chapter 12   
 Self-Selected Versus Imposed Exercise 
Intensities 

                    The traditional method of prescribing the intensity of exercise is based on the 
 scientifi c evidence that has shaped national PA guidelines regarding the overload 
training stimulus necessary to elicit health-fi tness benefi ts. In this prescriptive para-
digm, the health-fi tness professional uses a GXT to determine target HR(s) or 
RPE(s) corresponding to a specifi c physiological threshold, such as the VT, or a 
range based on %VO 2 max. The individual is instructed to self-regulate exercise at 
the prescribed intensity. This procedure can be termed  imposed  exercise because the 
individual does not choose the intensity. This paradigm ignores an individual’s 
 exercise intensity preference and may result in negative emotions that could decrease 
adherence. Allowing individuals to choose their own exercise intensity (i.e.,  perform 
self- selected exercise) has the potential to improve PA participation. In addition, 
research has shown that many individuals will choose to exercise at an intensity 
near the VT. Self-selected exercise may be an important link in the chain between 
the adoption and maintenance of regular PA that elicits both psychological and 
physiological benefi ts. 

12.1     Background 

12.1.1     Traditional Imposed Exercise Intensity Prescription 

 It is common practice within the health-fi tness domain to employ exercise prescrip-
tion procedures that are based on the scientifi c evidence approved by national orga-
nizations such as the American College of Sports Medicine (ACSM) and the Centers 
for Disease Control and Prevention (CDC). PA guidelines have been proposed that 
defi ne the intensity, duration, and frequency of an exercise program designed to 
elicit health-fi tness benefi ts (ACSM  2013 ). Traditional exercise programs based on 
these guidelines set specifi c intensity prescriptions that target physiological ranges, 
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often expressed as a %VO 2 max, and thresholds such as the VT. It has been sug-
gested that a target RPE can be used to self-regulate exercise intensity to produce 
optimal health-fi tness training outcomes based on physiological criteria. Various 
methods have been employed to confi rm the validity of exercise intensity self- 
regulation using target RPE’s, such as estimation–production paradigms for the 
assessment of prescription congruence and intensity discrimination. 

 However, prescribing exercise intensity based on guidelines that impose the 
intensity to be performed ignores an individual’s preference for and tolerance of 
certain exercise intensities. It has been shown that increases in exercise intensity are 
associated with decreases in affective responses (AR) (Ekkekakis and Petruzzello 
 1999 ). This decrease in the pleasure derived from exercise can lower adherence to 
the prescribed exercise program (Cox et al.  2003 ; Lee et al.  1996 ; Perri et al.  2002 ). 
Based on these results, many individuals may not benefi t from an initial exercise 
prescription where an imposed exercise intensity is employed. The goal of an exer-
cise program should not only be health-fi tness benefi ts, but should also include the 
development of one’s willingness to participate in the activity. Therefore, one of the 
initial goals of an exercise prescription should be to promote program adherence. 
The adoption and maintenance of regular exercise will facilitate the ultimate goal of 
attaining the desired health-fi tness benefi ts.  

12.1.2     Imposed Versus Self-Selected Exercise Intensity 
Prescription 

 Prescribed exercise intensity can also be referred to as  imposed exercise intensity . 
In this prescriptive scenario, the individual does not have a choice regarding the 
exercise intensity that he/she will perform. The imposition of exercise intensity can 
be seen by some individuals as highly controlling, negatively infl uencing AR and 
exercise adherence. Based on the theory of self-determination, engaging in an exter-
nally controlled behavior, such as performing imposed exercise intensity, decreases 
the intrinsic motivation to continue that behavior. Giving an individual the freedom 
to self-select the exercise intensity that will be performed may increase motivation 
for continued participation (Ryan and Deci  2000 ; Lind et al.  2008 ). Increased con-
trol over exercise intensity can lead to a greater enjoyment associated with exercise 
(Wankel  1993 ). This is important because of the positive link between exercise 
enjoyment and program adherence (Ryan and Deci  2000 ; Ryan et al.  1997 ; Caserta 
and Gillett  1998 ). 

 It has been proposed that a causal chain exists, linking (a) the intensity of PA (not 
only its level but whether it is self-selected or imposed), (b) AR to exercise (e.g., 
measured using Feeling Scale ratings), and (c) regular PA participation and/or adher-
ence to exercise programming. Ekkekakis and Lind ( 2006 ) summarized the compari-
son between SS and imposed exercise intensity. They stated that during self-selected 
exercise, a sense of control is maintained such that the individual can avoid physical 
discomfort and fatigue. Therefore, self-selected exercise intensity may seem like a 
somewhat innocuous concept, negative emotions (e.g., social physique anxiety) may 
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not arise, and a positive AR results. In contrast, when exercise intensity is imposed, 
personal control is taken away and overt signs of fatigue and discomfort may occur. 
The imposition of exercise intensity may be seen as posing a potential evaluative 
threat where negative emotions may arise, leading to decreased AR (Ekkekakis and 
Lind  2006 ). Studies have shown that imposed exercise intensities elicit a more nega-
tive (or comparatively less positive) AR when compared to self-selected exercise 
intensities (Ekkekakis and Lind  2006 ; Lind et al.  2008 ; Parfi tt et al.  2000 ; Parfi tt 
et al.  2006 ; Rose and Parfi tt  2007 ). 

 It has been shown that for most individuals, self-selected exercise intensities are 
adequate to provide an overload training stimulus to promote gains in cardiorespira-
tory fi tness while simultaneously providing a level of effort that results in a positive 
AR. Previous studies have found that, on average, self-selected exercise intensity is 
often similar to the VT or LT. Although many subjects chose self-selected intensity 
near the VT or LT, relatively few exceeded that level (Dishman et al.  1994 ; Ekkekakis 
and Lind  2006 ; Lind et al.  2005 ; Lind et al.  2008 ). Therefore, a prescription that 
employs self-selected exercise intensity may be benefi cial for overall health-fi tness 
without negatively affecting mood state or emotions.  

12.1.3     RPE During Self-Selected Exercise 

 RPE has been used to quantify the perception of exertional intensity during self- 
selected exercise. In a 20-min cycle ergometer exercise bout, both high- and low- 
active men estimated similar Borg Scale RPE’s at 5-min intervals. RPE increased 
from an average of 10.5 at minute 5 to an average of 14.2 at minute 20 (Dishman et al. 
 1994 ). In a 20-min bout of treadmill exercise in which speed was adjusted to produce 
self-selected intensity, previously sedentary middle-aged women estimated Borg 
RPE’s averaging approximately 11 at minute 5 and increasing to an average of almost 
14 at minute 20 (Lind et al.  2005 ). Using the OMNI Scale during a 20-min bout of 
cycle ergometer exercise, college-aged males estimated RPE’s averaging 2 at minute 
5 and increasing to an average of 5 at minute 20 (Haile et al.  2013 ). In each instance, 
subjects were allowed to adjust intensity every 5 min. In general, subjects increased 
intensity throughout the 20-min exercise bouts and, subsequently, RPE increased as 
well. On average, RPE’s measured during the later stages of the exercise bouts were 
within the perceived exertion range that encompasses the VT in most individuals, i.e., 
from 11 to 16 using the Borg Scale and from 5 to 7 using the OMNI Scale.  

12.1.4     RPE During Self-Selected Versus Imposed Exercise 
Intensity 

 Parfi tt and colleagues ( 2000 ) conducted an investigation in which RPE was com-
pared between self-selected and imposed treadmill exercise in young adult males 
and females. Imposed exercise intensity was set at 65 % of VO 2 max and subjects 
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self-selected exercise intensity at 71 % VO 2 max. Even though exercise intensity was 
signifi cantly different between trials, RPE’s were similar. The exertion associated 
with the harder work rate during self-selected exercise intensity was perceived to be 
the same as for the lower, prescribed intensity. These fi ndings indicate a potential 
positive perception of the self-selected exercise or conversely a negative perception 
of the imposed exercise (Parfi tt et al.  2000 ). 

 The similarity in perceptual responses between self-selected and imposed exer-
cise is important to consider when these formats are used for prescriptive purposes. 
If an individual feels that the level of exertion is lower when self-selected exercise 
is performed or higher when imposed exercise is performed, the individual may be 
underestimating or overestimating exertional intensity as it relates to physiological 
values. However, regardless of these subtle changes in the RPE response, an impor-
tant aspect of self-selected and imposed exercise to consider is the individual’s 
adherence to the exercise program. Some individuals may have better adherence 
during an initial exercise program involving self-selected exercise, yet others may 
prefer that the exercise professional sets a specifi c intensity based on established PA 
guidelines. Therefore, it is important to measure perceptual and psychosocial vari-
ables (i.e., RPE, pain, affect, enjoyment) during both self-selected and imposed 
exercise intensities before determining optimal exercise programming, especially in 
previously sedentary individuals.  

12.1.5     Case Study 

12.1.5.1     Client Information 

 A 44-year-old female enters your physical fi tness program. She explains that in the 
past she exercised at home following her own pace but has discontinued the pro-
gram. Now she feels that advice of a professional is needed in order to restart her 
exercise program. Recently, she has been attempting to get back into shape using 
the advice of a personal trainer at a commercial facility, but she complains that the 
trainer often pushed her too hard. She tells you that the trainer was a nice person, but 
she could not enjoy exercising when the trainer kept telling her to exercise at a 
higher intensity than she preferred.  

12.1.5.2     Assessments, Results and Analysis 

 Have the subject perform a load-incremented estimation trial to determine the 
VT. Then, have the subject perform two submaximal exercise trials: one at self- 
selected exercise intensity and one at imposed exercise intensity. Measure VO 2  and 
RPE during each trial to determine the mode of exercise intensity most suitable for 
the subject based on perceived exertion responses and personal preference.

12 Self-Selected Versus Imposed Exercise Intensities
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   Using the estimation trial, determine VO 2 , HR and RPE at the VT.  
  Using the imposed exercise intensity trial, determine the average VO 2 , HR and RPE.  
  Using the self-selected exercise intensity trial, determine average VO 2 , HR, and 

RPE.       

12.2     Methods 

12.2.1     Treadmill Procedures 

12.2.1.1     Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig.   A.2    )   
   2.    Treadmill   
   3.    HR monitor   
   4.    Respiratory-metabolic measurement system      

12.2.1.2     Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Perform the memory anchoring procedure as described in Chap.   5    . Read the 

standard instructions to the subject for the Adult OMNI-Walk/Run RPE Scale to 
measure RPE-O (Appendix   B.1    ). If measurement of differentiated RPE (RPE-L 
and RPE-C) is desired, read the standard instructions for the Adult OMNI-Walk/
Run RPE Scale for undifferentiated and differentiated RPE (Appendix   B.2    ).      

12.2.1.3     Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a 
 cool- down. The subject should be reminded not to step off the treadmill belt 
while it is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be performed by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.

    (a)    Begin the warm-up at 1.5 miles · h −1  and 0 % grade for 3 min.   
   (b)    Each exercise test stage will last for 3 min. The stages progress as follows:

12.2 Methods
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   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

   (c)    When the subject cannot continue any longer owing to exhaustion, terminate 
the exercise test by initiating the cool-down period at 1.5 miles · h −1  and 0 % 
grade. The cool-down should be 5 min in duration.   

   (d)    Ask the subject to estimate RPE starting at 2:30 of each exercise stage using 
the OMNI Scale (RPE-O). Because the position of the respiratory-metabolic 
mouth piece inhibits a verbal response, instruct the subject to point to the 
numbers on the RPE scale, which should be conveniently positioned within 
the subject’s arm reach. State aloud the numerical ratings for each momentary 
assessment to which the subject pointed and request a confi rmatory nod that 
the number stated was correct. If incorrect, allow the subject to point to the 
appropriate rating on the RPE scale once more. Ask the subject to hold his or 
her fi nger on the appropriate number on the scale for approximately 1 s.   

   (e)    Record HR (b · min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  (ml · kg −1  · min −1 ) for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded at the end of the test.   
   (i)    Determine the VO 2  (ml · kg −1  · min −1 ) and %VO 2 max associated with the 

VT using the respiratory-metabolic measurement system automatic VT 
calculator.          

12.2.1.4     Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (ml · kg −1  · min −1 ), OMNI RPE-O, HR (b · min −1 ). 
Include columns for OMNI RPE-L and OMNI RPE-C if applicable.   

   2.    If the respiratory-metabolic measurement system does not automatically calcu-
late VT or if instruction on manual calculation and visual identifi cation of the VT 
is desired, refer to Appendix   D     for a detailed explanation for the following:

    (a)    Calculation of V E  · VO 2  −1  and V E  · VCO 2  −1 .   
   (b)    Plot of V E  · VO 2  −1  and V E  · VCO 2  −1  for visual identifi cation of the VT using the 

ventilatory equivalent method.   
   (c)    Adjustment of automatic VT calculation using a respiratory-metabolic mea-

surement system.    
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      3.    Plot of VO 2  as a function of OMNI RPE-O for determination of OMNI RPE-VT.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-O. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the OMNI RPE-O values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-O on the  y -axis and 
VO 2  on the  x -axis. Create a title for the plot and enter the appropriate axis 
labels and units of measure.   

   (d)    To determine OMNI RPE-VT, click on one of the data points to highlight the 
entire data series. Right click on one of the data points and a menu will 
appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  menu 
will appear. Select  LINEAR  and  DISPLAY EQUATION ON CHART  then 
click  CLOSE . The trendline and equation will be displayed on the chart.   

   (e)    Use this linear equation to calculate RPE-VT. Use the previously determined 
VO 2  (ml · kg −1  · min −1 ) corresponding to the VT as the “x” value in the equa-
tion and solve for “y.” The calculated “y” value, once rounded to the nearest 
whole integer, is the OMNI RPE-VT.    

      4.    Repeat the above steps for VO 2  and HR to determine HR-VT.   
   5.    An example of these procedures with a screenshot depicting each step as per-

formed using Microsoft Excel 2013 can be found in Appendix   D    .      

12.2.1.5     Imposed Exercise Intensity Trial 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will slow down or stop the treadmill. The subject should be 
reminded not to step off the treadmill belt while it is still in motion.   

   3.    Start the treadmill at 3 miles · h −1  and 0 % grade for a 2-min warm-up.   
   4.    Following the warm-up, instruct the subject that he/she will exercise for 10 min 

at the predetermined target VO 2  corresponding to the VT, which will be achieved 
by adjusting the treadmill speed.

    (a)    Increase the speed of the treadmill to 5 miles · h −1  immediately following the 
warm-up. Then monitor every 15-s average VO 2  (ml · kg · min −1 ) on the com-
puter display.   
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   (b)    If VO 2  remains below the VT after 1 min, increase the treadmill speed by 0.5 
miles · h −1 . Continue to increase speed by 0.5 miles · h −1  every 30 s until VO 2  
is within 2–3 ml · kg −1  · min −1  of VO 2  corresponding to the VT.   

   (c)    If VO 2  increases to a level above the VT, make adjustments by decreasing 
treadmill speed in increments of 0.1 miles · h −1  every 30 s to fi ne-tune exer-
cise intensity.    

      5.    Record treadmill speed every minute.   
   6.    Record HR (b · min −1 ) every 2 min.   
   7.    Record the fi nal 15-s VO 2  in ml · kg −1  · min −1  for each 2-min segment of 

exercise.   
   8.    Instruct the subject to estimate RPE starting at 1:30 of each 2-min segment of 

exercise using the OMNI Scale (RPE-O).   
   9.    Following the 10-min exercise, the treadmill should be set to 3 miles · h −1  and 

0 % grade for a 2-min cool-down period.      

12.2.1.6    Self-Selected Exercise Intensity Trial 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or 
discomfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will slow down or stop the treadmill. The subject should be 
reminded not to step off the treadmill belt while it is still in motion.   

   3.    Read the following instructions to the subject for self-selected exercise 
(Dishman et al.  1994 ; Parfi tt et al.  2000 ): “You will be allowed to select an 
intensity you prefer to perform on the treadmill. This should be an intensity 
that you would choose for a 10-min workout if you were participating in a fi t-
ness program. The intensity should be high enough that you would get a good 
workout, but not so high that you would not prefer to exercise at that intensity 
daily or at least every other day. It should be an intensity that is appropriate 
for you.”   

   4.    Start the treadmill at 3 miles · h −1  and 0 % grade for a 2-min warm-up.   
   5.    Following the warm-up, instruct the subject to exercise for 10 min at a SS exer-

cise intensity by adjusting treadmill speed whenever desired.   
   6.    Record treadmill speed every minute.   
   7.    Record HR (b · min −1 ) every 2 min.   
   8.    Record the fi nal 15-s VO 2  in ml · kg −1  · min −1  for each 2-min segment of 

exercise.   
   9.    Ask the subject to estimate RPE starting at 1:30 of each 2-min segment of exer-

cise using the OMNI Scale (RPE-O).   
   10.    Following the 10-min exercise, the treadmill should be set to 3 miles · h −1  and 

0 % grade for a 2-min cool-down period.      
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12.2.1.7     Imposed and Self-Selected Exercise Intensity Trials: 
Data Organization and Analysis 

     1.    For the imposed exercise intensity trial:

    (a)    Calculate the average treadmill speed (miles · h −1 ) using the data from each 
minute of exercise.   

   (b)    Calculate the average HR (b · min −1 ) using each 2-min HR response.   
   (c)    Calculate the average OMNI RPE-O using each 2-min RPE response.   
   (d)    Calculate the average VO 2  (ml · kg −1  · min −1 ) using each 2-min VO 2 .       

   2.    For the self-selected exercise intensity trial:

    (a)    Calculate the average treadmill speed (miles · h −1 ) using the data from each 
minute of exercise.   

   (b)    Calculate the average HR (b · min −1 ) using each 2-min HR response.   
   (c)    Calculate the average OMNI RPE-O using each 2-min RPE response.   
   (d)    Calculate the average VO 2  (ml · kg −1  · min −1 ) using each 2-min VO 2 .           

12.2.2     Cycle Ergometer Procedures 

12.2.2.1    Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Cycle ergometer   
   3.    Metronome   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      

12.2.2.2    Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale for RPE-L 

to the subject (Appendix   B.4    ). If the measurement of undifferentiated (RPE-O) 
and differentiated RPE for chest/breathing (RPE-C) is desired, read the standard 
instructions for the Adult OMNI-Cycle RPE Scale for undifferentiated and 
 differentiated RPE (Appendix   B.5    ). Perform the memory anchoring procedure 
as described in Chap.   5    .      

12.2.2.3    Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   
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   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is syn-
chronized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds owing to fatigue, terminate the exercise test.   

   (e)    Instruct the subject to estimate RPE starting at 1:30 of each exercise stage 
using the OMNI Scale (RPE-L). Because the position of the respiratory- 
metabolic mouth piece inhibits a verbal response, instruct the subject to 
point to the numbers on the RPE scale, which should be conveniently posi-
tioned within the subject’s arm reach. State aloud the numerical ratings for 
each momentary assessment to which the subject pointed and request a con-
fi rmatory nod that the number stated was correct. If incorrect, allow the sub-
ject to point to the appropriate rating on the RPE scale once more. Ask the 
subject to hold his or her fi nger on the appropriate number on the scale for 
approximately 1 s.   

   (f)    Record HR (b · min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  in l · min −1  for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the 

test.   
   (j)    Determine the VO 2  (l · min −1 ) and %VO 2 peak associated with the VT using 

the respiratory-metabolic measurement system automatic VT calculator.          

12.2.2.4    Estimation Protocol: Data Organization and Analysis 

     1.    In a Microsoft Excel spreadsheet, label columns of data for the following vari-
ables: Exercise Stage, VO 2  (l · min −1 ), OMNI RPE-L, HR (b · min −1 ). Include col-
umns for OMNI RPE-O and OMNI RPE-C if applicable.   

   2.    If the respiratory-metabolic measurement system does not automatically calcu-
late VT or if instruction on manual calculation and visual identifi cation of the VT 
is desired, refer to Appendix   D     for detailed instructions for the following:

    (a)    Calculation of V E  · VO 2  −1  and V E  · VCO 2  −1 .   
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   (b)    Plot of V E  · VO 2  −1  and V E  · VCO 2  −1  for visual identifi cation of the VT using the 
ventilatory equivalent method.   

   (c)    Adjustment of automatic VT calculation using a computer application avail-
able for most respiratory-metabolic measurement systems.    

      3.    Plot of VO 2  and OMNI RPE-L for determination of OMNI RPE-VT.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen.   

   (b)    Click on the  SELECT DATA  tab. Remove any entries found in the  LEGEND 
ENTRIES  text box then click  ADD . Under  SERIES NAME , enter VO 2  and 
OMNI RPE-L. Then click on the icon to the right of the  SERIES X VALUES  
text box and highlight the VO 2  values. After the values are highlighted click 
the icon on the box that appeared. Then click on the icon to the right of the 
 SERIES Y VALUES  text box and highlight the OMNI RPE-L values. After 
the values are highlighted click the icon on the box that appeared. Click  OK  
on the next two screens.   

   (c)    You should now have a scatter plot with OMNI RPE-L on the  y -axis and VO 2  
on the  x -axis. Create a title for the plot and enter the appropriate axis labels 
and units of measure.   

   (d)    To determine OMNI RPE-VT, click on one of the data points to highlight the 
entire data series. Right click on one of the data points and a menu will 
appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  menu 
will appear. Select  LINEAR  and  DISPLAY EQUATION ON CHART  then 
click  CLOSE . The trendline and equation will be displayed on the chart.   

   (e)    Use this linear equation to calculate RPE-VT. Use the previously determined 
VO 2  (l · min −1 ) corresponding to the VT as the “x” value in the equation and 
solve for “y.” The calculated “y” value, once rounded to the nearest whole 
integer, is the OMNI RPE-VT.    

      4.    Repeat the above steps for VO 2  and HR to determine HR-VT.   
   5.    An example of these procedures with a screenshot depicting each step as per-

formed using Microsoft Excel 2013 can be found in Appendix   D    .      

12.2.2.5    Imposed Exercise Intensity Trial 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   
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   4.    Instruct the subject to perform a 2-min warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.       

   5.    Following the warm-up, inform the subject that he/she will exercise for 10 min 
at the predetermined target VO 2  corresponding to the VT which will be achieved 
by adjusting the cycle brake resistance.   

   6.    For electronically braked cycle ergometers (e.g., Lode)

    (a)    Increase the cycle brake resistance to 75 W immediately following the 
warm-up. Then monitor every 15-s average VO 2  (l · min −1 ) on the computer 
display.   

   (b)    If VO 2  remains below the VT after 1 min, increase the cycle brake resis-
tance by 25 W. Continue to increase the brake resistance by 25 W every 30 s 
until VO 2  is within 0.2–0.3 l · min −1  of the VO 2  corresponding to the VT.   

   (c)    If VO 2  increases to a level above the VT, make further adjustments by 
decreasing the brake resistance in increments of 5–10 W to fi ne-tune exer-
cise intensity.       

   7.    For friction-braked cycle ergometers (e.g., Monark)

    (a)    Increase the cycle brake resistance to 1.5 kg immediately following the warm-
up. Then monitor every 15-s average VO 2  (l · min −1 ) on the computer display.   

   (b)    If VO 2  remains below the VT after 1 min, increase the cycle brake resis-
tance by 0.5 kg. Continue to increase the brake resistance by 0.5 kg every 
30 s until VO 2  is within 0.2–0.3 l · min −1  of the VO 2  corresponding to the VT.   

   (c)    If VO 2  increases to a level above the VT, make further adjustments by 
decreasing the brake resistance in increments of 0.1 kg to fi ne-tune exercise 
intensity.       

   8.    Record cycle brake resistance (W or kg) every minute.   
   9.    Record HR (b · min −1 ) every 2 min.   
   10.    Record the fi nal 15-s VO 2  in l · min −1  for each 2-min segment of exercise.   
   11.    Ask the subject to estimate RPE-L starting at 1:30 of each 2-min segment of 

exercise using the OMNI Scale.   
   12.    Following the 10-min exercise, instruct the subject to perform a 2-min 

cool-down.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.          

12.2.2.6    Self-Selected Exercise Intensity Trial 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head 
 support unit and nose clip if applicable) on the subject.   
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   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   4.    Read the following instructions for self-selected exercise to the subject 
(Dishman et al.  1994 ; Parfi tt et al.  2000 ): “You will be allowed to select an 
intensity you prefer to perform on the cycle. This should be an intensity that 
you would choose for a 10-min workout if you were participating in a fi tness 
program. The intensity should be high enough that you would get a good work-
out, but not so high that you would not prefer to exercise at that intensity daily 
or at least every other day. It should be an intensity that is appropriate for you.”   

   5.    Instruct the subject to perform a 2-min warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.       

   6.    Following the warm-up, instruct the subject to exercise for 10 min at a SS exer-
cise intensity by adjusting the cycle brake resistance whenever desired.   

   7.    Record cycle brake resistance every minute.   
   8.    Record HR (b · min −1 ) every 2 min.   
   9.    Record the fi nal 15-s VO 2  in l · min −1  for each 2-min exercise segment.   
   10.    Ask the subject to estimate RPE-L starting at 1:30 of each 2-min segment of 

exercise using the OMNI Scale.   
   11.    Following the 10-min exercise, instruct the subject to perform a 2-min 

cool-down.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.          

12.2.2.7    Imposed and Self-Selected Exercise Intensity Trials: Data 
Organization and Analysis 

     1.    For the imposed exercise intensity trial:

    (a)    Calculate the average cycle brake resistance using the data from each minute 
of exercise.   

   (b)    Calculate the average HR (b · min −1 ) using each 2-min HR response.   
   (c)    Calculate the average OMNI RPE-L using each 2-min RPE response.   
   (d)    Calculate the average VO 2  (l · min −1 ) using each 2-min VO 2 .       

12.2 Methods
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   2.    For the self-selected exercise intensity trial:

    (a)    Calculate the average cycle brake resistance using the data from each minute 
of exercise.   

   (b)    Calculate the average HR (b · min −1 ) using each 2-min HR response.   
   (c)    Calculate the average OMNI RPE-L using each 2-min RPE response.   
   (d)    Calculate the average VO 2  (l · min −1 ) using each 2-min VO 2 .            

12.3     Laboratory Discussion Questions 

     1.    Did the imposed trial produce a target intensity similar to the VT? Did the sub-
ject exhibit RPE responses similar to those corresponding to the VT as calculated 
using responses to the estimation trial?   

   2.    Were physiological variables (i.e., VO 2 , HR, V E ) similar or dissimilar between 
the self-selected and imposed exercise trials? Which mode of identifying exer-
cise intensity, self-selected or imposed, would you recommend based on the 
potential for physiological and health-fi tness benefi ts? Why?   

   3.    Were RPE responses similar or dissimilar between the self-selected and imposed 
exercise trials? Which mode of identifying exercise intensity, self-selected or 
imposed, would you recommend based on the potential to promote maximum 
exercise program adherence? Why?   

   4.    Was there a perceptual-physiological link between RPE responses and physiolog-
ical responses to self-selected and imposed exercise intensities as predicted by the 
Effort Continua Model? Would you use a target RPE or target  physiological 
response to set the initial intensity for a sedentary individual’s exercise program?   

   5.    How would you progress the intensity of an individual’s exercise program if it 
was based on (a) an imposed protocol or (b) a self-selected protocol?         
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    Chapter 13   
 Predicted, Momentary and Session RPE 

                    The common method of rating perceived exertion is for individuals to estimate 
 momentary RPE , also referred to as in-task or on-stimulus RPE. This method is 
used when individuals are asked to estimate RPE during any type of acute exercise 
or PA performance, including warm-up and recovery periods. Momentary RPE has 
many uses as noted in previous chapters, but does not provide information about an 
individual’s perception of physical exertion related to an exercise bout to be per-
formed in the near future ( predicted  RPE) or that has already been performed in the 
recent past ( session  RPE). Therefore, the assessment of off-stimulus RPE values 
may provide additional information related to past performance and future partici-
pation of exercise and physical activity. A mismatch between predicted and/or ses-
sion RPE values and momentary RPE for a given bout of exercise may help to 
identify an individual at risk of drop-out from an exercise program, especially if the 
predicted or session RPE values are greater than momentary RPE. In addition, a 
mismatch between session RPE and momentary RPE may affect an individual’s 
ability to properly report exercise intensity. The primary purpose of this laboratory 
experiment is to measure and compare an individual’s predicted, momentary and 
session RPE responses to exercise. 

13.1     Background 

13.1.1     Predicted RPE 

 An individuals’ prediction of the level of perceived exertion that they expect to 
experience in a future bout of exercise (i.e., predicted RPE) may help to explain 
their motivation to perform that exercise.  Predicted RPE  can be defi ned as a global 
estimate of the average RPE that is expected for an entire bout of upcoming exercise 
or PA. It is rated prior to performance of that activity. Poulton and colleagues ( 2002 ) 
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studied predicted physical discomfort. Although the investigation did not measure 
predicted RPE directly, the defi nition of perceived exertion includes the construct of 
physical discomfort. Signifi cant relations were found between patterns of the over-
prediction of physical discomfort and negative self-reported health status, negative 
attitudes about exercise, high body mass index, and poor CRF. In addition, the 
greater the mismatch between predicted and actual physical discomfort, the lower 
the physical activity level (Poulton et al.  2002 ). Therefore, measuring predicted 
RPE prior to a bout of exercise may help determine whether an individual is at risk 
of low adherence to an exercise program, identifi ed by the overprediction (i.e., 
higher value) of the expected RPE. 

 It is of interest to determine whether predicted RPE matches momentary RPE for 
a given type of exercise programming. A signifi cant difference between predicted 
RPE and the mean of momentary RPE’s for a single exercise session indicates a per-
ceptual mismatch potentially leading to negative attitudes regarding adoption and 
maintenance of PA participation. Few investigations have studied predicted 
RPE. Young adult men and women overpredicted RPE prior to load-incremented 
cycle ergometer exercise (Haile et al.  2008 ; Hunt et al.  2007 ). However, the relation 
of this mismatch with attitudes towards exercise, PA level or adherence to exercise 
was not investigated. In addition, a load-incremented exercise test is not a common 
exercise format that is included in steady state or interval prescriptions for health- 
related fi tness. Kane and colleagues ( 2010 ) compared predicted RPE and momentary 
RPE in response to a shuttle run test called the Progressive Aerobic Cardiovascular 
Endurance Run (PACER). The subjects for the investigation were children who 
reported moderate experience with aerobic exercise. Predicted RPE exhibited a 
match with momentary RPE, which may have been a result of previous experience 
with similar aerobic activities resulting in an accurate expectation of the exertion to 
be experienced (Kane et al.  2010 ). Future research is necessary to determine if pre-
dicted RPE can be used to identify barriers to exercise adherence. This can be done 
by calculating the difference between predicted RPE and the mean of the sequentially 
determined momentary RPE of exercise bouts normally prescribed to improve CRF.  

13.1.2     Session RPE 

 An individual’s memory of the perceptual experience of a previously performed 
bout of exercise may affect the accurate reporting of the specifi c exercise intensity 
performed during that bout. It may also affect an individual’s desire to perform 
similar exercise in the future.  Session RPE  can be defi ned as a post-exercise esti-
mate of the global RPE for an entire bout of exercise or PA. It is rated following 
completion of that activity. Session RPE has been measured following a wide vari-
ety of exercise and sport modalities, including cycling (Foster et al.  1996 ,  2001 ; 
Green et al.  2007 ; Haile et al.  2008 ,  2013b ; Herman et al.  2006 ; Hunt et al.  2007 ; 
Killen et al.  2013 ; Kilpatrick et al.  2009 ; Rodriguex-Marroyo et al.  2012 ),  walking/
running (Davis et al.  2012 ; Foster et al.  1996 ; Green et al.  2009 ; Haile et al.  2013a ; 
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Minganti et al.  2011b ; Seiler and Kjerland  2006 ), swimming (Wallace et al.  2009 ), 
diving (Minganti et al.  2011a ), soccer (Alexiou and Coutts  2008 ; Algroy et al.  2011 ; 
Gomez-Piriz et al.  2011 ; Impellizzeri et al.  2004 ; Tessitore et al.  2011 ), basketball 
(Foster et al.  2001 ; Moreira et al.  2012 ), speed-skating (Foster et al.  1996 ), rugby 
(McLean et al.  2010 ), judo (Viveiros et al.  2011 ), taekwondo (Haddad et al.  2011 ), 
futsal (Milanez et al.  2011 ), teamgym (Minganti et al.  2010 ), sprint kayaking 
(Borges et al.  2014 ), fi eld-based speed training (Lockie et al.  2011 ), and resistance 
exercise (Bacon et al.  2012 ; Charro et al.  2010 ; Day et al.  2004 ; Egan  2003 ; Egan 
et al.  2006 ; McGuigan et al.  2004 ,  2008 ; Pritchett et al.  2009 ; Singh et al.  2007 ; 
Sweet et al.  2004 ). In most of these investigations, session RPE was rated between 
5 and 30 min following the exercise bout. 

 Session RPE was originally developed to track overtraining in endurance ath-
letes (Foster et al.  2001 ), but was recently proposed as a method to track the relative 
exercise intensity for individuals participating in PA intervention programs (Haile 
et al.  2013b ). Whether an individual is previously sedentary and attempting to adopt 
a new exercise program or an elite athlete, session RPE can be a practical, afford-
able and non-invasive method to describe the relative intensity of physical activity 
and exercise performed within training or a general conditioning program. In addi-
tion, it may be useful for predicting injury or illness as a result of overtraining and 
the failure to achieve physiological benefi ts as a result of undertraining (Foster et al. 
 2001 ; Haile et al.  2013b ).  

13.1.3     Validity of Session RPE 

 Session RPE has been widely studied, especially in comparison to predicted 
RPE. However, few studies have investigated the validity of session RPE as a global 
value that accurately represents the mean of momentary RPE responses measured 
during exercise. It is known that session RPE generally changes in correspondence 
with variations in physiological variables measured during exercise, including HR, 
VO 2  and blood lactate concentrations (Herman et al.  2006 ; Rodriguex-Marroyo 
et al.  2012 ; Seiler and Kjerland  2006 ). In previous investigations, session RPE has 
exhibited an acceptable degree of concurrent validity because it changes in a pre-
dictable direction with well-known physiological exertional mediators. However, 
by defi nition, session RPE is the global estimate of the average of the sequentially 
estimated momentary RPE determined during a previous exercise bout. To exhibit 
construct validity, session RPE should be equal to the mean of momentary RPE 
responses. Such validity is achieved when scale anchoring procedures as presented 
during RPE scale orientation are understood by the individual and conform to 
Borg’s Range Model. Given these measurement procedures, session RPE can be 
used to estimate the relative exercise intensity. Therefore, session RPE that is equal 
to the mean of the momentary RPE could be used to predict the physiological 
responses that describe the relative intensity of a previously performed exercise ses-
sion. This information would be appropriate for use in PA logs as part of a 
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behavioral intervention involving systematic exercise participation. However, if ses-
sion RPE exhibits a mismatch compared with the mean of the momentary RPE, then 
the measure likely does not accurately represent the global exertion responses for 
the entire exercise session. In such an instance, the session RPE response may not 
be a useful index of the global exertional experience and as such the relative exer-
cise intensity for the entire preceding exercise bout. 

 Green and colleagues ( 2009 ) measured session RPE 20 min following treadmill 
exercise bouts at 70 % of VO 2 max. Whether the exercise was performed for 20, 30 
or 40 min in separate bouts, session RPE was signifi cantly greater than the mean of 
the momentary RPE. Kilpatrick and colleagues ( 2009 ) measured session RPE 
15 min following 30 min of treadmill exercise. Subjects performed three separate 
bouts at an intensity of their choosing based on verbal instructions to attain light, 
moderate, or vigorous intensity. For all three bouts session RPE was signifi cantly 
greater than mean momentary RPE. Haile and colleagues ( 2013b ) measured session 
RPE 15 min following two separate 20 min bouts of cycle ergometer exercise. In the 
fi rst bout, subjects performed self-selected exercise intensity based on what they felt 
was a “good workout.” In the second bout, each subject’s own previously deter-
mined self-selected intensity was then prescribed (i.e., imposed) on that subject. 
However, the subject was told the brake resistance was “selected by the investiga-
tors.” In either case, whether the same intensity was self-selected or imposed, ses-
sion RPE was signifi cantly greater than the mean of the momentary RPE (Haile 
et al.  2013b ). In all three studies, session RPE was not representative of the mean 
momentary RPE. However, session RPE was similar to momentary RPE estimated 
near the end of exercise. Therefore, it seems that the most recently experienced 
momentary RPE values may dominate the session RPE response. In some individu-
als, there may be a certain amount of perceptual memory fade in the minutes follow-
ing exercise cessation. This time dependent decay may not allow the momentary 
RPE experienced near the beginning of exercise to contribute to the global response. 
It may be benefi cial to ask subjects to rate session RPE sooner following exercise 
than the 15–20-min period that has been commonly used in many investigations.  

13.1.4     Effect of Exercise Intensity on Session RPE 

 Another factor that has been shown to mediate the session RPE response is the effect 
of changes in exercise intensity during a single performance. This effect may be a 
potential reason why the session RPE has been rated consistently higher than the 
mean of the momentary RPE. Green and colleagues ( 2007 ) found that session RPE 
was higher following interval exercise in comparison to constant load cycle exercise 
when overall workload was the same between test protocols. In this experimental 
design, average workload was the same between interval and constant load exercise 
trials. However, the intensity of each exercise interval was higher than that at any time 
point in the constant load protocol, likely resulting in a greater session RPE for the 
interval protocol. Such a difference was expected because of the greater disruption in 
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metabolic homeostasis experienced during interval exercise relative to constant 
workload exercise, regardless that average workload was the same (Green et al. 
 2007 ). In addition, two other investigations found that subjects rated session RPE 
greater than the mean momentary RPE following load-incremented cycle ergometer 
exercise (Haile et al.  2008 ; Hunt et al.  2007 ). This response was most likely infl u-
enced by the high exercise intensities performed closer to the end of the exercise 
session. However, these studies did not compare session RPE with momentary RPE 
values. In the study by Haile and colleagues ( 2013b ), subjects were allowed to self-
select exercise intensity every 5 min during a 20-min cycle ergometer exercise trial. 
On average, subjects increased intensity and momentary RPE values throughout the 
trial. Subsequently, session RPE was greater than the mean momentary RPE. However, 
the session RPE value was similar to the momentary RPE values rated near the end 
of exercise, where the highest momentary RPE values occurred (Haile et al.  2013b ).  

13.1.5     Segmented Session RPE 

 Based on this previous research, it is possible that the time segments of a previous 
exercise bout can differentially dominate the global session RPE response. Higher 
exertional perceptions that are linked to comparatively higher exercise intensity, 
either performed during interval exercise or near the end of load-incremented and 
self-selected exercise, may result in a higher session RPE response (Green et al. 
 2007 ; Haile et al.  2008 ,  2013b ; Hunt et al.  2007 ). In addition, the in-task level of 
exertion that is experienced near the end of the exercise trial may intensify session 
RPE. This holds regardless of whether intensity was constant (Green et al.  2009 ), 
self-selected based on specifi c verbal prescriptions (Kilpatrick et al.  2009 ), or freely 
self-selected based on what the subject thought was a “good workout.” Therefore, it 
may be necessary to separately measure session RPE for the different segments of 
the previous exercise bout. This is termed  segmented session RPE . In the post- 
exercise period, the subject is asked to estimate the average RPE for a specifi c seg-
ment (time-period) of a bout of exercise or PA that was just completed. Segmented 
session RPE can take the place of or be measured in addition to a full session RPE. 

 Haile and colleagues ( 2013a ) asked subjects to rate session RPE and segmented 
session RPE following 20 min of self-selected treadmill exercise. Segmented ses-
sion RPE values were rated for the fi rst and second halves (fi rst and second 10-min 
time-periods) of exercise. Each segmented session RPE value was similar to the 
momentary RPE values rated during its respective time-period. In addition, the 
mean of the two segmented session RPE values was similar to the mean momentary 
RPE for the total exercise session. Allowing the subjects to rate session RPE for 
each segment of the previous exercise bout resulted in a response that was represen-
tative of the mean of momentary RPE values. In this investigation, session RPE was 
also similar to the mean momentary RPE. Therefore, simply asking the subjects to 
focus on the different segments of exercise prior to rating session RPE may result in 
a response that represents the mean momentary RPE (Haile et al.  2013a ).  

13.1 Background
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13.1.6     Case Study 

13.1.6.1     Client Information 

 A 49-year-old male has agreed to participate in your intervention study during 
which he will be recording details about his exercise in a log over a 1-year period. 
For this intervention you are asking him to perform aerobic exercise most days of 
the week as per national PA guidelines. You are not requiring him to exercise in a 
specifi c fi tness facility or use a specifi c type of ergometer because you do not want 
to restrict his activity participation. You encourage him to exercise wherever he 
prefers, be it at a local gym, at home, or outside. You instruct him to perform exer-
cise at an intensity that he believes to be a good workout, but not to work out so hard 
that he would not be able to perform the exercise at least every other day. However, 
with such general exercise instructions and the potential for using various modali-
ties, you want to employ a common method to record information about exercise 
intensity that the subject selected.  

13.1.6.2     Assessments, Results and Analysis 

 Have the subject perform a load-incremented estimation trial to determine the 
VT. Then, after a brief description of the subsequent submaximal exercise trial, ask 
the subject to estimate their predicted RPE. Have the subject perform the submaxi-
mal exercise trial at an exercise intensity equivalent to the VT (i.e., an imposed 
intensity). Following exercise, ask the subject to estimate session and segmented 
session RPE’s.

   Using the estimation trial, determine VO 2  at the VT.  
  Prior to the submaximal exercise trial, measure predicted RPE.  
  During the submaximal exercise trial, measure momentary RPE.  
  Following the submaximal exercise trial, measure session and segmented session 

RPE.       

13.2     Methods 

13.2.1     Treadmill Procedures 

13.2.1.1     Equipment 

     1.    Adult OMNI-Walk/Run RPE Scale (Fig.   A.2    )   
   2.    Treadmill   
   3.    HR monitor   
   4.    Respiratory-metabolic measurement system      
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13.2.1.2     Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Walk/Run RPE Scale for 

RPE-O (Appendix   B.1    ) to the subject. If measurement of differentiated RPE 
(RPE-L and RPE-C) is desired, read the standard instructions for the Adult 
OMNI-Walk/Run RPE Scale for undifferentiated and differentiated RPE 
(Appendix   B.2    ) to the subject. Perform the memory anchoring procedure as 
described in Chap.   5    .      

13.2.1.3     Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or dis-
comfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will gradually slow the treadmill down for performance of a cool- 
down. The subject should be reminded not to step off the treadmill belt while it 
is still in motion.   

   3.    Bruce Multistage Treadmill Test Protocol: this can be performed by manually 
adjusting treadmill speed and grade or using a program on a computer that is 
interfaced to the treadmill.

    (a)    Begin the warm-up at 1.5 miles · h −1  and 0 % grade for 3 min.   
   (b)    Each exercise test stage will last for 3 min. The stages progress as follows:

   Stage 1—1.7 miles · h −1  and 10 % grade  
  Stage 2—2.5 miles · h −1  and 12 % grade  
  Stage 3—3.4 miles · h −1  and 14 % grade  
  Stage 4—4.2 miles · h −1  and 16 % grade  
  Stage 5—5.0 miles · h −1  and 18 % grade  
  Stage 6—5.5 miles · h −1  and 20 % grade  
  Stage 7—6.0 miles · h −1  and 22 % grade  
  Stage 8—6.5 miles · h −1  and 24 % grade      

   (c)    When the subject cannot continue any longer, terminate the exercise test by 
initiating the cool-down period at 1.5 miles · h −1  and 0 % grade. The cool- 
down should be 5 min in duration.   

   (d)    Ask the subject to estimate RPE starting at 2:30 of each exercise stage using 
the OMNI Scale (RPE-O). Because the position of the respiratory-metabolic 
mouth piece inhibits a verbal response, instruct the subject to point to the 
numbers on the RPE scale, which should be conveniently positioned within 
the subject’s arm reach. State aloud the numerical ratings for each momen-
tary assessment to which the subject pointed and request a confi rmatory nod 
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that the number stated was correct. If incorrect, allow the subject to point to 
the appropriate rating on the RPE scale once more. Ask the subject to hold his 
or her fi nger on the appropriate number on the scale for approximately 1 s.   

   (e)    Record HR (b · min −1 ) at 2:55 of each exercise stage.   
   (f)    Record the fi nal 15-s VO 2  in ml · kg −1  · min −1  for each exercise stage.   
   (g)    Record HRmax as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
   (h)    Record VO 2 max as the highest 15-s VO 2  value recorded during the test.   
   (i)    Determine the VO 2  (ml · kg −1  · min −1 ) and %VO 2 max associated with the 

VT using the respiratory-metabolic measurement system automatic VT 
calculator.   

   (j)    If the respiratory-metabolic measurement system does not automatically 
calculate VT or if an explanation of the manual calculation and visual iden-
tifi cation of the VT is desired, refer to Appendix   D     for detailed instructions.          

13.2.1.4     Submaximal Exercise Intensity Trial 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Instruct the subject to step onto the treadmill and review exercise termination 
procedures: When the subject cannot continue exercise due to exhaustion or 
discomfort, he/she should grasp the treadmill hand rails, at which time the test 
administrator will slow down or stop the treadmill. The subject should be 
reminded not to step off the treadmill belt while it is still in motion.   

   3.    Predicted RPE

    (a)    Prior to the warm-up, instruct the subject that he/she will exercise for 
20 min at the predetermined target VO 2  corresponding to the VT, which 
will be achieved by adjusting the treadmill speed.   

   (b)    Instruct the subject to predict the global, or average, perceived exertion for 
the overall body (RPE-O) that will be experienced in the forthcoming sub-
maximal exercise bout. Record predicted RPE-O.       

   4.    Start the treadmill at 3 miles · h −1  and 0 % grade for a 2-min warm-up.   
   5.    Submaximal exercise intensity at the VT

    (a)    Increase the speed of the treadmill to 5 miles · h −1  immediately following 
the warm-up. Then monitor every 15-s average VO 2  (ml · kg · min −1 ) on the 
computer display.   

   (b)    If VO 2  remains below the target VT value after 1 min, increase the treadmill 
speed by 0.5 miles · h −1 . Continue to increase speed by 0.5 miles · h −1  every 30 s 
until VO 2  is within 2–3 ml · kg · min −1  of the target VO 2  equivalent to the VT.   

   (c)    If VO 2  increases to a level above the VT, make further adjustments by 
decreasing treadmill speed in increments of 0.1 miles · h −1  to fi ne-tune exer-
cise intensity.       
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   6.    Record treadmill speed every minute.   
   7.    Record HR (b · min −1 ) every 2 min.   
   8.    Record the fi nal 15-s VO 2  in ml · kg −1  · min −1  for each 2-min segment of exercise.   
   9.    Ask the subject to estimate RPE-O starting at 1:30 of each 2-min segment of 

exercise using the OMNI Scale.   
   10.    Following the 20-min exercise, the treadmill should be set to 3 miles · h −1  and 

0 % grade for a 2-min cool-down period.   
   11.    Provide the subject with 5 min of seated rest.   
   12.    Instruct the subject to estimate session and segmented session RPE values in 

random order.

    (a)    Session RPE: instruct the subject to estimate the global, or average, per-
ceived exertion for the overall body (RPE-O) that was experienced during 
the preceding exercise bout. Record session RPE-O.   

   (b)    Segmented session RPE for the fi rst half of the exercise bout: instruct the 
subject to estimate the average perceived exertion for the overall body 
(RPE-O) that was experienced during the fi rst 10 min of the preceding 
exercise bout. Record the fi rst segmented session RPE-O.   

   (c)    Segmented session RPE for the second half of the exercise bout: instruct 
the subject to estimate the average perceived exertion for the overall body 
(RPE-O) that was experienced during the second 10 min of the preceding 
exercise bout. Record the second segmented session RPE-O.          

13.2.1.5     Submaximal Exercise Trial: Data Organization and Analysis 

     1.    Calculate the average momentary OMNI RPE-O using each 2-min RPE mea-
sured during exercise.   

   2.    Calculate the average momentary OMNI RPE-O for the fi rst half of exercise 
using each 2-min RPE measured during the fi rst 10 min of exercise.   

   3.    Calculate the average momentary OMNI RPE-O for the second half of exercise 
using each 2-min RPE measured during the second 10 min of exercise.   

   4.    Calculate the average segmented session OMNI RPE-O using the two separate 
segmented session RPE values for each half of the exercise bout.       

13.2.2     Cycle Ergometer Procedures 

13.2.2.1     Equipment 

     1.    Adult OMNI-Cycle RPE Scale (Fig.   2.4    )   
   2.    Cycle ergometer   
   3.    Metronome   
   4.    HR monitor   
   5.    Respiratory-metabolic measurement system      
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13.2.2.2     Pre-exercise Procedures 

     1.    Measure height (cm) and weight (kg) of subject.   
   2.    Read the standard instructions for the Adult OMNI-Cycle RPE Scale for RPE-L 

(Appendix   B.4    ) to the subject. If the measurement of undifferentiated (RPE-O) 
and differentiated RPE for chest/breathing (RPE-C) is desired, read the standard 
instructions for the Adult OMNI-Cycle RPE Scale for undifferentiated and dif-
ferentiated RPE (Appendix   B.5    ). Perform the memory anchoring procedure as 
described in Chap.   5    .      

13.2.2.3     Graded Exercise Test 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Load-incremented protocol for electronically braked and friction-braked cycle 
ergometers:

    (a)    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is syn-
chronized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   (b)    For electronically braked cycle ergometers (e.g., Lode), begin stage 1 at 
50 W then increase the resistance 25 W every 2 min.   

   (c)    For friction-braked cycle ergometers (e.g., Monark), begin stage 1 at 1 kg 
resistance then increase the resistance 0.5 kg every 2 min.   

   (d)    When the subject cannot maintain the pedal cadence for 10 consecutive sec-
onds owing to fatigue, terminate the exercise test.   

   (e)    Ask the subject to estimate RPE-L starting at 1:30 of each exercise stage 
using the OMNI Scale. Because the position of the respiratory-metabolic 
mouth piece inhibits a verbal response, instruct the subject to point to the 
numbers on the RPE scale, which should be conveniently positioned within 
the subject’s arm reach. State aloud the numerical ratings for each momen-
tary assessment to which the subject pointed and request a confi rmatory nod 
that the number stated was correct. If incorrect, allow the subject to point to 
the appropriate rating on the RPE scale once more. Ask the subject to hold 
his or her fi nger on the appropriate number on the scale for approximately 
1 s.   

   (f)    Record HR (b · min −1 ) at 1:55 of each exercise stage.   
   (g)    Record the fi nal 15-s VO 2  in l · min −1  for each exercise stage.   
   (h)    Record HRpeak as the highest HR value recorded during the fi nal exercise 

stage or immediately post-exercise.   
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   (i)    Record VO 2 peak as the highest 15-s VO 2  value recorded at the end of the 
test.   

   (j)    Determine the VO 2  (l · min −1 ) and %VO 2 peak associated with the VT using 
the respiratory-metabolic measurement system automatic VT calculator.   

   (k)    If the respiratory-metabolic measurement system does not automatically 
calculate VT or if an explanation of manual calculation and visual identifi ca-
tion of the VT is desired, refer to Appendix   D     for detailed instructions.          

13.2.2.4    Submaximal Exercise Intensity Trial 

     1.    Position the HR monitor and respiratory-metabolic mouthpiece (with head sup-
port unit and nose clip if applicable) on the subject.   

   2.    Set the proper seat height on the cycle ergometer according to leg length. When 
the foot is fl at on the right pedal and the pedal is in the extreme down position, 
the right knee should be in approximately 5 degrees of fl exion.   

   3.    Instruct the subject to maintain a 50 rev · min −1  pedal cadence. Set the metro-
nome to 100 beats · min −1  so each downward movement of each foot is synchro-
nized with a beat of the metronome. The subject may also use the digital 
monitor on the cycle control panel to regulate pedal cadence.   

   4.    Predicted RPE

    (a)    Prior to the warm-up, instruct the subject that he/she will exercise for 
20 min at the predetermined target VO 2  corresponding to the VT, which 
will be achieved by adjusting the cycle brake resistance.   

   (b)    Instruct the subject to predict the global, or average, perceived exertion for 
the leg muscles (RPE-L) that will be experienced in the forthcoming sub-
maximal exercise bout. Record predicted RPE-L.       

   5.    Instruct the subject to perform a 2-min warm-up.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.       

   6.    Submaximal exercise intensity at the VT for electronically braked cycle ergom-
eters (e.g., Lode)

    (a)    Increase the cycle brake resistance to 75 W immediately following the 
warm-up. Then monitor every 15-s average VO 2  (l · min −1 ) on the computer 
display.   

   (b)    If VO 2  remains below the VT after 1 min, increase the cycle brake resis-
tance to by 25 W. Continue to increase the brake resistance by 25 W every 
30 s until VO 2  is within 0.2–0.3 l · min −1  of the target VO 2  corresponding to 
the VT.   

   (c)    If VO 2  increases to a level above the VT, make further adjustments by 
decreasing the brake resistance in increments of 5–10 W to fi ne-tune exer-
cise intensity.       
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   7.    Submaximal exercise intensity at the VT for friction-braked cycle ergometers 
(e.g., Monark)

    (a)    Increase the cycle brake resistance to 1.5 kg immediately following the 
warm-up. Then monitor every 15-s average VO 2  (l · min −1 ) on the computer 
display.   

   (b)    If VO 2  remains below the VT after 1 min, increase the cycle brake resis-
tance by 0.5 kg. Continue to increase the brake resistance by 0.5 kg every 
30 s until VO 2  is within 0.2–0.3 l · min −1  of the target VO 2  corresponding to 
the VT.   

   (c)    If VO 2  increases to a level above the VT, make further adjustments by 
decreasing the brake resistance in increments of 0.1 kg to fi ne-tune exercise 
intensity.       

   8.    Record cycle brake resistance (W or kg) every minute.   
   9.    Record HR (b · min −1 ) every 2 min.   
   10.    Record the fi nal 15-s VO 2  in l · min −1  for each 2-min segment of exercise.   
   11.    Ask the subject to estimate RPE starting at 1:30 of each 2-min segment of exer-

cise using the OMNI Scale (RPE-L).   
   12.    Following the 10-min exercise, instruct the subject to perform a 2-min cool-down.

    (a)    For electronically braked cycle ergometers (e.g., Lode) set the PO at 25 W.   
   (b)    For friction-braked cycle ergometers (e.g., Monark), set the brake resis-

tance at 0.5 kg.       

   13.    Provide the subject with 5 min of seated rest.   
   14.    Instruct the subject to estimate Session and Segmented Session RPE values in 

random order.

    (a)    Session RPE: instruct the subject to estimate the global, or average, per-
ceived exertion for the leg muscles (RPE-L) that was experienced during 
the preceding exercise bout. Record session RPE-L.   

   (b)    Segmented session RPE for the fi rst half of exercise: instruct the subject to 
estimate the average perceived exertion for the leg muscles (RPE-L) that 
was experienced during the fi rst 10 min of the preceding exercise bout. 
Record the fi rst segmented session RPE-L.   

   (c)    Segmented session RPE for the second half of exercise: instruct the subject 
to estimate the average perceived exertion for the leg muscles (RPE-L) that 
was experienced during the second 10 min of the preceding exercise bout. 
Record the second segmented session RPE-L.          

13.2.2.5    Submaximal Exercise Trial: Data Organization and Analysis 

     1.    Calculate the average momentary OMNI RPE-L using each 2-min RPE mea-
sured during exercise.   

   2.    Calculate the average momentary OMNI RPE-L for the fi rst half of exercise 
using each 2-min RPE measured during the fi rst 10 min of exercise.   
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   3.    Calculate the average momentary OMNI RPE-L for the second half of exercise 
using each 2-min RPE measured during the second 10 min of exercise.   

   4.    Calculate the average segmented session OMNI RPE-L using the two separate 
segmented session RPE values.        

13.3     Laboratory Discussion Questions 

     1.    Were the predicted and momentary RPE responses similar or dissimilar values 
for your subject? Did the subject accurately predict the perceived exertion expe-
rienced during the exercise bout?   

   2.    Were the session and segmented session values similar or dissimilar to the aver-
age of momentary RPE values for your subject? Did the subject accurately rate 
the perceived exertion experienced during the exercise bout based on memory? 
Using segmented session RPE, did the subject accurately rate the perceived exer-
tion experienced during the fi rst and second halves of the exercise bout?   

   3.    Based on your results, discuss the validity of session and segmented session RPE 
for tracking perceived exertion experienced during previous exercise. Which RPE 
more accurately represented the mean of momentary RPE during the exercise 
bout, session RPE or the average of the two segmented session RPE values?   

   4.    Describe the potential methodological diffi culty with using momentary RPE val-
ues to estimate exercise intensity during a PA behavior intervention when PA is 
unsupervised.   

   5.    What advantages does session RPE have over traditional methods of tracking PA 
intensity such as HR or ergometer setting?   

   6.    Compare and contrast predicted RPE and session RPE. Use a match–mismatch 
paradigm in your explanation.   

   7.    How might the perceived exertion assessed prior to exercise (predicted RPE) 
infl uence the perceived exertion response during exercise (momentary RPE)?   

   8.    How could session RPE be used to track PA intensity during a PA program? 
What information could you derive from session RPE values that indicate the 
prescribed intensity was inappropriate, i.e., too low or too high?   

   9.    How might you use segmented session RPE values to rate an interval exercise 
bout?      

13.4     Laboratory Addendum 

13.4.1     Segmented Session RPE for Resistance Exercise 

 Numerous investigations have measured session RPE following resistance exercise 
(Bacon et al.  2012 ; Charro et al.  2010 ; Day et al.  2004 ; Egan  2003 ; Egan et al.  2006 ; 
McGuigan et al.  2004 ,  2008 ; Pritchett et al.  2009 ; Singh et al.  2007 ; Sweet et al.  2004 ). 
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These studies have only employed a single measured of session RPE (i.e., one rating 
to represent an entire resistance exercise workout). In contrast, previous investigations 
have not measured segmented session RPE. Segmented session RPE may be useful to 
differentiate the exertion perceived between the various components of a resistance 
exercise workout, especially one including multiple sets of multiple resistance exer-
cises. Such measurement would be similar to the use of segmented session RPE for 
aerobic exercise to differentiate between halves or thirds of an aerobic exercise bout. 
Different segmented session RPE values could be used for separate resistance exer-
cises, muscle groups, or limbs. Finally, segmented session RPE could even be used to 
differentiate between sets of the same resistance exercise.  

13.4.2     Exertional Recall 

 Self-report recall questionnaires are often used to assess an individual’s current PA 
level prior to exercise testing or entering an exercise program. In addition, PA recall 
questionnaires can be used for research purposes to describe activity levels of a 
sample population. The common model for recall questionnaires uses the FITT 
principle, i.e., they ask an individual to recall information regarding the frequency, 
intensity, time (or duration), and type of PA performed. It is quite easy for individu-
als to describe the frequency of exercise as days per week of participation and the 
exercise duration in minutes per session for each type of exercise. However, it can 
be quite diffi cult to describe the intensity of PA across a wide range of activities, 
many of which involve various modes and are intermittent in nature such as occupa-
tional and recreational activities (Schafer et al.  2013 ). The metabolic equivalent task 
(MET) method is widely used to describe the intensity of PA. Using this method, 1 
MET represents a resting value and activities are described as multiples of resting 
energy expenditure (e.g., an activity that is twice the energy expenditure of rest is 
described as 2 METs). Research has determined an average MET level for a wide 
variety of PA modalities that are indexed using a coding system in the compendium 
of physical activities (Ainsworth et al.  1993 ,  2000 ). Using the compendium, the 
MET level (i.e., estimated energy expenditure) assigned to each activity is predeter-
mined and does not take into account individual differences in performance of that 
activity. 

 Schafer and colleagues ( 2013 ) have proposed and validated a new self-report 
recall questionnaire for the assessment of the intensity of recently performed exer-
cise using RPE. This method is based on the strong positive relation between RPE 
and the relative aerobic metabolic rate (%VO 2 max). Using this method, termed 
 exertional recall , an individual can be asked to rate the perceived exertion experi-
enced during exercise performed in the days, weeks, or months prior. Exertional 
recall can be considered a form of Session RPE. Previous investigations that have 
included RPE as part of a PA recall questionnaire reported that the achievement of 
health-fi tness benefi ts is positively related to the level of perceived exertion experi-
enced during previous exercise (Lee et al.  2003 ; Rudra et al.  2005 ,  2006 ). 
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 In the validity experiment conducted by Schafer et al. ( 2013 ), correlation coef-
fi cients ranging from  r  = 0.47 to  r  = 0.76 were found for the relation between both 
VO 2  and HR responses that were measured during an intermittent walking and run-
ning exercise bout and recall RPE rated 1 week following the exercise performance. 
In addition, correlation coeffi cients ranging from  r  = 0.51 to  r  = 0.87 were found for 
the relation between momentary RPE responses (i.e., measured during actual tread-
mill exercise) and recall RPE. The difference between momentary RPE and recall 
RPE was less than 1 OMNI Scale unit. These results support the validity of an exer-
tional recall questionnaire to rate both undifferentiated and differentiated RPEs 1 
week following exercise performance (Schafer et al.  2013 ). This new method of 
measuring recall RPE may be a useful and accurate descriptor of the subjective 
intensity of previous exercise that could be included in PA questionnaires.      
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    Chapter 14   
 Application of Perceptual Models 
to the Measurement of Pain and Affective 
Responses to Exercise 

                    Thus far, this laboratory manual has presented the conceptual models, background 
information, previous literature, and current methodologies for the measurement of 
perceived exertion responses to exercise. The application of perceptual responses to 
exercise assessment, prescription and program monitoring has been discussed. The 
study and development of the perceived exertion knowledge base, however, has 
expanded over the years to include other perceptual and psychosocial constructs, 
i.e., naturally occurring muscle pain, affect, and enjoyment. It has been argued that, 
in addition to an individual’s perception of physical exertion, variables such as pain, 
affect, and enjoyment may play an important role in determining the level of regular 
PA participation. Part 4 of this manual is titled Applied Perceptual and Psychosocial 
Research. This, the fi rst chapter in Part 4, presents a series of  power reviews , or brief 
summaries of the literature, concerning the measurement of naturally occurring 
muscle pain, affect, and enjoyment during exercise. Each section of this chapter can 
be linked retroactively to specifi c content presented previously regarding perceived 
exertion. Then, the remaining chapters of Part 4 present more extensive literature 
reviews for topics that are of growing interest concerning perceptual and psychosocial 
responses to exercise. These topics include the effects of caffeine supplementation, 
acute carbohydrate feeding, and music on perceptual, affective, and physiological 
responses to exercise. 

14.1     Application of Perceived Exertion Scaling Procedures 
to Pain and Affect 

  See Chap.     5      . Perceived Exertion Scaling Procedures.  
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14.1.1     Comment on Anchoring for Exercise-Induced Pain 

 Anchoring procedures are not as extensive for measurement of naturally occurring 
muscle pain during exercise compared to those required for perceived exertion met-
rics. The memory anchoring procedures can be quite similar for exercise-induced 
pain as described above for perceived exertion. Prior to exercise, while presenting a 
standardized instructional set, the individual is asked to think about the pain experi-
enced in the active muscles during previous exercise or physical activity. Then, the 
individual is asked to remember times when levels of muscle pain equal to the low 
and high anchor points on the scale were experienced. During subsequent bouts of 
exercise, the individual is asked to rate muscle pain levels based on the memory of 
muscle pain at the low and high anchor points. 

 However, an exercise anchoring procedure cannot be used in conjunction with a 
pain scale in the same manner that it is used with a perceived exertion scale. The 
psychophysical concept underlying perceived exertion scale anchoring is based on 
the predictions of Borg’s Range Model. The basic tenets of this model assume that 
as individuals undertake exercise intensities across their entire performance range 
they are able to link physiological responses to corresponding and interdependent 
RPE values. This assumes that maximal RPE (e.g., ten on the OMNI Scale) is linked 
to attainment of maximal exercise intensity (e.g., POmax, VO 2 max, 1RM). However, 
the achievement of maximal level of exercise-induced muscle pain as required for 
exercise anchoring procedures is not always possible. In studies by Cook and col-
leagues ( 1997 ,  1998 ), individuals did not detect muscle pain during load- incremented 
exercise until they attained 50–60 % of peak exercise capacity, with the pain thresh-
old of some individuals not occurring until 90 %. Peak muscle pain values averaged 
~5.5 in females and 8–8.5 in males using the 0–10 Pain Intensity Scale (Cook et al. 
 1997 ,  1998 ). In addition, although an individual may be able to remember a high 
level of muscle pain sensation experienced during previous exercise, for both clini-
cal and physiological reasons it may not be possible to elicit such a response in 
certain individuals. Such limitations render the use of exercise anchoring proce-
dures for category pain scales impractical.  

14.1.2     Comment on Anchoring for Affective Responses 
to Exercise 

 Ratings of affective responses (AR) and PA enjoyment (PAE) during exercise are 
recognized as psychosocial correlates of perceived exertion. However, category scales 
to measure these constructs cannot be anchored at very low and very high exercise 
intensities as is the accepted procedures when anchoring an RPE scale. Individuals 
cannot be instructed to link AR or PAE values to any specifi c exercise intensity 
because these responses have been uniquely shaped over time in each individual. 
Previous PA experience, subjective behavioral norms, and values pertaining to 
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PA adherence can vary greatly between individuals. This can result in interindividual 
differences between specifi c psychosocial domains that dominate the affective and 
enjoyment experience to exercise intensity. 

 Research results are confl icting regarding the intensities of exercise that result in 
the most positive AR during exercise. Kirkcaldy and Shephard ( 1990 ) proposed an 
inverted-U paradigm, predicting that moderate intensity exercise produces an opti-
mal AR. Similar fi ndings have been reported by Moses et al. ( 1989 ). Low exercise 
intensities may be insuffi cient to evoke positive changes in AR and high exercise 
intensities may produce signifi cant negative shifts in AR. More recent evidence 
refutes this relation such that both high (Tate and Petruzzello  1995 ) and low inten-
sity (Ekkekakis et al.  2000 ) exercise programs have led to positive changes in AR. 

 Ekkekakis’ ( 2003 ) “dual-mode” model explains the interindividual variability in 
AR that occurs across exercise intensities, specifi cally as it relates to the anaerobic 
threshold (AT). The AR during low to moderate intensity exercise (i.e., below the 
AT) is primarily shaped by cognitive processes that are unique to the individual. 
Above the AT, interoceptive cues driven by the increasing demand for energy sup-
plied by anaerobic pathways dominate the AR. Therefore, AR at exercise intensities 
at or somewhat below the AT are rather heterogeneous, but AR at exercise intensi-
ties above the AT become increasingly less positive/more negative and are relatively 
homogeneous (Ekkekakis  2003 ; Ekkekakis et al.  2005 ; Hall et al.  2002 ). 

 Research has confi rmed the marked interindividual differences in AR during 
exercise intensities below the AT, especially involving moderate intensity exercise. 
In a study by Van Lunduyt and colleagues ( 2000 ), participants estimated AR during 
moderate intensity cycle exercise (60 % VO 2 peak). Results indicated that 44.4 % of 
subjects experienced an increase in AR, 41.3 % experienced a decrease in AR, and 
14.3 % experienced no change in AR. Other studies have confi rmed the shift from 
heterogeneity in AR at intensities below the AT to homogeneity in AR above the 
AT. In response to separate 15-min bouts of treadmill exercise, 47 % of subjects 
exhibited a decline in AR at intensities below the ventilatory threshold (VT) and 
80 % of subjects exhibited a decline in AR at intensities above the VT (Ekkekakis 
et al.  2005 ). Similar results were found in response to 20 min of treadmill exercise. 
AR was more positive and stable below the AT with only 25 % of subjects exhibit-
ing a decline in AR during performance at these intensities. Above the AT, 83 % of 
subjects exhibited a negative shift in AR (Parfi tt et al.  2006 ).  

14.1.3     Scaling Procedures: Practice and Feedback 
for Perceptual and Affective Variables 

 When exercise-induced muscle pain or affect are part of a perceptual research 
 paradigm, it may be benefi cial to ask the individual to practice rating these variables 
along with perceived exertion during exercise anchoring procedures or a practice 
exercise test. This will allow the individual to practice rating all three of these 
independent constructs within a close time-frame during exercise. In addition, 
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such orientation procedures present an opportunity to provide feedback to an 
individual prior to fi tness testing or experimental exercise procedures regarding 
psychophysical appropriateness of his/her rating responses. It may be especially 
benefi cial for children, enabling them to more accurately link the exercise intensity 
range to their own pain and affective experience (Robertson et al.  2009 ).   

14.2     Validation of Scales for Measuring Pain and Affect 
During Exercise 

  See Chap.     6      . Perceived Exertion Scale Validation.  

14.2.1     Validity of Exercise-Induced Pain Scales 

 The neurophysiological mechanisms for naturally occurring, exercise-induced pain 
in healthy, uninjured individuals involve stimulation of mechanical and biochemical 
nociceptive systems in skeletal muscle. Pain threshold is defi ned as the onset of pain 
sensation and varies between individuals. Once pain threshold is reached, ratings of 
exercise-induced muscle pain should increase with physical measures of exercise 
intensity, such as PO and weight lifted. This measure of pain sensation occurs in 
conjunction with the accumulation of noxious by-products of metabolism such as 
blood lactate, hydrogen ions, and bradykinin, all of which increase as a function of 
increasing exercise intensity. Early exercise-induced muscle pain studies used the 
Borg (0–10) CR10 Scale to measure “aches and pain in the legs” during load- 
incremented and constant PO cycle exercise (Borg et al.  1985 ; Ljunggren et al. 
 1987 ). The investigations demonstrated evidence of concurrent validity of the CR10 
Scale to measure pain sensations. Pain ratings were moderately correlated to blood 
lactate concentration at high PO’s during load-incremented exercise, with  r  = 0.45 at 
200 W and  r  = 0.39 at 240 W (Borg et al.  1985 ), and at the end of constant PO exer-
cise, with  r  = 0.54 (Ljunggren et al.  1987 ). 

 Later studies confi rmed concurrent validity of the Pain Intensity Scale devel-
oped by Cook and colleagues ( 1997 ). The Pain Intensity Scale employs construct-
specifi c verbal descriptors that are linked to the same numerical categories as 
appear on the original Borg CR10 Scale. In Cook’s investigation, pain ratings 
increased as a positively accelerating function of exercise intensity once pain 
threshold was achieved. It was noted that pain threshold ranged from 9 to 95 % of 
POpeak, indicating marked interindividual differences during load-incremented 
cycle ergometry (Cook et al.  1997 ,  1998 ). Mean pain threshold was ~50 % POpeak 
in males (Cook et al.  1997 ,  1998 ) and ~60 % POpeak in females (Cook et al.  1998 ). 
In males, pain ratings derived from the Pain Intensity Scale increased from a mean 
of ~2 at 60 % of POpeak to ~8–8.5 at 100 % of POpeak. In females, pain ratings 
increased from a mean of ~1 at 60 % of POpeak to ~5.5 at 100 % of POpeak 
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(Cook et al.  1997 ,  1998 ). Robertson and colleagues ( 2009 ) developed the OMNI-
Muscle Hurt Scale to  measure exercise-induced muscle pain in children. This 
investigation found evidence for concurrent scale validity during isotonic resis-
tance exercise performed by young children. High correlations were exhibited 
between weight lifted and pain ratings for biceps curl resistance exercise and knee 
extension resistance exercise, with  r  values across sets ranging from 0.67 to 0.87 
(Robertson et al.  2009 ). In addition, construct validity was evidenced in Cook’s 
original study using the Pain Intensity Scale during load-incremented cycle exer-
cise. High correlations ranging from  r  = 0.79–0.94 were found at intensities from 
60 to 100 % POpeak (Cook et al.  1997 ).  

14.2.2     Construct Validity Evidence for the Feeling Scale 

 Hardy and Rejeski ( 1989 ) demonstrated both construct and content validity of the 
Feeling Scale (FS) in college-aged males and females. The Multiple Affective 
Adjective Checklist (MAAC) employs a set of 132 adjectives. Subscales of the 
MAAC were used to compute criterion scores for both positive and negative affect. 
One group of subjects was instructed to choose adjectives describing a good feeling 
during exercise, while the other group chose adjectives describing a bad feeling dur-
ing exercise. The results of the study found that subjects identifi ed different affec-
tive states having good and bad feelings during exercise. The AR appropriately 
represented items at either end of the pleasure–displeasure continuum. The differ-
entiated AR continuum was seen in 97 % of subjects who were asked to identify 
adjectives matching bad feelings and 94 % of subjects asked to identify adjectives 
matching good feelings (Hardy and Rejeski  1989 ). Kenney and colleagues ( 1987 ) 
conducted an investigation that also provided construct validity evidence for the FS 
in college-aged females. The study involved a cognitive-behavioral distress man-
agement training (DMT) program. The DMT program was administered to half of 
the participants between separate treadmill exercise bouts performed to exhaustion. 
The subjects who were administered the DMT program rated a more positive AR 
than subjects who did not receive the DMT when measures were obtained at the end 
of the treadmill run to exhaustion. However, RPE values were similar between 
 subject groups (Kenney et al.  1987 ).  

14.2.3     Validity of Enjoyment Measures during Exercise 

 A few investigations have tested the validity of recently developed single-item PA 
enjoyment (PAE) scales (Haile et al.  2012 ; Stanley et al.  2009 ). These investigations 
correlated PAE ratings with AR measured using the FS. During both a load- 
incremented cycle ergometer protocol terminating at VO 2 peak (Haile et al.  2012 ) 
and during a 20-min moderate intensity constant load cycle ergometer protocol 
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(Stanley et al.  2009 ), signifi cant positive relations were demonstrated between PAE 
and FS responses. In the investigation by Haile et al. ( 2012 ), PAE was measured 
using an 11-category scale that used the same format as the FS, with responses rang-
ing from −5 to 5. The observed correlation coeffi cient between PAE and FS ratings 
was  r  = 0.92. In the investigation by Stanley et al. ( 2009 ), PAE was measured using 
a seven-point scale that employed a format different than the FS. The observed 
correlation coeffi cients between PAE and FS ratings ranged from  r  = 0.48–0.55. 

 The comparatively higher correlation coeffi cients reported by Haile et al. ( 2012 ) 
may be due to their use of a scale with similar format for the measurement of both 
AR and PAE. This argument has been employed to avoid the measurement of inde-
pendent perceptual constructs using the same scale (Cook et al.  1997 ). For example, 
previous investigations measured both perceived exertion and pain during exercise 
using the CR10 Scale (Borg et al.  1985 ; Ljunggren et al.  1987 ). The resultant high 
correlation coeffi cients between RPE and pain intensity ratings may have been a 
“ demand artifact ” resulting from use of the same perceptual scale format to mea-
sure the two independent perceptual constructs (Cook et al.  1997 ). AR and PAE 
cannot be labeled as independent constructs similar to perceived exertion and pain. 
Rather, PAE is a specifi c domain of overall affect that may dominate the AR to 
exercise in many individuals. In addition, the PAE rating scale, although having a 
similar format to the FS, has verbal descriptors specifi c to enjoyment (Haile et al. 
 2012 ). Regardless, since acute exercise enjoyment is a novel construct, further 
research is necessary to study the measurement of AR and PAE simultaneously during 
exercise. In some populations in which enjoyment is a primary mediator of the 
overall affective experience during PA, it may be appropriate to measure PAE only.   

14.3     Target Pain and Affect Ratings for Exercise Intensity 
Prescription 

  See Chap.     7      . Target RPE at the Ventilatory Threshold.  

14.3.1     Target Pain Ratings for Exercise Prescription 

 Symptomatic pain has been used routinely to identify tolerable limits of exercise for 
clinical populations such as those with peripheral artery disease who experience 
intermittent claudication in active limbs. However, little research has focused on the 
use of exercise-induced pain as a target for exercise intensity prescription. O’Connor 
and Cook ( 2001 ) had young female adults perform 20 min of cycle ergometer exer-
cise at a target muscle pain intensity rating of 3 on Cook’s ( 1997 ) 0–10 Pain Intensity 
Scale. A rating of 3 corresponds to the verbal descriptor “moderate pain.” On aver-
age, the target level of muscle pain was associated with a relative aerobic metabolic 
rate of 73.9 % VO 2 peak at 6 min of continuous exercise, decreasing to 68.5 % 
VO 2 peak at 20 min (O’Connor and Cook  2001 ). 
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 The long-term adherence to exercise prescriptions that are based on muscle pain 
response are unknown. Pain experience of any kind during exercise may be a major 
factor contributing to sedentary behavior in many individuals. Therefore, prescrib-
ing exercise at intensities below the individual’s pain threshold may promote adher-
ence to PA programs. However, previous research has found great interindividual 
variability in the pain threshold, as evoked during exercise. This makes it diffi cult to 
identify a group-normalized pain response that corresponds to a target physiological 
outcome and applies to a variety of activities for a wide range of individuals in a 
manner such as been shown for the RPE at the VT (Goss et al.  2003 ). Studies by 
Cook and colleagues ( 1997 ,  1998 ) determined that the pain threshold during load- 
incremented exercise occurred at 50–60 % of peak exercise capacity, but values 
ranged from 9 to 95 % of POpeak. Therefore, exercise intensity prescription based 
on pain ratings should take an individual approach, recognizing that the procedure 
may not be appropriate in those with a low pain threshold. Athletes performing high 
intensity exercise in which exercise-induced muscle pain is expected are a healthy 
population for which the prescription of exercise intensity using target muscle pain 
ratings has the most utility.  

14.3.2     Target AR for Exercise Intensity Prescription 

 It has been shown that the amount of time spent during a given situation can depend 
on the affect experienced during the activity (Emmons and Diener  1986 ). Therefore, 
the acute AR to an initial exercise performance may infl uence future exercise partici-
pation. Exercise perceived as feeling pleasant may promote future participation. On 
the other hand, exercise perceived as feeling unpleasant could decrease future par-
ticipation or lead to withdrawal from the activity altogether (Parfi tt et al.  2006 ). The 
goal, then, is to maximize the positive AR that an individual experiences during exer-
cise. This goal recognizes that a positive affective experience is an important link in 
the chain between exercise adoption and maintenance (Van Lunduyt et al.  2000 ). 

 A study by Da Silva and colleagues ( 2011 ) determined the AR corresponding to 
exercise intensities spanning the VT in sedentary normal weight, overweight and 
obese women. This application of the AR in exercise prescription was similar to 
methods used for calculation of RPE-VT. FS ratings were assessed throughout a 
graded treadmill exercise test to measure VO 2 max. The FS ratings corresponding to 
90 %, 100 % and 110 % of the VT were identifi ed. Group average FS ratings for the 
entire sample were ~2.7, ~1.6, and ~0 corresponding to exercise intensities at 90 %, 
100 % and 110 % of the VT, respectively. The AR were similar between normal 
weight and overweight groups at each intensity. The FS ratings were approximately 
3, 2, and 1 at 90 %, 100 % and 110 % of the VT, respectively. The obese group had 
similar FS ratings to the normal weight and overweight groups at 90 % of the VT, 
but their ratings were signifi cantly less positive at 100 % of the VT (mean FS rat-
ing = 0.5) and 110 % of the VT (mean FS rating = −1.95). These data indicate a posi-
tive affective experience at intensities spanning the VT in sedentary normal weight 
and overweight women, but obese women may require exercise intensities below 
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the VT to experience positive AR (Da Silva et al.  2011 ). It must be noted that there 
was considerable variability in FS responses at each intensity, so even when the 
average FS rating was positive some subjects rated a negative affective experience. 
In addition, these data were collected during graded treadmill exercise, unlike 
 normal continuous intensity or interval exercise bouts prescribed for health-fi tness 
benefi ts. 

 Performing at exercise intensities that span the VT has resulted in signifi cant 
changes in FS ratings during exercise. Ekkekakis and colleagues ( 2008 ) studied the 
AR of young adults during 15 min of continuous treadmill exercise at intensities 
corresponding to the VT, 20 % below the VT, and 10 % above the VT. In the condi-
tion where intensity was below the VT, 50 % of subjects experienced no change in 
AR throughout exercise while 43 % experienced a decrease in AR. At intensities 
equal to and above the VT, 77 % and 80 % of subjects experienced a decrease in AR 
throughout exercise, respectively. In every condition, however, a small number of 
subjects experienced an increase in AR during exercise (Ekkekakis et al.  2008 ). 

 The identifi cation of a group-normalized AR at the VT may prove diffi cult for 
exercise intensity prescription due to the marked interindividual variability in AR 
across exercise intensities. This wide response variability is similar to that evi-
denced for exercise-induced pain ratings. The variability in AR is especially evi-
dent during moderate intensity exercise (Van Lunduyt et al.  2000 ). It is of note 
that moderate intensity exercise is recommended by professional organizations as 
the optimal level for PA programs designed to produce health-fi tness benefi ts 
(ACSM  2013 ). According to Ekkekakis’ “dual-mode model,” exercise intensity 
above the VT results in the lowest interindividual variability in AR. This is due to 
the comparative dominance of noxious properties of physiological signals over 
cognitive processes in shaping the affective experience. Unfortunately, the com-
paratively more homogenous AR to exercise above the VT is typifi ed by progres-
sively more negative feelings (Ekkekakis et al.  2005 ). A negative AR during 
exercise indicating a displeasurable experience most likely contributes to poor 
program adherence. 

 Various investigations have shown that optimal AR may occur at low, moderate, 
or even high exercise intensities (Ekkekakis et al.  2000 ; Moses et al.  1989 ; Tate and 
Petruzzello  1995 ). As such, the development of an exercise prescription using AR 
measured separately for each individual may be a necessary approach to maximize 
PA adherence. Exercise prescriptions should identify the appropriate exercise 
intensity by choosing a target HR or RPE based on the optimal AR, or even by 
prescribing exercise intensity using a target FS rating. Rose and Parfi tt ( 2008 ) 
asked sedentary women to perform separate 30-min treadmill exercise bouts at 
target FS ratings of 1 and 3. On average, the women chose an exercise intensity 
similar to the VT for both target FS ratings, indicating that the women felt the 
treadmill exercise was pleasurable (Rose and Parfi tt  2008 ). The implications for 
program adherence using prescribed target FS ratings are unknown, but hold 
 promise from a public health perspective. Monitoring and adjusting PA programs 
to continually optimize AR may be necessary to promote long-term habitual PA 
participation.   

14 Application of Perceptual Models to the Measurement of Pain and Affective…



207

14.4     Estimation–Production Paradigm and Exercise 
Intensity Self-Regulation Using Pain and Affect 

  See Chap.     9      . The Estimation–Production Paradigm for Exercise Intensity 
Self-Regulation.  

14.4.1     Use of the Estimation–Production Paradigm 
for Exercise-Induced Pain 

 An estimation–production prescription paradigm has been used to assess the valid-
ity of exercise intensity self-regulation using ratings of exercise-induced muscle 
pain intensity (O’Connor and Cook  2001 ). This prescription procedure recognizes 
that normally occurring muscle pain during exercise may be an appropriate cue 
upon which to self-regulate exercise intensity for healthy, injury free individuals. 
The paradigm employed in the investigation by O’Connor and Cook ( 2001 ) differed 
from investigations of prescription congruence using a target RPE in that physiolog-
ical responses were not compared between estimation and production protocols. 
Rather, the estimation trial had two purposes: (1) to allow subjects to experience the 
range of perceptual responses for both quadriceps muscle pain and RPE from very 
low to very high cycle ergometer exercise intensity, and (2) to measure the PO that 
corresponded to the subjects’ pain threshold, which was used as the initial intensity 
during the production protocol (O’Connor and Cook  2001 ). 

 It has been proposed that mechanisms underlying exercise-induced muscle pain 
involve noxious chemical by-products of metabolism, such as bradykinin and 
hydrogen ions. These by-products will accumulate as exercise duration increases, 
intensifying muscle pain. As such, sustained exercise at an intensity above the pain 
threshold may result in an increase in ratings of muscle pain intensity. To maintain 
a specifi c pain rating, then, would require a gradual decrease in exercise intensity 
over time. Over prolonged exercise periods at a moderate pain intensity level, it 
would be expected that physiological variables such as VO 2  and HR would be lower 
during the production trial than the estimation trial. 

 O’Connor and Cook ( 2001 ) asked college-aged female subjects to produce a 
moderate muscle pain intensity level equivalent to a category 3 on the Cook ( 1997 ) 
Pain Intensity Scale during 20 min of cycle ergometry. On average, the women 
achieved the desired pain intensity level by minute 4, then decreased power output 
almost 16 % throughout the remaining 16 min of the production trial in order to 
maintain the target pain level. Moderate pain intensity was associated with an aver-
age RPE of approximately 14–15 on the Borg Scale and 70–75 % VO 2 peak (O’Connor 
and Cook  2001 ). 

 Due to the interindividual variability in pain intensity responses, as well as differ-
ing affective components of pain, exercise intensity prescription based on muscle 
pain may not be appropriate for some. However, athletes accustomed to experiencing 
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naturally occurring muscle pain during high intensity exercise may fi nd it useful to 
self-regulate exercise intensity according to a pain intensity scale. Others may prefer 
to exercise at an intensity below the pain threshold. Identifying the highest exercise 
intensity an individual can perform without experiencing muscle pain may be a 
method to improve PA participation. However, some individuals may experience 
their pain threshold at exercise intensities below the physiological threshold required 
to produce health-fi tness benefi ts. The measurement of exercise-induced muscle 
pain during a GXT, along with measurements of RPE and AR, can provide the neces-
sary information to prescribe exercise intensity to optimize PA program adherence.  

14.4.2     Exercise Intensity Self-Regulation Using AR 

 An estimation–production prescription paradigm has been used to assess the valid-
ity of exercise intensity self-regulation using FS ratings of AR measured during 
single exercise bouts (Rejeski et al.  1987 ; Rose and Parfi tt  2008 ). Affect is a psy-
chosocial construct that mediates the perception of physical exertion. As such, it is 
an appropriate cue for exercise intensity prescription, ultimately promoting optimal 
adherence to PA programs. Rose and Parfi tt ( 2008 ) conducted an investigation in 
which an estimation protocol was used to familiarize sedentary female subjects with 
use of the FS and Borg Scale prior to the performance of eight 30-min production 
protocols over the course of 4 weeks. During four consecutive production protocols, 
subjects were asked to produce a target FS rating of 1 (fairly good). During the other 
four consecutive production protocols, subjects were asked to produce a target FS 
rating of 3 (good). The purpose of four consecutive production protocols for each 
target FS rating was to test the reproducibility of exercise intensity self-regulation 
using FS ratings of AR (Rose and Parfi tt  2008 ). However, physiological responses 
were not compared between estimation and production protocols, negating the 
opportunity to assess prescription congruence. For each target FS rating, subjects 
consistently self-regulated exercise intensity across trials. A FS rating of 1 was 
associated with a group average of 68 % HRmax and Borg Scale RPE of 12. A FS 
rating of 3 was associated with a group average of 64 % HRmax and RPE of 11.4. 
Interestingly, the difference between feeling “fairly good” and “good” during exer-
cise was represented by 4 HRmax percentage points and less than one Borg Scale 
RPE numerical category. This indicates that changes in overall AR can be caused by 
very small changes in exercise intensity (Rose and Parfi tt  2008 ), with some indi-
viduals having a more sensitive AR to exercise than others. This highlights the util-
ity of measuring AR, and even possibly enjoyment during exercise, in order to 
determine appropriate exercise intensity for PA particiption. For example, using a 
response-normalized perceptual response to prescribe exercise intensity such as an 
RPE-VT of 13 on the Borg Scale could result in negative FS ratings in some indi-
viduals but positive FS ratings in others. Prescribing intensity based on the specifi c 
RPE at which positive AR was experienced during an estimation trial, or by using 
FS ratings directly such as in the study by Rose and Parfi tt ( 2008 ), may be a practi-
cal method to promote exercise adherence. In addition, using VO 2  estimated from 
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ACSM metabolic equations, subjects produced intensities averaging greater than 
the VT for FS ratings of both 1 and 3 (Rose and Parfi tt  2008 ). Therefore, this pre-
scription method may be effective for promoting health-fi tness benefi ts as well.   

14.5     Interval Exercise Prescription Using Pain and Affect 

  See Chap.     10      . Exercise Intensity Self-regulation for Interval Exercise.  

14.5.1     Regulation of Aerobic Interval Exercise Using Target 
Exercise-Induced Pain Ratings 

 O’Connor and Cook ( 2001 ) conducted an investigation in which the Pain Intensity 
Scale was used by females to produce a cycle ergometer exercise intensity corre-
sponding to a target pain rating of 3, indicating moderate intensity pain. The target 
pain rating was achieved after approximately 4 min of exercise, whereupon the 
women gradually decreased power output to maintain the target pain rating through-
out the remainder of the 20-min exercise bout. The self-regulated intensity corre-
sponded to 68–74 % VO 2 peak and Borg Scale RPE’s of 14–15 (O’Connor and Cook 
 2001 ). These responses indicate that exercise intensity self-regulation using target 
pain ratings can be a model for an effective exercise program. 

 Prescribing multiple target pain ratings to regulate an interval exercise format 
should also be explored. Even though popular exercise programs and video pro-
grams promote exercise using phrases like “feel the burn” and “no pain no gain” 
(Cook et al.  1997 ), some individuals may not be comfortable exercising at a moder-
ate pain intensity for prolonged periods, such as the 20-min exercise bout used by 
O’Connor and Cook ( 2001 ). Therefore, prescribing exercise intensity using an 
interval format may be more appropriate for these individuals. For health-fi tness 
programming, exercise bouts could be prescribed using comparatively higher inten-
sity intervals corresponding to moderate pain intensity, such as a 3 on the Pain 
Intensity Scale or a 4 on the Children’s OMNI Muscle Hurt Scale. These exercise 
intervals are interspersed with active recovery phases performed at intensities below 
the pain threshold, i.e., pain ratings of 0. The duration of higher intensity intervals 
could be adjusted based on the individual’s tolerance to exercise-induced pain.  

14.5.2     Aerobic Interval Exercise: Intensity Discrimination 
Using AR 

 Rose and Parfi tt ( 2008 ) used an estimation–production paradigm to assess the valid-
ity of exercise intensity self-regulation using target ratings of AR, specifi cally the 
target FS ratings 1 (fairly good) and 3 (good). Sedentary women were asked to 
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produce each target FS rating on four separate occasions while performing 30 min 
of treadmill exercise each session. On average, self-regulated exercise intensity at a 
target FS rating of 1 was associated with 68 % HRmax and Borg Scale RPE of 12, 
while the target FS rating of 3 was associated with 64 % HRmax and RPE of 11.4 
(Rose and Parfi tt  2008 ). Statistically, these differences in % HRmax and RPE 
between target FS ratings 1 and 3 were signifi cant, and therefore can be considered 
evidence for subjective intensity discrimination. From a practical standpoint, a dif-
ference of 4 % of HRmax and less than one numerical RPE category, while statisti-
cally signifi cant, may not be functionally important. Nevertheless, these results 
indicate that small changes in exercise intensity can be quite important in altering 
the affective exercise response. These relatively small changes in HR and perceived 
exertion represented the difference between feeling “fairly good” and “good” during 
four 30-min bouts of exercise for each condition. Using ACSM metabolic equations to 
estimate VO 2 , the investigators found the produced intensities to be slightly higher 
than the group average VT (average of 6 % for FS rating 3, 8 % for FS rating 1) 
(Rose and Parfi tt  2008 ). At intensities near the VT, substantial changes in the physi-
ological milieu occur that may result in a heightened sensitivity to changes in AR. 

 The study by Rose and Parfi tt ( 2008 ) demonstrated that individuals can self- 
regulate exercise intensity using target FS ratings. In addition, FS ratings of 1 and 3 
were both associated with an exercise intensity slightly above the VT. This result is 
in line with previous research in which subjects were asked to self-select exercise 
intensity for use during a cardiorespiratory conditioning program. On average, sub-
jects chose intensities near the VT eliciting positive FS ratings between 2 and 4 
(Lind et al.  2005 ; Parfi tt et al.  2006 ; Rose and Parfi tt  2007 ). This indicates that self- 
regulating exercise intensity based on target AR can yield an effective exercise pro-
gram from both a physiological and psychological standpoint. Identifying exercise 
intensities that “feel good” may be an important characteristic to promote long term 
adherence to an exercise program. Therefore, an aerobic interval exercise program 
based on target FS ratings could also be effective in promoting health-fi tness out-
comes. Choosing FS ratings that correspond to target interval intensities may be 
diffi cult for some individuals, especially those who exhibit little change in FS ratings 
during load-incremented exercise. In addition, due to the marked interindividual 
differences in AR, especially at exercise intensities at or below the VT, an individual 
approach to determining target FS ratings may be best. Since many  individuals 
provide increasingly negative FS ratings as exercise intensity exceeds the VT, 
intervals may have to include both positive target FS ratings (for lower intensities) 
and negative FS ratings (for higher intensities).  

14.5.3     Effect of Aerobic Interval Exercise on AR and PAE 

 A lack of exercise-related enjoyment has been cited as a major barrier to regular PA 
participation (Trost et al.  2002 ). The variations in exercise intensity during aerobic 
interval exercise may be seen as more enjoyable than traditional, continuous, 
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moderate intensity exercise prescriptions, especially for children. Children are more 
accustomed to spontaneous PA, such as encountered during sports and unstructured 
games during recess or after school. These activities involve short bouts of high 
intensity exercise interspersed with longer periods of light to moderate intensity 
exercise rather than continuous exercise for a prolonged period (Crisp et al.  2012a , 
 2012b ). Interval exercise results in more enjoyment during exercise in both adults 
and children participating in a wide range of activities. 

 Bartlett and colleagues ( 2011 ) compared enjoyment responses between high 
intensity interval running with continuous moderate intensity running in recreation-
ally active men. The moderate intensity running was performed at 70 % VO 2 max for 
50 min. The high intensity interval running included six 3-min intervals at 90 % 
VO 2 max each followed by a 3-min recovery period at 50 % VO 2 max. The interval 
exercise bout included 7 min of warm-up and cool-down at 70 % VO 2 max to match 
overall time and work performed. Interval exercise resulted in a higher Borg Scale 
RPE versus moderate exercise (group average of 14 versus 13, respectively). 
Average VO 2 , HR and energy expenditure were similar between trials. PA enjoy-
ment (PAE), measured post-exercise using the PA Enjoyment Scale (PACES), was 
higher following high intensity interval exercise than moderate intensity continuous 
exercise (Bartlett et al.  2011 ). 

 Crisp and colleagues ( 2012a ,  2012b ) conducted two investigations that measured 
the effects of adding sprint intervals to continuous exercise at the intensity that opti-
mizes fat oxidation in young boys performing cycle ergometry. Each exercise bout 
was performed for 30 min. In the sprint interval bouts, the boys were asked to per-
form 4-s, maximal intensity sprints every 2 min (Crisp et al.  2012a ,  2012b ), every 
1 min, or every 30 s (Crisp et al.  2012b ). This resulted in 1, 2, or 4 min of sprinting 
within the entire 30-min bout, respectively (Crisp et al.  2012a ,  2012b ). In the inves-
tigation that only included sprints every 2 min (Crisp et al.  2012a ), the sprint inter-
vals increased energy expenditure (via carbohydrate oxidation). However, PAE 
measured post-exercise using PACES was similar between trials. Investigators also 
asked the boys to indicate which exercise trial they preferred. Only 2 out of 18 pre-
ferred the moderate intensity exercise (Crisp et al.  2012a ). In the investigation that 
included three separate exercise bouts with sprint intervals (Crisp et al.  2012b ), 
energy expenditure was greater using the sprint than continuous format, regardless 
of the length of the active rest phases between sprint intervals. In addition, adding 
sprints every 30 or 60 s resulted in greater energy expenditure than adding sprints 
every 2 min, but the two higher frequencies were similar in energy expenditure. 
PACES scores were similar between exercise bouts with sprints and without except 
for the 30-s sprint frequency trial, which resulted in lower PAE (Crisp et al.  2012b ). 
Overall, the results of the two studies indicate that adding sprints to a standard exer-
cise intensity protocol at which maximal fat oxidation occurs could improve weight 
loss or weight maintenance. The sprint intervals added to moderate intensity exer-
cise increased the overall caloric expenditure of acute exercise. PACES scores of 
PAE measured post-exercise were largely similar between bouts, but sprinting every 
30 s was reported as unenjoyable (Crisp et al.  2012b ). Since the boys indicated that 
they preferred the sprint interval exercise over the moderate intensity exercise bout 
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(Crisp et al.  2012a ), perhaps a more simplifi ed rating scale such as the FS or a 
single- item PAE scale could be used to measure basic AR or PAE during and after 
aerobic or sprint interval exercise to explore the acute exercise responses of these 
constructs. Due to the time needed for administration, a questionnaire such as 
PACES could not be used to measure overall PAE  during  exercise.   

14.6     JND Methods for Exercise-Induced Muscle 
Pain and AR 

  See Chap.     11      . Exercise Intensity Self-regulation using the Perceived Exertion JND.  

 Methods developed to determine the perceived exertion JND are appropriate for 
use with exercise-induced muscle pain ratings or FS ratings of AR in most individu-
als. As noted previously, marked interindividual differences have been found for the 
relation of these variables with exercise intensity. As such, a pre-participation GXT 
(i.e., estimation protocol) that includes measurement of pain and affect could help 
identify whether or not the use of these variables to prescribe exercise intensity is 
appropriate. For example, an individual may experience his/her pain threshold at or 
below an exercise intensity that elicits an optimal overload training stimulus. If dur-
ing exercise, pain intensity ratings gradually increase over time, then a target pain 
rating could be used for exercise intensity prescription. In this instance, the JND for 
muscle pain intensity could be measured and used to assess the accuracy of exercise 
intensity self-regulation error in a subsequent production trial. Likewise, an indi-
vidual’s FS ratings of affect may gradually change (i.e., decrease) across the range 
of exercise intensities that are used as targets for exercise intensity prescription. 
When this occurs, a target FS rating could be used for exercise prescription and the 
JND for the AR during exercise could be measured. It is important that there be a 
gradual change in pain or affect across a range of exercise intensities so the target 
rating corresponds to a specifi c exercise intensity that is to be self-regulated. 

 However, standard methods to determine the JND may not be appropriate for use 
with exercise-induced muscle pain ratings or FS ratings of AR for some individuals. 
In certain cases, the inappropriateness of these variables for use in exercise 
 prescription can be identifi ed during the estimation trial. For example, an individual 
may not reach the pain threshold until exercise intensity is higher than the VT. A 
prescribed target intensity equivalent to the pain threshold likely could not be sus-
tained for a suffi cient period to achieve health-fi tness goals. As such, exercise inten-
sity prescription based on a target pain intensity rating would not be appropriate and 
JND methods could not be applied to exercise-induced muscle pain. In addition, 
some individuals may not experience gradual changes in FS ratings across the range 
of exercise intensities that are part of the prescribed exercise program (i.e., the sub-
ject reports each intensity as feeling “very good” or “very bad”). In these instances, 
a comparatively large range of exercise intensities is linked by a single rating of 
exercise- induced pain intensity or AR. For such individuals, it would be best to 
prescribe exercise intensity using RPE, which should gradually increase with exer-
cise intensity regardless of interindividual differences in pain and AR.  
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14.7     Effect of Self-Selected Versus Imposed Exercise 
Intensity on Affect 

  See Chap.     12      . Self-Selected  versus  Imposed Exercise Intensities.  

 Research that has compared FS ratings of AR between self-selected and imposed 
exercise intensities provides promising results, validating the procedures for use in 
prescribing exercise programs that are both physiologically effective and also pro-
mote long term adherence. It has been shown that many individuals experience a 
similar AR when performing exercise trials involving self-selected exercise inten-
sity and imposed intensity, even though the intensity is actually higher for the self- 
selected condition (Ekkekakis and Lind  2006 ; Lind et al.  2008 ; Parfi tt et al.  2006 ; 
Rose and Parfi tt  2007 ). This indicates that subjects may be willing to perform a 
higher exercise intensity when it is self-selected to achieve a preferred level as com-
pared to a prescription where exercise intensity is imposed. In addition, many indi-
viduals will self-select exercise intensities within ACSM guidelines for improvements 
in cardiorespiratory fi tness (Dishman et al.  1994 ; Lind et al.  2005 ; Lind et al.  2008 ; 
Parfi tt et al.  2006 ; Rose and Parfi tt  2007 ). Therefore, the prescription of self-selected 
exercise may not only optimize AR and result in improved adherence to exercise 
programs, but may produce physiological benefi t as well. 

 A number of recent studies have compared FS ratings of AR that were measured 
during self-selected and imposed exercise intensities. In these investigations, 
imposed exercise intensities have included those corresponding to levels below AT, 
above AT (Parfi tt et al.  2006 ; Rose and Parfi tt  2007 ; Sheppard and Parfi tt  2008 ), 
equal to the AT (Rose and Parfi tt  2007 ), as well as 10 % higher than the self-selected 
intensity (Ekkekakis and Lind  2006 ; Lind et al.  2008 ). Parfi tt and colleagues ( 2006 ) 
compared FS ratings between 20 min of self-selected treadmill exercise and imposed 
exercise at intensities below and above the lactate threshold (LT) in sedentary males. 
Self-selected intensity was similar to that corresponding to the LT. FS ratings were 
similar (~3) between self-selected exercise and the imposed intensity below the 
LT. Self-selected exercise intensity and the imposed exercise intensity below the LT 
were performed at intensities equivalent to estimated VO 2  levels of 54.1 % and 
39.8 % VO 2 max, respectively. FS ratings during the imposed exercise condition at 
an intensity above the LT declined signifi cantly over time, with the mean value 
eventually becoming negative by the 20-min time point (Parfi tt et al.  2006 ). 

 Rose and Parfi tt ( 2007 ) compared FS ratings during 20 min of self-selected 
treadmill exercise to imposed exercise at intensities below, above, and equal to the 
LT in sedentary women. Mean blood lactate concentration was similar between 
the self-selected exercise and the imposed intensities equal to and below the LT. The 
self-selected intensity resulted in FS ratings (ranging from 2.4 to 2.8) that were 
similar to those during an imposed exercise intensity which was below the 
LT. However, signifi cantly more positive FS ratings were observed for self-selected 
exercise compared to an imposed exercise intensity equal to the LT (FS ratings 
ranged from 1.0 to 1.3). Imposed exercise at an intensity above the LT resulted 
mean FS ratings that declined signifi cantly and remained negative throughout exer-
cise with values ranging from −0.3 to −1.9 (Rose and Parfi tt  2007 ). 
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 Sheppard and Parfi tt ( 2008 ) compared FS ratings between 15 min of self-selected 
and imposed cycle ergometer exercise intensities in young adolescent boys and girls 
who self-reported that they were physically active and moderately fi t. The imposed 
intensities were below the VT (80 % of PO corresponding to VT) and above the VT 
(130 % of PO corresponding to VT). The imposed exercise intensity above the VT 
resulted in FS ratings that declined signifi cantly over time and were signifi cantly 
lower compared to those measured for both the imposed intensity that was per-
formed below the VT and to those reported for the self-selected intensity condition. 
FS ratings were similar and stable over time during both the imposed intensity 
below the VT and the self-selected intensity condition. The mean FS ratings for 
the imposed intensities above and below the VT were ~0.4 and 2.5, respectively. 
Self- selected exercise intensity elicited an average FS rating of ~2.8 (Sheppard and 
Parfi tt  2008 ). 

 Lind et al. ( 2008 ) compared FS ratings between 20 min of self-selected treadmill 
exercise to those reported during an imposed intensity that was 10 % higher than the 
self-selected intensity in sedentary women. At the 20-min time-point, the average 
exercise intensity was 98 % of VT for self-selected exercise and 115 % of VT for 
imposed exercise intensity. Subjects maintained a stable, positive AR during the 
self-selected condition. However, FS ratings of AR declined signifi cantly during 
the imposed intensity that was only 10 % higher than the self-selected condition. 
The 10 % increase in intensity for the imposed condition, though comparatively 
small, was suffi cient to prevent attainment of both a physiological and affective 
steady state (Lind et al.  2008 ). Ekkekakis and Lind ( 2006 ) compared FS ratings 
measured during 20 min of self-selected treadmill exercise and those measured 
during imposed exercise at an intensity 10 % higher than self-selected intensity in 
normal-weight and overweight sedentary women. Average self-selected intensity 
was below the VT while average imposed intensity was above the VT. However, 
FS ratings were similar between conditions. In both groups, average FS ratings 
were between 2 and 3 (Ekkekakis and Lind  2006 ).  

14.8     Predicted and Session Measures of Pain and Affect 

  See Chap.     13      . Predicted, Momentary and Session RPE.  

14.8.1     Predicted and Session Exercise-Induced Pain 

 Hunt et al. ( 2007 ) and Haile at al. ( 2008 ) compared the predicted and momentary 
exercise-induced pain responses to load-incremented cycle ergometer exercise in 
young female and male adults, respectively. In both investigations, pain ratings were 
measured with Cook’s ( 1997 ) Pain Intensity Scale. Both female and male subjects 
overpredicted their overall muscle pain response when compared to the momentary 
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response actually experienced during exercise. The overprediction of pain found in 
these investigations may be due to the physiological demands of a load-incremented 
graded exercise test since few individuals perform maximal exercise on a regular 
basis. In addition, Kane and colleagues ( 2010 ) measured predicted exercise-induced 
muscle pain in middle school children prior to the performance of the PACER shut-
tle run test. Measures of muscle pain were determined using the Children’s OMNI 
Muscle Hurt Scale. The children signifi cantly over-predicted muscle pain by a value 
greater than 1 OMNI Scale rating category (Kane et al.  2010 ). It is common for 
individuals to overpredict an expected pain experience (Rachman and Arntz  1991 ). 
This has been suggested as a protective mechanism to avoid activities having the 
potential to cause tissue damage (   Rachman and Lopatka  1988 ). 

 The investigations by Hunt et al. ( 2007 ) and Haile et al. ( 2008 ) also compared 
momentary and session pain responses. Subjects’ session pain response was greater 
than the momentary response but was similar to predicted pain intensity. The 
rebound effect was most likely due to the infl uence of the most recently performed 
exercise intensity on the pain response, i.e., the intensity at which VO 2 peak was 
achieved (Haile et al.  2008 ; Hunt et al.  2007 ).  

14.8.2     Predicted and Session AR 

 Using the FS, Hardy and Rejeski ( 1989 ) asked subjects to predict the AR that would 
be experienced during running at specifi c Borg Scale RPEs. However, the question 
was asked hypothetically, that is, no exercise was performed following the predic-
tion of AR. Average predicted AR was 2.6, 0.6, and −1.0 for Borg RPEs 11, 15, and 
19, respectively. As RPE increased, FS ratings decreased. This inverse relation was 
consistent with predictions of the dual-mode model of Ekkekakis ( 2003 ) since the 
RPE zone encompassing the VT includes a Borg RPE of 11. The predicted FS values 
were signifi cantly correlated to past and present levels of PA (i.e., past grade school, 
high school, and college PA, current PA frequency, current miles jogged per week) 
(Hardy and Rejeski  1989 ). The results indicate that predicted AR can provide valu-
able information that may help identify individuals who struggle with the adoption 
and maintenance of regular PA. Further research using a match–mismatch paradigm 
to compare the predicted and momentary AR associated with exercise may provide 
further information that can be useful for PA behavior change interventions. 

 Haile and colleagues ( 2013b ) conducted an investigation that compared momen-
tary and session FS ratings measured during 20 min of self-selected and imposed 
cycle ergometer exercise in young adult males. In this study, the self-selected exer-
cise session was undertaken fi rst so that subjects could perform the same intensity 
in the imposed condition, although they were not aware that the intensity was the 
same. Session AR was signifi cantly greater than momentary AR for the self-selected 
exercise, but not the imposed exercise. In either case, however, the difference 
between momentary and session AR was less than 1 FS unit (Haile et al.  2013b ). 
In another investigation, Haile and colleagues ( 2013a ) compared momentary AR 
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with both session and segmented session AR values for 20 min of self-selected 
treadmill exercise. In this investigation, both session RPE and segmented session 
RPE (expressed as the mean of the two segmented session RPE values, one for each 
half of exercise) were similar to the mean of the momentary RPE’s measured during 
exercise. In addition, each separate segmented session RPE value was similar to the 
mean of momentary RPE’s measured during that respective half of the exercise ses-
sion (Haile et al.  2013a ). Asking individuals to refl ect upon specifi c segments of a 
previous exercise bout may improve their ability to accurately rate the perceived 
exertion experienced during previous exercise.  

14.8.3     The Exercise Discomfort Index 

 In a study involving children, Kane et al. ( 2010 ) calculated an Exercise Discomfort 
Index (EDI) as the product of OMNI RPE-O and OMNI Muscle Hurt ratings 
(EDI = RPE-O × muscle hurt). Comparisons were made between predicted EDI and 
momentary EDI. The children signifi cantly overpredicted EDI, but this response was 
primarily driven by the overprediction of muscle hurt ratings (Kane et al.  2010 ). 
Session EDI has not been investigated. An index such as EDI may provide a more 
in-depth explanation of an individual’s perceptual expectations of exercise than 
either perceived exertion or exercise-induced muscle pain alone. A match–mismatch 
paradigm can be used to compare predicted EDI and momentary EDI. The purpose 
of this paradigm would be to identify those individuals with a response mismatch 
who may require cognitive or behavioral intervention to learn appropriate expecta-
tions of exertional perceptions during exercise (Kane et al.  2010 ). Such information 
may be crucial in helping such individuals to adopt and maintain regular PA. In addi-
tion, recall or session EDI can be used in PA questionnaires to describe the perceived 
exertion and muscle pain response to previous exercise. EDI may provide a more 
accurate description of an individual’s recalled perceptual experience than either 
perceived exertion or exercise-induced muscle pain alone, whether the exercise was 
performed minutes ago (session EDI) or over the past few months (recall EDI). 

 The application of EDI could be expanded to include AR measured using the 
FS. Positive FS ratings indicate an individual is feeling good during exercise. Such 
feelings help to minimize exercise discomfort, promote the continuation of an exer-
cise bout, and make it more likely that the individual would perform that exercise 
bout again. Negative FS ratings indicate an individual is feeling bad during exercise. 
Such feelings may exacerbate exercise discomfort, lead to premature termination of 
an exercise bout, and make it less likely that the individual would choose to perform 
that exercise bout again. Therefore, subtracting the FS rating from the EDI would be 
appropriate, allowing the formation of a revised EDI (EDI = OMNI RPE × muscle 
pain/hurt − FS rating). This newly proposed EDI can employ measures of either the 
undifferentiated or differentiated OMNI RPE, depending on the specifi c type of 
exercise evaluated. The modifi ed EDI may also include ratings from the Cook Pain 
Intensity Scale which can be substituted for ratings obtained from the Children’s 
OMNI Muscle Hurt Scale when adults are evaluated.      
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    Chapter 15   
 Effects of Caffeine on Perceptual and Affective 
Responses to Exercise 

                    An ergogenic aid is defi ned as a substance, technique or device that  directly  improves 
exercise performance or  indirectly  removes constraints to exercise performance. 
Caffeine is one such substance and is a proven ergogenic aid for performance during 
endurance, load-incremented, short-term high-intensity and resistance exercise 
modalities. The primary mechanism of action seemingly responsible for caffeine’s 
ergogenic effect may be due to its antagonism of receptors for the neurotransmitter 
adenosine. Biochemically blocking adenosine receptors may have widespread 
effects on the body as a result of an increase in dopamine secretion. Dopamine 
increases attention, memory, motivation, and feelings of reward. Of importance to 
the present chapter, appropriate doses of caffeine can affect exercise performance 
while decreasing perceived exertion. All of these responses to caffeine ingestion can 
potentially improve exercise performance and PA adherence. In addition, blocking 
adenosine can decrease the activation of nociceptors, resulting in a blunted pain 
response to exercise. This chapter presents recent evidence for the ergogenic effects 
of caffeine during exercise as they pertain to perceived exertion, pain and affective 
responses. In addition, selected laboratory applications of the perceptual method-
ologies presented in previous chapters are proposed for use in studying the ergo-
genic effects of caffeine ingestion during exercise. 

15.1     Ergogenic Effect of Caffeine 

 Studies have shown that caffeine ingestion in amounts ranging from 2 to 10 mg/kg 
body mass has resulted in signifi cant improvements in endurance, load-incremented, 
short-term high-intensity and resistance exercise performance (Astorino and 
Roberson  2010 ; Doherty and Smith  2004 ). A meta-analysis by Doherty and Smith 
( 2004 ) examined the results of 40 different studies that compared the ergogenic 
properties of caffeine ingestion to a placebo condition. A placebo control design is 
important because consumption of a caffeine free placebo (i.e., solid or liquid) 
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alone may improve exercise performance (Beedie et al.  2006 ). Overall, caffeine 
improved test outcome by 12.3 % when data from all exercise types were pooled, 
including endurance exercise, graded exercise tests and short-term high intensity 
exercise. A signifi cantly greater ergogenic effect was found for endurance exercise 
compared with graded exercise tests and short-term high intensity exercise when 
reasonably similar caffeine doses were employed. In addition, the greatest improve-
ment in endurance exercise was found for time-to-exhaustion protocols, usually 
performed at intensities ranging from 75 to 85 % of VO 2 max/peak as compared with 
performance for a given time or distance (Doherty and Smith  2004 ). However, time-
to- exhaustion protocols are not similar to the common demands found in sport and 
therefore, have a low ecological validity compared to time- or distance-trials. In 
addition, the reliability of time and distance protocols has been found to be greater 
than time-to-exhaustion tests (Doyle and Martinez  1998 ; Jeukendrup et al.  1996 ; 
Laursen et al.  2003 ; Marino et al.  2002 ; Schabort et al.  1998a ,  1998b ). 

 A systematic review by Astorino and Roberson ( 2010 ) examined the results of 
28 investigations that studied the effects of caffeine ingestion on short-term high 
intensity exercise and resistance exercise performance. Of 17 studies involving 
short-term high intensity exercise, which included mostly sprinting and power- 
based performances, 11 found signifi cant improvements with caffeine ingestion. Of 
11 studies involving resistance exercise, 6 found signifi cant performance improve-
ments (Astorino and Roberson  2010 ). Overall, the literature reveals strong agree-
ment that caffeine has an ergogenic effect on endurance exercise. Whereas studies 
of short-term high intensity exercise and resistance exercise have had mixed results 
regarding the ergogenic properties of caffeine ingestion.  

15.2     Mechanisms for the Ergogenic Effects of Caffeine 

15.2.1     Glycogen Sparing 

 An underlying mechanism for the ergogenic effect of caffeine ingestion on endur-
ance exercise performance involves glycogen sparing. Caffeine increases plasma 
epinephrine concentration (Arciero et al.  1995 ; Graham and Spriet  1995 ; Robertson 
et al.  1981 ; Van Soeren et al.  1993 ) which can result in an increased release of free 
fatty acids (FFA) from adipose tissue triglycerides. An increase in FFA availability 
for skeletal muscle metabolism, then, should increase fat use as an energy substrate, 
sparing muscle glycogen (Costill et al.  1978 ; Essig et al.  1980 ; Ivy et al.  1979 ). 

 In contradiction to this line of thinking, studies have shown that both caffeine 
ingestion and increased plasma epinephrine do not always result in increased plasma 
FFA (Arogyasami et al.  1989a ; Graham  2001 ; Graham and Spriet  1995 ; Winder 
 1986 ). In addition, while muscle glycogen sparing following caffeine ingestion has 
been shown in some studies (Erickson et al.  1987 ; Essig et al.  1980 ; Spriet et al. 
 1992 ), the fi ndings of most investigations contradict this theory (Arogyasami et al.  1989a , 
 1989b ; Chesley et al.  1995 ,  1998 ; Graham et al.  2000 ; Graham  2001 ; Greer et al.  2000 ; 
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Jackman et al.  1996 ; Laurent et al.  2000 ; Raguso et al.  1996 ; Roy et al.  2001 ). 
Graham and colleagues ( 2008 ) pooled data from multiple studies involving human 
subjects (Chesley et al.  1998 ; Erickson et al.  1987 ; Essig et al.  1980 ; Graham et al. 
 2000 ; Greer et al.  2000 ; Jackman et al.  1996 ; Laurent et al.  2000 ; Spriet et al.  1992 ) 
to achieve an overall sample size of 37 subjects from whom muscle glycogen con-
tent during exercise was measured. The compiled data found no signifi cant glyco-
gen sparing due to caffeine ingestion. Other studies have found no overall effect of 
an increase in plasma epinephrine on endurance exercise performance (Graham and 
Spriet  1995 ; Kovacs et al.  1998 ). 

 Potential reasons for the foregoing confl icting results are that an increase in 
plasma epinephrine has been shown to increase muscle glycogen breakdown. This 
action counteracts the effect of increased FFA availability, and increases the produc-
tion of lactate, a progenitor of muscle fatigue (Arogyasami et al.  1989a ; Kovacs 
et al.  1998 ; Jackman et al.  1996 ; Laurent et al.  2000 ). In addition, although most 
evidence shows no signifi cant effect of caffeine on carbohydrate or fat metabolism 
within skeletal muscle, marked interindividual differences have been found. These 
data indicate that some individuals seem to be  responders  to caffeine and/or epi-
nephrine resulting in glycogen sparing while most individuals are  non - responders  
(Battram et al.  2007 ; Chesley et al.  1998 ; Graham et al.  2008 ; Martin et al.  2006 ).  

15.2.2     Adenosine Antagonism 

 The primary mechanism of action of caffeine that results in its ergogenic effects is 
the blocking of receptors for the neurotransmitter adenosine (Davis et al.  2003 ; 
Fredholm et al.  1999 ). Structurally, adenosine is classifi ed as a purine along with a 
larger molecule of which it is a component, adenosine triphosphate (ATP) (Marieb 
and Hoehn  2013 ). Adenosine alone is a potent inhibitor of neurotransmission in the 
brain and can have widespread effects throughout both the central and peripheral 
nervous systems (Marieb and Hoehn  2013 ). These include decreasing the release of 
neurotransmitters such as dopamine and decreasing overall brain arousal (Davis 
et al.  2003 ; Fredholm et al.  1999 ). While adenosine increases in skeletal muscle and 
the blood with muscular contraction (Davis et al.  2003 ), the ingestion of caffeine 
can counteract its effects, thereby allowing continued release of dopamine and 
heightened arousal. 

 Dopamine is known for its involvement in attention, memory, motivation and 
reward (Meeusen et al.  2006a ,  2006b ). By extension, it is likely that dopamine plays 
an important role in exercise performance. In fact, three studies have shown that 
pharmacologically inhibiting the reuptake of dopamine results in an increased dopa-
mine concentration and improved endurance exercise performance (Bridge et al. 
 2003 ; Roelands et al.  2012 ; Watson et al.  2005 ). Therefore, the effect of caffeine on 
dopamine may allow increased attention and memory, leading to more accurate pac-
ing strategy, as well as increased motivation and feelings of reward, all of which can 
contribute singularly or collectively to enhance exercise performance capacity 
(Roelands et al.  2013 ). 

15.2 Mechanisms for the Ergogenic Effects of Caffeine
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 The ergogenic effect of caffeine has been attributed to its ability to blunt 
 perceptual responses to exercise, as measured by RPE and naturally occurring mus-
cle pain. The attenuating effect of caffeine on both RPE and muscle pain may be due 
to its antagonism of adenosine receptors. First, adenosine antagonism may allow an 
increased secretion of dopamine (Davis et al.  2003 ; Fredholm et al.  1999 ). Dopamine 
has been found to be inversely related to central fatigue during exercise, possibly 
because of its ability to counteract the lethargy and tiredness caused by elevated 
levels of serotonin (Davis and Bailey  1997 ). Studies have shown that pharmacologi-
cally blocking dopamine reuptake improved the intensity of exercise as performance 
without concomitant increases in the RPE response (Watson et al.  2005 ; Roelands 
et al.  2012 ). In addition, studies of repeated submaximal isometric contractions 
postulated that caffeine ingestion improved time to fatigue through an attenuation of 
force sensation, not through alterations in neuromuscular contractile properties 
(Meyers and Cafarelli  2005 ; Plaskett and Cafarelli  2001 ). Therefore, caffeine may 
delay the onset of fatigue and attenuate the perception of force, blunting the RPE 
response to exercise. 

 Second, adenosine antagonism may decrease the activation of nociceptors, i.e., 
pain receptors. Adenosine is one of many chemicals that can activate nociceptors in 
both the central and peripheral nervous systems (Sawynok and Liu  2003 ). Its 
increase during exercise naturally produces muscle pain, similar to hydrogen ions, 
bradykinin, and substance P, among others (O’Connor and Cook  1999 ). However, 
caffeine does not have a known effect on these chemicals. Therefore, caffeine may 
delay the onset of naturally occurring muscle pain and blunt the pain response to 
exercise as the intensity and/or duration of the performance increases. Improvements 
in exercise test performance and concomitant attenuation in the RPE and/or pain 
response, both owing to caffeine ingestion, have been shown during endurance 
(time-to-exhaustion and time-trials) (Backhouse et al.  2011 ; Cole et al.  1996 ; 
Demura et al.  2007 ; Doherty and Smith  2005 ; Gliottoni and Motl  2008 ; 
Hadjicharalambous et al.  2006 ; Ivy et al.  1979 ; Jenkins et al.  2008 ; Laurence et al. 
 2012 ; Motl et al.  2006 ; O’Connor et al.  2004 ) and resistance exercise (Bellar et al. 
 2011 ; Green et al.  2007 ; Hudson et al.  2008 ).   

15.3     Effect of Caffeine on RPE During Exercise 

 A meta-analysis by Doherty and Smith ( 2005 ) tested the results of 21 studies that 
compared RPE between caffeine ingestion and placebo conditions during constant 
load exercise or following exhaustive exercise. The constant-load exercise protocols 
in these investigations generally required performance at intensities between 50 and 
80 % VO 2 max/peak. For constant load exercise, RPE was signifi cantly lower in the 
caffeine than placebo condition by an average of 5.6 %. This corresponded to an 
average increase of 11.2 % in exercise test performance. Regression analysis 
revealed that the mean exercise RPE explained 29 % of the variance in the differ-
ence in performance between caffeine and placebo conditions. Therefore, it seems 
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that caffeine blunts the RPE response during constant load exercise, allowing indi-
viduals to exercise for a longer period of time before subjective fatigue becomes 
intolerable (Doherty and Smith  2005 ). This is in agreement with investigations that 
have studied the effect of caffeine during exercise performed at a constant RPE, i.e., 
using a perceptual production protocol, rather than a constant workload. 
Investigations by Ivy et al. ( 1979 ) and Cole et al. ( 1996 ) found that subjects chose 
to exercise at higher intensities after ingesting caffeine compared to a placebo con-
dition, yet subjects were instructed to self-regulate exercise intensity at the same 
target RPE for both exercise conditions. Another interesting fi nding of the meta- 
analysis conducted by Doherty and Smith ( 2005 ) was that RPE did not differ 
between caffeine and placebo conditions following exhaustive exercise. This per-
ceptual response at the end of exhaustive exercise is intuitive, given that the indi-
viduals were tasked to perform the exercise to the point of complete exhaustion 
necessitating exercise termination. By defi nition, such exhaustive exercise should 
result in a maximal or at least near maximal RPE. 

 More recent investigations have continued to support the relation between caf-
feine and reduced perceptions of fatigue during both endurance and resistance exer-
cise (Backhouse et al.  2011 ; Demura et al.  2007 ; Green et al.  2007 ; Hadjicharalambous 
et al.  2006 ; Hudson et al.  2008 ; Laurence et al.  2012 ). Demura and colleagues 
( 2007 ) studied the effect of 6 mg/kg caffeine ingestion on physiological variables 
and RPE during 60 min of submaximal endurance cycling at 60 % VO 2 peak. The 
only difference between the caffeine and placebo conditions was a signifi cantly 
lower RPE at a given submaximal cycle PO as a result of caffeine ingestion (Demura 
et al.  2007 ). 

 Hadjicharalambous and colleagues ( 2006 ) studied the effect of 7–7.5 mg/kg caf-
feine ingestion on differentiated RPE (legs and chest/breathing) and performance 
during both constant load (73 % VO 2 max) and incremental exercise after consump-
tion of a high fat meal in endurance trained men. The purpose of the high fat meal 
was to remove the potential ergogenic effect of an increase in FFA, cited earlier as 
a possible result of caffeine supplementation. Elevated FFA concentration produces 
glycogen sparing and subsequently increases exercise performance. However, it is 
important to note that such a response may only be seen in certain individuals 
(Battram et al.  2007 ; Chesley et al.  1998 ; Graham et al.  2008 ; Martin et al.  2006 ). 
In the investigation by Hadjicharalambous et al. ( 2006 ), results demonstrated a 
signifi cantly lower RPE for the legs during both exercise tests and a signifi cantly 
lower RPE for the chest/breathing during incremental exercise in the caffeine con-
dition only. However, performance was not improved by caffeine supplementation 
(Hadjicharalambous et al.  2006 ). 

 Laurence and colleagues ( 2012 ) studied the effects of 6 mg/kg caffeine ingestion 
on maximal 30-min cycling performance, RPE and RER in sedentary men. 
Performance (i.e., total work) was signifi cantly greater after caffeine ingestion com-
pared to the placebo condition. RPE and RER were similar between trials across 
time-points. The improved performance and similar RPE indicate that consequent 
to caffeine ingestion, an increase in work rate was not accompanied by a corre-
sponding increase in RPE. The men were able to accomplish a higher intensity 
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while reporting the same level of perceived exertion. In addition, by measuring 
RER, the investigators were able to examine potential changes in energy substrate 
utilization subsequent to caffeine ingestion. The similar RER between the two work 
rates may indicate that the relative contribution of carbohydrate and fat as fuel for 
exercising muscle was similar between experimental conditions even though the 
work rates were different (Laurence et al.  2012 ). 

 Green and colleagues ( 2007 ) studied the effects of 6 mg/kg caffeine ingestion 
on resistance exercise performance (bench press and leg press) and differentiated 
RPE (specifi c to active muscles) in men and women. Caffeine ingestion resulted 
in signifi cantly greater performance for leg press exercise as indicated by an 
increased number of repetitions to failure at a 10RM resistance. The size of this 
ergogenic effect was similar to that reported by Laurence et al. ( 2012 ) for a 
30-min cycling performance. The increased performance for leg press exercise 
was not accompanied by an increase in RPE, indicating a delay in fatigue induced 
by caffeine. However, these results were not found for bench press exercise 
(Green et al.  2007 ). 

 Two investigations studied the effects 5 and 10 mg/kg caffeine ingestion on mod-
erate intensity cycling performance (60 % VO 2 peak) and leg muscle pain in subjects 
who reported low habitual levels of caffeine consumption. One investigation 
employed males as subjects (O’Connor et al.  2004 ), and the other employed females 
(Motl et al.  2006 ). Both investigations revealed signifi cant decreases in leg muscle 
pain ratings during exercise after caffeine ingestion (5 and 10 mg/kg) compared to 
placebo measurements, without any changes in such physiological variables as BP, 
HR, and VO 2 . In addition there was no statistically signifi cant difference in leg 
muscle pain between the 5 and 10 mg/kg caffeine conditions. In the study by 
O’Connor et al. ( 2004 ), each male subject rated perceived pain lower during the 
10 mg/kg condition compared to the 5 mg/kg condition, yet the overall group mean 
difference was not statistically signifi cant. These results indicate there may be a 
dose–response relation between caffeine ingestion and the attenuation of exercise- 
induced muscle pain in males. Another investigation compared ingestion of 5 mg/kg 
of caffeine to a placebo condition during high intensity cycling (80 % VO 2 peak) in 
women. Leg muscle pain was signifi cantly lower during the caffeine than placebo 
conditions (Gliottoni and Motl  2008 ). The size of this caffeine-induced ergogenic 
effect was similar to that reported for cycle performance at 60 % VO 2 peak intensity 
(Motl et al.  2006 ; O’Connor et al.  2004 ).  

15.4     Effect of Caffeine on RPE and Pain During Exercise 

 A number of investigations studied both RPE and pain responses to exercise follow-
ing caffeine ingestion (Astorino et al.  2011 ; Hudson et al.  2008 ; Jenkins et al. 
 2008 ). Jenkins and colleagues ( 2008 ) examined the effects of 1, 2 and 3 mg/kg 
 caffeine on cycling performance, RPE (measured for the overall body, legs and 
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chest/breathing) and muscle pain in trained men. The exercise trial involved 15 min 
of cycling at 80 % VO 2 peak followed by 4 min of active recovery. The initial phase 
of the protocol was followed by a second phase whereby exercise progressed 
sequentially to maximal performance in a 15-min time trial that simulated the end 
of a race (Jenkins et al.  2008 ). Cycling performance was improved following inges-
tion of 2 and 3 mg/kg caffeine compared to placebo with no effects on RPE (dif-
ferentiated and undifferentiated) or muscle pain (Jenkins et al.  2008 ). Hudson and 
colleagues ( 2008 ) studied the effects of 6 mg/kg caffeine on light resistance train-
ing performance (leg extension and arm curl), RPE and active muscle pain percep-
tion. Caffeine ingestion resulted in signifi cantly greater performance compared to a 
placebo condition without increases in RPE or pain (Hudson et al.  2008 ). Astorino 
and colleagues ( 2011 ) studied the effects of 2 and 5 mg/kg caffeine ingestion during 
high intensity isokinetic knee extension and fl exion exercise. Although 5 mg/kg 
caffeine resulted in signifi cant improvements of muscle function (i.e., peak and 
average torque, total work, PO), neither RPE nor pain responses were affected by 
supplementation (Astorino et al.  2011 ). The results of all three studies indicate 
blunted perceptual responses (both RPE and pain) with increased work rates and 
performance as a result of caffeine ingestion (Astorino et al.  2011 ; Hudson et al. 
 2008 ; Jenkins et al.  2008 ).  

15.5     Effect of Caffeine on Mood During Exercise 

 Another dimension of the ergogenic effect of caffeine that deserves attention is its 
ability to produce positive mood shifts during exercise (Smith  2002 ). The mecha-
nism underlying this effect is most likely similar to the effect of caffeine ingestion 
on RPE and naturally occurring muscle pain. The mechanism involves the antago-
nism of adenosine by caffeine, leading to the maintenance or enhancement of dopa-
mine. Specifi cally, the roles of dopamine in motivation and reward have been 
systematically documented, but changes in exertion and pain are also important 
moderators of mood. Studies involving the AR to exercise have shown marked inter-
individual differences during exercise (Ekkekakis et al.  2000 ; Tate and Petruzzello 
 1995 ). Such variability notwithstanding, once exercise intensity exceeds a preferred 
level, generally corresponding to the VT, AR tends to deteriorate as both RPE and 
muscle pain ratings continue to increase (Ekkekakis  2003 ; Parfi tt et al.  2006 ). It has 
been shown that caffeine induces increased feelings of well-being and happiness 
when examined under non-exercise conditions (Zwyghuizen-Doorenbos et al. 
 1990 ), but little attention has been paid to the effects of caffeine on mood during 
exercise. In a study by Backhouse and colleagues ( 2011 ), both FS ratings of AR 
and RPE were studied after ingestion of 6 mg/kg caffeine compared to placebo 
during cycling at 70 % VO 2 max in trained cyclists. In the caffeine condition, affect 
was signifi cantly higher and RPE was signifi cantly lower compared to the placebo 
condition (Backhouse et al.  2011 ).  

15.5 Effect of Caffeine on Mood During Exercise
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15.6     Selected Applications of Perceptual Methodology 

 The ergogenic effects of caffeine ingestion during exercise may have public health 
implications. It is proposed that optimal doses of caffeine may increase motivation 
and feelings of reward, decrease perceptions of effort and pain, and improve mood 
during acute exercise. Therefore, ergogenic application of low to moderate doses of 
caffeine may have the ability to extend those effects across multiple exercise sessions 
typically employed in an exercise or PA behavioral intervention. Could caffeine help 
to promote exercise adherence? The results from available literature are promising, 
but more research is needed to investigate the mechanisms underlying caffeine’s 
ergogenic properties, especially its long-term effects as a function of habitual use. 
This includes research investigating variations of habitual caffeine consumption 
and its effects on performance, physiological,  perceptual and psychosocial variables 
over time. 

 The following are selected applications of the perceptual methodologies pre-
sented in previous chapters of this book that can be applied to study the ergogenic 
effects of caffeine ingestion during exercise. In addition, methodological notes are 
presented that should be taken into consideration prior to developing a laboratory 
design that explores the ergogenic properties of caffeine consumption. 

15.6.1     Perceived Exertion Scale Validation 

  Rationale : Load-incremented endurance and resistance exercise protocols have 
been used to validate perceptual scales via concurrent measurement of physiologi-
cal and physical variables which are expected to increase linearly with exercise 
intensity. Caffeine ingestion prior to exercise may blunt submaximal perceptual 
responses and increase maximal exercise performance.  Research question : Does 
caffeine ingestion alter the validity of category scales intended to measure the 
perceptions of physical exertion, pain, and affective responses to exercise 
participation?  

15.6.2     Target RPE at the VT 

  Rationale : A target RPE corresponding to a specifi c physiological intensity, such as 
the VT, can be calculated following performance of a perceptual estimation proto-
col that includes aerobic metabolic measurements. The target RPE can then be used 
as an effective method of prescribing and self-regulating intensity for an exercise 
program without the need to calculate a target HR. However, caffeine may blunt the 
perceptual response to submaximal workloads and may increase load-incremented 
exercise test performance.  Research question : Does caffeine ingestion have an 
effect on the RPE at the VT?  
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15.6.3     Prediction of VO 2 max and 1RM Using RPE 

  Rationale : VO 2 max and 1RM can be predicted from RPE assessed during submaxi-
mal exercise intensities. Caffeine ingestion prior to exercise has been shown to blunt 
the RPE response to submaximal intensities during aerobic and resistance exercise. 
 Research question : Does caffeine ingestion affect the prediction of VO 2 max and 
1RM using RPE responses to submaximal exercise test protocols?  

15.6.4     Estimation–Production Paradigms for Exercise 
Intensity Self-Regulation 

  Rationale : Estimation–production paradigms are used to test individuals’ ability to 
perceptually self-regulate exercise intensity. This is done by comparing physiologi-
cal variables corresponding to specifi c target RPE’s as measured during the estima-
tion and production protocols. The production protocol can use a single target RPE 
when self-regulating continuous exercise and two target RPE’s when self-regulating 
exercise for an interval exercise format. The effect of caffeine on dopamine may 
allow increased attention and memory, leading to more accurate exercise intensity 
self-regulation.  Research question : Does caffeine ingestion reduce exercise inten-
sity self-regulation error when using a continuous RPE production protocol or an 
interval RPE production protocol?  

15.6.5     Teleoanticipation and the Perceived Exertion JND 

 Rationale: The effect of caffeine on attention and memory may infl uence teleoan-
ticipation and the perceived exertion JND. An increase in attention and memory 
may allow an improved response to teleoanticipation and a heightened perceptual 
acuity. This potential effect may be different across the exercise intensity range. 
 Research questions : Does caffeine ingestion improve the effect of teleoanticipation? 
Does caffeine ingestion alter the perceived exertion JND for exercise intensities that 
are below, equal to, or above the individual’s VT?  

15.6.6     Self-Selected Versus Imposed Exercise Intensities 

  Rationale : Self-selected exercise intensity produces a comparatively more positive 
AR than imposed exercise intensity. In addition, many individuals self-select an 
exercise intensity for health-fi tness conditioning that is near their VT. Therefore, 
self-selected exercise intensity has been posited as a method to optimize AR to 
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exercise and promote program adherence. In addition, caffeine has been shown to 
improve exercise performance and blunt perceptual responses to exercise.  Research 
questions : Does caffeine ingestion alter perceptual and psychosocial responses to 
self-selected as compared to imposed exercise intensities? Does caffeine ingestion 
change the preferred intensity of exercise conditioning?  

15.6.7     Predicted, Momentary and Session RPE 

  Rationale : Caffeine ingestion may improve AR during exercise and blunt percep-
tual responses to exercise.  Research question : Does caffeine ingestion alter pre-
dicted, momentary, or session RPE, pain, and AR during exercise.  

15.6.8     Research Methodology Notes 

     1.    In addition to standard health-risk screening questionnaires, such as the Physical 
Activity Readiness Questionnaire (PAR-Q), studies involving caffeine adminis-
tration should include a caffeine-sensitivity questionnaire to screen participants 
for risk of negative side effects associated with caffeine ingestion (Motl et al. 
 2003 ).   

   2.    Will you choose subjects who are or are not habitual caffeine users? Research 
fi ndings are not certain that differences exist in athletic performance after caf-
feine administration between those with varying levels of caffeine habituation 
(Graham  2001 ). In addition, even among those who are habitual caffeine users, 
there can be varying effects of caffeine on mood (Attwood et al.  2007 ) which, in 
turn, can have differential effects on exercise performance.   

   3.    How will you defi ne the level of habitual caffeine use? Previous studies of the 
ergogenic properties of caffeine during exercise have used dietary-caffeine recall 
questionnaires (Jenkins et al.  2008 ) and lists of common beverages, foods and 
medications that contain caffeine to estimate subjects’ daily consumption 
(Bunker and McWilliams  1989 ).   

   4.    Will you require caffeine abstinence prior to exercise performance? If so, how 
long? Requesting pretest abstinence from caffeine is commonplace in the litera-
ture. In the studies employing a meta-analysis and a systematic review by 
Doherty and Smith ( 2004 ,  2005 ), caffeine abstinence ranged from 0 to 168 h 
with medians of 24–48 h. However, research has also shown that a pre- 
experimental abstinence period ranging from 0 to 96 h, may or may not alter the 
ergogenic effect of caffeine ingestion (Graham  2001 ) depending on the subject’s 
level of habitual caffeine use.   

   5.    When will the caffeine be administered prior to exercise testing? In the studies 
by Doherty and Smith ( 2004 ,  2005 ) the median time was 60 min prior to exercise 
testing and ranged from 30 to 360 min.   
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   6.    How much caffeine will you administer to the subjects? Amounts ranging from 
2 to 13 mg/kg body mass have resulted in signifi cant improvements in endur-
ance, load-incremented, short-term high-intensity and resistance exercise perfor-
mance (Astorino and Roberson  2010 ; Doherty and Smith  2004 ; Jenkins et al. 
 2008 ). However, doses greater than 9 or 10 mg/kg may not be necessary for 
signifi cant ergogenic effects and often result in side effects such as anxiety, rest-
lessness, and headaches that could hinder these improvements (Astorino and 
Roberson  2010 ; Graham and Spriet  1995 ; Lindinger et al.  1993 ).   

   7.    Research indicates there may be interactive effects of caffeine dose and habitual 
consumption on perceptual and psychosocial responses to exercise. Therefore, 
investigations involving these responses but that are not studying the direct ergo-
genic effect of caffeine ingestion should request that subjects engage in normal 
caffeine consumption prior to experimentation. This requirement should also be 
extended to the experimental period involving scale anchoring instructions and 
orientation to exercise procedures.          
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    Chapter 16   
 Effects of Carbohydrate on Perceptual 
and Affective Responses to Exercise 

                    Carbohydrate is arguably the most important dietary component that has the 
 potential to improve endurance exercise performance. A diet high in carbohydrate 
that is consumed prior to endurance exercise increases glycogen storage in skeletal 
muscle and the liver, subsequently producing an ergogenic effect. In addition, car-
bohydrate ingestion during prolonged exercise maintains blood glucose and carbo-
hydrate oxidation rates such that muscle and liver glycogen are spared. The improved 
carbohydrate availability during exercise has been shown to attenuate perceived 
exertion responses, especially near the end of high intensity exercise performance. 
Carbohydrate ingestion during exercise has also been shown to improve short-term 
exercise performance of 1 h or less. Carbohydrate ingested during such exercise 
could not reach the bloodstream in amounts needed to signifi cantly improve carbo-
hydrate availability. The potential mechanism of such a seemingly contradictory 
effect may be that the stimulation of glucose receptors in the mouth has central 
nervous system responses such as the activation of reward centers and an increase 
in central drive/motivation. Studies employing carbohydrate ingestion or mouth 
rinses during short-term exercise performance have reported mixed results. 
Nevertheless, blunted RPE and improved AR have accompanied an increased per-
formance in some of these investigations. This chapter presents recent evidence for 
the ergogenic effects of carbohydrate ingestion  during  exercise as they pertain to 
perceptual and affective responses. In addition, selected laboratory applications of 
the perceptual methodologies presented in previous chapters are again used to study 
the ergogenic effects of carbohydrate ingestion during exercise. 
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16.1     Ergogenic Effect of Carbohydrate Ingestion Prior 
to Exercise 

 Carbohydrate supercompensation protocols, or carbohydrate loading, involve diet 
and exercise routines over the course of the week preceding an endurance exercise 
performance. The function of these dietary manipulations is to maximize muscle 
glycogen stores and improve performance in both time-to-fatigue and time trial 
protocols (Hawley et al.  1997 ). A high-carbohydrate meal consumed before an 
exercise performance, generally 3–5 h prior, has been shown to contribute to mus-
cle glycogen stores and improve endurance performance (Hargreaves  2004 ). 
However, carbohydrate ingestion at this point may be more important for maximiz-
ing liver glycogen stores, especially if the enhanced diet is consumed at breakfast 
after an overnight fast. Ample liver glycogen is crucial to the maintenance of blood 
glucose levels necessary for prolonged exercise. The ergogenic effect of 3- to 5-day 
dietary supercompensation can then be enhanced with further carbohydrate inges-
tion in the hour before and throughout a prolonged bout of exercise (Jeukendrup 
and Gleeson  2010 ).  

16.2     Mechanisms of the Ergogenic Effect of Carbohydrate 
Ingestion During Exercise 

 Carbohydrate ingestion during exercise is proposed to improve endurance exercise 
performance via a number of metabolic mechanisms (Jeukendrup and Gleeson 
 2010 ). Compared to a placebo, blood glucose levels and carbohydrate oxidation 
rates are maintained with carbohydrate ingestion, prolonging endurance perfor-
mance (Coyle et al.  1986 ). Supplementing blood glucose with ingested carbohy-
drate decreases the rate of liver glycogen breakdown during exercise, sparing 
glycogen for later use as an energy source (Jeunkendrup et al.  1999 ). This meta-
bolic pathway secondary to carbohydrate ingestion occurs for muscle glycogen use 
during running (Tsintzas et al.  1995 ), but possibly not cycling (Jeunkendrup et al. 
 1999 ). 

 Part of the ergogenic effect of carbohydrate ingestion in prolonging endurance 
exercise may be related to the role of carbohydrate substrate availability as a physi-
ological exertional mediator. An increased carbohydrate availability, indicated by 
increased blood glucose levels and subsequent carbohydrate oxidation rates, may 
be an important peripheral mediator of perceived exertion (Pandolf  1982 ). The 
maintenance of neurological function and skeletal muscle contraction through 
enhanced glucose availability could help sustain exercise performance (Utter et al. 
 1997 ). The attenuation of RPE with carbohydrate ingestion as compared to a pla-
cebo has been shown to coincide with improved endurance performance in studies 
involving time trial (Burgess et al.  1991 ; Kang et al.  1996 ; Utter et al.  1997 ,  1999 ) 
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and time-to- exhaustion protocols (Wilber and Moffatt  1992 ). The ergogenic effect 
has been most notable near the end of prolonged exercise involving 2–2.5 h of 
 moderately high intensity (70–80 % VO 2 max/peak) running or cycling (Burgess 
et al.  1991 ; Kang et al.  1996 ; Utter et al.  1997 ,  1999 ).  

16.3     Mechanisms of the Ergogenic Effect of Carbohydrate 
Ingestion and Mouth Rinses During Short-Term 
Exercise 

 Historically, carbohydrate was not thought to induce an ergogenic effect during 
shorter-term exercise lasting 1 h or less. This occurred because little of the specifi c 
carbohydrate ingested during exercise was able to enter the bloodstream in time to 
prevent time-dependent decreases in blood glucose. This may explain why at least 
one recent study has confi rmed the lack of ergogenic properties of acute carbohy-
drate ingestion for comparatively short-term, high intensity exercise (Timmons and 
Bar-Or  2003 ). However, carbohydrate ingestion during exercise has resulted in sig-
nifi cant improvements in 1-h endurance and intermittent high-intensity exercise 
performance (Jeukendrup et al.  1997 ; Winnick et al.  2005 ). Ingested carbohydrate 
may interact with receptors in the mouth or stomach, inducing an effect on the 
central nervous system long before the carbohydrate reaches the blood. This effect, 
which appears to refl ect on attenuation of fatigue perception, has been shown in 
studies of hypoglycemia in which signifi cant relief is experienced almost immedi-
ately after carbohydrate ingestion (Jeukendrup and Gleeson  2010 ). During exer-
cise, the stimulation of glucose receptors in the mouth may cause central nervous 
system effects such as the activation of CNS reward centers and an increase in 
central drive/motivation. This neurosensory response results in attenuated exer-
tional perceptions and a less negative mood shifts that may have salutary effects on 
exercise performance independent of carbohydrate substrate availability (Carter 
et al.  2004 ; Jeukendrup and Gleeson  2010 ). Experimental evidence supporting 
such a central nervous system mechanism is provided via studies that employed a 
carbohydrate mouth rinse during exercise rather than actual ingestion (i.e., the car-
bohydrate drink is spat out rather than swallowed) (e Silva et al.  2014 ). The mouth 
rinse has resulted in similar improvements in 1-h time-trial performance as 
observed for traditional dietary carbohydrate ingestion (Carter et al.  2004 ; Pottier 
et al.  2010 ). However, not all studies support this neurological mechanism for the 
observed ergogenic effect (Beleen et al.  2009 ; Whitham and McKinney  2007 ). 
Acute carbohydrate ingestion or a carbohydrate mouth rinse may be more likely to 
affect the central nervous system when subjects are performing high-intensity exer-
cise in a fasted state (Carter et al.  2004 ; O’Neal et al.  2013 ), a less practical situa-
tion with lower ecological validity than a fed, or postprandial, state (Beleen et al. 
 2009 ).  

16.3 Mechanisms of the Ergogenic Effect of Carbohydrate Ingestion and Mouth…
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16.4     Carbohydrate Ingestion or Mouth Rinses During 
Exercise on RPE and Mood 

 A number of recent investigations involving various types and intensities of exercise 
lasting 1 h or less have compared the perceptual and psychosocial effects of carbo-
hydrate ingestion or mouth rinses to placebo conditions. For example, Backhouse 
and colleagues ( 2005 ) compared the effects of in-task consumption of a 6.4 % car-
bohydrate–electrolyte beverage to placebo during 2 h of cycling at 70 % VO 2 max in 
endurance trained males after an overnight fast. Throughout exercise, RPE and FS 
ratings of AR were regularly measured. RPE was signifi cantly lower in the carbohy-
drate than the placebo condition, but not until the 75th minute of exercise. There 
was an overall main effect reported for affect such that the carbohydrate condition 
yielded a more positive response compared to the placebo condition throughout 
exercise. The more positive mood with carbohydrate ingestion was evident begin-
ning at the 30-min time point (Backhouse et al.  2005 ). 

 In contrast, O’Neal and colleagues ( 2013 ) compared the ergogenic effect of in- 
task consumption of a 6 % carbohydrate–electrolyte beverage to a non-caloric elec-
trolyte beverage during 50 min of cycling at 60–65 % of heart rate reserve followed 
by three Wingate anaerobic tests. A Wingate test involves 30 s of cycling at maxi-
mum speed against a set resistance. The subjects were active young adults who 
reported to the laboratory at least 2 h after a meal (i.e., in a postprandial state). The 
study found no differences between beverage conditions for any performance out-
come, momentary RPE during submaximal exercise or session RPE following the 
fi nal Wingate test (O’Neal et al.  2013 ). 

 Winnick and colleagues ( 2005 ) compared the ergogenic effects of in-task con-
sumption of a 6 % carbohydrate beverage to a placebo condition during 1 h of inter-
mittent high-intensity exercise intended to mimic a basketball game. Subjects began 
the exercise protocol after a 12-h fast. Healthy college-aged men and women per-
formed the exercise in 15-min quarters with 5-min breaks separating fi rst-second 
and third-fourth quarters and a 20-min halftime period. Improved performances 
were noted in carbohydrate versus placebo condition during the last 15 min of exer-
cise, including faster sprint times and higher jump heights. The Profi le of Mood 
States questionnaire was used to assess overall mood changes as well as alterations 
in specifi c feelings. The questionnaire was administered before the simulated bas-
ketball game, at halftime, and after exercise. The questionnaire results indicated that 
overall mood declined signifi cantly throughout exercise in the placebo condition in 
comparison to the carbohydrate condition. The between group differences were par-
ticularly notable for feelings of fatigue and vigor. Whole response levels for these 
mood constructs were maintained throughout exercise with carbohydrate supple-
mentation (Winnick et al.  2005 ). 

 Rollo and colleagues ( 2008 ) compared the performance and affective effects of 
a carbohydrate mouth rinse to a placebo during 30 min of treadmill exercise at a 
self-regulated intensity corresponding to a 15 on the Borg (6–20) RPE Scale. 
The subjects were endurance-trained runners who arrived at the laboratory after an 
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overnight fast. The 6 % carbohydrate solution or placebo mouth rinses were 
 administered every 5 min during exercise. The carbohydrate condition resulted in 
signifi cantly greater total distance covered and higher FS ratings of AR at the begin-
ning of exercise (Rollo et al.  2008 ).  

16.5     Select Applications of Perceptual Methodology 

 The potential ergogenic effect of carbohydrate ingestion on the central nervous sys-
tem has been demonstrated for shorter-term exercise conditions that do not rely on 
comparatively stable carbohydrate substrate availability. These fi ndings may have 
important implications for individuals other than endurance-trained athletes such as 
marathoners, cyclists or triathletes who often comprised the experimental samples 
that were studied in the aforementioned investigations (Beleen et al.  2009 ; Utter 
et al.  1997 ,  1999 ). An improvement (i.e., positive shift) in mood, indicated by the 
AR to exercise, or an improvement in exercise enjoyment may have the potential to 
increase the duration of an exercise bout or even increase overall exercise adher-
ence. Further research is necessary to study the effects of carbohydrate ingestion on 
perceptual and affective responses to exercise in individuals who are unable to 
adopt and maintain regular PA. The proper application of high-carbohydrate feed-
ing prior to and during regular exercise participation may be an important link in the 
psychobehavioral chain between exercise adoption and maintenance. Improved per-
formance, blunted perceived exertion responses, and improved affective responses 
could collectively improve the motivation to increase PA behavior in order to 
achieve health-fi tness benefi ts. 

 The following are selected applications of the perceptual methodologies pre-
sented in previous chapters of this book that can be applied to study the ergogenic 
effects of carbohydrate ingestion during exercise. In addition, methodological notes 
are presented that should be taken into consideration prior to design of a laboratory 
investigation of the ergogenic properties of carbohydrate ingestion. 

16.5.1     Perceived Exertion Scale Validation 

  Rationale : Load-incremented endurance and resistance exercise protocols have 
been used to validate perceptual scales via concurrent measurement of physiolog-
ical and physical variables expected to increase linearly with exercise intensity. 
Carbohydrate ingestion during exercise may blunt perceptual responses and 
increase both submaximal endurance and maximal exercise performance. 
 Research question : Does carbohydrate ingestion prior to and during exercise per-
formance affect the validity of category scales to measure exertional perceptions 
and AR?  

16.5 Select Applications of Perceptual Methodology
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16.5.2     Target RPE at the VT 

  Rationale : A target RPE corresponding to a specifi c physiological intensity, such as 
the VT, can be calculated following performance of a perceptual estimation proto-
col that includes both metabolic and perceptual measurements. The target RPE 
equivalent to the individually determined VT can then be used as an effective 
method of prescribing intensity for an exercise program without the need to calcu-
late a target HR. However, carbohydrate ingestion during exercise may blunt the 
perceptual response to submaximal workloads and may increase load-incremented 
exercise test performance.  Research question : Does carbohydrate ingestion have an 
effect on the RPE at the VT?  

16.5.3     Prediction of VO 2 max Using RPE 

  Rationale : VO 2 max/peak can be predicted from RPE assessed during submaximal 
exercise workloads. Carbohydrate ingestion during exercise has been shown to 
blunt the RPE response to submaximal workloads during aerobic exercise.  Research 
question : Does carbohydrate ingestion affect the prediction of VO 2 max/peak using 
RPE responses to submaximal exercise?  

16.5.4     Estimation–Production Paradigms for Exercise 
Intensity Self-Regulation 

  Rationale : Estimation–production paradigms are used to test individuals’ ability to 
perceptually self-regulate exercise intensity by comparing physiological variables 
corresponding to a specifi ed target RPE where measures are obtained separately for 
the estimation and production exercise tests. Carbohydrate ingestion during exer-
cise may infl uence perceptual and affective responses through central nervous sys-
tem effects on motivation.  Research question : Does carbohydrate ingestion have an 
effect on exercise intensity self-regulation error using a continuous RPE production 
protocol and an interval RPE production protocol?  

16.5.5     Teleoanticipation and the Perceived Exertion JND 

 Rationale: The potential effect of carbohydrate ingestion on central motivation and 
AR may infl uence teleoanticipation and the perceived exertion JND. An increase in 
motivation may allow a greater response to teleoanticipation and a heightened percep-
tual acuity. This potential effect may be different across the exercise intensity range. 

16 Effects of Carbohydrate on Perceptual and Affective Responses to Exercise



239

 Research questions : Does carbohydrate ingestion during exercise improve teleoan-
ticipation and the accuracy of exercise intensity self-regulation using the perceived 
exertion JND?  

16.5.6     Self-Selected Versus Imposed Exercise Intensities 

  Rationale : Self-selected exercise intensity produces a comparatively more positive 
AR than imposed exercise intensity. In addition, many individuals self-select exer-
cise intensity near their VT, often an appropriate intensity for exercise programming 
to promote health-fi tness. Therefore, self-selected exercise intensity has been pos-
ited as a method to optimize AR to exercise and promote program adherence. In 
addition, carbohydrate ingestion during exercise has been shown to improve exer-
cise performance, blunt perceptual responses and improve AR to exercise.  Research 
questions : Does carbohydrate ingestion alter perceptual and psychosocial responses 
to self-selected and imposed exercise intensities? Does carbohydrate ingestion 
change the preferred intensity of exercise?  

16.5.7     Predicted, Momentary and Session RPE 

  Rationale : Carbohydrate ingestion may improve mood immediately prior to, dur-
ing, and following exercise. In addition, carbohydrate ingestion may blunt percep-
tual responses to exercise.  Research question : Does carbohydrate ingestion alter 
predicted, momentary, or session RPE, pain and AR during exercise, making it 
more or less likely to evidence a mismatch between on-stimulus and off-stimulus 
responses?  

16.5.8     Research Methodology Notes 

     1.    How long will you require a subject to fast prior to exercise? According to a 
recent systematic review regarding carbohydrate mouth rinses, studies have 
required subjects to fast from 2 to 14 h (i.e., overnight) before exercise perfor-
mance (e Silva et al.  2014 ). Carbohydrate ingestion studies have included a simi-
lar range of dietary restriction (O’Neal et al.  2013 ; Welsh et al.  2002 ).   

   2.    When will the carbohydrate (ingested or mouth rinse) be administered during exer-
cise? Research investigations have administered the carbohydrate immediately 
before exercise and at regular 10–15-min increments during exercise (Backhouse 
et al.  2005 ,  2007 ; Ball et al.  1995 ). Carbohydrate mouth rinses have been adminis-
tered for 5–10 s per rinse from 4 to 12 times per session (e Silva et al.  2014 ).   

16.5 Select Applications of Perceptual Methodology
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   3.    How much carbohydrate will you administer to the subjects? Previous research 
involving the effect of carbohydrate ingestion on exercise performance, RPE and 
AR has used carbohydrate beverage solutions ranging from 6 to 6.4 % (Backhouse 
et al.  2005 ; O’Neal et al.  2013 ; Rollo et al.  2008 ; Winnick et al.  2005 ).          
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    Chapter 17   
 Effects of Music on Perceptual and Affective 
Responses to Exercise 

                    Whether exercising at a fi tness facility, a local park or greenway, or at home, many 
people listen to music during their workout. This has become much more common 
as media devices have become smaller and more portable. Gone are the days of the 
“boom box” radio in the gym; replaced by high quality sound systems often found 
in modern fi tness facilities. However, now many participants have their own per-
sonal music player. As MP3 players and smartphones replaced cassette tape and CD 
players, people became much more likely to take their music along during outside 
exercise, weather permitting. Anecdotally, people discuss how they cannot exercise 
without accompanying music. They can exercise longer and harder because the 
music causes the exercise to feel easier. They will exercise more often because the 
music helps them feel more positive. The music can even help them forget about the 
exercise they are performing. These anecdotal reports have been tested through sys-
tematic experimentation. Research has studied the effects of varying types of music, 
including preferred versus nonpreferred and synchronous versus asynchronous, on 
perceived exertion, affect, and performance outcomes. This chapter presents recent 
evidence for the ergogenic effects of music during exercise as they pertain to per-
ceptual and affective responses. In addition, selected laboratory applications of the 
perceptual methodologies presented in previous chapters are proposed regarding 
their use to study the ergogenic effects of listening to music during exercise. 

17.1     Effect of Music on RPE During Constant Workload 
Exercise 

 Listening to music during exercise can reduce perceived exertion responses in com-
parison to exercise without music. Nethery ( 2002 ) studied the effect of music on the 
RPE response to 15 min of cycling at either 50 or 80 % VO 2 peak in untrained males. 
For each workload, subjects performed four different conditions: control (no music 
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or video but can still see and hear the surroundings), sensory deprived (cannot see 
or hear the surroundings), video, and music. Regardless of workload, RPE was sig-
nifi cantly lower for the music condition compared to all others. In addition, RPE 
was signifi cantly higher for the sensory deprived than all other conditions. HR was 
the same across conditions for each workload. Listening to music may have allowed 
the subjects to dissociate exertional perceptions from the effects of physiological 
mediators during exercise. In contrast, sensory deprivation may have caused the 
subjects to associate (i.e., focus on) the signals arising from active body regions, 
intensifying perceptions of exertion. Sensory dissociation has been indicated as a 
strategy that individuals use to distract themselves from physiological cues during 
exercise. Focusing attention on the external environment, which includes music, 
shifts the individual’s conscious awareness away from bodily sensations such as 
increased V E  that would drive the RPE response upward (Baden et al.  2004 ; 
Tenenbaum et al.  2004 ). Interestingly, the control and video conditions produced 
similar RPE responses (Nethery  2002 ). This indicates that music may allow more 
dissociation than a video distraction. 

 The effect of music on perceived exertion was confi rmed by Potteiger and col-
leagues ( 2000 ), who measured undifferentiated and differentiated RPE (legs, chest/
breathing) during 20 min of cycling at 70 % VO 2 peak in young physically active 
adults. The subjects performed the exercise under four different conditions: control 
(no music), fast upbeat music, classical music, and self-selected music. Listening to 
music resulted in signifi cantly lower undifferentiated and differentiated RPE 
responses compared to the control condition, regardless of whether it was fast 
upbeat, classical or self-selected. HR was the same across conditions (Potteiger 
et al.  2000 ). 

 The effect of music on perceived exertion may not hold true for high intensity 
exercise. Tenenbaum and colleagues ( 2004 ) measured the RPE response to tread-
mill running at 90 % VO 2 max, with performance continuing until volitional termi-
nation owing to fatigue. Runners performed the exercise under four conditions: 
control (i.e., no music) and listening to rock, dance and inspirational music. 
Exercise time until fatigue was similar across conditions (Tenenbaum et al.  2004 ). 
High intensity exercise may not allow an individual to dissociate from sensations 
associated with noxious stimuli arising from certain physiological mediators such 
as lactacidemia (Tenenbaum  2001 ). In a qualitative examination of the effect of 
music on exertional perceptions, 30 % of subjects reported that focusing on the 
music was benefi cial near the beginning of exercise because they were able to dis-
sociate from noxious elements of the exercise performance, which helped motivate 
them to continue exercise (Tenenbaum et al.  2004 ). Although this effect did not 
result in signifi cant increases in exercise duration, it may hold important implica-
tions for exercise adherence. Individuals may be more likely to engage in exercise 
while listening to music because less attention is paid to unpleasant feelings of 
physical exertion.  
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17.2     Effect of Music on Optimal Pacing Strategy 
for Exercise Performance 

 Music may be a mediating factor of pacing strategy during time trial exercise per-
formance, potentially due to its effect on perceived exertion. However, results in the 
current literature have not been consistent. Atkinson and colleagues ( 2004 ) found 
that listening to high tempo dance music during cycling signifi cantly improved 
10-km time trial performance in young adult males. This was primarily due to a 
signifi cantly increased cycling speed during the fi rst 3 km of the performance. The 
RPE response was higher in the music compared to the control condition, i.e., a 
response similar to that observed for exercise intensity. The investigators used the 
Brunel Music Rating Inventory to ask questions regarding the subjects’ opinion of 
specifi c aspects of the music. The subjects reported that the tempo and rhythm of the 
music were more important than harmony and melody regarding their effect on 
motivation during exercise (Atkinson et al.  2004 ). 

 In contradiction to these results, the same research group found no effect of 
music on 10-km cycling time trial performance in a similar subject sample (Lim 
et al.  2009 ). Based on the results of the study by Atkinson and colleagues ( 2004 ) in 
which the music condition improved cycling speed during the initial segment of the 
time trial, Lim et al. ( 2009 ) used two separate music conditions. Rather than have 
subjects listen to music continuously during the entire exercise bout, one condition 
involved music played during the fi rst 5 km only while the other condition involved 
music played during the second 5 km only. Cycling speed was faster during the fi rst 
5 km of the trial in which the music was not introduced until the second half of the 
time trial. This fi nding was contrary to that reported by Atkinson et al. ( 2004 ). The 
temporarily increased speed during the initial half of the trial was not suffi cient to 
improve overall performance (Lim et al.  2009 ). 

 Lima-Silva and colleagues ( 2012 ) extended this line of research to a 5-km run-
ning time trial performed by male recreational runners. They compared a no music 
control condition to two music conditions: music played during the fi rst 1.5 km or 
the last 1.5 km of the 5-km time trial. Running pace was signifi cantly faster with 
music played during the fi rst 1.5 km of the time trial, as evidenced by an improve-
ment in 5-km running time compared to the control condition. However, total 5-km 
time was similar between music trials. In this study, the investigators assessed asso-
ciative thoughts at 1 km intervals. The music resulted in a decrease in associative 
thoughts only when played during the fi rst 1.5 km of the exercise trial (Lima-Silva 
et al.  2012 ). 

 During time trial performances such as those often used in research protocols, 
the intensity of exertional perception (i.e., RPE) increases throughout exercise until 
race completion. This is a common pacing strategy during time trial performances, 
the intent of which is that maximal RPE and the point of exhaustion occur simulta-
neously at the end of a race (Tucker  2009 ). In the study by Lima-Silva et al. ( 2012 ), 
regardless of changes in running speed, the linear increase in RPE as a function of 
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elapsed exercise time was similar across both the control condition and those 
employing music during different segments of the race. Since music has been shown 
to reduce RPE at submaximal exercise intensities, the increased running speed that 
occurred when music was played during the fi rst 1.5 km may have been to maintain 
the steady rate of increase in perceived exertion. However, at the high exercise 
intensities experienced at the end of the race, the dissociative effect of music is 
lessened and associative cognitive strategies linked to physiological cues become 
more dominant. Based on the data from constant workload exercise, the threshold at 
which the effect of music on RPE is no longer signifi cant must be greater than 80 % 
VO 2 peak during cycling exercise (Nethery  2002 ) but less than 90 % VO 2 max during 
running exercise in most subjects (Tenenbaum et al.  2004 ).  

17.3     Effect of Music on Performance in Trained Athletes 

 Previous research indicates that listening to music during exercise results in signifi -
cant alterations in RPE and performance for untrained and recreationally active 
individuals. However, little research has investigated the effect of music on RPE- 
based pacing strategy in well-trained athletes. Hagen and colleagues ( 2013 ) studied 
male and female club level cyclists and triathletes during 10-km cycling time trials 
under control, sensory-deprived, and self-selected motivational music conditions. 
The subjects displayed similar RPE responses and performances across the three 
trials. These perceptual and performance response patterns were consistent with 
previous research in well-trained athletes that did not involve music (Foster et al. 
 2009 ; Joseph et al.  2008 ). Hagen et al. ( 2013 ) also reported comments from their 
subjects that the music caused a greater level of exercise enjoyment, allowed dis-
sociation from the exercise performance, and that the exercise “felt easier” (Hagen 
et al.  2013 ). Such comments confi rm that exercise while listening to music is more 
positive than that of exercise without music. Even though performance was not 
changed, a positive perceptual and affective memory of exercise could promote to 
future exercise participation. However, such a result would be more signifi cant for 
those who are not well-trained athletes.  

17.4     Preferred Versus Nonpreferred Music 

 Some research has shown that while listening to music during an exercise perfor-
mance can alter the RPE response, the specifi c type of music is not an important 
factor mitigating the change in RPE. For example, music resulted in signifi cantly 
lower undifferentiated and differentiated RPE responses to cycling at 70 % VO 2 peak 
regardless of whether it was fast and upbeat in tempo, classical or self-selected 
(Potteiger et al.  2000 ). It is possible that the subjects found each type of music to be 
enjoyable or at least tolerable to an extent that its presence did not change 

17 Effects of Music on Perceptual and Affective Responses to Exercise



247

associative/dissociative cognitive strategy and have an effect on perceived exertion. 
Further research has employed experimental conditions involving preferred music 
and nonpreferred music to specifi cally compare external auditory stimuli that are 
pleasurable or unpleasurable. Preferred music deemed to be pleasurable may allow 
the individual to dissociate from the exercise performance and noxious physiologi-
cal mediators of exertional perceptions. In contrast, nonpreferred music considered 
to be unpleasurable has the opposite effect. It interferes with the individual’s cogni-
tive ability to dissociate from feelings of fatigue, resulting in an increased perceived 
exertion response (Gfeller  1988 ; Tenenbaum et al.  2004 ). 

 Lin and Lu ( 2013 ) classifi ed a number of popular songs based on induced feel-
ings of enjoyment and motivational qualities, as rated by a pilot sample prior to their 
study. Songs were placed into one of four categories: high motivation and prefer-
ence, high motivation and low preference, low motivation and preference, low moti-
vation and high preference. The college-aged participants were randomly assigned 
to listen to music from one of the four categories during exercise or to a control 
condition (no music). They performed 12 min of running on a track at maximal pace. 
Music preference signifi cantly affected performance, such that highly preferred 
music resulted in signifi cantly greater performance distance compared to music of 
low preference. Motivational quality of the music did not affect running perfor-
mance (Lin and Lu  2013 ). Preferred music may have allowed the individuals to 
dissociate from sensations arising from noxious physiological cues during exercise, 
blunting perceived exertion intensity and prolonging exercise duration. However, it 
is important to note that RPE were not measured during the investigation. 

 Nakamura et al. ( 2010 ) measured RPE during cycle ergometer exercise to 
exhaustion at critical power intensity in young male recreational cyclists. Subjects 
performed three trials: no music control, preferred music, and nonpreferred music. 
Each subject identifi ed ten preferred songs and ten nonpreferred songs to be used 
during the cycling trials. Performance was signifi cantly greater for the preferred 
music than the nonpreferred music. Exercise performance for the no music condi-
tion was similar to both the preferred and nonpreferred conditions. HR was similar 
across conditions, but RPE was signifi cantly greater for the nonpreferred music 
condition as compared to both the preferred music and no music conditions. These 
results suggest that listening to preferred music is superior to listening to nonpre-
ferred music during exercise performance. This conclusion was based on the blunted 
RPE response and increased time to exhaustion during high intensity cycling where 
subjects listened to music selections that they preferred (Nakamura et al.  2010 ). 
However, the preferred music condition did not signifi cantly improve performance 
or decrease RPE in comparison to the no music condition. These fi ndings were 
similar to previous research involving high intensity exercise (Tenenbaum et al. 
 2004 ). Therefore, as long as music is not seen as unpleasurable, it may not adversely 
affect exercise performance at high intensities. Listening to nonpreferred as com-
pared to preferred music, however, may decrease exercise performance during a 
wide variety of conditions yet to be studied. As an example, such an unpleasant 
auditory stimulus may decrease AR during exercise. This could lead to a decreased 
motivation to initiate and/or continue participation in a PA program.  
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17.5     Asynchronous Versus Synchronous Music and AR 

 In the literature previously cited, investigations employed asynchronous music, 
such that no conscious effort was expected on the part of the subjects to synchro-
nize motor patterns with the musical rhythm. A recent investigation has com-
pared the effects of asynchronous music to synchronous music on neuromuscular 
responses during exercise (Lim et al.  2014 ). Subjects were instructed to con-
sciously synchronize exercise movements with the tempo of the music 
(Karageorghis  2008 ). The physiological rationale for the effect of synchronous 
music goes beyond the fact that music in general can arouse the neuromuscular 
system (Rossignol and Melvill- Jones  1976 ). The synchronization of skeletal 
muscle contractions with a rhythmic auditory stimulus can decrease the meta-
bolic cost of exercise (Bacon et al.  2012 ; Terry et al.  2012 ). This response may be 
due to functioning of the cerebellum in coordinating rhythmic sensory stimuli 
and motor responses leading to enhanced neuromuscular effi ciency (Molinari 
et al.  2007 ). 

 In the study by Lim and colleagues ( 2014 ), recreationally active men performed 
four trials of cycle ergometer exercise at 90 % of VT intensity. The trials were: no 
music control, metronome guided, synchronous music, and asynchronous music. 
The metronome condition controlled for the effect of a synchronized auditory stim-
ulus alone. Although the study found no effect on the metabolic cost of cycle exer-
cise, signifi cant between condition differences were found regarding FS ratings of 
AR. Both music conditions resulted in signifi cantly higher FS ratings compared to 
the metronome and control conditions. Such a response has been found in numer-
ous other investigations where the comparison conditions have generally been no 
music or even total sensory deprivation (Boutcher and Trenske  1990 ; Elliot et al. 
 2005 ; Karageorghis et al.  2009 ,  2010 ). One such study compared two types of syn-
chronous music, motivational and oudeterous, i.e., neutral regarding its motiva-
tional qualities (Karageorghis et al.  2009 ). Subjects walked to exhaustion at an 
intensity initially eliciting 75 % of HR reserve for each condition. A no music 
control condition was also employed. Both music conditions improved time to 
exhaustion compared to the control condition, but motivational synchronous music 
had the greatest ergogenic effect. This ergogenic effect was accompanied by FS 
ratings signifi cantly higher than the control condition. RPE was similar between 
conditions, most likely due to the high intensity of each exercise trial. The study 
also included the Exercise- Induced Feeling Inventory (EFI) to ask subjects about 
various affective states post- exercise. These states included the degree to which the 
exercise made them feel happy, refreshed, peaceful, or physically tired. Interestingly, 
although AR during exercise was signifi cantly affected by the various music condi-
tions, no differences were found between conditions in EFI responses (Karageorghis 
et al.  2009 ).  
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17.6     Selected Applications of Perceptual Methodology 

 The ergogenic effects of music during exercise may have public health implications. 
It is proposed that music may have the ability to decrease perceptions of effort and 
pain, and improve AR during acute exercise. Therefore, ergogenic properties of 
listening to music may extend those effects across multiple exercise sessions typi-
cally employed in an exercise and/or weight loss behavioral intervention. Public 
health programming could assist individuals with the cost of purchasing music 
media devices, teach them to exercise safely in their community while listening to 
music, and help them explore the type of music that is uniquely motivating to them. 
Research employing an ecological approach is needed to study the long-term effects 
of listening to music on regular PA participation. 

 The following are selected applications of the perceptual methodologies pre-
sented in previous chapters of this book that can be applied to the ergogenic effects 
of music during exercise. In addition, methodological notes are presented that 
should be taken into consideration when developing the research design. 

17.6.1     Perceived Exertion Scale Validation 

  Rationale : Load-incremented endurance and resistance exercise protocols have 
been used to validate perceptual scales. The research paradigms employed concur-
rent measurement of perceptual, physiological and physical variables, each of which 
was expected to increase linearly with exercise intensity. Listening to music during 
exercise has been shown to blunt perceptual responses to moderate but not high 
exercise intensities and may increase the motivation for maximal exercise perfor-
mance.  Research question : Does listening to music during exercise alter validity 
coeffi cients for perceived exertion and affect scales?  

17.6.2     Target RPE at the VT 

  Rationale : A target RPE corresponding to a specifi c physiological intensity, such as 
the VT, can be calculated following performance of a perceptual estimation proto-
col that includes both perceptual and metabolic measurements. This target RPE can 
then be used as an effective method of prescribing intensity of an exercise program 
that can be performed without the need to calculate a target HR. However, listening 
to music during exercise may alter the perceptual response to submaximal work-
loads.  Research questions : Does listening to music during load-incremented exer-
cise have an effect on the RPE at the VT? Is there an effect of preferred versus 
nonpreferred music?  

17.6 Selected Applications of Perceptual Methodology
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17.6.3     Prediction of VO 2 max Using RPE 

  Rationale : VO 2 max/peak can be predicted from RPE assessed during submaximal 
exercise workloads. Music during exercise has been shown to blunt the RPE 
response to submaximal workloads during aerobic exercise.  Research question : 
Does listening to music during exercise have an effect on the prediction of VO 2 max/
peak using RPE responses to submaximal exercise?  

17.6.4     Estimation–Production Paradigms for Exercise 
Intensity Self-Regulation 

  Rationale : Estimation–production paradigms are used to test individuals’ ability to 
perceptually self-regulate exercise intensity by comparing physiological variables 
corresponding to a priori determined target RPE’s. The production protocol can use 
either a single target RPE when self-regulating continuous exercise or two target 
RPE’s when self-regulating intensity of an interval exercise format. Listening to 
music during submaximal exercise has been shown to allow individuals to cogni-
tively dissociate from noxious properties of physiological and performance-related 
exertional mediators and may have an impact upon the accuracy of exercise inten-
sity self- regulation.  Research questions : Does listening to music have an effect on 
exercise intensity self-regulation error when performing a continuous RPE produc-
tion protocol or an interval RPE production protocol? Is there a differential effect of 
asynchronous versus synchronous music when self-regulating exercise intensity 
using either a continuous or interval protocol?  

17.6.5     Teleoanticipation and the Perceived Exertion JND 

 Rationale: The effect of music on associative and dissociative cognitive strategies 
during exercise may infl uence teleoanticipation and the perceived exertion JND. An 
increase in dissociative thoughts during exercise caused by listening to music may 
affect teleoanticipation and in turn reduce perceptual acuity.  Research questions : 
Does listening to music during exercise infl uence teleoanticipation? Does listening 
to music during exercise alter the perceived exertion JND for an exercise intensity 
corresponding to the OMNI RPE at the VT?  

17.6.6     Self-Selected Versus Imposed Exercise Intensities 

  Rationale : Self-selected exercise intensity produces a comparatively more positive 
AR than imposed exercise intensity. In addition, many individuals self-select exer-
cise intensity near their VT, often an appropriate intensity for exercise program-
ming. Therefore, self-selected exercise intensity has been posited as a method to 
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optimize AR to exercise and promote program adherence. In addition, listening to 
music during exercise has been shown to improve submaximal exercise perfor-
mance and blunt perceived exertion responses to exercise.  Research questions : Does 
listening to music alter perceptual and psychosocial responses to self-selected exer-
cise? Does listening to music change the preferred intensity of exercise? Is there an 
effect of preferred versus nonpreferred music on perceptual and psychosocial 
responses during both self-selected and imposed exercise intensities?  

17.6.7     Predicted, Momentary and Session RPE 

  Rationale : Listening to music may improve AR during exercise and may blunt per-
ceived exertion responses to exercise. However, music also allows cognitive disso-
ciation from the noxious infl uence of some physiological exertional mediators 
experienced during exercise. This dissociative strategy may affect the memory of 
perceive exertion responses experienced during previous exercise experiences. 
 Research question : Does listening to music during exercise alter predicted, momen-
tary, or session RPE, pain and AR, making it more or less likely to evidence a mis-
match between on-stimulus and off-stimulus responses?  

17.6.8     Research Methodology Notes 

     1.    Control of the external environment is especially important for studies of exter-
nal auditory stimuli. The space in which exercise is performed (i.e., laboratory or 
indoor track) should be quiet and free of distractions. Cycle ergometer studies 
have used sensory-deprivation (i.e., noise canceling headphones or ear plugs and 
eye patches or blindfolds) for no music control conditions to eliminate the nega-
tive infl uence of both auditory and visual external stimuli. Running studies have 
placed large blank screens in front of the treadmill to reduce visual interference 
when examining the effect of auditory stimuli.   

   2.    The effect of preferred versus nonpreferred music must be considered in the 
experimental paradigm even when preference is not a primary independent vari-
able. If music selected by investigators is not preferred by a subject, psychoper-
ceptual and performance assessments can be signifi cantly biased, leading to 
erroneous conclusions. Lim et al. ( 2014 ) chose songs that were unknown to their 
sample population (and subsequently confi rmed this by querying subjects) to 
limit extraneous factors related to music preference and sociocultural back-
ground. Some investigations have used a pre-experimental assessment to deter-
mine individual subjects’ preferred music from various genres (Karageorghis 
et al.  2009 ; Lin and Lu  2013 ).   

   3.    When a study includes preferred and nonpreferred music conditions, subjects 
have been asked to provide song selections or select them from popular music 
of different genres. When subjects submit their own song selections, signifi cant 
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time burden could be placed on investigators if the editing of tracks is 
necessary.   

   4.    When a study compares asynchronous versus synchronous music conditions, 
tracks must be digitally altered to synchronize the tempo of the music with 
movement frequency patterns so the same songs can be used in both conditions 
to remove the effect of song preference (Lim et al.  2014 ).          
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                            Appendix A
Selected OMNI Scales 

    Fig. A.1       Children’s OMNI-walk/run RPE scale (Robertson 2004)   
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     Fig. A.2    Adult OMNI-walk/run RPE scale (Robertson 2004)   

    

     Fig. A.3    Children’s OMNI-resistance exercise RPE scale, female (Robertson 2004)   
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     Fig. A.4    Children’s OMNI-resistance exercise RPE scale, male (Robertson 2004)   

    

     Fig. A.5    Adult OMNI-resistance exercise RPE scale, male (Robertson 2004)   
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     Fig. A.6    Children’s OMNI-step RPE scale, female (Robertson 2004)   

    

     Fig. A.7    Children’s OMNI-step RPE scale, male (Robertson 2004)   
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     Fig. A.8    Adult OMNI-step RPE scale, female (Robertson 2004)   

    

     Fig. A.9    Adult OMNI-elliptical RPE scale (Mays et al. 2010)   
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          Appendix B
RPE Scale Instructions 

    Adult OMNI-Walk/Run RPE Scale Instructions 
for RPE-O Only 

 This perceived exertion scale includes numerical categories from 0 to 10. You will 
use it to assess your perceptions of exertion while you exercise. The numbers on the 
scale represent a range of exertion levels from 0, “extremely easy,” to 10, “extremely 
hard.” To help you select a number that represents your level of exertion, consider 
the following. When the exercise exertion you are experiencing is “extremely easy,” 
respond with a 0. Think about a time when you exercised and the level of exertion 
was “extremely easy” and most likely equivalent to a rating of 0. As an example, 
you should respond with a 0 when you are walking very slowly on the treadmill. 
When the exertion you are experiencing is “extremely hard,” respond with a 10. 
Think about a time when you exercised and the perception of exertion was 
“extremely hard,” likely attained at your maximal performance level. Most likely 
the exertional level would be equivalent to a rating of 10. As an example, you should 
respond with a 10 when you are running up a steep incline on the treadmill and you 
may not be able to exercise much longer owing to fatigue. Please rate your level of 
exertion for your overall body, taking into consideration the exertion experienced in 
your legs and your chest/breathing. When asked, use both the pictures and words to 
help you select one rating number that represents the level of exertion your body is 
experiencing. Each number response is called a rating of perceived exertion, or 
RPE. Please point to the number that best represents your RPE at the moment you 
are asked.  
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    Adult OMNI-Walk/Run RPE Scale Instructions 
for Undifferentiated and Differentiated RPE 

 This perceived exertion scale includes numerical categories from 0 to 10. You will 
use it to assess your perceptions of exertion while you exercise. The numbers on the 
scale represent a range of exertion levels from 0, ‘extremely easy,’ to 10, ‘extremely 
hard.’ To help you select a number that represents your level of exertion, consider 
the following. When the exercise exertion you are experiencing is ‘extremely easy,’ 
respond with a 0. Think about a time when you exercised and the level of exertion 
was ‘extremely easy’ and most likely equivalent to a rating of 0. As an example, you 
should respond with a 0 when you are walking very slowly on the treadmill. When 
the exertion you are experiencing is ‘extremely hard,’ respond with a 10. Think 
about a time when you exercised and the perception of exertion was ‘extremely 
hard,’ likely attained at your maximal performance level. Most likely the exertional 
level would be equivalent to a rating of 10. As an example, you should respond with 
a 10 when you are running up a steep incline on the treadmill and you may not be 
able to exercise much longer owing to fatigue. You will be asked to rate your level 
of exertion for your overall body, your legs and your chest/breathing. When asked, 
use both the pictures and words to help you select one rating number that represents 
the level of exertion your overall body, legs, or chest/breathing are experiencing. 
Each number response is called a rating of perceived exertion, or RPE. Please point 
to the number that best represents your RPE at the moment you are asked.  

    Borg (6–20) Scale Instructions for RPE-O Only During 
Treadmill Exercise 

 This perceived exertion scale includes numerical categories from 6 to 20. You will 
use it to assess your perceptions of exertion while you exercise. The numbers on the 
scale represent a range of exertion levels from 6, “no exertion at all,” to 20, “maxi-
mal exertion.” To help you select a number that represents your level of exertion, 
consider the following. When the exercise exertion you are experiencing is “no 
exertion at all,” respond with a 6. Think about a time when you exercised and the 
level of exertion was “no exertion at all” and most likely equivalent to a rating of 6. 
As an example, you should respond with a 6 when you are walking very slowly on 
the treadmill. When the exertion you are experiencing is “maximal exertion,” 
respond with a 20. Think about a time when you exercised and the perception of 
exertion was “maximal exertion,” likely attained at your maximal performance 
level. Most likely the exertional level would be equivalent to a rating of 20. As an 
example, you should respond with a 20 when you are running up a steep incline on 
the treadmill and you may not be able to exercise much longer owing to fatigue. 
Please rate your level of exertion for your overall body, taking into consideration the 
exertion experienced in your legs and your chest/breathing. When asked, use the 
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words to help you select one rating number that represents the level of exertion your 
body is experiencing. Each number response is called a rating of perceived exertion, 
or RPE. Please point to the number that best represents your RPE at the moment you 
are asked.  

    Adult OMNI-Cycle RPE Scale Instructions for RPE-L Only 

 This perceived exertion scale includes numerical categories from 0 to 10. You will 
use it to assess your perceptions of exertion while you exercise. The numbers on the 
scale represent a range of exertion levels from 0, “extremely easy,” to 10, “extremely 
hard.” To help you select a number that represents your level of exertion, consider 
the following. When the exercise exertion you are experiencing is “extremely easy,” 
respond with a 0. Think about a time when you exercised and the level of exertion 
was “extremely easy” and most likely equivalent to a rating of 0. As an example, 
you should respond with a 0 when you are pedaling against no resistance on the 
cycle. When the exertion you are experiencing is “extremely hard,” respond with a 
10. Think about a time when you exercised and the perception of exertion was 
“extremely hard,” likely attained at your maximal performance level. Most likely 
the exertional level would be equivalent to a rating of 10. As an example, you should 
respond with a 10 when you are pedaling against a very heavy resistance on the 
cycle and may not be able to exercise any longer owing to fatigue. You will be asked 
to rate the level of exertion of your legs only, not for your chest/breathing or your 
overall body. When asked, use both the pictures and words to help you select one 
rating number that represents the level of exertion your body is experiencing. Each 
number response is called a rating of perceived exertion, or RPE. Please point to the 
number that best represents your RPE at the moment you are asked.  

    Adult OMNI-Cycle RPE Scale Instructions 
for Undifferentiated and Differentiated RPE 

 This perceived exertion scale includes numerical categories from 0 to 10. You will 
use it to assess your perceptions of exertion while you exercise. The numbers on the 
scale represent a range of exertion levels from 0, “extremely easy,” to 10, “extremely 
hard.” To help you select a number that represents your level of exertion, consider 
the following. When the exercise exertion you are experiencing is “extremely easy,” 
respond with a 0. Think about a time when you exercised and the level of exertion 
was “extremely easy” and most likely equivalent to a rating of 0. As an example, 
you should respond with a 0 when you are pedaling against no resistance 
on the cycle. When the exertion you are experiencing is “extremely hard,” 
respond with a 10. Think about a time when you exercised and the perception of 
exertion was “extremely hard,” likely attained at your maximal performance level. 
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Most likely the exertional level would be equivalent to a rating of 10. As an 
example, you should respond with a 10 when you are pedaling against a very heavy 
resistance on the cycle and may not be able to exercise any longer owing to fatigue. 
You will be asked to rate your level of exertion for your overall body, your legs and 
your chest/breathing. When asked, use both the pictures and words to help you 
select one rating number that represents the level of exertion your overall body, legs, 
or  chest/breathing are experiencing. Each number response is called a rating of 
perceived exertion, or RPE. Please point to the number that best represents your 
RPE at the moment you are asked.  

    Borg (6–20) Scale Instructions for RPE-L 
Only During Cycle Exercise 

 This perceived exertion scale includes numerical categories from 6 to 20. You will 
use it to assess your perceptions of exertion while you exercise. The numbers on the 
scale represent a range of exertion levels from 6, “no exertion at all,” to 20, “maxi-
mal exertion.” To help you select a number that represents your level of exertion, 
consider the following. When the exercise exertion you are experiencing is “no 
exertion at all,” respond with a 6. Think about a time when you exercised and the 
level of exertion was “no exertion at all” and most likely equivalent to a rating of 6. 
As an example, you should respond with a 6 when you are pedaling against no resis-
tance on the cycle. When the exertion you are experiencing is “maximal exertion,” 
respond with a 20. Think about a time when you exercised and the perception of 
exertion was “maximal exertion,” likely attained at your maximal performance 
level. Most likely the exertional level would be equivalent to a rating of 20. As an 
example, you should respond with a 20 when you are pedaling against a very heavy 
resistance on the cycle and may not be able to exercise any longer owing to fatigue. 
Please rate your level of exertion for your legs only, not for your chest/breathing or 
your overall body. When asked, use the words to help you select one rating number 
that represents the level of exertion your legs are experiencing. Each number 
response is called a rating of perceived exertion, or RPE. Please point to the number 
that best represents your RPE at the moment you are asked.  

    Adult OMNI-Resistance Exercise RPE 
Scale for RPE-AM Only 

 This perceived exertion scale includes numerical categories from 0 to 10. You will 
use it to assess your perceptions of exertion while you perform resistance exercise. 
The numbers on the scale represent a range of exertion levels from 0, “extremely 
easy,” to 10, “extremely hard.” To help you select a number that represents your 
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level of exertion, consider the following. When the resistance exercise exertion you 
are experiencing is “extremely easy,” respond with a 0. Think about a time when 
you exercised and the level of exertion was “extremely easy” and most likely equiv-
alent to a rating of 0. As an example, you should respond with a 0 when you are 
lifting a very light weight that is extremely easy to lift. When the exertion you are 
experiencing is “extremely hard,” respond with a 10. Think about a time when you 
performed resistance exercise and the perception of exertion was “extremely hard,” 
likely attained at your maximal performance level. Most likely the exertional level 
would be equivalent to a rating of 10. As an example, you should respond with a 10 
when you are lifting the heaviest weight you can lift and may not be able to lift for 
one more repetition owing to fatigue. You will be asked to rate the level of exertion 
of your active muscles only, not for your chest/breathing or your overall body. When 
asked, use both the pictures and words to help you select one rating number that 
represents the level of exertion your active muscles are experiencing. Each number 
response is called a rating of perceived exertion, or RPE. Please point to the number 
that best represents your RPE at the moment you are asked.  

    Adult OMNI-Resistance Exercise RPE Scale 
for Undifferentiated and Differentiated RPE 

 This perceived exertion scale includes numerical categories from 0 to 10. You will 
use it to assess your perceptions of exertion while you perform resistance exercise. 
The numbers on the scale represent a range of exertion levels from 0, “extremely 
easy,” to 10, “extremely hard.” To help you select a number that represents your 
level of exertion, consider the following. When the resistance exercise exertion you 
are experiencing is “extremely easy,” respond with a 0. Think about a time when you 
exercised and the level of exertion was “extremely easy” and most likely equivalent 
to a rating of 0. As an example, you should respond with a 0 when you are lifting a 
very light weight that is extremely easy to lift. When the exertion you are experienc-
ing is “extremely hard,” respond with a 10. Think about a time when you performed 
resistance exercise and the perception of exertion was “extremely hard,” likely 
attained at your maximal performance level. Most likely the exertional level would 
be equivalent to a rating of 10. As an example, you should respond with a 10 when 
you are lifting the heaviest weight you can lift and may not be able to lift for one 
more repetition owing to fatigue. You will be asked to rate your level of exertion for 
your overall body, your active muscles and your chest/breathing. When asked, use 
both the pictures and words to help you select one rating number that represents the 
level of exertion your overall body, active muscles, or chest/breathing are experienc-
ing. Each number response is called a rating of perceived exertion, or RPE. Please 
point to the number that best represents your RPE at the moment you are asked.  
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    Borg (6–20) Scale Instructions for RPE-AM Only During 
Resistance Exercise 

 This perceived exertion scale includes numerical categories from 6 to 20. You will 
use it to assess your perceptions of exertion while you perform resistance exercise. 
The numbers on the scale represent a range of exertion levels from 6, “no exertion 
at all,” to 20, “maximal exertion.” To help you select a number that represents your 
level of exertion, consider the following. When the resistance exercise exertion you 
are experiencing is “no exertion at all,” respond with a 6. Think about a time when 
you exercised and the level of exertion was “no exertion at all” and most likely 
equivalent to a rating of 6. As an example, you should respond with a 6 when you 
are lifting a very light weight that is extremely easy to lift. When the exertion you 
are experiencing is “maximal exertion,” respond with a 20. Think about a time when 
you performed resistance exercise and the perception of exertion was “maximal 
exertion,” likely attained at your maximal performance level. Most likely the exer-
tional level would be equivalent to a rating of 20. As an example, you should respond 
with a 20 when you are lifting the heaviest weight you can lift and may not be able 
to lift for one more repetition owing to fatigue. You will be asked to rate the level of 
exertion of your active muscles only, not for your chest/breathing or your overall 
body. When asked, use the words to help you select one rating number that repre-
sents the level of exertion your active muscles are experiencing. Each number 
response is called a rating of perceived exertion, or RPE. Please point to the number 
that best represents your RPE at the moment you are asked.    
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     1.    In a Microsoft Excel spreadsheet, label columns of data as shown    in Fig.  A.10 .

    (a)    For resistance exercise, Exercise Stage may be replaced with %1RM and Weight 
Lifted may take the place of physiological variables such as VO 2  and HR.   

   (b)    For treadmill exercise, VO 2  may be expressed in ml · kg · min −1 .   
   (c)    RPE-O and other differentiated RPE’s such as RPE-C or RPE-AM may be 

used in your experiment.     

     Appendix C
Determination of Validity Coeffi cients: 
An Example Using Cycle Ergometry Graded 
Exercise Test Results 

  Fig. A.10    ∎       
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  Fig. A.11    ∎       

      2.    Plot of VO 2  and Borg RPE-L for determination of concurrent validity:

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen (Fig.  A.11 ). 

        (b)    Click on the  SELECT DATA  tab (Fig.  A.12 ). 
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  Fig. A.12    ∎       

        (c)    Remove any entries found in the  LEGEND ENTRIES  text box then click 
 ADD  (Figs.  A.13  and  A.14 ).     
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  Fig. A.13    ∎       

  Fig. A.14    ∎       
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  Fig. A.15    ∎       

   (d)    Under  SERIES NAME , enter VO 2  and Borg RPE-L. Then click on the icon 
to the right of the  SERIES X VALUES  text box and highlight the VO 2  val-
ues. After the values are highlighted click the icon on the box that appeared 
(Fig.  A.15 ).    
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  Fig. A.16    ∎       

   (e)    Then click on the icon to the right of the  SERIES Y VALUES  text box and 
highlight the Borg RPE-L values. After the values are highlighted click the 
icon on the box that appeared (Fig.  A.16 ).    
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  Fig. A.17    ∎       

   (f)    Click  OK  on the next two screens. You should now have a scatter plot with 
Borg RPE-L on the  y -axis and VO 2  on the  x -axis (Fig.  A.17 ).    
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  Fig. A.18    ∎       

   (g)    Create a title for the plot and enter the appropriate axis labels and units of 
measure (Fig.  A.18 ).    
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  Fig. A.19    ∎       

   (h)    To determine the validity coeffi cient, click on one of the data points to high-
light the entire data series. Right click on one of the data points and a menu 
will appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  
menu will appear. Select  LINEAR ,  DISPLAY EQUATION ON CHART , 
and  DISPLAY R-SQUARED VALUE ON CHART  then click  CLOSE . 
The trendline and equation will be displayed on the chart. Take the square 
root of the R 2  value to determine the Pearson correlation coeffi cient 
(Fig.  A.19 ).            
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    Calculation of V E  · VO 2  −1  and V E  · VCO 2  −1  

     1.    Obtain a printout containing the 15-s exercise VO 2 , VCO 2 , and V E  values in l · min −1  
from the respiratory-metabolic measurement system. In a Microsoft Excel spread-
sheet, label columns for VO 2 , VCO 2 , V E  (each in l · min −1 ), V E  · VO 2  −1  and V E  · VCO 2  −1 .   

   2.    In the columns for VO 2 , VCO 2 , and V E , enter each 15-s value measured during 
exercise as listed in the printout (Fig.  A.20 ).    

     Appendix D
Determination of VT and RPE-VT 

  Fig. A.20    ∎       
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   3.    Calculate V E  · VO 2  −1  by dividing V E  (l · min −1 ) by VO 2  (l · min −1 ) for each row and 
enter the value in the appropriate cell. This can be completed by typing the equa-
tion seen in Fig.  A.21  in the fi rst cell available under V E  · VO 2  −1  then hitting the 
 ENTER  key on the keyboard. This equation can be copied into the remaining 
cells below V E  · VO 2  −1  to complete the calculation for each 15-s interval.    

  Fig. A.21    ∎       

 

Appendix D



279

  Fig. A.22    ∎       

   4.    Calculate V E  · VCO 2  −1  by dividing V E  (l · min −1 ) by VCO 2  (l · min −1 ) for each row 
and enter the value in the appropriate cell. This can be completed by typing the 
equation seen in Fig.  A.22  in the fi rst cell available under V E  · VO 2  −1  then hitting 
the  ENTER  key on the keyboard. This equation can be copied into the remaining 
cells below V E  · VCO 2  −1  to complete the calculation for each 15-s interval.       
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    Plot of V E  · VO 2  −1  and V E  · VCO 2  −1  for Determination of VT 

     1.    Obtain a printout from the respiratory-metabolic measurement system contain-
ing the 15-s exercise values of VO 2  (l · min −1 ) and the ventilatory equivalents 
(V E  · VO 2  −1  and V E  · VCO 2  −1 ). These variables have no units of measure because 
they are a ratio between two variables with the same units of measure.   

   2.    In a Microsoft Excel spreadsheet, label columns for VO 2  (l · min −1 ), V E  · VO 2  −1  
and V E  · VCO 2  −1 . Enter each 15-s value measured during exercise as listed in the 
printout. If V E  · VO 2  −1  and V E  · VCO 2  −1  were calculated using a Microsoft Excel 
spreadsheet as described above, you may continue to use that spreadsheet 
(Fig.  A.23 ).    

  Fig. A.23    ∎       
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   3.    Create a line graph with V E  · VO 2  −1  and V E  · VCO 2  −1  on the  y -axis and VO 2  
(l · min −1 ) on the  x -axis.

    (a)    Click on the  INSERT  tab then click on the  INSERT LINE CHART  icon. 
Select the fi rst option for a basic 2D line chart (Fig.  A.24 ).    

  Fig. A.24    ∎       
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   (b)    A blank chart will appear on the spreadsheet. Right click on the chart and 
click  SELECT DATA  (Fig.  A.25 ).    

  Fig. A.25    ∎       
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  Fig. A.26    ∎       

   (c)    The  SELECT DATA SOURCE  box will appear (Fig.  A.26 ).    
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   (d)    Click  ADD  under  LEGEND ENTRIES  and the  EDIT SERIES  box will 
appear (Fig.  A.27 ).    

  Fig. A.27    ∎       
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  Fig. A.28    ∎       

   (e)    Click on the icon to the right of the  SERIES NAME  text box then click on 
the cell in the spreadsheet containing V E  · VO 2  −1 . Click the icon on the right 
side of the box that appeared to return to the  EDIT SERIES  box (Fig.  A.28 ).    
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   (f)    Click on the icon to the right of the  SERIES VALUES  text box then high-
light all the cells in the spreadsheet containing data under V E  · VO 2  −1 . Click 
the icon on the right side of the box that appeared to return to the  EDIT 
SERIES  box. Click  OK  to return to the  SELECT DATA SOURCE BOX  
(Fig.  A.29 ).    

  Fig. A.29    ∎       
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   (g)    Click  ADD  under  LEGEND ENTRIES  and the  EDIT SERIES  box will 
appear.   

   (h)    Click on the icon to the right of the  SERIES NAME  text box then click on 
the cell in the spreadsheet containing V E  · VCO 2  −1 . Click the icon on the right 
side of the box that appeared to return to the  EDIT SERIES  box.   

   (i)    Click on the icon to the right of the  SERIES VALUES  text box then high-
light all the cells in the spreadsheet containing data under V E  · VCO 2  −1 . Click 
the icon on the right side of the box that appeared to return to the  EDIT 
SERIES  box. Click  OK  to return to the  SELECT DATA SOURCE BOX .   

   (j)    Click  EDIT  under  HORIZONTAL (CATEGORY) AXIS LABELS  
(Fig.  A.30 ).    

  Fig. A.30    ∎       
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   (k)    Highlight all the cells containing data under VO 2  then click  OK  (Fig.  A.31 ).    

  Fig. A.31    ∎       

 

Appendix D



289

   (l)    Click  OK  on the  SELECT DATA SOURCE  box and the plot will appear. It 
may be benefi cial to enlarge the plot so the labels on the  x -axis are easily 
viewable. Locate the point on the graph where V E  · VO 2  −1  begins to increase 
without an increase in V E  · VCO 2  −1 . Draw a vertical line from that point down 
to the  x -axis and identify the VO 2  equivalent to this divergent point. Convert 
the units of this VO 2  value from l · min −1  to %VO 2 max/peak (Fig.  A.32 ).     

  Fig. A.32    ∎       
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          Adjustment of Automatic VT Calculation in a Respiratory 
Metabolic Measurement System 

     1.    Focus your attention on the fi gure showing V E  · VO 2  −1  and V E  · VCO 2  −1  on the 
 y -axis and Time on the  x -axis. There will be a vertical line indicating the position 
of the VT on this fi gure.   

   2.    If the vertical line is not located over the point where V E  · VO 2  −1  begins to increase 
without an increase in V E  · VCO 2  −1 , adjust the vertical line until it is located 
directly over this point.   

   3.    If the vertical line is located over the point where V E  · VO 2  −1  begins to increase 
without an increase in V E  · VCO 2  −1 , do not adjust it.   

   4.    The computer program will automatically provide the VO 2  value (l · min −1 ) and 
%VO 2 max/peak associated with the VT.      

    Determination of RPE-VT: An Example Using Cycle 
Ergometry Graded Exercise Test Results 

     1.    In a Microsoft Excel spreadsheet, label columns of data as shown in Fig.  A.33 .

  Fig. A.33    ∎       
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    (a)    For treadmill exercise, VO 2  may be expressed in ml · kg · min −1 .   
   (b)    RPE-O and differentiated RPE such as RPE-C may be used in your 

experiment.     

      2.    Plot of VO 2  as a function of Borg RPE-L for determination of RPE-VT.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen (Fig.  A.34 ).    

  Fig. A.34    ∎       
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   (b)    Click on the  SELECT DATA  tab (Fig.  A.35 ).    

  Fig. A.35    ∎       
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   (c)    Remove any entries found in the  LEGEND ENTRIES  text box then click 
 ADD  (Fig.  A.36 ).    

  Fig. A.36    ∎       
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   (d)    Under  SERIES NAME , enter VO 2  and Borg RPE-L. Then click on the icon 
to the right of the  SERIES X VALUES  text box and highlight the VO 2  val-
ues. After the values are highlighted click the icon on the box that appeared 
(Fig.  A.37 ).    

  Fig. A.37    ∎       
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   (e)    Then click on the icon to the right of the  SERIES Y VALUES  text box and 
highlight the Borg RPE-L values. After the values are highlighted click the 
icon on the box that appeared (Fig.  A.38 ).    

  Fig. A.38    ∎       
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   (f)    Click  OK  on the next two screens. You should now have a scatter plot with 
Borg RPE-L on the  y -axis and VO 2  on the  x -axis (Fig.  A.39 ).    

  Fig. A.39    ∎       
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  Fig. A.40    ∎       

   (g)    To determine the Borg RPE-VT, click on one of the data points to highlight 
the entire data series. Right click on one of the data points and a menu will 
appear. Click  ADD TRENDLINE  and the  FORMAT TRENDLINE  menu 
will appear. Select  LINEAR  and  DISPLAY EQUATION ON CHART  
then click  CLOSE . The trendline and its linear equation will be displayed on 
the chart. Use this linear equation to calculate RPE-VT. Use VO 2  (l · min −1 ) 
corresponding to the VT as the “x” value in the equation and solve for “y.” 
The calculated “y” value is the Borg RPE-VT (Fig.  A.40 ).             
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     Appendix E
Prediction of VO 2 peak: An Example Using 
Cycle Ergometry Graded Exercise Test Results 

     1.    In a Microsoft Excel spreadsheet, label columns of data as shown in Fig.  A.41 .

    (a)    For treadmill exercise, VO 2  may be expressed in ml · kg · min −1 .   
   (b)    RPE-O and differentiated RPE such as RPE-C may be used in your 

experiment.     

  Fig. A.41    ∎       
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      2.    Plot of VO 2  and OMNI RPE-L for prediction of VO 2 peak.

    (a)    Click on the  INSERT  tab and in the  CHARTS  section click on  SCATTER . 
Select the fi rst available chart option. A blank or example scatter plot will 
appear on your screen (Fig.  A.42 ).    

  Fig. A.42    ∎       
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   (b)    Click on the  SELECT DATA  tab (Fig.  A.43 ).    

  Fig. A.43    ∎       
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   (c)    Remove any entries found in the  LEGEND ENTRIES  text box then click 
 ADD  (Fig.  A.44 ).    

  Fig. A.44    ∎       
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   (d)    Under  SERIES NAME , enter VO 2  and OMNI RPE-L. Then click on the 
icon to the right of the  SERIES X VALUES  text box and highlight the 
OMNI RPE-L values. After the values are highlighted click the icon on the 
box that appeared (Fig.  A.45 ).    

  Fig. A.45    ∎       
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   (e)    Then click on the icon to the right of the  SERIES Y VALUES  text box and 
highlight the VO 2  values. After the values are highlighted click the icon on 
the box that appeared (Fig.  A.46 ).    

  Fig. A.46    ∎       
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   (f)    Click  OK  on the next two screens. You should now have a scatter plot with 
VO 2  on the  y -axis and OMNI RPE-L on the  x -axis (Fig.  A.47 ).    

  Fig. A.47    ∎       
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   (g)    To determine the equation from which VO 2 peak will be predicted, click on 
one of the data points to highlight the entire data series. Right click on one 
of the data points and a menu will appear. Click  ADD TRENDLINE  and the 
 FORMAT TRENDLINE  menu will appear. Select  LINEAR  and  DISPLAY 
EQUATION ON CHART  then click  CLOSE . The trendline and its linear 
equation will be displayed on the chart. Use this linear equation to calculate 
RPE-VT. Use VO 2  (l · min −1 ) corresponding to the VT as the “x” value in the 
equation and solve for “y.” The calculated “y” value is the Borg RPE-VT 
(Fig.  A.48 ).            

  Fig. A.48    ∎       
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     Appendix F
Advanced Perceived Exertion Scaling 
Procedure for Use Prior to an RPE- Based, 
Interval Exercise Program 

 For cycle exercise, the low intensity bout begins with unloaded pedaling and subse-
quently increases in power output every 15 or 30 s. The client provides RPE just 
prior to each power output increase until moderate intensity is reached, identifi ed by 
a rating of 5–6 on the OMNI Scale or 11–13 on the Borg Scale. If the client shows 
physiological signs of moderate to high intensity exercise, such as increased rate of 
breathing or heart rate, yet continues to rate exertion levels as low, further discussion 
about the link between RPE and physiological intensity may be necessary. Then, to 
further test the subject’s understanding, he/she is asked to produce a specifi c level of 
perceived exertion on the cycle. The test administrator decides on a specifi c target 
RPE, from two to four on the OMNI Scale, and then instructs the client to adjust the 
power output until the intensity of cycling produces an exertion level equal to that 
specifi c RPE. The subject should be allowed to adjust the intensity for 1 or 2 min 
before the power output is checked for accuracy. If the intensity chosen does not 
match the intensity at which the client previously rated that particular RPE, addi-
tional practice and feedback may be necessary. However, if the intensity chosen 
matches the intensity at which the client previously reported that particular RPE, 
provide him/her with positive reinforcement and continue with the next phase. 

 For the moderate intensity phase, begin the load-incremented bout at the low 
intensity that the client previously produced and increase power output every 15 or 
30 s. The client provides RPE just prior to each power output increase until high 
intensity is reached, identifi ed by a rating of 8 on the OMNI Scale or 17–18 on the 
Borg Scale. If the client terminates exercise due to fatigue yet rates exertion levels 
as moderate, further discussion about RPE and maximal physiological intensity 
may be necessary. For some clients, especially those who may not have performed 
maximal exercise previously, the experience of maximal exercise facilitates their 
ability to rate exertion levels at moderate intensities of exercise. For the production 
bout at moderate intensity, RPE’s from 5 to 7 on the OMNI Scale are appropriate. 
This bout is important to determine if additional practice and feedback may be nec-
essary to rate exertion accurately at moderate exercise intensity. 



308

 For the high/maximal intensity phase, begin the load- incremented bout at the 
intensity the client previously produced in the moderate phase and subsequently 
increase power output every 15 or 30 s until volitional termination owing to fatigue. 
Similar to the standard exercise anchoring procedure, instruct the subject to assign 
a maximal RPE value (10 on the OMNI Scale, 20 on the Borg Scale) to that inten-
sity. Minimal rest (approximately 2 min) is necessary between phases and between 
load-incremented and production bouts within phases. However, ample rest suffi -
cient for complete or near complete recovery is advised between advanced exercise 
anchoring and subsequent administration of aerobic fi tness testing. For unfi t and/or 
sedentary individuals, advanced exercise anchoring and aerobic fi tness testing may 
need to be performed on separate days.   
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   Glossary 

  Cardiorespiratory fi tness    The ability to perform dynamic exercise of a moderate to 
vigorous intensity using large muscle groups for a prolonged period; this  fi tness 
measurement is dependent upon the functional capacity of the cardiovascular and 
respiratory systems and the oxidative capacity of skeletal muscle.   

  Differentiated RPE    RPE used to estimate the level of exertion for a specifi c ana-
tomical region of the body, such as the chest/breathing (RPE-C), arms (RPE-A), 
legs (RPE-L), or active muscle mass (RPE-AM).   

  Estimation–production paradigm    A perceptually based exercise prescription 
procedure whereby both the estimation and production test protocols are used to 
prescribe and self-regulate exercise intensity according to a target RPE or RPE 
zone.   

  Estimation protocol    A research procedure used in perceived exertion scale valida-
tion studies involving a graded exercise test during which RPE and physiological 
responses are measured for each progressive exercise test stage, with intensity 
ranging from very low through maximal.   

  Exercise anchoring    A procedure whereby the individual links the perception of 
exertion experienced while actually performing a very low exercise intensity and 
when performing a very high exercise intensity with the low and high anchor 
points on the perceived exertion scale, respectively.   

  Exercise intensity self-regulation error    When an individual is not accurately self-
regulating exercise intensity at a target RPE such that the physiological responses 
(VO 2 , HR) during the production trial are different from those that were observed 
at the same target RPE during the estimation trial.   

  Exertional recall    An estimate of the RPE for a bout of exercise or physical activity 
performed at least 1 week prior; may be included as part of a physical activity 
questionnaire.   

  Group-normalized perceptual response    A range of RPE’s that corresponds to a 
target physiological outcome during exercise and that is common to a specifi ed 
group of individuals.   
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  Imposed exercise intensity    When an individual performs a prescribed exercise 
intensity based on physical units (W), ergometer settings (speed/grade, intensity 
settings) or physiological measures (HR, VO 2 ) which has been determined by the 
health-fi tness professional or exercise test administrator.   

  Intensity discrimination    The ability to perceptually differentiate between sepa-
rate target RPE’s such that physiological responses are different between differ-
ent self-regulated conditions.   

  Just noticeable difference in perceived exertion (perceived exertion JND)    The 
smallest amount of change in a stimulus (exercise intensity), expressed in physi-
ological (VO 2 ) or physical (PO) units, necessary to elicit a change in sensation 
(perception of physical exertion).   

  Maximal Aerobic Power (VO 2 max/peak)    The maximum amount of oxygen that 
can be consumed while breathing ambient air during load-incremented aerobic 
exercise at sea level; the terms maximal aerobic power and maximal or peak 
oxygen uptake (VO 2 max/peak) can be used interchangeably.   

  Memory anchoring    A procedure used to acquaint the user with the level of exer-
tion perceived at the low and high anchor points of a category RPE scale.   

  Momentary RPE    The acute level of perceived exertion rated at the moment the 
individual is asked during exercise or PA; also referred to as in-task or on-stim-
ulus RPE.   

  Muscular strength, dynamic    The ability of a muscle or muscle group to exert 
force using concentric or eccentric muscular action resulting in the  movement 
of a resistance.   

  One-repetition maximum (1RM)    The maximal amount of force that can be pro-
duced during a single contraction of a muscle or muscle group through the full 
range of motion.   

  Pacing Strategy    The self-selected exercise pace or tactic that an athlete adopts, 
usually at the beginning of an event or competition, to ensure optimal metabolic 
requirements and performance outcomes.   

  Perceived exertion    The subjective intensity of effort, strain, discomfort, and/or 
fatigue that is experienced during exercise and physical activity.   

  Perceptual augmenter    A perceptual outlier who provides RPE values greater than 
what is appropriate based on a given physiological and/or physical marker of 
exercise intensity and may assign a maximal or near-maximal RPE to submaxi-
mal exercise intensity.   

  Perceptual outlier    An individual who provides inappropriate RPE values that do 
not conform to the predictions of Borg’s Range Model.   

  Perceptual reducer    A perceptual outlier who provides RPE values less than what 
is appropriate based on a given physiological and/or physical marker of exercise 
intensity and may assign a submaximal RPE to maximal exercise intensity.   

  Prescription congruence    When physiological responses (VO 2 , HR) corresponding 
to a specifi c target RPE are similar between the estimation trial and production 
trial at a given submaximal intensity.   

  Predicted RPE    A global estimate of the expected RPE for an entire bout of 
exercise or PA rated prior to performance of that activity.   

Glossary
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  Production protocol    An exercise bout during which an individual self- regulates 
exercise intensity to produce a specifi c target RPE.   

  RPE warning zone    A range of RPE’s that indicate impending graded exercise test 
termination and, as such, the initiation of preliminary procedures to safely end 
the exercise test.   

  Segmented session RPE    A global estimate of the average RPE experienced for a 
specifi c segment (time-period) of a bout of exercise or PA but rated after perfor-
mance of that activity.   

  Self-selected exercise intensity    When an individual performs exercise at a pre-
ferred intensity during which self-adjustment of ergometer settings are allowed.   

  Session RPE    A global estimate of the average RPE experienced for an entire bout 
of exercise or PA but rated after performance of that activity.   

  Target RPE or target RPE range    One RPE or a range of RPE’s that indicate the 
level(s) of exertion to be achieved by self-regulating exercise intensity using a 
production perceptual protocol.   

  Teleoanticipation    A sensory nervous system comprised of both feed-forward and 
feedback perceptual-cognitive information regarding muscle fi ber recruitment 
and fi ring frequency during exercise performance; in this system the magnitude 
and frequency of efferent (i.e., descending) motor signals associated with previ-
ous exercise performance are stored in the sensory cortex; this information is fur-
ther augmented by afferent signals refl ecting the metabolic and biomechanical 
limits of muscular performance; subsequently, the stored perceptual-cognitive 
information is recalled to shape the upper limits of exercise performance as set 
by peak tolerable perceptual limits of heavy muscular exercise.   

  Undifferentiated RPE    RPE used to estimate the level of exertion for the overall 
body, often referred to as RPE-O.   

  Validity    The degree to which a test or test item measures the construct it is intended 
to measure.   

  Validity, concurrent (general defi nition)    The extent to which test scores are asso-
ciated with those of other accepted tests when both measures are obtained along 
a common stimulus range.   

  Validity, concurrent, of a perceived exertion scale    The extent to which RPE are 
associated with accepted physical and physiological markers of exercise inten-
sity across an individual’s full physiological range.   

  Validity, construct (general defi nition)    The ability of a test to represent the under-
lying construct.   

  Validity, construct, of a perceived exertion scale    The extent to which RPE from a 
newly developed perceived exertion scale are associated with RPE derived from 
a perceived exertion scale for which concurrent validity has been previously 
established.   

  Ventilatory threshold (VT)    Also known as the ventilatory breakpoint, can be 
defi ned as the point during exercise of increasing intensity when pulmonary ven-
tilation begins to increase at a rate disproportionately faster than that of oxygen 
consumption; the respiratory analog to the lactate threshold (both commonly 
called the anaerobic threshold).        
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