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Executive Summary 

The monitoring of athlete training loads is considered important for optimising the 

response to the training stimulus and minimising injury. Many methods for monitoring 

training loads exist, including internal (physiological/perceptual) and external (via 

various devices) load measures; of which, some are more cost effective and practical 

than others. In resistance training exercise there is some conjecture regarding the best 

practice for monitoring training loads, despite its recognition as a key exercise 

modality for the development of muscular power, strength and hypertrophy. One cost 

effective and practical method of monitoring resistance training exercise that has been 

previously utilised is rating of perceived exertion (RPE). However, the sensitivity of 

RPE to changing acute programming variables, as well as the association between RPE 

and alternative measures of monitoring the psychophysiological response to resistance 

exercise remains unclear. Therefore, the primary aim of this thesis was to investigate 

the impact of differing acute resistance training exercise workouts on RPE responses 

and the association between RPE and measures of fatigue and recovery during and 

following these workouts.  

Study one examined the influence of intensity (percentage of one repetition maximum: 

%1RM), volume load (sets x repetitions x mass lifted: absolute and per min values), 

rate of fatigue (percentage decrement in repetitions from set-to-set), inter-set rest 

duration, time under load and session duration on session RPE (sRPE: Borg CR-10 

scale). Here, participants (n = 10) performed one of six trials involving five exercises 

with differing programming demands. The primary mediating factor for sRPE in trials 

with matched volume load was intensity (%1RM), since sRPE increased as intensity 

(%1RM) became greater, whereas protocols involving maximum number of 

repetitions (MNR) showed no significant (p > 0.05) difference in sRPE, despite 

differences in volume load, inter-set rest and intensity (%1RM). Overall, volume 

load/min was the only variable to associate with sRPE (r = 0.45; p < 0.05). These 

results suggest that during trials to volitional failure, participants may generate a 

subconscious anticipatory response in an attempt to preserve physiological 

homeostasis. Additionally, when volume load/min increases, sRPE is likely to be 

greater. 
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Subsequently, study two assessed acute RPE (Borg CR-10 scale), blood lactate (BLa) 

concentration and muscle activation (using surface electromyography) during one of 

four trials involving a single arm bicep curl. Here, RPE of the overall body and of the 

active muscle (RPE-AM) were not different (p > 0.05) between trials when volume 

load was held constant, despite differences in inter-set rest (2 versus 4 min). However, 

RPE-AM was significantly greater (p < 0.05) in trials with MNR compared to trials 

with a known end-point. There were no significant differences (p > 0.05) in muscle 

activation or BLa between trials; however, volume load/min was greater in MNR trials 

compared to trials with a known end-point (p < 0.05). In conclusion, BLa and muscle 

activation were not related to RPE, but resistance exercise variables, such as volume 

load/min, may impact on RPE when intensity (%1RM) and the number of sets 

completed remain constant.  

Finally, study 3 compared typical power (POW), strength (ST) and hypertrophy (HYP) 

resistance training exercise workouts on sRPE, and subsequent countermovement 

jump (CMJ) performance and hormonal (cortisol and testosterone) responses, 

measured immediately pre-, post-, 12, 24, 48 and 72 h post-exercise. Here, the POW 

sRPE (3.0 ± 1.0) was lower than ST (4.5 ± 1.0) (p = 0.01), and both were lower than 

HYP (8.5 ± 1.0) (p = 0.01). Additionally, the duration of CMJ decrement was longer 

(p ≤ 0.05) for HYP (72 h) compared to POW (12 h) and ST (24 h). Testosterone 

concentration was greater (p ≤ 0.05) immediately post-exercise in HYP compared to 

POW and ST, but cortisol showed no differences (p > 0.05). In conclusion, this study 

indicates that less inter-set rest, greater volume load and intensity (%1RM) may 

increase sRPE, duration of CMJ performance decrement and testosterone responses in 

resistance training exercise.  

Overall, these findings provide strong evidence for the use of RPE in resistance 

training exercise for monitoring training load. Key programming variables such as 

intensity (%1RM), volume load (absolute and per min) and training to volitional 

failure versus a known end-point appear to be important factors that are likely to 

impact on the perceptual responses of the individual. Muscle activation and BLa 

concentration do not appear to be linked with RPE when intensity (%1RM) remains 

constant, despite differences in volume load and inter-set rest. However, it appears that 
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CMJ performance and hormonal responses may be linked to changes in sRPE 

following POW, ST and HYP resistance exercise workouts.
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1.1 Introduction 

In an exercise context, “training load” can be described as a quantified effort, which 

may also refer to the total energy output of a system, particularly of a person 

performing a strenuous task over time (Haff, 2010).  Many methods for monitoring 

training loads exist, including internal (physiological/perceptual) and external (via 

various devices) load measures; some are more cost effective and practical than others. 

For example, perceptual responses to exercise are much more cost effective and 

practical than measuring hormonal responses via blood collection and analysis. Before 

being used widely, all of these methods must be deemed valid and reliable prior to 

implementation in a practical setting. At present, methods for the quantification of 

resistance exercise workloads remain controversial; despite the recognition that 

resistance exercise is a key exercise modality for the development of muscular power 

(the ability to produce force quickly), strength (the ability to produce force at maximal 

levels) and hypertrophy (the physiological increase in skeletal muscle cross-sectional 

area). One method of training load quantification that has been utilised extensively in 

other sports such as swimming, cycling, running and team games, is the rating of 

perceived exertion (RPE). Eston (2012) stated that RPE involves the collective 

integration of afferent feedback from cardiorespiratory, metabolic and thermal stimuli 

and feed-forward mechanisms to enable an individual to evaluate how hard or easy an 

exercise task feels at any point in time. In addition, RPE is moderated by psychological 

factors (e.g., cognition, memory, previous experience and understanding of the task) 

and situational factors (e.g., knowledge of the end point, duration and temporal 

characteristics of the task) (Eston, 2012). Given its simplicity and ease of application, 

RPE may be a convenient and resource efficient tool for monitoring training load in 

resistance exercise (Day et al., 2004, Thornton et al., 2002, Vasquez et al., 2013) when 

compared against other methods such as volume load (sets x repetitions x mass lifted), 

power output changes, muscle activation levels and hormonal, blood lactate (BLa) and 

heart rate (HR) responses.  

Thus far, research has most commonly assessed isolated resistance exercise 

programming variables; however, it is important and practically relevant to understand 

the influence of multiple and integrated programming variables in relation to RPE 

responses. In addition, there is little evidence assessing the association between RPE 
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and training stress responses, including muscle activation and fatigue markers, which 

could assist the exercise practitioner with the periodisation of training, without 

requiring the use of more logistically difficult and/or expensive load monitoring 

measures.  

1.2 Statement of Problem 

Currently, the use of RPE following resistance exercise presents a valid, reliable and 

cost effective option for monitoring the intensity of these workouts. In addition, RPE 

appears to be sensitive to changes in resistance exercise workout types, such as typical 

power (consider explosive strength: POW), strength (considered maximal strength: 

ST) and hypertrophy (HYP) resistance exercise workouts. However, previous research 

has typically only assessed the relationship between RPE and isolated programming 

and psychophysiological variables; the influence of multiple and integrated 

programming variables in typical resistance exercise workouts on acute or session RPE 

(sRPE) responses is yet to be investigated. This information might aid the exercise 

practitioner in gaining a greater understanding of the potential impact of changing 

programming demands on the psychophysiological responses to resistance exercise. 

Furthermore, using sRPE to help determine the magnitude and duration of fatigue and 

recovery following resistance exercise, which could assist subsequent training load 

prescription, also requires further investigation.  

1.3 Thesis Aims and Hypotheses 

The overall aim of this thesis was to critically evaluate the use of RPE as a workload 

monitoring tool in resistance exercise. Following this chapter (Introduction) is the 

Background (Chapter 2), which aims to succinctly examine the existing research on 

RPE in resistance exercise training, with a specific focus on its sensitivity to key acute 

programming variables, in addition to its association with various psychophysiological 

responses to resistance exercise. Subsequently, there are three original investigations 

(Chapters 3, 4, and 5). Firstly, Chapter 3 assesses the link between differing acute 

programming variables and sRPE responses. Next, Chapter 4 examines the link 

between muscle activation, BLa concentrations and RPE when acute programming 

variables are altered. Next, Chapter 5 focuses on sRPE responses to POW, ST and 
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HYP workouts, as well as the time-course of recovery following each workout. 

Finally, the Summary and Conclusions section (Chapter 6) attempts to integrate the 

findings of this thesis; presenting the main conclusions, implications and directions for 

future research.  

Outlined below are the specific aims and hypotheses of each original investigation:  

Chapter 3 Perceived Exertion Sensitivity 

Aim: To examine the sensitivity of sRPE in relation to a variety of resistance exercise 

programming demands. 

Hypothesis: An increase in session intensity (percentage of 1 repetition maximum: 

%1RM), rate of fatigue from set-to-set (percentage decrement in repetitions from set 

1 to 2, 1 to 3 and 2 to 3), and volume load per minute will increase sRPE. 

Chapter 4 Perceived Exertion, Muscle Activation and Blood Lactate 

Aims: To examine changes in RPE as a result of differing rest durations between sets, 

as well as controlled repetition trials versus trials to volitional failure with a constant 

intensity (%1RM).  

Hypothesis: Acute RPE will be greater in trials to volitional failure versus controlled 

repetition trials, and also as rest duration between sets decreases in controlled 

repetition trials. 

Chapter 5 Perceived Exertion and Recovery  

Aim: To examine the sensitivity of sRPE in relation to POW, ST and HYP exercise, 

and the association between sRPE, countermovement jump (CMJ) performance and 

hormonal responses. 

Hypotheses: Hormonal responses and sRPE values recorded for POW will be lower 

than ST, and both will be lower than HYP due to the greater volume load/min typically 
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seen in HYP. It was also hypothesised that POW exercise will result in the lowest CMJ 

performance decrements and hormonal responses. 

1.4 Contribution of this Research 

Currently, there is increasing demand for scientific research into practical and cost 

effective methods of training load monitoring, particularly in resistance exercise. A 

better understanding of the likely RPE responses to a resistance exercise workout and 

the subsequent response (recovery) from that exercise bout is likely to result in a more 

accurate periodised training plan for any athlete. As such, the findings gained from 

this research can provide valuable information to athletes, coaches and sport science 

practitioners about the use of RPE as a convenient and resource efficient load 

monitoring tool in resistance exercise.   
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2.1 Foreword 

In a thesis presented as a series of papers, the University of Western Australia 

guidelines do not include a requirement for a traditional “Review of Literature” 

chapter, as each experimental paper will include relevant research findings in the text, 

particularly in the “Introduction” and “Discussion” sections. Consequently, what 

follows here, in Chapter 2, is a succinct review of background information relevant to 

the topics investigated in the experimental papers that follow (i.e., chapters 3-5), but 

without unnecessarily duplicating and repeating the specific research findings from the 

literature pertinent to each study. 

2.2 Introduction 

 Athlete training load monitoring is considered important for optimising the training 

stimulus response, and for minimising injury. Many methods for monitoring training 

load exist, including internal (physiological/perceptual) and external (via various 

devices) load measures; of which, some are more cost effective and practical than 

others. Before being used widely, all of these methods must be deemed valid and 

reliable prior to implementation in a practical setting. In resistance exercise, there is 

some conjecture regarding the best practice for monitoring training loads, despite its 

recognition as a key exercise modality for the development of muscular power, 

strength and hypertrophy, as well as for increasing energy expenditure (Bloomer, 

2005). One method that has been utilised extensively to help quantify training loads in 

other sports such as swimming, cycling, running and team games, is RPE multiplied 

by session duration in minutes. Eston (2012) stated that RPE involves the collective 

integration of afferent feedback from cardiorespiratory, metabolic and thermal stimuli, 

and feed-forward mechanisms to enable an individual to evaluate how hard or easy an 

exercise task feels at any point in time. In addition, RPE is moderated by psychological 

factors (e.g., cognition, memory, previous experience and understanding of the task) 

and situational factors (e.g., knowledge of the end point, duration and temporal 

characteristics of the task) (Eston, 2012). Given its simplicity and ease of application, 

RPE may be a convenient and resource efficient tool for monitoring training load in 

resistance exercise (Day et al. 2004, Thornton et al., 2002, Vasquez et al., 2013) when 

compared against other methods such as volume load (sets x repetitions x mass lifted), 
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power output changes, muscle activation levels, and hormonal, BLa and HR responses. 

However, the validity, reliability and sensitivity of RPE to various resistance exercise 

programming demands are not currently well understood. 

In addition, an understanding towards how RPE relates to training stress responses, 

including muscle activation and fatigue markers, could assist the exercise practitioner 

with the periodisation of training, and without requiring the use of more logistically 

difficult and/or expensive load monitoring measures. At present, research investigating 

the sensitivity of RPE to changes in a number of acute resistance exercise 

programming variables (sets/repetitions/loads, choice of exercises and rest durations, 

etc.) and the neurophysiological, hormonal and performance responses to different 

resistance exercise workouts (POW/ST/HYP) is scant. Therefore, the aim of this 

review is to primarily examine existing research into RPE for load monitoring 

purposes, with a specific focus on its use and efficacy in different resistance exercise 

workouts and their post-exercise responses. To provide important context, some 

background information on resistance exercise workouts will first be provided. 

2.3 Resistance Exercise Workouts 

Many athletes incorporate resistance exercise into their training programs, as it is 

widely recognised as an important training stimulus for the development of key athletic 

attributes, such as muscular power, strength and hypertrophy (Bird et al., 2005, 

Crewther et al., 2006, Schoenfeld, 2010). The ability to produce force both quickly 

(power) and at maximal levels (strength) are considered neuromuscular adaptations, 

whereas, in contrast, hypertrophy is a specific physiological increase in skeletal muscle 

cross-sectional area (Fleck et al., 1988, Hass et al., 2001, Paul et al., 2002, Row et al., 

2012, Tesch et al., 1982). Current literature acknowledges a strong, positive link 

between muscle cross-sectional area (hypertrophy) and strength, as well as strength 

and power; however, the acute programming variables used to elicit these specific 

adaptations can differ greatly (Cormie, 2011, Fry, 2004, Schoenfeld, 2010). 

Previously, Fleck et al. (1997) described five acute programming variables, which are 

all important elements of resistance exercise workouts. These are summarised as the 

exercise choice, order, intensity (%1RM) and volume (sets and repetitions), plus the 
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rest intervals taken (both inter- and intra-set) (Fry, 2004). In addition, the intended 

movement velocity of the exercise is also an important acute training variable to 

consider (Buitrago et al., 2012, Schoenfeld, 2010), as this is often varied, based upon 

the type of stimulus and adaptation (power, strength or hypertrophy) intended. The 

integration and manipulation of the aforementioned acute programming variables 

needs to be well understood by the exercise practitioner to ensure that the desired 

adaptations to the training program are realised. 

Commonly, intensity (%1RM) is considered the most important determinant of 

resistance exercise adaptation, as greater intensities are more likely to increase 

mechanical overload and develop ST and HYP, as compared to chronic unloading, 

which results in atrophy (Goldberg et al., 1975). However, other programming 

variables, such as exercise order, volume, mode and rest interval will impact on the 

intensity (%1RM) that can be prescribed (Fleck et al., 1997, Fry, 2004, Schoenfeld, 

2010). It is well accepted that regular resistance exercise workouts employing greater 

intensities (80-100% of 1RM) will result in increases in ST. In order for individuals to 

achieve this ST adaptation, it has been suggested that inter-set rest duration needs to 

be sufficient (3-5 min) to ensure that motor unit recruitment and firing frequency is 

maximised (Gearhart et al., 2002, McCaulley et al., 2009). In addition, higher 

repetitions in a set may result in the accumulation of metabolic by-products, reducing 

the ability to perform resistance exercise at higher intensities (%1RM); therefore, the 

volume of repetitions prescribed in a ST set is typically low (1-5 repetitions) (Fry, 

2004, Schoenfeld, 2010). Common guidelines for the volume of ST sets (3-8 sets per 

muscle group), mode (as fast as possible concentrically), and exercise order (complex 

and bigger muscle group exercises before simple and smaller muscle group exercises) 

have also been suggested for optimal development (Fry, 2004, Peterson et al., 2005, 

Schoenfeld, 2010).  

Conversely, the development of power typically involves a similar prescription of 

volume load (sets and repetitions), inter-set rest duration, exercise mode and order as 

for ST, but a reduction in the intensity (%1RM) is prescribed, to facilitate the 

achievement of peak power output (Cormie et al., 2011, Peterson et al., 2005, Zink et 

al., 2006). When utilising ‘traditional lifts’ (such as back squat, deadlift and bench 

press), maximal power is often realised at 45-60% 1RM, whereas strength 
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development (in these same exercises) typically occurs at ~85% 1RM (or greater) for 

well-trained athletes (Cormie et al., 2011, Peterson et al., 2005, Zink et al., 2006). 

Cormie et al. (2011) also suggested that ballistic/plyometric exercises (0-50% 1RM) 

and weightlifting exercises (50-90% 1RM) should be integrated into training programs 

for the long-term development of maximal power. For example, Cormie et al. (2010) 

found that in both weaker and stronger physically active men, improvements in 

performance-based tests of power (2.2 to 16.3%) were seen following a ballistic 

exercise training program (7 sets of 6 maximal-effort jump squats at 0% 1RM, with 3 

min inter-set rest twice per week, and 5 sets of 5 submaximal-effort jump squats at 

30% 1RM, with 3 min inter-set rest once per week), performed over 10 weeks. 

Notwithstanding, training for hypertrophy is most commonly prescribed using greater 

volume loads (3+ sets), moderate repetition ranges (6-12), reduced inter-set rest (60-

90 s) and moderate intensities (65-85% 1RM) (Schoenfeld, 2010). There is a common 

belief that such acute programming variables are superior for optimising the 

hypertrophy response (Kraemer et al., 2005), despite some evidence that significant 

increases in skeletal muscle cross-sectional area also occur in powerlifters, who are 

often prescribed typical ST programs (Fry, 2004, Schoenfeld, 2010). Schoenfeld 

(2010) suggests that there are multiple (exercise-induced) factors that contribute to 

skeletal muscle growth, including mechanical tension, muscle damage and metabolic 

strain. Typical ST programs may result in muscle hypertrophy due to mechanical 

tension and muscle damage, but greater metabolic strain (particularly the reliance on 

anaerobic glycolysis for energy provision) associated with typical HYP programs 

(compared to ST and POW) has been shown to have a greater impact on anabolic and 

anti-catabolic hormone concentrations (Crewther et al., 2006, Schoenfeld, 2010). It 

has been suggested that this metabolic strain increases the likelihood of receptor 

interactions, facilitating protein synthesis and subsequent muscle growth (Schoenfeld, 

2010).  

To this end, the current literature in resistance exercise suggests that key acute 

programming variables exist, which require careful consideration in order to facilitate 

power, strength, and hypertrophy adaptations. However, it remains unclear how these 

common resistance exercise programming demands may impact on RPE responses, 
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and the association with other measures of “internal” and “external” load, as well as 

measures of fatigue and recovery following resistance exercise. 

2.4 Training Load Monitoring 

Recently, several studies, particularly in team sports, have examined the relationship 

between training, game loads, injury risk and performance (Gabbett et al., 2014, 

Rogalski et al., 2013). However, in some cases, the overall (or global) training load 

has not been represented, as resistance exercise loads have not been included in the 

analyses (Colby et al., 2014); perhaps because of perceived difficulties in recording 

these loads accurately (Haff, 2010), or uncertainty about their importance. When 

monitoring training loads, the method of quantification and the load units used are 

typically described as either “external” or “internal” measures. External measures 

usually record the output of the athlete, whereas internal measures explain the 

psychophysiological strain imposed (Eston, 2012, Halson, 2014, Wallace et al., 2009). 

Examples of widely used external load measures include time-motion analysis 

(movement distance and speed), power output, volume load and neuromuscular 

function, whereas internal load measures commonly include HR, BLa, hormonal 

responses and RPE. In resistance exercise, many of these measures have been utilised 

to monitor loads and responses/adaptations to training, with varying degrees of 

validity, reliability and sensitivity to changes in the programming variables being 

recorded (Day et al., 2004, Hardee et al., 2012, Kraft et al., 2014a, Lagally et al., 2002, 

McCaulley et al., 2009, Scott et al., 2016).  

Commonly, volume load has been used as a measure of the amount of work performed 

in resistance exercise. Although this is an objective measure of workload, it does not 

account for some relevant factors, including intensity (%1RM), time under tension 

(total lifting duration), rest interval (time between sets and repetitions), rate of fatigue 

(percentage decrement in repetitions from set-to-set) and relativity (body mass and 

training phase/state) that may impact on the actual individual exercise training 

workload (Freitas de Salles et al., 2009, Hardee et al., 2012, Kraft et al., 2014, Pritchett 

et al., 2009, Row et al., 2012). 
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Nevertheless, comparisons of volume load and intensity (%1RM) have been made with 

other measures, such as HR, BLa, post-exercise energy expenditure, muscle activation, 

hormonal response and neuromuscular function both during and after resistance 

exercise, with consistent positive and strong correlations suggesting they are valid 

tools for quantifying load or strain from this type of training (Buitrago et al., 2012, 

Ishii et al., 2013, Pincivero et al., 2000, Thornton et al., 2002). However, since these 

measures require specialised equipment and can be expensive and time consuming to 

collect, RPE has also been used as an alternative for the quantification of resistance 

exercise load. 

Current literature acknowledges Borg’s RPE scale as a versatile, simple, convenient, 

inexpensive and well-accepted variable for quantifying exercise training workload 

(Borg, 1982, Eston, 2012; Hampson, et al., 2001, Psycharakis, 2011). Furthermore, 

during intermittent activities, or those that vary in technical difficulty (such as 

resistance exercise), RPE has also been suggested as a useful workload marker (Day 

et al., 2004; Genner et al., 2014; Vasquez et al., 2013). However, the sensitivity of 

RPE to changing programming demands, and the neuromuscular and physiological 

responses that relate to RPE in resistance exercise, are not well understood. Further 

knowledge in these areas may assist the exercise practitioner with individualised 

exercise prescription and training periodisation through a greater understanding of the 

likely perceptual response, as well as how that may relate to recovery from the 

resistance exercise session. 

2.5 Using Ratings of Perceived Exertion in Resistance Exercise 

 Previously, acute (within workout sets) RPE and sRPE recorded in resistance exercise 

have been demonstrated to be sensitive to intensity (%1RM) changes. Lagally et al. 

(2002), using the bicep curl exercise, saw an increase in acute RPE and muscle 

activation as intensity (%1RM) increased while volume load remained constant. Day 

et al. (2004) reported that sRPE and intensity (%1RM) were strongly correlated (intra-

class correlation coefficient of r = 0.88) after performing high- (5 exercises, 4-5 

repetitions at 90% 1RM), moderate- (5 exercises, 10 repetitions at 70% 1RM), and 

low- (5 exercises, 15 repetitions at 50% 1RM) intensity resistance exercise workouts. 

In addition, Sweet et al. (2004), utilising similar acute programming variables to Day 
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et al. (2004), also found that sRPE was significantly greater when intensity (%1RM) 

increased, despite a decrease in volume load. The proposed mechanism for the positive 

correlation between RPE and intensity (%1RM) in the aforementioned studies is the 

“sensation of innervation” as a result of centrally generated feedforward neural signals 

from motor to sensory areas of the cerebral cortex, which is thought to be independent 

of any afferent feedback from the heart, lungs and skeletal muscles (Marcora, 2009). 

In contrast, physiological measures, including BLa, HR, muscle activation patterns 

and post-exercise energy expenditure have also been found to be greater when 

resistance exercise session intensity (%1RM) is higher (Buitrago et al., 2012, Lagally 

et al., 2002, Thornton et al., 2002). Kraft et al. (2014a) recently found that post-set HR 

and sRPE were both greater in a higher intensity (80% 1RM) trial compared to a lower 

intensity (60% 1RM) trial with matched volume load. Collectively, these results may 

reflect a greater physiological strain being associated with a greater training intensity 

(i.e. a >%1RM) and that these physiological measures appear sensitive to intensity 

(%1RM).  

Notwithstanding, this relationship is complicated by other training factors, as Pritchett 

et al. (2009) found that during sets to failure, volume load influenced sRPE more than 

intensity (%1RM). Conversely, Vasquez et al. (2013) found that during sets to failure, 

there were no differences in RPE, despite significant differences in volume load, 

suggesting that the decrease in power output between the first and last repetitions may 

confound the relationship between RPE and intensity. Additionally, Hardee et al. 

(2012) found that the rate of fatigue was also a key factor, since a decrease in power 

production as a result of reduced inter-repetition rest time during multiple sets of 

power cleans, resulted in an increase to RPE. Rest duration between sets was also 

reduced to increase work rate (volume load per unit time), by Kraft et al. (2014b); 

these authors found that sRPE was significantly greater in a 3 x 8 x 1.5 min recovery 

resistance exercise workout versus a 3 x 8 x 3 min recovery workout, with matched 

volume load. However, in assessing the implications of these findings, it must be 

acknowledged that the studies by Vasquez et al. (2013), Hardee et al. (2012) and 

Lagally et al. (2002) reported acute RPE responses only (not sRPE), which may not 

have allowed sufficient time for the exercising participant to reflect on the exercise 

session as a whole (Kilpatrick et al., 2012). Therefore, most commonly, research to 

date has assessed RPE in relation to isolated resistance exercise variables; however, it 
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is clearly important and practically relevant to also understand the influence of 

multiple and integrated resistance exercise variables that occur during typical 

workouts on the associated RPE responses to assist in the prediction of training load 

and the subsequent scheduling of training sessions to ensure maximal adaptation. 

2.6 Muscle Activation in Resistance Exercise 

To date, a strong link between RPE and physiological measures of strain has been well 

established in dynamic aerobic exercise, but not resistance exercise (Lagally et al., 

2002). The assessment of muscle activation via electromyography (EMG) can provide 

a neuromuscular determination of the magnitude of central motor feed-forward 

commands, and by extension, the exertional signal frequency carried by corollary 

sensory pathways. When an active muscle group experiences increasing muscular 

tension, the intensity of the signals also increase, making EMG a valid tool for 

assessing intensity (%1RM) in resistance exercise; consequently it may be greater 

during ST than POW training (Lagally et al., 2002). However, Lacerda et al. (2016) 

found that when mode (repetition velocity) and volume load in the bench press 

exercise with a constant intensity (60% 1RM) and inter-set rest duration (3 min) was 

increased, so too was muscle activation. It is unclear whether increased repetition 

velocity (typical of POW training) or increased volume load (typical of HYP training) 

was the primary mediating factor in this study.  

Rest intervals between sets are also an important determinant of resistance exercise 

induced adaptations (Maia et al., 2014, Pincivero et al., 2004, Schoenfeld, 2010). Maia 

et al. (2014) found that relatively short inter-set rest (30 s and 1 min) periods between 

antagonist paired sets (knee extension and knee flexion) resulted in greater agonist 

muscle activation compared to longer inter-set rest (3 and 5 min) periods when 

completing 10RM loads. This suggests that training at moderate intensities (65-

85%1RM) with reduced inter-set rest (typical of HYP training) is likely to result in 

greater muscle activation than training sets with longer inter-set rest durations. In 

addition, studies assessing blood flow restricted resistance training have also shown 

greater metabolic strain (particularly the reliance on anaerobic glycolysis for energy 

provision), similar to HYP training, along with an increase in muscle activation 

(Moritani et al., 1992, Sundberg, 1994, Takarda et al., 2000). However, whether a 
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typical HYP training session results in greater muscle activation than ST and POW 

training is still unclear (Maia et al., 2014).  

To date, research assessing muscle activation and associated RPE responses is sparse. 

Previously, Lagally et al. (2002) found that during high (4 repetitions at 90% 1RM), 

moderate (6 repetitions at 60% 1RM) and low (12 repetitions at 30% 1RM) intensity 

protocols, EMG activity and RPE (both overall and of the specific active muscle) 

increased as intensity (%1RM) increased, suggesting that intensity (%1RM) is likely 

to be a primary mediating factor. However, the relationship between EMG and RPE 

when other acute programming variables (e.g., volume load, inter-set rest, and exercise 

mode) are altered, still requires investigation. 

2.7 Measures of Fatigue (and Recovery) Following Resistance 

Exercise 

Fatigue is a complex and multifaceted phenomenon that has a variety of possible 

mechanisms: commonly, physiological, psychological and performance-based tests 

are used to gain insight into an athlete’s current state of fatigue, in order to minimise 

the risk of functional overreaching, illness and/or injury (Halson, 2014). With regard 

to resistance exercise, neuromuscular fatigue (EMG, isokinetic/isoinertial 

dynamometry), hormonal responses (testosterone, cortisol), muscle damage markers 

(such as creatine kinase concentrations), psychometric questionnaires (perceived 

wellness, perceived recovery, and subjective muscle soreness) and physical 

performance tests (jumps, sprints and skill execution tasks) have been utilised as 

measures of fatigue (Draganidis et al., 2013, Jensen et al., 2011, Laurent et al., 2011, 

McCaulley et al., 2009, Scott et al., 2016, Taylor et al., 2010). In the following 

sections, current literature assessing the link between resistance exercise type or load 

(POW, ST and HYP) and measures of fatigue deemed valid and reliable in the 

literature will be examined. 

Neuromuscular fatigue markers 

Neuromuscular fatigue is commonly defined as “a failure to maintain the required or 

expected force (or power output)” based on a reduced ability of the central nervous 

system to facilitate or inhibit recruitment commands to motor units (Edwards, 1983, 
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Halson, 2014). Neuromuscular fatigue has previously been measured in a variety of 

ways, including functional stretch shortening cycle activities (countermovement/squat 

jumps), short sprint times, EMG and isokinetic/isoinertial dynamometry (Ahtiainen et 

al., 2003, Cormack et al., 2008, Halson, 2014, McCaulley et al., 2009). Of these 

measures, functional stretch shortening cycle activities and sprint performance have 

been popularised due to the simplicity of administration, specificity to athletic tasks 

and acceptable reliability; whereas EMG and isokinetic/isoinertial dynamometry 

require specialised and often expensive equipment (Cormack et al., 2008, Halson, 

2014, Hori et al., 2009, Taylor et al., 2010). Functional stretch shortening cycle 

activities commonly include measures of mean and peak power, force and velocity, 

jump height, flight time, contraction time, contact time and rate of force development 

(Cormack et al., 2008, Halson, 2014). Isokinetic/isoinertial dynamometry typically 

assesses peak and mean force and torque of knee and elbow flexion and extension 

(Halson, 2014, Twist et al., 2013). Mean peak (PEMG) and mean average (AEMG) 

muscle activation as a percentage of maximum voluntary effort (%MVE), as well as 

integrated muscle activation (IEMG), are common variables assessed in EMG 

(Donnelly et al., 2014, Hermens et al., 2000, McCaulley et al., 2009). All of these 

measurements have previously been utilised as measures of the presence and 

magnitude of fatigue following resistance exercise. 

Previously, McCaulley et al. (2009) found that changes to the focus of a resistance 

exercise workout (i.e., ST vs. HYP vs. POW) can affect neuromuscular fatigue even 

when volume load remains constant. Here, peak force, rate of force development and 

EMG from the vastus medialis and bicep femoris muscles were determined during a 

maximal isometric squat to assess neuromuscular fatigue. Immediately following ST 

and HYP resistance exercise workouts, peak force and rate of force development were 

significantly reduced, whereas the POW and control groups showed no significant 

differences in any measure of neuromuscular fatigue compared to baseline. The 

recovery pattern of the rate of force development at 24 and 48 h post-resistance 

exercise bout was faster following HYP compared to the ST protocol, suggesting that 

when matched for volume load, ST may result in a greater duration of neuromuscular 

fatigue than HYP (McCaulley et al., 2009).  
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Similarly, previous studies have found that neuromuscular fatigue was present 

immediately following acute ST and HYP workouts. Ojasto et al. (2009) assessed 

changes in exercise mode and their impact on neuromuscular fatigue in physically 

active males, following a HYP (4 sets, 10 repetitions, with 2 min inter-set rest at 70, 

80, 90, and 100% of 1RM eccentrically and 70% 1RM concentrically) bench press 

protocol. Here, significant reductions in isometric and concentric forces from pre- to 

post-protocol were seen in all loading conditions, suggesting that HYP protocols are 

likely to increase acute fatigue levels; however, in contrast to the study by McCaulley 

et al. (2009), the time course of fatigue was not assessed during this investigation 

(Ojasto et al., 2009). Notwithstanding, Draganidis et al. (2013) found that following a 

ST protocol (4 sets, 4-6 repetitions, 85-90% 1RM, 3 min inter-set rest) a greater 

decrease in muscular strength (1RM squat) was seen immediately post-exercise 

compared to a HYP protocol (4 sets, 8-10 repetitions, 65-70% 1RM, 1 min inter-set 

rest), despite a reduced volume load in ST compared to HYP. However, this effect was 

short-lived, as muscular strength was not significantly different to baseline in both ST 

and HYP at 24, 48 and 72 h post-exercise. At present, it appears that typical POW 

workouts are less likely to result in increases to neuromuscular fatigue markers 

compared to ST and HYP. However, it is unclear whether a ST or HYP workout is 

likely to impact on neuromuscular fatigue to a greater magnitude or duration than the 

other, so further research is required. 

Hormonal responses  

Resistance exercise workouts elicit a number of acute physiological responses, 

including an increase in anabolic hormone concentrations (testosterone, sex-hormone 

binding globulin and growth hormone) that are critical for stimulating chronic 

adaptations for increasing power, strength and hypertrophy (Kraemer et al., 2005, 

Schoenfeld, 2010). The resistance exercise stimulus is very influential in the acute 

hormonal response, which is likely to lead to more specific responses, such as an 

increase in muscle protein synthesis (Kraemer et al., 2005, Schoenfeld, 2010). In 

addition, the tissue strain resulting from resistance exercise is also likely to elicit 

catabolic hormone responses (e.g., cortisol) and the appearance of markers of muscle 

damage (e.g., creatine kinase) that along with anabolic hormones (e.g., testosterone 

and growth hormone), have previously been utilised as measures of fatigue following 
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resistance exercise (Draganidis et al., 2013, Kraemer et al., 2005, McCaulley et al., 

2009, Schoenfeld, 2010). Resistance exercise programs that are high in volume load, 

moderate to high intensity (65-85% of 1RM), performed using short (60-90 s) inter-

set rest intervals and recruiting large muscle groups are likely to produce greater acute 

hormone elevations compared to lower volume load, high intensity (85-100% 1RM) 

and long (3-5 min) inter-set rest intervals (Kraemer et al. 2005). This suggests that 

there are unique differences in the acute hormone concentrations and subsequent 

fatigue levels as a result of POW, ST and HYP resistance exercise workouts. 

McCaulley et al. (2009) found that when volume load was matched between POW (8 

sets, 6 repetitions, 0% 1RM, 3 min inter-set rest), ST (11 sets, 3 repetitions, 90% 1RM, 

5 min inter-set rest) and HYP (4 sets, 10 repetitions, 75% 1RM, 1.5 min inter-set rest) 

trials, only HYP resulted in significant increases in testosterone, cortisol and sex-

hormone binding globulin immediately post-exercise compared to a control group who 

did no lifting. However, when measured 24 and 48 h later there were no significant 

differences compared to baseline in all four groups. The acute programming variable 

that may have contributed to the significant change in the HYP condition immediately 

post-exercise is likely to be a result of the inter-set rest periods, as the HYP protocol 

completed the same volume load in less time than ST and POW, a factor which has 

been supported by earlier reports. For instance, Kraemer et al. (1990; 1991) found that 

protocols with higher volume load and reduced inter-set rest intervals resulted in 

greater increases in testosterone concentrations, despite a reduction in intensity 

(%1RM).  

Furthermore, it has been suggested that resistance exercise workouts eliciting high BLa 

concentrations (e.g., HYP type programs) tend to produce the greatest growth hormone 

responses, similar to that of testosterone (Kraemer et al., 2005). Testosterone and 

growth hormones have a considerable anabolic effect on muscle tissue, particularly 

neurotransmitters, nerve regeneration, cell body size, cellular uptake of amino acids 

and mobilisation of triglycerides (Schoenfeld, 2010). Häkkinen et al. (1993) reported 

that 20 sets of 1RM in the squat only produced a slight increase in growth hormone, 

whereas a substantial increase was observed following 10 sets of 10 repetitions at 70% 

1RM, which suggests that a higher volume load is likely to be the primary mediating 

factor when sufficient intensity (%1RM) is prescribed (Kraemer et al., 2005). 
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Similarly, programs that elicit the greatest growth hormone response also elicit the 

greatest cortisol response. Cortisol is a hormone released from the adrenal cortex in 

response to stress (including exercise) and is considered catabolic in nature. In 

peripheral tissues, cortisol release stimulates lipolysis in adipose cells, increases 

protein degradation and decreases protein synthesis (Kraemer et al., 2005). Previous 

studies have reported that the most metabolically demanding resistance exercise 

workouts, reflective of typical HYP programs, have elicited the greatest acute BLa and 

cortisol response, with smaller changes seen in these variables during ST and POW 

workouts (Häkkinen et al., 1993, Kraemer et al., 1987, Kraemer et al., 1993). 

Acute elevations in cortisol have also correlated highly (r = 0.84) with 24 h post-

exercise creatine kinase concentrations (Kraemer et al., 2005). Creatine kinase is an 

enzyme primarily found in the brain, skeletal muscle and heart, often elevated in 

plasma during conditions that produce damage to the skeletal muscles (Ahtiainen et 

al., 2003, Kraemer et al., 2005). Ahtiainen et al. (2003) found significantly elevated 

creatine kinase levels 24 h post-exercise following 8 sets of lower body exercises 

completed as either maximum- (12 repetition maximum mass) or forced-repetitions 

(15% greater than maximum-repetition protocol) resistance exercise workout. 

Conversely, Draginidis et al. (2013) saw similar peak values, but differences in the 

time-course of elevated creatine kinase levels. A lower intensity (%1RM) and higher 

volume load (HYP) group peaked at 24 h post-exercise compared to 48 h in the higher 

intensity (%1RM), lower volume load (ST) group. Despite these findings, it is evident 

that typical HYP protocols are more likely than POW and ST to increase muscle 

damage, in addition to producing greater catabolic and anabolic hormone 

concentration responses, suggesting that a greater magnitude and duration of fatigue 

is likely to be present following HYP-based resistance exercise workouts (Kraemer et 

al., 2005, McCaulley et al., 2009). Despite this, there is limited literature assessing the 

link between sRPE and hormonal responses immediately following and up to 72 h 

post-workout, suggesting further investigation is required. 

Psychometric (Recovery) Measures 

The use of psychometric questionnaires and diaries is a common method of training 

load quantification due to their simplicity and ease of use for measuring fatigue 
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following exercise (Halson, 2014, Laurent et al., 2011). However, questionnaires and 

diaries both rely on subjective information, which may need to be corroborated with 

physiological data to ensure their validity, reliability and sensitivity (Halson, 2014). 

Currently, there are many questionnaires available for use (Profile of Mood States, The 

Recovery-Stress Questionnaire, Daily Analysis of Life Demands for Athletes, 

Perceived Recovery Status Scale, Total Recovery Scale, and delayed-onset muscle 

soreness scale) with many being commonly utilised for post-exercise recovery 

purposes in high-performance sport programs (Halson, 2014, Laurent et al., 2011). 

However, unlike these aforementioned measures, RPE is typically measured acutely 

(within 30 min of exercise cessation) and the link to psychophysiological measures of 

fatigue following resistance exercise is largely unknown. Understanding how an acute 

response to exercise (as measured by indicators such as RPE) is likely to affect 

subsequent measures of fatigue and recovery would be of use to the exercise 

practitioner for training load programming purposes.  

Recently, Draganidis et al. (2013) assessed muscle soreness levels (via questionnaire) 

on a scale of 0 (= no pain) to 10 (maximum pain) immediately pre-, immediately post-

, 24 h, 48 h and 72 h post-exercise following ST (4 sets, 4-6 repetitions, 85-90% 1RM) 

and HYP (4 sets, 8-10 repetitions, 65-70% 1RM) resistance exercise workouts. Here, 

soreness increased immediately post-exercise in both groups, peaking at 24 h in the 

HYP group and 48 h in the ST group, which aligned with the time course of plasma 

creatine kinase peak concentrations. Total soreness levels were rated slightly greater 

in ST at all time points, despite a greater volume loaded lifted in the HYP protocol, 

indicating an intensity-dependent effect. Earlier studies have also reported a strong 

link between muscle soreness and resistance exercise with a strong eccentric 

component and high mechanical strain, which is typical of both ST and HYP resistance 

exercise workouts (Chatzinikolaou, et al., 2010, Schoenfeld, 2010). In addition, 

Hillman et al. (2017) found that both muscle soreness and creatine kinase 

concentrations peaked 24 h following an acute plyometric exercise session (6 sets of 

20 drop jumps with 60 s inter-set rest); this form of training is a commonly used 

modality to improve muscular power (Cormie et al., 2011). Plyometric exercise is 

characterised by a strong eccentric component and high mechanical stress (Cormie et 

al., 2011), which may explain the significant increases in muscle soreness (compared 

to pre-training) recorded in the study by Hillman et al. (2017), but research into the 
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effect of typical POW resistance exercise workouts on subsequent post-exercise 

fatigue and recovery measures is limited. Similarly, the association between sRPE 

values and psychometric measures recorded in the 24-72 h after exercise has not been 

examined, and therefore awaits future investigation. 

2.8 Summary 

Currently, the use of RPE following resistance exercise presents a valid, reliable and 

cost effective option for monitoring the training load of these workouts. In addition, 

RPE appears to be sensitive to typical POW, ST and HYP resistance exercise 

workouts. However, previous research has typically only assessed the relationship 

between RPE and isolated programming and psychophysiological variables. As such, 

it is evident that the influence of multiple and integrated resistance exercise variables 

(typically performed during resistance exercise workouts) on both the acute and sRPE 

responses are yet to be investigated. This information will provide a cost effective, 

simple and non-invasive means to aid the exercise practitioner in gaining a greater 

understanding of the potential impact of changing programming demands on the 

psychophysiological responses to resistance exercise. Furthermore, the question of 

whether using RPE to help determine the magnitude and duration of fatigue and 

recovery following resistance exercise could assist subsequent training load 

prescription, also requires further investigation.   
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3.1 Abstract 

This study examined the influence of intensity (%1RM), tonnage (sets x repetitions x 

load), rate of fatigue (percentage decrement in repetitions from set-to-set), work rate 

(total tonnage per unit of time), rest interval (time between sets), time under tension, 

and session duration on sRPE: (Borg CR-10 scale). Here, participants performed a 

standardised lifting session of five exercises (bench press, leg press, lat pulldown, leg 

curl and triceps pushdown) as either: A) 3 sets x 8 repetitions x 3 min recovery at 70% 

1RM; B) 3 sets x 14 repetitions x 3 min recovery at 40% 1RM; C) 3 sets x MNR 

(maximum number of repetitions) x 1 min recovery at 70% 1RM; D) 3 sets x MNR x 

3 min recovery at 70% 1RM; E) 3 sets x MNR x 1 min recovery at 40% 1RM; or F) 3 

sets x MNR x 3 min recovery at 40% 1RM. The sRPE for session A (4 ± 1) was 

significantly higher than session B (2.5 ± 1), despite matched tonnage. Protocols 

involving MNR showed no significant difference in sRPE. Work rate was the only 

variable to significantly relate with sRPE (r = 0.45). Additionally, sRPE at 15 min 

post-exercise (5 ± 2) was not different to 30 min post-exercise (5 ± 2). In resistance 

training with matched tonnage and rest duration between sets, sRPE increases with 

intensity. In sets to volitional failure, sRPE is likely to be similar, regardless of 

intensity or rest duration between sets. 

Key Words 

Work rate; Fatigue; Workload; Tonnage; Intensity; Rest duration 
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3.2 Introduction 

In an exercise context, “workload” can be described as a quantified effort that can also 

refer to the total energy output of a system, particularly of a person performing a 

strenuous task over time (Haff, 2010). At present, the quantification of resistance 

training workloads, particularly in team sports, remains controversial. Commonly, 

total tonnage (sets x repetitions x load) is used as a basic measure of volume of work 

performed. Although this is an objective measure of workload, it does not take into 

account such factors as the intensity (%1RM), time under tension, rest interval (time 

between sets and repetitions), rate of fatigue (percentage decrement in repetitions from 

set-to-set), relativity (bodyweight and training state), or other variables that may 

impact on the actual individual exercise training workload (Freitas de Salles et al., 

2009, Hardee et al., 2012, Kraft et al., 2014, Pritchett et al., 2009, Row et al., 2012). 

Current literature acknowledges Borg’s RPE as a versatile, simple and well accepted 

marker of exercise training load (Borg, 1982, Eston, 2012, Hampson et al., 2001, 

Psycharakis, 2011). In activities that are intermittent in nature or vary in technical 

difficulty, such as resistance training, RPE may be useful as a training load marker 

(Foster et al., 2001, Impellizzeri et al., 2004, Minganti et al., 2011, Scherr et al., 2013). 

As such, sRPE, commonly measured 30 min after the conclusion of an exercise 

training session, can present a convenient method of monitoring resistance training 

workloads. However, the impact of various resistance training programming variables 

on the sensitivity of this measure in not currently well understood.  

Recently, sRPE in resistance training has been demonstrated to be sensitive to intensity 

(%1RM) changes, with Row et al. (2012) finding that RPE strongly predicted intensity 

in the leg press exercise (R2=99.5%). Previously, Day et al. (2004) found that intensity 

had an intra-class correlation coefficient of 0.88 with sRPE, and Sweet et al. (2004) 

reported that sRPE was significantly greater when intensity increased, despite a 

decrease in tonnage. Physiological measures, including BLa, HR, muscle activation 

patterns and post-exercise energy expenditure have also been found to be greater when 

resistance training session intensity is higher (Buitrago et al., 2012, Lagally et al., 

2002, Thronton et al., 2002). This may be indicative of a greater physiological strain 

being associated with a greater training intensity (i.e. a >%1RM). However, Pritchett 
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et al. (2009) found that during sets to failure, total tonnage influenced sRPE more than 

intensity. Conversely, Vasquez et al. (2013) found that in sets to failure, there were no 

differences in RPE, despite significant differences in total tonnage. Here, it was 

suggested that the decrease in power output between the first and last repetitions may 

confound the relationship between RPE and intensity. Additionally, Hardee et al. 

(2012) found that the rate of fatigue was also a key factor, since a decrease in power 

production as a result of reduced inter-repetition rest time during multiple sets of 

power cleans, resulted in an increase in RPE. Rest duration between sets was also 

reduced to increase work rate (total tonnage per unit time) by Kraft et al. (2014), who 

found that sRPE was significantly greater in a 3 x 8 x 1.5 min recovery resistance 

training trial vs. a 3 x 8 x 3 min recovery trial, with matched tonnage. The mode of 

resistance exercise has also been found to have an effect on physiological strain, with 

studies showing that performing more ‘explosive’ resistance exercise increased energy 

expenditure (Buitrago et al., 2012, Mazetti et al., 2007).  

With respect to self-reported measures such as RPE, it is generally agreed that the 

sensitivity of perceptual responses are attributed to numerous physiological and 

psychological variables, rather than a single mediator (Hampson et al., 2001, Kraft et 

al., 2014, Mihevic, 1981, Noble et al., 1982, Robertson, 1982). Thus far, research has 

assessed isolated resistance training variables; however, it is important and practically 

relevant to understand the influence of multiple resistance training variables in relation 

to sRPE responses. Therefore, the primary purpose of this study was to examine the 

sensitivity of sRPE in relation to a variety of resistance training programming 

demands. It was hypothesised that sRPE would increase in response to an increase in 

session intensity (%1RM), rate of fatigue and work rate, or to a reduction in rest 

duration between sets.  

3.3 Methods 

Experimental Approach to the Problem 

A randomised crossover experimental design was used to determine the sensitivity of 

sRPE to changing resistance training programming demands. Total tonnage, intensity 

(%1RM), number of repetitions in each set and recovery time between sets were 
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manipulated in order to determine the influence on the dependent variable (sRPE). 

Other variables considered here were time under tension (total lifting duration in min), 

work rate (tonnage per min), session duration (min) and rate of fatigue from set-to-set 

(percentage decrement in repetitions from set 1 to 2, 1 to 3 and 2 to 3) in each exercise. 

Participants completed six experimental trials, two with matched tonnage and four 

with MNR. All training sessions included the same five exercises (bench press, leg 

press, lat pull down, leg curl, and triceps pushdown), with each session involving one 

of the following protocols:  

 Session A) 3 sets x 8 repetitions x 3 min recovery at 70% 1RM;  

 Session B) 3 sets x 14 repetitions x 3 min recovery at 40% 1RM (matched tonnage 

with A);  

 Session C) 3 sets x MNR x 1 min recovery at 70% 1RM;  

 Session D) 3 sets x MNR x 3 min recovery at 70% 1RM;  

 Session E) 3 sets x MNR x 1 min recovery at 40% 1RM;  

 Session F) 3 sets x MNR x 3 min recovery at 40% 1RM.  

One warm-up set of 10 repetitions with ~50% of the pre-determined 1RM was 

performed prior to all exercises, followed by a 2 min recovery period. A standard 2 

min recovery period was also allowed between exercises in all protocols. Exercises 

were performed in a semi-randomised order, but the initial exercise order was 

replicated for each individual participant across all trials. An attempt was made to 

order the exercises based on volume of muscle mass recruited (i.e. from higher to lower 

muscle mass), and lower body exercises were alternated with upper body exercises. 

The time under tension of every exercise was kept consistent and involved a 2 s 

concentric phase, 1 s pause, 2 s eccentric phase and 1 s pause (2-1-2-1). Participants 

successfully completed all conditions, allowing for direct comparisons among 

protocols. The sRPE was reported 15 min and 30 min post-exercise. Loadings of 70% 

and 40% 1RM were selected to ensure participants could complete all prescribed sets 

and repetitions when total tonnage was matched.  
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Subjects 

Ten male team-sport athletes [mean ± standard deviation (SD) age 26.3 ± 8.4 years; 

height 181.3 ± 5.6 cm; body mass 78.1 ± 9.1 kg; and body fat, 17.9 ± 4.2% measured 

with Tanita BC-541 Body Composition Scales, accurate within ± 3% of Dual Energy 

X-Ray Absorptiometry (5)] with at least 12 months resistance training experience were 

recruited. Data collection was made across 6 uninterrupted weeks of training. All 

participants received a clear explanation of the study and gave written informed 

consent prior to participation. Experimental procedures were approved by the research 

ethics committee of the University of Western Australia. All participants were 

screened prior to the study for physical problems contraindicating physical activity 

(Physical Activity Readiness Questionnaire; PAR-Q). Participants were instructed to 

refrain from strenuous physical activity and continue their normal diet (including 

dietary vitamins/supplements) during the study, as well as avoid caffeine for 24 h prior 

to testing. All exercise trials for each individual were scheduled for the same general 

time of day (± 2 h). 

Procedures 

On the familiarisation visit, a 5 min warm-up of self-paced cycling exercise was 

completed, before a 1RM was determined for each of the five experimental exercises. 

The subsequent 6 testing sessions also involved a standardised warm-up of 5 min self-

paced cycling, then a warm-up set of ~50% of their 1RM for 10 repetitions, completed 

2 min before the first set of all exercises. The sRPE was reported using the Borg CR-

10 scale for resistance training, encompassing the anchor points of 0 (no exertion at 

all) through 10 (extreme exertion) (Borg et al., 1987).  The sRPE was estimated by 

asking participants, “How was your workout?” (Foster, 1998).  

1RM Determination 

The 1RM was defined as the heaviest weight the participant lifted for one complete 

repetition, whilst following the required technique and procedures as described previously 

(Gearhart et al., 2002, Kraft et al., 2014, Suminski et al., 1997). Prior to 1RM 

determination, participants performed a light warm-up, with a resistance estimated at 

~50% of their 1RM for 10 repetitions and ~70% of their 1RM for 5 repetitions; each 
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separated by 2 min. The load was then increased to an estimated 1RM load, which was 

attempted. If successful, a 3 min recovery was provided, and an additional attempt was 

made with a new estimated load. If unsuccessful, a 3 min recovery was provided, and 

another attempt was made with a reduced load. Loads were adjusted based on participant 

feedback, with the goal of identifying the 1RM within 3 to 5 attempts. A 2 min recovery 

was allowed between exercises. 

Statistical Analysis 

Statistical analysis was completed utilizing SPSS statistics software (Version 22, 

2014). Pearson correlation coefficients were used to determine the relationship 

between sRPE with repetitions, total tonnage, time under tension, session duration, 

work rate, rate of fatigue, intensity (%1RM) and rest duration between sets. Paired 

sample t-tests were used to determine differences between sRPE, total tonnage, time 

under tension, session duration and work rate, as well as rate of fatigue in MNR testing 

sessions when intensity and rest duration were altered. Differences in sRPE at 15 and 

30 min were also assessed. Significance was accepted at p ≤ 0.05. 

3.4 Results 

Data for testing sessions are displayed in Table 3.1. The sRPE was significantly higher 

in matched tonnage sessions with 70% 1RM loads (compared to 40%1RM), but not 

different in MNR sessions. However, sRPE in controlled tonnage testing sessions was 

significantly lower than in MNR sessions, with one exception (session A vs. session 

F). As expected, repetitions and time under tension were significantly higher in MNR 

and matched tonnage testing sessions when the intensity (%1RM) was lower. All MNR 

testing sessions had a significantly higher number of repetitions, tonnage and work 

rate in comparison to controlled tonnage sessions. With regard to recovery time 

between sets, generally a longer (180 s) recovery between sets produced more 

repetitions, greater tonnage, longer time under tension and session durations than a 

shorter (60 s) recovery, but also a lower work rate. For rate of fatigue (from set 1 to 3, 

1 to 2 and 2 to 3), greater decrements occurred in MNR testing sessions with a shorter 

recovery duration between sets. Correlation coefficients for sRPE with intensity (r = 

0.62), repetitions (r = -0.62), time under tension (r = -0.65) and session duration (r = -
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0.63) recorded significant associations in matched tonnage sessions, but in MNR 

testing sessions, sRPE was only significantly related to work rate (r = 0.45). Overall, 

no significant difference in sRPE was observed when reported at 15 min post-session 

(5 ± 2) compared to 30 min post-session (5 ± 2) (r = 0.99; p ≤ 0.05) for all testing 

sessions.  
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Table 3.1 Descriptive statistics and differences for all testing sessions (mean ± SD). 

Session 

sRPE  

(15 min)  

sRPE  

(30 min)  

Repetit- 

ions 

Tonnage 

(kg) 

Time 

Under 

Tension 

(min) 

Session 

Duration 

(min) 

Work Rate 

(tonnage/mi

n) 

Rate of Fatigue  

(% decrease in repetitions from set-to-set) 

Set 1 to 2 

Decrement 

(%) 

Set 1 to 3 

Decrement 

(%) 

Set 2 to 3 

Decrement 

(%) 

Matched Tonnage 

A) 70% 4.0 

 ± 1.0 

4.0 

 ± 1.0 

120 9289 7.6 

 ± 0.5  

59.8 

 ± 2 

155.5 

 ± 14.7 

   

B) 40% 2.5  

± 1.0a 

2.5 

 ± 1.0a 

210 9289 13.9 

 ± 2a 

66.1 

 ± 2.7a 

140.6 

± 13.0a 

   

MNR (70% 1RM) 

C) 60 s Rest 

Between Sets 

6.0 

 ± 1.5ab 

6.0 

 ± 1.5ab 

144 

 ± 24abcde 

12500 

 ± 2952abcde 

9.4 

 ± 1.4abde 

42.2 

 ± 2.1abcde 

295.6  

± 66.2abc 

34 

 ± 10ce 

45  

± 12ce 

17  

± 8ce 

D) 180 s Rest 

Between Sets 

5.5 

 ± 1.5ab 

5.5 

 ± 1.5ab 

174 

 ± 26abde 

15165 

 ± 3711ab 

11.1 

 ± 1.4abde 

63.7 

 ± 1.9abde 

237.7 

 ± 55.8abd 

16 

 ± 9d 

23 

 ± 11d 

9 

 ± 6 

MNR (40% 1RM) 

E) 60 s Rest 

Between Sets 

5.5 

 ± 1.5ab 

5.5 

 ± 1.5ab 

301 

 ± 57ab 

15241 

 ± 3518ab 

20.0  

± 4.2ab 

52.9 

 ± 5.8abe 

285.9 

 ± 43.4ab 

35 

 ± 11e 

44 

 ± 11e 

13 

 ± 5e 

F) 180 s Rest 

Between Sets 

5.0 

 ± 1.5b 

5.0 

 ± 1.5a 

366 

 ± 103ab 

18717 

 ± 7004ab 

24.0 

 ± 6.3ab 

76.5 

 ± 7.1ab 

240.4 

 ± 66.3ab 

13 

 ± 15 

15 

 ± 17 

2 

 ± 12 

a=significantly different to matched tonnage 70%. b= significantly different to matched tonnage 40% c=significantly different to MNR 70% 180 s. d=significantly different to 

MNR 40% 60 s. e=significantly different to MNR 40% 180 s. Significance is set at p<0.05. 
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3.5 Discussion 

The use of sRPE provides a convenient method for quantifying training effort, but unlike 

other modes of exercise, variables that may affect sRPE in resistance training are still 

unclear. In resistance training, previous studies have found that with matched tonnage, 

participants perceive exercise to be more strenuous as intensity (%1RM) and work rate 

(total tonnage per unit of time) increases, and also as rest duration between both sets and 

repetitions decreases (Hardee et al., 2012, Kraft et al., 2014, Row et al., 2012). However, 

few studies have investigated resistance training bouts to volitional failure with differing 

intensity (%1RM) and rest duration between sets. This study assessed sRPE in relation 

to total tonnage, intensity (%1RM), rest duration, work rate, time under tension, session 

duration and rate of fatigue, whilst completing exercise bouts to matched tonnage and 

volitional failure. 

The current study found that sRPE is sensitive to intensity (%1RM), with higher sRPE 

exhibited during the protocol of 3 sets x 8 repetitions x 70% 1RM (4 ± 1) vs. 3 x 14 x 

40% 1RM (2.5 ± 1) in the same 5 exercises, despite matched tonnage, indicating that 

intensity is the primary mediator for sRPE when tonnage and rest duration between sets 

are held constant. This is in agreement with current literature (Day et al., 2004, Gearhart 

et al., 2002, Singh et al., 2007, Sweet et al., 2004), which suggests that sRPE may 

increase due to the more intense corollary signals sent from the sensory to the motor 

cortex when there is greater motor unit recruitment and frequency of firing during 

resistance training at higher intensities (Gearhart et al., 2002). 

However, in resistance training to volitional failure, intensity does not appear to be the 

primary mediator of perceptual response. Currently, there is conflicting research 

regarding mediators of RPE in resistance training to volitional failure. Pritchett et al. 

(2009) assessed sRPE in sets to volitional failure in both a low and high intensity 

(%1RM) protocol, finding that the lower intensity protocol produced a higher sRPE due 

to a significant increase in tonnage. Contrary to those findings, the current study found 

that in resistance training to volitional failure, there was no significant difference in 

sRPE regardless of intensity (%1RM), which was also found by Vasquez et al. (2013). 

Our results showed that sRPE was not significantly different between all sessions 

completed to volitional failure, despite significantly less tonnage in testing session C, as 
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compared to the other testing sessions to volitional failure. In comparison to matched 

tonnage testing sessions, sRPE responses in training protocols to volitional failure were 

significantly greater, with only one exception (3 x 8 x 70% 1RM with 3 min rest between 

sets vs. 3 x MNR x 40% 1RM with 3 min rest between sets). These results suggest that 

resistance training sets to volitional failure could result in a greater disruption in 

homeostasis (i.e. acid-base balance) than resistance training sets with a known and 

achievable end point. Acid-base imbalance, as reflected by increased lactate 

accumulation, has been shown to occur in exhaustive resistance exercise (Buitrago et 

al., 2012), and found to result in a decrease in mean muscle activation when measured 

by surface electromyography (sEMG) (Izquierdo et al., 2011). This may interfere with 

excitation and contraction coupling (Vasquez et al., 2013), resulting in a decreased 

ability to produce power, leading to an increase in RPE. Along with disruptions to 

physiological homeostasis, it has also been proposed that exercise-induced fatigue may 

form part of a regulated, anticipatory response coordinated in the subconscious (Noakes 

et al., 2004). Since our study found no significant sRPE differences in testing sessions 

to volitional failure, despite differences in other programming variables (intensity, rest 

duration between sets, repetitions, tonnage, time under tension and work rate), it may be 

that the participants had difficulty in anticipating their volitional end point during sets to 

failure (Noakes et al., 2004), potentially causing a greater disruption to physiological 

homeostasis.  With this in mind, it is possible that the higher sRPE reported by Pritchett 

et al. (2009) for a 60% 1RM volitional failure protocol (as compared to a 90% 1 RM) 

may have resulted from the participants being better able to predict their end point in the 

higher intensity protocol, due to the relatively lower number of repetitions likely to be 

completed.   

In addition to perceptual differences between testing session types, it was also evident 

that during testing sessions to volitional failure, work rate was found to be the only 

variable that related to sRPE. Kraft et al. (2014) supported this finding when tonnage 

and intensity (60% of 1RM) remained constant, but when work rate was altered by 

changing the rest duration between sets (3 vs. 1.5 min), a higher work rate was found to 

produce a significantly higher sRPE (Kraft et al., 2014). In support, Hardee et al. (2012) 

also showed that RPE increased when work rate increased by decreasing inter-repetition 

rest duration, which also suggests that if the same tonnage is lifted in less overall time, 

then RPE will be higher. Peak power output was also measured in the study by Hardee 
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et al. (2012), and was found to decrease at a much higher rate as inter-repetition rest 

duration decreased. This suggests that an individual’s ability to produce peak power as 

a resistance training session progresses, may influence their subsequent RPE of that 

session, which may help explain why in our study sRPE was moderately associated with 

an increased work rate. 

As well as examining the influence of different training variables on sRPE, the timing 

of post-exercise sRPE collection was also assessed here. Recommendations have 

previously stated that sRPE should be estimated 30 min post-exercise to ensure sufficient 

time has passed to prevent inaccurate reporting based on the difficulty (or easiness) of 

the conditions towards the end of the exercise training session (Kilpatrick et al., 2012). 

Singh et al. (2007) assessed sRPE in 5 min increments from 5 to 30 min post-exercise, 

finding that both 5 and 10 min post-exercise measures differed from 30 min post-

exercise. However, no differences were seen in measures collected between 15 and 30 

min post-exercise in studies by Kraft et al. (2014) and Singh et al. (2007), which was 

also observed in the current study.  As a result, this data adds support to the notion that 

15 min post-exercise is a sufficient passage of time for the accurate and reliable reporting 

of sRPE.  

3.6 Practical Applications 

Currently, the use of RPE for programming and monitoring athlete workloads is 

widespread, due to the convenient and resource efficient nature of the method. The use 

of RPE in resistance training has acceptable validity (Kraft et al., 2014), but due to the 

variety of psychophysical factors that influence RPE, it is important to understand how 

altering resistance training variables may alter this variable. Knowledge of the factors 

that RPE in resistance training is most sensitive to may better allow coaches and sports 

science staff to program and monitor athletes with greater precision. The results from 

this study suggest that if tonnage, rest duration between sets and overall number of sets 

remain constant, intensity (%1RM) is the primary mediating factor for sRPE. In 

addition, work rate (tonnage per unit of time) also appears to be associated with sRPE. 

If the same tonnage is lifted in less time, via decreased rest between repetitions (Hardee 

et al., 2012), or sets (Kraft et al., 2014), or if greater tonnage is lifted in the same 

amount of time, sRPE is likely to increase. Also, it should be noted that the reporting 
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of sRPE post-exercise quickly stabilises. Previous research has recommended that 30 

min is an appropriate duration post-exercise to obtain a sRPE response. Our results 

indicate (in support of others) that at 15 min post-exercise, sRPE will not be 

significantly different to 30 min, which further enhances the practicality and 

convenience of this measure.  

  



Chapter 3: Perceived Exertion Sensitivity 

44 

3.7 References 

Borg, GAV. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 14: 

377-381, 1982. 

Borg, G, Haasmen, P, and Logerstrom, M. Perceived exertion related to heart rate 

and blood lactate during arm and leg exercise. Eur J Appl Physiol Occ 

Physiol 56: 676-685, 1987. 

Buitrago, S, Wirtz, N, Yue, Z, Kleinoder, H, and Mester J. Effects of load and 

training modes on physiological and metabolic responses in resistance 

training. Eur J Appl Physiol 112: 2739-2748, 2012. 

Day, ML, McGuigan, MR, Brice, G, and Foster, C. Monitoring exercise intensity 

during resistance training using the session RPE scale. J Strength Cond Res 

18: 353-358, 2004. 

Dolezal, BA, Lau, MJ, Abrazado, M, Storer, TW, Cooper, CB. Validity of two 

commercial grade bioelectrical impedance analyzers for measurement of 

body fat percentage. J Ex Physiol Online 16: 74-83.  

Eston, R. Use of ratings of perceived exertion in sports. Int J Sports Physiol Perform 

7:175-182, 2012. 

Foster, C, Florhaug, JA, Franklin, J, Gottschall, L, Hrovatin, LA, Parker, S, Doleshal, 

P, and Dodge, C. A new approach to monitoring exercise training. J 

Strength Cond Res 15: 109-115, 2001. 

Foster, C. Monitoring training in athletes with reference to overtraining syndrome. 

Med Sci Sports Exerc 30: 1164-1168, 1998. 

Freitas de Salles, B, Simao, R, Miranda, F, da Silva Novaes, J, Lemos, A, and 

Willamson, JM. Rest interval between sets in strength training. Sports Med 

39: 765-777, 2009. 



Chapter 3: Perceived Exertion Sensitivity 

45 

Gearhart, RF Jr, FL, Goss, KM, Lagally, JM, Jakicic, J, Gallagher, KI, Gallagher, 

and Robertson, RJ. Ratings of perceived exertion in active muscle during 

high-intensity and low-intensity resistance exercise. J Strength Cond Res 

16: 87–91, 2002.  

Haff, GG. Quantifying workloads in resistance training: A brief review. UK Strength 

Cond Assoc 19: 31-40, 2010. 

Hampson, DB, Gibson, ASC, Lambert, MI, and Noakes, TD. The influence of 

sensory cues on the perception of exertion during exercise and central 

regulation of exercise performance. Sports Med 31: 935-952, 2001. 

Hardee, JP, Lawrence, MM, Utter, AC, Triplett, NT, Zwetsloot, KA, and McBride, 

JM. Effect of inter-repetition rest on ratings of perceived exertion during 

multiple sets of the power clean. Eur J Appl Physiol 112: 3141-3147, 2012. 

Impellizzeri, FM, Rampinini, E, Coutts, AJ, Sassi, A, and Marcora, SM. Use of RPE-

based training load in soccer. Med Sci Sports Exerc 36: 1042-1047, 2004. 

Izquierdo, M, Gonzalez-Izal, M, Navarro-Amezqueta, I, Calbet, JA, Ibanez, J, 

Malanda, A, Mallor, F, Hakkinen, K, Kraemer, W, and Gorostiaga, EM. 

Effects of strength training on muscle fatigue mapping from surface EMG 

and blood metabolites. Med Sci Sports Exerc 43: 303-311, 2011. 

Kilpatrick, MW, Bortzfield, AL, and Giblin, LM. Impact of aerobic exercise trials 

with varied perceptions of effort: An evaluation of predicted, in-task, and 

session exertion. J Sports Sci 30: 825-832, 2012. 

Kraft, JA, Green, JM, and Thompson, KR. Session RPE responses during resistance 

training bouts equated for equal work but differing in work rate. J Strength 

Cond Res 18: 540-545, 2014.  



Chapter 3: Perceived Exertion Sensitivity 

46 

Lagally, KM, Robertson, RJ, Gallagher, KI, Goss, FL, Jakicic, JM, Lephart, SM, 

McCaw, ST, and Goodpaster, B. Perceived exertion, electromyography and 

blood lactate during acute bouts of resistance exercise. Med Sci Sport Exerc 

552-559, 2002.  

Mazzetti, S, Douglas, M, Yocum, A, and Harber, M. Effect of explosive versus slow 

contractions and exercise intensity on energy expenditure. Med Sci Sport 

Exerc 1291-1301, 2007. 

Mihevic, P. Sensory cues for perceived exertion: a review. Med Sci Sports Exerc 13: 

150-156, 1981. 

Minganti, C, Capranica, L, Meeusen, R, and Piacentine, MF. The use of session-RPE 

method for quantifying load in diving. Int J Sports Physiol Perform 6: 408-

418, 2011. 

Noakes, TD, and St Clair Gibson, A. Logical limitations to the “catastrophe” models 

of fatigue during exercise in humans. Br J Sports Med 38: 648-649, 2004. 

Noble, BJ, Borg, G, Jacobs, I, Ceci, R, Kaiser, P. A category-ratio perceived exertion 

scale: relationship to blood and muscle lactates and heart rates. Med Sci 

Sports Exerc 15: 523-528, 1982. 

Pritchett, RC, Green, JM, Wickwire, PJ, Pritchett, KL, and Kovacs, MS. Acute and 

session RPE responses during resistance training: Bouts to failure at 60% 

and 90% of 1RM. S Afr J Sports Med 21: 23-26, 2009. 

Psycharakis, SG. A longitudinal analysis on the validity and reliability of ratings of 

perceived exertion for elite swimmers. J Strength Cond Res 25: 420-426, 

2011. 

Robertson, RJ. Central signals of perceived exertion during exercise. Med Sci Sports 

Exerc 15: 390-396, 1982. 



Chapter 3: Perceived Exertion Sensitivity 

47 

Row, BS, Knutzen, KM, and Skogsberg, NJ. Regulating explosive resistance training 

intensity using the rating of perceived exertion. J Strength Cond Res 26: 

664-671, 2012. 

Scherr, J, Wolfarth, B, Christle, JW, Pressler, A, Wagenpfei, S, and Halle, M. 

Associations between Borg’s rating of perceived exertion and physiological 

measurements of exercise intensity. Eur J Appl Physiol 113: 147-155, 2013. 

Singh, F, Foster, C, Tod, D, and McGuigan, MR. Monitoring different types of 

resistance training using session rating of perceived exertion. Int J Sports 

Physiol Perform 2: 34-45, 2007. 

Suminski, RR, Robertson, RJ, Arslanians, S, Kang, J, Utter, AC, Da Silva, SG, Goss, 

FL, and Metz, KF. Perception of effort during resistance exercise. J Strength 

Cond Res 11: 261-265, 1997. 

Sweet, TW, Foster, C, McGuigan, MR, and Brice, G. Quantification of resistance 

training using the session rating of perceived exertion method. J Strength 

Cond Res 18: 796-802, 2004. 

Thornton, MK, and Potteiger, JA. Effects of resistance exercise bouts of different 

intensities but equal work on EPOC. Med Sci Sports Exerc 34: 715-722, 

2002. 

Vasquez, LM, McBride, JM, Paul, JA, Alley, JR, Carson, LT, and Goodman, CL. 

Effect of resistance exercise performed to volitional failure on ratings of 

perceived exertion. Percept Mot Skills 3: 881-891, 2013. 

 



 

48 

4 

Perceived Exertion, Muscle 

Activation and Blood Lactate 

 

Muscle activation, blood lactate and perceived exertion 

responses to changing resistance training programming 

variables. 

 

 

This chapter is based on a paper published in the European Journal of Sport Science (see 

Appendix B): 

Hiscock D., Dawson B., Donnelly C. & Peeling P (2016). Muscle activation, blood lactate and 

perceived exertion responses to changing resistance training programming variables. 

European Journal of Sport Science, DOI: 10.1080/17461391.2015.1071880 PMID: 26267339 

Chapter 



Chapter 4: Perceived Exertion, Muscle Activation and Blood Lactate 

49 

4.1 Abstract 

Ratings of perceived exertion (RPE: 0-10) during resistance training with varying 

programming demands were examined. Muscle activation (using sEMG) and BLa 

were measured as potential mediators of RPE responses. Participants performed three 

sets of single arm (preferred side) bicep curls at 70% of 1 repetition maximum over 4 

trials: Trial A) 3 sets x 8 repetitions x 120 s recovery between sets; B) 3 sets x 8 

repetitions x 240 s recovery; C) 3 sets x MNR x 120 s recovery; D) 3 sets x MNR x 

240 s recovery. Overall body (RPE-O) and active muscle (RPE-AM) RPE were 

assessed following each set in each trial. Biceps brachii and brachioradialis muscle 

EMG was measured during each set for each trial. RPE-O and RPE-AM were not 

different between Trial A (3.5 ± 1 and 6 ± 1 respectively) and Trial B (3.5 ± 1 and 5.5 

± 1, respectively) (p < 0.05). However, RPE-AM was significantly greater in Trial C 

(7.5 ± 1.5) and Trial D (7.5 ± 1.5) than in Trial B (p < 0.05). There were no significant 

differences in muscle activation or BLa between trials; however, work rate 

(tonnage/min) was greater in Trials C and D compared to Trial B. In conclusion, BLa 

and muscle activation were not related to RPE, but resistance training variables, such 

as work rate, may impact on RPE when intensity (%1RM) and the number of sets 

completed remain constant.   

Key Words 

Work rate; Fatigue; Tonnage; EMG; Rest duration 
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4.2 Introduction 

In an exercise context, “workload” can be described as a quantified effort reflective of 

the overall energy used by a system to complete a dynamic task, particularly when an 

individual is performing a strenuous task over time (Haff, 2010). At present, best 

practice for resistance training workload(s) quantification, particularly in team sports, 

remains controversial. One contemporary method of quantifying resistance training 

workload is via participant ratings of perceived exertion (RPE). Current literature 

acknowledges Borg’s RPE scale as a versatile, simple, convenient, inexpensive and 

well accepted variable for quantifying exercise training workload (Borg, 1982, Eston, 

2012, Hampson et al., 2001, Psycharakis, 2011). Furthermore, in intermittent activities 

or those that vary in technical difficulty, such as resistance training, RPE may also be 

useful as a workload marker (Day et al., 2004, Genner et al., 2014, Vasquez et al., 

2013). However, neuromuscular and physiological responses that relate to RPE in 

resistance training are not well understood.  

Previously, RPE has positively related to intensity (%1RM) when total tonnage (sets 

x repetitions x load) and rest duration between sets have been held constant (Day et 

al., 2004, Gearhart et al., 2002, Row et al., 2012, Sweet et al., 2004). Within these 

paradigms, physiological measures such as BLa, HR, muscle activation and post-

exercise energy expenditure are usually greater when resistance training intensity 

(%1RM) is higher (Buitrago et al., 2012, Ishii et al., 2013 Pinicivero et al., 2000, 

Thornton et al., 2002). Lagally et al. (2002) also assessed the effect of intensity 

(%1RM) on muscle activation, acute RPE and BLa, whilst holding tonnage constant 

between trials. As expected, muscle activation and acute RPE were significantly 

greater when exercise intensity (%1RM) increased, and BLa was significantly greater 

in the highest intensity protocol (90% 1RM) versus the lowest (30% 1RM). This may 

be indicative of greater neuromuscular and physiological strain being associated with 

greater exercise intensities (i.e., a greater %1RM), due to more intense corollary 

signals sent from the sensory to the motor cortex, and/or greater motor unit recruitment 

during more intense resistance training (Gearhart et al., 2002, Singh et al., 2007). 

However, during resistance training utilising sets to failure, Pritchett et al. (2009) 

found that RPE was significantly greater in the lower intensity (60% 1RM) protocol 
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than the higher intensity protocol (90% 1RM), suggesting that the total tonnage 

influenced RPE more than intensity in this paradigm.  

Conversely, Vasquez et al. (2013) found no differences in RPE in sets of differing 

intensities (50%, 70% and 90% 1RM) to volitional failure, despite significant 

differences in total tonnage. Here, it was suggested that decreases in power output 

(measured by linear transducer) between the first and last repetitions may confound 

the relationship between RPE and intensity. Additionally, Hardee et al. (2012) found 

that the rate of fatigue (percentage decrement in peak power output) was also a key 

factor, since decreases in power production during multiple sets of Olympic power 

cleans performed with lower inter-repetition rest times resulted in increases in RPE. 

Rest duration between sets was also reduced to increase work rate (total tonnage per 

unit time) by Kraft et al. (2014), who found that sRPE was significantly greater when 

between set recovery time was halved (3 min to 1.5 min) and tonnage was matched. 

In addition, whilst acute post-set RPE between the two protocols was not different (p 

= 0.07), pre-set HR were significantly greater when work rate was higher. Most 

recently, Hiscock et al. (2015) saw a positive relationship between work rate and sRPE 

(r = 0.45) in resistance training bouts with changes in various programming demands 

(intensity, rest duration between sets, controlled repetitions and MNR). Here, it was 

concluded that work rate increases may result in a greater sRPE. However, sRPE 

(usually measured 30 min post-exercise) is often different to acute post-set RPE 

measures, due to the time allowed to reflect on the overall difficulty of the session or 

exercise bout in its entirety (Singh et al., 2007).  

In summary, when tonnage and rest duration between resistance training sets are held 

constant, intensity (%1RM) is a primary RPE mediator, as well as for measures such 

as muscle activation and BLa. However, the sensitivity of muscle activation, BLa and 

RPE when tonnage and rest duration between sets are altered remains unclear. 

Therefore, the primary purpose here was to examine changes in RPE to differing rest 

durations between sets, as well as controlled repetition trials versus trials to volitional 

failure with a constant intensity (%1RM). Our secondary purpose was to assess the 

relationships between RPE, muscle activation and BLa to changing resistance 

programming demands. It was hypothesised that RPE, muscle activation and BLa 
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would be greater in trials to volitional failure versus controlled repetition trials, and as 

rest duration between sets decreased in controlled repetition trials. 

4.3 Methods 

Experimental Approach to the Problem 

A counterbalanced experimental design was used to determine the sensitivity of RPE-

O, RPE-AM, muscle activation measures and post-set BLa to changing resistance 

training programming demands. As potential mediators of the RPE responses, PEMG 

as a %MVE, AEMG as a %MVE, IEMG, and post-set BLa were also 

measured/calculated. The number of repetitions in each set, and the recovery time 

between sets were manipulated to determine their respective influence on the 

dependent variables (RPE-O, RPE-AM, PEMG, AEMG, IEMG and BLa). Participants 

completed four experimental trials, two with matched tonnage and two with MNR. 

Experimental trials followed the protocols below, using a single arm (preferred side) 

biceps curl as the exercise task, completed on a preacher curl bench:  

 Trial A: 3 sets x 8 repetitions x 120 s recovery at 70% 1RM  

 Trial B: 3 sets x 8 repetitions x 240 s recovery at 70% 1RM (matched tonnage with 

A)  

 (Trials A/B were completed on one test day, 20 min apart) 

 Trial C: 3 sets x MNR x 120 s recovery at 70% 1RM  

 Trial D: 3 sets x MNR x 240s recovery at 70% 1RM  

 (Trials C/D were completed on another test day, 20 min apart) 

The order of trial completion (A/B or C/D) was counterbalanced across participants. 

The use of 3 sets x 8 repetitions at 70% 1RM for Trials A and B with 2 and 4 min 

recovery between sets was established via pre-investigation pilot testing to ensure the 

loads were appropriate for the goals of this trial.  

Subjects 

Ten recreationally trained male participants (mean ± SD age 26.8 ± 4.5 years; height 

181.6 ± 6.3 cm; and body mass 76.2 ± 9.6 kg) with at least 12 months resistance 
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training experience were recruited. Determination of sample size was attained via 

power analysis using customised computer software (GPOWER Version 3.1, 

Department of Psychology, Bonn University, Bonn Germany). The effect sizes used 

to generate the sample size estimation (d = 1.14) were attained from post-set RPE 

responses from differing resistance training programming demands, as established by 

Kraft et al. (2014b). Based on such data, the power analysis for a-priori: difference 

between two dependent means (matched pairs), suggested a sample size of 10, 

incurring a critical t of 2.26, an expected power of 0.89, for an alpha level of p < 0.05. 

All participants were screened prior to the study for physical problems 

contraindicating physical activity (PAR-Q). They were instructed to continue their 

normal diet (including dietary vitamins/supplements) during the study, and to refrain 

from strenuous physical activity (particularly resistance exercise) and caffeine for 24 

h prior to testing. All exercise trials for each individual were scheduled for the same 

general time of day (± 2 h). Data collection was made across two uninterrupted weeks 

of training. All participants gave informed written consent prior to commencement and 

experimental procedures were approved by the human research ethics committee of 

the University of Western Australia (RA/4/1/6367).  

Experimental protocol 

Each participant attended a familiarisation/baseline data collection trial: here their 

1RM was estimated for both the single arm bicep curl and hammer curl exercises on a 

preacher curl bench (Figure 4.1).  The 1RM hammer curl was only used to help 

determine the maximum voluntary effort (MVE) of the brachioradialis muscle for that 

testing day, and was not used for exercise intensity analysis in any trial. Participants 

also used the required time under load for each repetition (2 s eccentric phase, 2 s 

pause, 2 s concentric phase, 2 s pause) during the 1RM determination in order to 

familiarise themselves for testing. Time under load was standardised to ensure that the 

concentric component of the lift was easily differentiated for EMG analysis. A 

metronome (Pro Metronome-2014 EUMLab-Xanin Technology GmbH) was used to 

control the time spent in each phase of each repetition. For the subsequent two testing 

sessions, sEMG electrodes were placed on the biceps brachii and brachioradialis 

muscle bellies, prior to a standardised warm-up. The dumbbell mass identified from 

the 1RM test during familiarisation was used to estimate an individual’s maximal 
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excitation during that day’s testing session; this data was then used to normalise each 

participant’s biceps brachii and brachioradialis muscle activation. Following these 

EMG normalisation trials, participants rested for 20 min before completing the 

subsequent trial (as per the timing recommended by Aboodarda et al., 2013). The RPE-

O and RPE-AM was reported using the Borg CR-10 scale for resistance training, 

encompassing the anchor points of 0 (no exertion at all) through 10 (extreme exertion) 

(Borg et al., 1987).  The RPE-O and RPE-AM was estimated by asking participants, 

“How was that set overall?” and “How was that set for the biceps brachii muscle?”, 

respectively (Lagally et al., 2002). During all trials, earlobe capillary blood samples 

were taken following each set, and were immediately analysed for BLa (Lactate Pro, 

Arkray Global Business Inc., Japan).  

 

Figure 4.1 The single arm bicep curl (A) and hammer curl (B) exercises performed on a 

preacher curl bench. 

1RM Determination 

The 1RM was defined as the heaviest weight the participant could lift for one complete 

single arm biceps preacher curl and hammer curl repetition on a preacher curl bench, 

whilst following a standardised tempo (2 s eccentric phase, 2 s pause, 2 s concentric 

phase, 2 s pause) and lifting technique (Lagally et al., 2002). Participants performed a 

light warm-up, with an estimated resistance of ~50% 1RM for 10 repetitions and ~70% 

1RM for 5 repetitions (separated by 2 min rest) prior to completing their 1RM trial.  If 

a participant was not successful in attaining a 1RM, they rested for 3 min, prior to a 

second attempt with a lower load. Loads were adjusted based on participant feedback, 

with the goal of identifying their 1RM within 3 to 5 attempts. A 5 min rest was given 

between bicep preacher curl and hammer curl 1RM estimation. 
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Measurement of muscle activation 

Muscle activation of the biceps brachii and brachioradialis muscle groups were 

measured using surface EMG following the recommendations of sEMG for the Non-

Invasive Assessment of Muscles and previously published work (Donnelly et al., 2014, 

Hermens, et al., 2000). Bipolar circular surface electrodes (Ag/AgCl) were placed on 

the respective muscle bellies (Delagi et al., 1982), with an inter-electrode distance of 

3 cm (Donnelly et al., 2014). Before electrode placement, the area was cleaned with 

isopropyl alcohol and abraded in order to reduce skin impedance. The reference 

electrode was placed over the acromion process. During each trial, surface EMG data 

was collected using a 16-channel telemetry system (TeleMyo 2400 G2, Noraxon, 

Scottsdale, Arizona, USA) at 1,500 Hz with a 16 bit A/D card.  Input impedance was 

>100 MΩ and CMR was >100 dB, using 34 mm bipolar disposable surface electrodes 

(Ambu®Blue Sensor M Ag/AgCl, Ambu®, Ballerup, Denmark). 

Using customised software in MatLab (Matlab 2009a, The Math Works, Inc., Natick, 

Massachusetts, USA), the sEMG data was processed by first removing any direct 

current offsets, then band-pass filtered with a 4th order zero-lag Butterworth digital 

filter between 30 and 500 Hz (Donnelly et al., 2014).  The signal was then full-wave 

rectified and linear enveloped by low-pass filtering with a zero-lag 4th order 

Butterworth at 6 Hz, then normalised to the peak muscle activation recorded during 

the MVE trial.  Muscle activation was thus expressed as %MVE, which ranged from 

0 (no activation) to 1.0 (maximum activation).  Following recommendations from 

Lagally et al. (2002), only the concentric portion of the single arm bicep curl and 

hammer curl repetitions (for brachioradialis MVE determination only) on a preacher 

curl were analysed. The concentric phase of the single arm biceps curl and hammer 

curl exercises were identified visually from sagittal plane 100 Hz high speed video, 

which was synchronised with the EMG data acquisition system. The concentric phase 

of a repetition was determined to be when the forearm began to move from the fully 

extended elbow position into elbow flexion, and concluded when the forearm was at 

full elbow flexion. The dependent variables were calculated from the mean muscle 

activation from each repetition over any given set (n = 5 to 36). Integrals were 

calculated using a trapezoidal numerical integration function in MatLab (MatLab 

2009a, The Math Works, Inc., Natick, Massachusetts, USA).  
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Statistical Analyses 

Analysis was performed utilising SPSS statistics software (Version 22, 2014). 

Differences between RPE-O and RPE-AM, muscle activation measures, BLa and work 

rate (tonnage.min-1) between and within trials were determined using multivariate 

analysis of variance (ANOVA) with Bonferroni post-hoc analysis. Pearson correlation 

coefficients determined the relationship between RPE-O and RPE-AM with 

repetitions, muscle activation measures, BLa and work rate between and within each 

trial. The strength of relationships was determined according to Hopkins (2009): 0.0-

0.1 = trivial, 0.11-0.3 = small, 0.31-0.5 = moderate, 0.51-0.7 = large, 0.71-0.9 = very 

large, 0.91-1.0 = almost perfect. For all tests, significance was accepted at p < 0.05.  

4.4 Results 

Mean overall trial values for repetitions, RPE-O, RPE-AM, muscle activation, BLa, 

tonnage, session time and work rate in the four trials are displayed in Table 4.1. Despite 

significant differences in work rate during controlled repetition trials (A and B) (p = 

0.01), no differences in RPE-O and RPE-AM were seen in the overall combined set 

means. This was also the case for MNR trials (C and D), however work rate differences 

only approached significance (p = 0.07). Trial B, which had the lowest work rate of all 

trials, recorded significantly lower RPE-AM compared to both MNR trials. Muscle 

activation and BLa were not significantly different between trials, despite differences 

in rest duration between sets, plus controlled repetitions versus MNR tasks.  

Set by set data for repetitions, RPE-O, RPE-AM and BLa for the four trials are 

displayed in Table 4.2. Set by set data for repetitions, PEMG, AEMG and IEMG for 

both biceps brachii and brachioradialis muscles within trials are displayed in Table 

4.3. No significant differences in RPE-O, RPE-AM, BLa or muscle activation in Trials 

A and B were found. However, analysis within trials, saw significantly lower 

repetitions completed in Trial C, Set 2 and 3 compared to Set 1 (p < 0.001), as well as 

a lower BLa in Set 1 compared to Set 3 (p = 0.03). Despite these differences in set 

repetitions, no differences in RPE-O, RPE-AM, and muscle activation were recorded. 

In Trial D, only Set 3 had significantly lower repetitions completed compared to Set 1 

(p ≥ 0.001), and again, no significant differences in RPE-O, RPE-AM, BLa and muscle 
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activation were noted. Analysis between trials (e.g., Set 3 Trial A vs. Set 3 Trial B) 

found no significant differences in RPE-O, RPE-AM, BLa or muscle activation. Only 

repetitions in Set 1 of Trial C and D were significantly greater than repetitions in Trial 

A and B (p ≥ 0.001). No significant relationships were seen between RPE-O and RPE-

AM with PEMG, AEMG, IEMG and BLa in any trial (see Section 4.7, Supplemental 

Online Material for Pearson correlation results) 
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Table 4.1 Mean ± SD data for the four experimental trials (overall combined set mean values) 

    Biceps Brachioradialis 

BLa 

Tonnage  

(kg) 

 

Work Rate 

(tonnage 

.min-1) Trial Repetitions 

RPE 

-O 

RPE 

-AM 

PEMG  

(% 

MVE) 

AEMG  

(% 

MVE) 

IEMG  

(% 

MVE.s-1) 

PEMG 

(% 

MVE) 

AEMG 

(% 

MVE) 

IEMG 

 (% 

MVE.s-1) 

Trial Time 

(min) 

A 8 3.5 

 ± 1.0 

6.0  

± 1.0 

0.65 

 ± 0.10 

0.30 

 ± 0.06 

1,111  

± 289 

0.66  

± 0.11 

0.34  

± 0.06 

1,279  

± 291 

1.6  

± 0.2 

239  

± 60 

7.2d 33  

± 8 

B 8 3.5  

± 1.0 

5.5  

± 1.0c,d 

0.63 

 ± 0.07 

0.29 

± 0.04 

1,024  

± 202 

0.65 

 ± 0.09 

0.34  

± 0.04 

1,168  

± 232 

1.7  

± 0.3 

239  

± 60 

11.2a,c,d 21  

± 5a,c,d 

C 11 

± 5 

5.0  

± 1.5 

7.5 

 ± 1.5 

0.60 

 ± 0.16 

0.29 

 ± 0.08 

1,104 

 ± 318 

0.71 

 ± 0.07 

0.37  

± 0.06 

1,438  

± 336 

2.0  

± 0.4 

334  

± 134 

8.6  

± 1.9 

38  

± 11 

D 13 

± 5a,b 

5.0  

± 2.0 

7.5 

 ± 1.5 

0.58 

 ± 0.13 

0.28 

 ± 0.08 

1,054 

 ± 322 

0.68 

 ± 0.09 

0.35  

± 0.07 

1,383  

± 405 

2.0  

± 0.3 

384  

± 128a,b 

13.3  

± 2.1 

28  

± 7 

 

a = significantly different to Trial A (3 x 8 x 120 s rest duration between sets, at 70% 1RM), b = significantly different to Trial B (3 x 8 x 240 s rest duration between sets, at 

70% 1RM), c = significantly different to Trial C (3 x maximum number of repetitions x 120 s rest duration between sets, at 70% 1RM), d = significantly different to Trial D (3 

x maximum number of repetitions x 240 s rest duration between sets, at 70% 1RM). Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle 

(RPE-AM), percent maximum voluntary effort (%MVE), mean peak activation (PEMG), mean average activation (AEMG), integrated muscle activation (IEMG), Mean blood 

lactate (BLa). 
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Table 4.2 Mean ± SD data for each set in the four experimental trials. 

Rest duration (s) Set  Repetitions  RPE-O  RPE-O Range RPE-AM RPE-AM Range BLa 

Controlled Repetitions 

A) 120 1 8a,d 3.0 ± 1.0 1.0-5.0 5.0 ± 1.0b,c,e,f 4.0-7.0 1.5 ± 0.3b,c,e,f 
 

2 8 4.0 ± 1.0 3.0-6.0 6.5 ± 1.5 4.5-9.0 1.6 ± 0.2c 
 

3 8 4.0 ± 1.0 3.0-6.0 7.0 ± 1.5 5.0-9.0 1.8 ± 0.2 

B) 240 1 8a,d 3.5 ± 1.0 2.0-5.0 5.0 ± 1.0b,c,e,f 4.0-6.0 1.5 ± 0.3b,c,e,f 
 

2 8 3.5 ± 1.0 2.0-5.0 5.5 ± 1.5c,f 4.0-7.5 1.8 ± 0.3 
 

3 8 4.0 ± 1.5 2.0-7.0 6.0 ± 1.5 4.0-9.5 1.8 ± 0.3 

Maximum Repetitions 

C) 120 1 18 ± 7 4.5 ± 2.0 2.0-7.0 7.0 ± 1.5 5.0-9.0 1.7 ± 0.3c 
 

2 9 ± 3a,d 5.0 ± 1.5 3.0-7.0 7.5 ± 1.5 5.0-9.0 2.1 ± 0.5 
 

3 8 ± 4a,d 5.5 ± 1.0 3.5-7.0 7.5 ± 1.5 5.0-10.0 2.3 ± 0.5 

D) 240 1 18 ± 5 4.0 ± 2.0 1.0-7.0 7.0 ± 1.5 5.0-9.0 1.8 ± 0.2 
 

2 13 ± 7 5.0 ± 1.5 3.0-8.0 7.5 ± 1.5 5.0-10.0 2.1 ± 0.4 
 

3 10 ± 4 5.0 ± 2.0 3.0-9.0 7.5 ± 1.5 5.0-10.0 2.1 ± 0.4 

a = significantly different to Trial C Set 1, b = significantly different to Trial C Set 2, c = significantly different to Trial C Set 3, d = significantly different to Trial D Set 1, e = 

significantly different to Trial D Set 2, f = significantly different to Trial D Set 3. Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle 

(RPE-AM), blood lactate (BLa). 
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Table 4.3 Descriptive statistics for repetitions, PEMG, AEMG and IEMG for all trials (mean ± SD) 

Rest duration (s) Set  Repetitions  
Biceps Brachioradialis 

   

PEMG  

(% 

MVE) 

AEMG  

(% 

MVE) 

IEMG  

(% 

MVE.s-1) 

PEMG 

(% 

MVE) 

AEMG 

(% 

MVE) 

IEMG 

 (% 

MVE.s-1) 

Controlled Repetitions 

A) 120 1 8 0.61 ± 0.12 0.28 ± 0.07 976 ± 269 0.64 ± 0.12 0.33 ± 0.05 1,183 ± 281 
 

2 8 0.67 ± 0.10 0.31 ± 0.06 1,127 ± 253 0.65 ± 0.11 0.34 ± 0.07 1,262 ± 314 
 

3 8 0.66 ± 0.10 0.31 ± 0.07 1,229 ± 354 0.69 ± 0.10 0.36 ± 0.05 1,392 ± 280 

B) 240 1 8 0.58 ± 0.10 0.26 ± 0.06 887 ± 206 0.59 ± 0.09 0.30 ± 0.05 1,033 ± 218 
 

2 8 0.64 ± 0.06 0.30 ± 0.03 1,047 ± 175 0.65 ± 0.11 0.33 ± 0.07 1,149 ± 311 
 

3 8 0.66 ± 0.06 0.32 ± 0.05 1,138 ± 272 0.70 ± 0.09 0.37 ± 0.06 1,322 ± 353 

Maximum Repetitions 

C) 120 1 18 ± 7 0.62 ± 0.16 0.29 ± 0.08 1,074 ± 312 0.71 ± 0.09 0.36 ± 0.06 1,368 ± 338 
 

2 9 ± 3 0.58 ± 0.16 0.29 ± 0.08 1,157 ± 350 0.70 ± 0.09 0.38 ± 0.06 1,524 ± 363 
 

3 8 ± 4 0.58 ± 0.15 0.30 ± 0.08 1,127 ± 312 0.72 ± 0.06 0.39 ± 0.06 1,494 ± 277 

D) 240 1 18 ± 5 0.57 ± 0.14 0.27 ± 0.08 960 ± 269 0.67 ± 0.06 0.34 ± 0.06 1,248 ± 305 
 

2 13 ± 7 0.57 ± 0.14 0.28 ± 0.09 1,111 ± 386 0.69 ± 0.12 0.37 ± 0.09 1,454 ± 475 
 

3 10 ± 4 0.58 ± 0.12 0.29 ± 0.07 1,137 ± 319 0.71 ± 0.16 0.38 ± 0.10 1,537 ± 500 

a = significantly different to Trial C Set 1, b = significantly different to Trial C Set 2, c = significantly different to Trial C Set 3, d = significantly different to Trial D Set 1, e = 

significantly different to Trial D Set 2, f = significantly different to Trial D Set 3. Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle 

(RPE-AM), percent maximum voluntary effort (%MVE), mean peak activation (PEMG), mean average activation (AEMG), integrated muscle activation (IEMG), Mean blood 

lactate (BLa). 
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4.5 Discussion 

The use of RPE provides a convenient method for subjectively quantifying training 

effort, but unlike other modes of exercise, the programming variables that may affect 

RPE in resistance training remain unclear. During resistance training, previous studies 

have shown that with matched tonnage, participants perceive exercise to be more 

strenuous as intensity (%1RM) and work rate (tonnage.min-1) increase, and also as rest 

duration between both sets and repetitions are decreased (Hardee et al., 2012, Hiscock 

et al., 2015, Kraft et al., 2014a, Kraft, et al., 2014b, Row et al., 2012). However, few 

studies have investigated resistance training bouts to volitional failure with differing 

rest durations between sets. By incorporating trials with matched tonnage, but different 

work rates, plus sets to volitional failure, but with different rest durations, this study 

aimed to bridge this gap by assessing RPE in relation to changes in muscle activation 

and BLa in recreationally trained males. 

Our results showed that RPE-AM increased as work rate increased, as seen in trials to 

volitional failure (Trial C and D) compared to Trial B, which also had the lowest work 

rate of all four trials. This is in partial agreement with recent literature (Hiscock et al., 

2015, Kraft et al., 2014b), which also found that RPE is sensitive to changes in work 

rate, although only in RPE-O, and not RPE-AM, as seen in this study. Despite the 

observed differences in RPE-AM and work rate in trials to volitional failure (C and D) 

as compared to Trial B, the work rate differences between Trial A and B, as a result of 

different rest duration between sets (2 min vs. 4 min), did not change the RPE-O and 

RPE-AM responses. Additionally, no differences in muscle activation measures and 

BLa were observed in these controlled repetition trials. Kraft et al. (2014b) also saw 

no differences in acute RPE between trials when intensity (%1RM) was held constant, 

and work rate was altered by decreasing rest duration between sets, similar to Trial A 

and Trial B in the current study. Possibly, the difference in programming demands 

between trials in this study (i.e., 2 min vs. 4 min rest duration between sets) and that 

of Kraft et al. (2014b) (1.5 min vs. 3 min rest duration between sets) were not great 

enough to cause a larger magnitude of change in psychophysiological homeostasis, 

that could then lead to significant differences in acute RPE responses.  
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Whilst higher acute RPE measures seen in trials to volitional failure compared to 

controlled repetition trials may be explained by increased total tonnage and work rates, 

there were no differences seen between trials to volitional failure (C and D), despite 

differences in inter-set rest duration (2 min vs. 4 min). The lack of difference in BLa, 

muscle activation, total tonnage and work rate between these trials, may underpin why 

no differences in acute RPE measures were found. It may be that, during sets to 

volitional failure, participants generate a subconscious anticipatory response in an 

attempt to preserve homeostasis, regardless of rest duration between sets; or that 

exercise-induced fatigue may form part of an anticipatory response coordinated in the 

subconscious (Noakes et al., 2004).  

In contrast to previous literature assessing muscle activation and BLa in relation to 

differing resistance training programming demands (Buitrago et al., 2012, Ishii et al., 

2013, Lagally et al., 2002, Singh et al., 2007), our results showed no significant 

differences between trials. This is despite differences in work rate, and some trials 

being completed to volitional failure compared to controlled repetitions trials. Previous 

studies have suggested that increased RPE could be explained by more intense 

corollary signals sent from the sensory to the motor cortex when there is greater motor 

unit recruitment, to maintain a given level of muscular tension during resistance 

training (Gearhart et al., 2002, Lagally et al., 2002). Additionally, the accumulation of 

metabolic byproducts such as BLa, in dynamic exercise such as resistance training, 

has been shown to lead to an increase in RPE (Ishii et al., 2013, Lagally et al., 2002). 

However, those studies assessed differences in intensity (%1RM), whereas this study 

involved lifting at the same intensity (70% 1RM). Whilst speculative, it is possible that 

lifting greater tonnage at the same intensity (%1RM) does not result in significant 

increases in motor unit recruitment and anaerobic energy contribution. Additionally, 

differences in acute RPE measures between trials, but without any significant 

differences in muscle activation and BLa, and no relationship between them and RPE, 

suggests that there may be other psychophysiological factors that contribute to RPE 

that were not measured in this study.  

In conclusion, the results of this study suggest that RPE values are an important 

measure of exertion in resistance training, as they may consistently reflect changes in 

work rate, which is an important variable to consider when designing any resistance 
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training program. However, differences in rest duration between sets (e.g., 1.5 min vs. 

3 min and 2 min vs. 4 min) when intensity (%1RM) and number of repetitions are held 

constant, may not result in significant differences in acute RPE, muscle activation and 

BLa measures. Overall, knowledge of the resistance training programming factors that 

RPE are most sensitive to may better allow coaches and sports scientists to monitor 

athletes with greater confidence. 
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4.7 Supplemental Online Material 

Table 4.4 Pearson correlation coefficients for Trial A 

3 x 8 x 120 s rest duration between sets, at 70% 1RM. Only significant correlations are shown (n = 10). 

     Biceps Brachioradialis 

BLa   Repetitions RPE-O RPE-AM PEMG AEMG  IEMG  PEMG AEMG IEMG 

 Repetitions           

 RPE-O           

 RPE-AM           
  

          

 

B
ic

ep
 PEMG           

AEMG     0.87**       

IEMG      0.78**      
  

          

B
ra

ch
io

ra
-

d
ia

li
s 

PEMG           

AEMG       0.90**    

IEMG        0.75*   
  

          

 BLa           

*significant at the <0.05 level, ** significant at the <0.01 level. Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle (RPE-AM), mean 

peak activation (PEMG), mean average activation (AEMG), integrated muscle activation (IEMG), blood lactate (BLa). 
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Table 4.5 Pearson correlation coefficients for Trial B 

3 x 8 x 240 s rest duration between sets, at 70% 1RM. Only significant correlations are shown (n = 10). 

     Biceps Brachioradialis 

BLa   Repetitions RPE-O RPE-AM PEMG AEMG  IEMG  PEMG AEMG IEMG 

 Repetitions           

 RPE-O           

 RPE-AM  0.77**         
  

          

 

B
ic

ep
 PEMG           

AEMG     0.71*       

IEMG      0.66*      
  

          

B
ra

ch
io

ra
-

d
ia

li
s 

PEMG           

AEMG       0.89**    

IEMG        0.64*   
  

          

 BLa           

*significant at the <0.05 level, ** significant at the <0.01 level. Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle (RPE-AM), mean 

peak activation (PEMG), mean average activation (AEMG), integrated muscle activation (IEMG), blood lactate (BLa). 
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Table 4.6 Pearson correlation coefficients for Trial C 

3 x maximum number of repetitions x 120 s rest duration between sets, at 70% 1RM.  Only significant correlations are shown (n = 10). 

     Biceps Brachioradialis 

BLa   Repetitions RPE-O RPE-AM PEMG AEMG  IEMG  PEMG AEMG IEMG 

 Repetitions           

 RPE-O           

 RPE-AM           
  

          

 

B
ic

ep
 PEMG           

AEMG     0.90**       

IEMG     0.82** 0.87**      
  

          

B
ra

ch
io

ra
-

d
ia

li
s 

PEMG     0.64* 0.68*     

AEMG      0.67* 0.82    

IEMG        0.66   
  

          

 BLa           

*significant at the <0.05 level, ** significant at the <0.01 level. Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle (RPE-AM), mean 

peak activation (PEMG), mean average activation (AEMG), integrated muscle activation (IEMG), blood lactate (BLa). 
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Table 4.7 Pearson correlation coefficients for Trial D 

3 x maximum number of repetitions x 240 s rest duration between sets at 70% 1RM.  Only significant correlations are shown (n = 10). 

     Biceps Brachioradialis 

BLa   Repetitions RPE-O RPE-AM PEMG AEMG  IEMG  PEMG AEMG IEMG 

 Repetitions           

 RPE-O           

 RPE-AM           
  

          

 

B
ic

ep
 PEMG           

AEMG     0.92**       

IEMG     0.77** 0.88**      
  

          

B
ra

ch
io

ra
-

d
ia

li
s 

PEMG           

AEMG      0.68* 0.91**    

IEMG       0.94** 0.97**   
  

          

 BLa       -0.81**  -0.76*  

*significant at the <0.05 level, ** significant at the <0.01 level. Ratings of perceived exertion-overall (RPE-O), ratings of perceived exertion-active muscle (RPE-AM), mean 

peak activation (PEMG), mean average activation (AEMG), integrated muscle activation (IEMG), blood lactate (BLa). 
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5 

Perceived Exertion and Recovery 

 

Can changes in resistance exercise workload influence 

internal load, countermovement jump performance and the 

endocrine response?  

  

This chapter is based on a paper published in Journal of Sports Sciences (see Appendix C): 

Hiscock D., Dawson B., Clarke M. & Peeling P (2017). Can changes in resistance exercise 

workload influence internal load, countermovement jump performance and the endocrine 

response? Journal of Sports Sciences, DOI: 10.1080/02640414.2017.1290270 PMID: 

28282743 

  

Chapter 
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5.1 Abstract 

This study examined the influence of differing volume load and intensity (%1RM) 

resistance exercise workouts on sRPE, CMJ performance and endocrine responses. 

Twelve participants performed a workout comprising four exercises (bench press, back 

squat, deadlift and prone bench pull) in randomised order as either: POW; 3 sets x 6 

repetitions at 45%1RM x 3 minute inter-set rest, ST; 3 sets x 3 repetitions at 90%1RM 

x 3 minute inter-set rest, or HYP; 3 sets x 10 repetitions at 70%1RM x 1 minute inter-

set rest in a randomised-crossover design. CMJ performance and endocrine responses 

were measured immediately pre-, post-, 12, 24, 48 and 72-hours post-exercise. POW 

sRPE (3.0 ± 1.0) was lower than ST (4.5 ± 1.0) (p = 0.01), and both were lower than 

HYP (8.5 ± 1.0) (p = 0.01). Duration of CMJ decrement was longer (p ≤ 0.05) for HYP 

(72-hours) compared to POW (12-hours) and ST (24-hours). Testosterone 

concentration was greater (p ≤ 0.05) immediately post-exercise in HYP compared to 

POW and ST. In conclusion, less inter-set rest, greater volume load and intensity 

(%1RM) may increase sRPE, duration of CMJ performance decrement and 

testosterone responses in resistance exercise.  

Key Words 

Workload monitoring; Fatigue; Work rate; Testosterone; Cortisol 
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5.2 Introduction 

The monitoring of both internal and external workloads relevant to resistance training 

and the resultant physiological responses to such work are important for determining 

exercise adaptation, whilst also helping to minimise the risk of functional 

overreaching, illness and/or injury (Halson, 2014, Hiscock et al., 2015). The 

monitoring of variables such as training session load (sRPE × session duration), 

endocrine responses and various performance measures may assist in load monitoring 

(Cormack et al., 2008, Eston, 2012, Gabbett et al., 2011, Halson, 2014); however, 

during resistance training programmes such as those commonly used by team sport 

athletes, particularly those focused on POW (considered explosive strength), ST 

(considered maximal strength) and HYP, differences in the resultant sRPE, acute 

neuromuscular performance and endocrine responses are yet to be investigated in a 

single study. 

Currently, sRPE is known to be sensitive to resistance exercise intensity (%1RM) (Day 

et al., 2004, McLean et al., 2010 Row et al., 2012). In fact, a greater sRPE has been 

reported when intensity (%1RM) increases, despite a decrease in total volume load 

(sets × repetitions × load) (Sweet et al., 2004), suggesting a unique impact of ST-based 

training, which is typically performed with greater intensity (85–100% of 1RM), but 

with a similar volume load and rest duration between sets (3–5 min) as POW 

(McCaulley et al., 2009). Increases in volume load per unit of time (volume load/time), 

such as that seen during HYP exercise, have also been shown to positively associate 

with sRPE (Hiscock et al., 2015, Pritchett et al., 2009), thereby suggesting that HYP 

training may also result in a different perception of internal load. To this end, it is 

evident that various acute programming variables may impact sRPE, but whether one 

variable has a greater effect than another is not currently well understood. 

In addition to perceptions of effort, it is also well recognised that resistance exercise 

results in large acute increases to testosterone, cortisol, growth hormone and sex 

hormone binding globulin concentrations (Crewther et al., 2008, Kraemer et al., 1990, 

Kraemer et al., 2005, Linnamo et al., 2005 McCall et al., 1999), which may be critical 

for optimising skeletal muscle adaptation (Schoenfeld, 2010, Schroeder et al., 2013). 

However, McCaulley et al. (2009) report that the increases in these hormones may 
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differ between HYP, ST and POW-based resistance exercise, despite the same total 

volume load being lifted, and is likely due to the differences in the metabolic processes 

incurred as a result of the exercise task (Schoenfeld, 2010). Although, it appears that 

HYP protocols elicit greater endocrine responses than ST- and POW-based activity 

(McCaulley et al., 2009), the link between these outcomes and sRPE is yet to be 

investigated. 

Concurrent with changes in perception and endocrine responses, changes to the 

resistance training session focus (i.e., ST vs. HYP vs. POW) is also known to affect 

neuromuscular performance (Chiu et al., 2004, McCaulley et al., 2009). McCaulley et 

al. (2009) previously suggested that when compared to POW-based resistance 

exercise, ST may decrease the ability of the central nervous system to elicit motor unit 

activation, and HYP may result in metabolite build-up as a result of reliance on 

anaerobic glycolysis, both of which impact the subsequent performance on tests 

designed to assess neuromuscular function (i.e., isometric squat and CMJ); however, 

the magnitude and duration of this response remains unclear. 

 Regardless, the link between sRPE and the magnitude and duration of decrement to 

CMJ performance and endocrine responses in resistance exercise training requires 

further investigation, as there is little evidence assessing responses in POW, ST and 

HYP exercise sessions involving both upper and lower body compound exercises. 

Knowledge relevant to this interaction may assist exercise practitioners to understand 

which resistance exercise sessions may result in higher or lower total workloads, which 

may improve the planning of subsequent training sessions via consideration of fatigue 

and the associated endocrine response, which may lead to greater chronic skeletal 

muscle adaptations (Schoenfeld, 2010, Schroeder et al., 2013). Therefore, the purpose 

of this study was to examine the sensitivity of sRPE in relation to POW, ST and HYP 

exercise, and furthermore, to examine the link between sRPE, CMJ performance and 

endocrine responses. Based on previous findings (Hiscock et al., 2015, McCaulley et 

al., 2009), it was hypothesised that sRPE values and endocrine responses recorded for 

POW would be lower than ST, and both would be lower than HYP due to the greater 

volume load/time typically seen in HYP. It was also hypothesised that POW exercise 

would result in the lowest CMJ performance decrements and endocrine responses. 
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5.3 Methods 

Experimental approach to the problem 

A randomised crossover experimental design was used to examine the impact of POW, 

ST and HYP-based resistance exercise on sRPE, neuromuscular performance and 

endocrine responses. Intensity (%1RM), number of repetitions in each set, and inter-

set recovery were manipulated in order to determine the influence of the exercise type 

on the dependent variables (sRPE, CMJ performance and endocrine responses). 

Immediately pre- and post- each exercise workout, CMJ performance and salivary 

testosterone and cortisol responses were measured, with sRPE recorded at 30 min post-

exercise (Borg, 1982, Crewther et al., 2006, Foster, 1998 Hiscock et al., 2015). 

Participants returned to the lab at 12, 24, 48 and 72 h post-exercise for repeat 

assessment of CMJ performance and endocrine responses in order to quantify the acute 

exercise stimulus from each workout (see Figure 5.1). A 1- week break was allowed 

between each of the three training sessions. 

 

Figure 5.1 Overview of each exercise workout.  

Participants 

Twelve male team sport athletes (mean ± SD age 25.0 ± 3.3 years; height 181.2 ± 6.6 

cm; body mass 86.8 ± 15.1 kg; 1RM deadlift 124 ± 16 kg; bench press 95 ± 14 kg; 

back squat 115 ± 14 kg and prone bench pull 85 ± 10 kg) with at least 12 months 

resistance exercise experience (average of two sessions per week, including 

proficiency in the prescribed exercises) were recruited. Data collection was carried out 

across three uninterrupted weeks of exercise. Participants were screened prior to the 
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study for physical problems contraindicating physical activity. Participants were 

instructed to continue their normal diet (including dietary vitamins/supplements) 

during the study, but to refrain from strenuous physical activity and caffeine 

throughout the 3 weeks of the study; all participants self-reported compliance with 

these requirements. Written informed consent was obtained prior to participation. 

Experimental procedures were approved by the research ethics committee of the host 

institution (Research Approval/4/1/6367). 

Familiarisation visit 

Participants attended the lab 1 week prior to their first exercise workout to determine 

their 1RM for all four exercises utilised and to familiarise themselves with the warm-

up, Borg CR-10 sRPE scale, CMJ and saliva collection protocols. Upon arrival, a 

standardised warm-up consisting of dynamic exercises and practice jumps was 

performed, before a 1RM was determined for each of the four experimental exercises. 

The warm-up included 2 min of easy self-paced jogging; 2 × 10 m of walking lunges, 

high knee skips and heel flicks; 10 × bodyweight squats; 2 × run-

throughs/accelerations (10 m easy jog, 10 m at ~75% max sprint speed, 10 m easy 

jog); 2 sets of 3 unloaded jumps at ~80–90% of perceived maximal effort. The 

aforementioned warm-up was also prescribed prior to all CMJ performance testing.  

The 1RM was defined as the heaviest weight the participant could lift for one complete 

repetition, whilst following the required technique and procedures, as described 

previously (Gearhart et al., 2002, Hiscock et al., 2015, Kraft et al., 2014, Suminski et 

al., 1997). Prior to 1RM determination, participants performed a light warm-up, with 

a resistance estimated at ~50% 1RM for 10 repetitions and ~70% 1RM for 5 

repetitions; each separated by 2 min. The load was then increased to an estimated 1RM 

load, and if successful, a 3-min recovery was provided, and an additional attempt was 

made with a new estimated load. If unsuccessful, a 3-min recovery was provided, and 

another attempt was made with a reduced load. Loads were adjusted based on 

participant feedback, with the goal of identifying the 1RM within 3–5 attempts. The 

exercises were performed in a semi-randomised order, with lower and upper body 

exercises alternated, but the initial exercise order replicated for each individual 
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participant across all workouts. Range of motion was standardised for each participant 

and was replicated for each exercise workout. 

Endocrine analysis 

Upon arrival to the lab in all three experimental weeks (and prior to CMJ warm-up), 

saliva samples were collected on a randomly selected sub-set of participants (n = 8). 

Within this group, participants were asked to ingest only water in the 30 min before 

providing the saliva sample. A Salivette® (Sarstedt) containing an absorbent cotton 

wad was placed in the mouth to collect mixed saliva (Gröschl et al., 2008). Salivettes® 

were centrifuged (3000 rpm at 21°C for 10 min) and frozen (−80°C) within 2 h of 

collection for subsequent batch analysis. Except for 12 h post-exercise, all saliva 

samples were collected at 19:00 ± 2 h, to keep diurnal variations constant at the time 

of collection (McLean et al., 2010). All samples were batch analysed to assess the 

circulating levels of testosterone and cortisol via previously published methods 

(Jensen et al., 2011). The limit of quantification values for testosterone and cortisol 

were 50 pM and 0.1 nM, respectively. Duplicate assay measures reported a coefficient 

of variation < 3%. 

CMJ Performance 

During all lab visits in all three experimental weeks, following salivary analysis, CMJ 

performance was assessed via a linear position transducer (GymAware Power Tool: 

Kinetic Performance Technology Pty Ltd, Canberra, Australia) attached to a 20-kg 

weightlifting bar (Foster, 1998, Hori et al., 2009). A standardised warm-up was 

completed prior to the CMJ, which included 2 sets of 3 repetitions, pausing for 3–5 s 

between each jump and resting 3 min between sets (Taylor et al., 2010). The 

participant stood erect with the bar positioned across the shoulders and was instructed 

to jump for maximal height while keeping constant downward pressure on the barbell 

to prevent the bar moving independently of the body (Taylor et al., 2010). Mean and 

peak values for velocity and power were calculated over the concentric portion of the 

CMJ in all trials (GymAware Lite, Version 2.10: Kinetic Performance Technology Pty 

Ltd). This method of CMJ performance assessment has previously been assessed as 

valid and reliable (Hori et al., 2009, Taylor et al., 2010). 
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Acute resistance exercise workouts 

Following the pre-exercise CMJ performance test, participants undertook an acute 

resistance exercise workout. All exercise workouts included the same four exercises 

(bench press, back squat, deadlift and prone bench pull), with each session involving 

one of the following protocols: 

 POW: 3 sets x 6 repetitions at 45%1RM (mean ± SD total volume load; 5630 

± 863 kg) with 3-min inter-set rest; 

 ST: 3 sets x 3 repetitions at 90%1RM (mean ± SD total volume load; 5630 ± 

863 kg) with 3-min inter-set rest (matched volume load/time with POW); 

 HYP: 3 sets x 10 repetitions at 70%1RM (mean ± SD total volume load; 11,173 

± 1737 kg) x 1-min inter-set rest (not matched for volume load/time with POW 

and ST). 

The rationale for having a greater volume load/time in the HYP workout was to reflect 

the greater volume load typically associated with muscular HYP exercise sessions 

(Behm et al., 1998, Crewther et al., 2006, Kraemer et al., 1990, Schroeder et al., 2013). 

Participants performed a warm-up set of 50%1RM for 10 repetitions, completed 2 min 

before the first set of all exercises in their exercise workout (POW, ST, or HYP). A 2-

min recovery was allowed between exercises in all protocols. The exercises were 

performed in a semi-randomised order, with lower and upper body exercises 

alternated, but the initial exercise order replicated for each individual participant across 

all workouts. All 3 sets of each individual exercise were completed before starting a 

new exercise. The tempo of every exercise was kept as consistent as possible and 

involved a 2-s eccentric phase, followed by a 1-s pause, moving as fast as possible 

throughout the concentric phase and a 1-s pause, which was based upon repetition 

speed recommendations by Schoenfeld (2010) to increase high threshold motor unit 

recruitment and was practised during the familiarisation visit. Range of motion was 

standardised for each participant, based on assessment during the familiarisation 

session, and was replicated for each exercise workout. Participants successfully 

completed all exercise workouts, allowing for direct comparisons among protocols.  
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Immediately post-exercise, a further saliva sample was taken and CMJ performance 

assessed. After 30 min the sRPE was reported using the Borg CR-10 scale for 

resistance exercise, encompassing the anchor points of 0 (no difficulty at all) through 

10 (extreme difficulty) (Borg et al., 1987) and was recorded by asking participants 

“How difficult was your workout?” (Foster, 1998). Follow-up assessment at 12-, 24-, 

48- and 72-h post-exercise consisted of a salivary sample and the CMJ test to assess 

the effects of the workout on rate of CMJ recovery and endocrine responses. The 12-

h follow-up assessment was conducted in the morning and included an extended warm-

up, with the aim of increasing body temperature to values equivalent to those observed 

during afternoon trials (Taylor et al., 2011). This was achieved by participants cycling 

on a stationary ergometer at a self-selected (low) intensity for 20 min, similar to that 

used by Taylor et al. (2011) in an investigation of vertical jump performance. 

Statistical analysis 

Means and SDs (±) were initially calculated for all of the dependent variables and 

reported for each experimental workout. Statistical analysis was completed utilising 

SPSS statistics software (Version 22, 2014, Armonk, NY). Repeated measures 

ANOVA were used to determine any time, condition or interaction effects (time [6] × 

condition [3]). Post-hoc paired sample t-tests were used to determine differences 

between sRPE, neuromuscular performance and endocrine responses between 

different exercise types and time points. The P-value was adjusted via the Bonferroni 

method to control the family-wise error rate. Pearson’s correlation coefficients were 

used to determine the relationship between sRPE, and the difference in pre- and post-

exercise values for neuromuscular performance (mean velocity/power and peak 

velocity/power) and endocrine responses (testosterone and cortisol, and their ratio; 

T:C). For all tests, significance was accepted at P ≤ 0.05. 

5.4 Results 

Session rating of perceived exertion 

The sRPE for POW (3.0 ± 1.0) was significantly lower than ST (4.5 ± 1.0) (P = 0.01), 

despite matched work rate, and both were significantly lower than HYP (8.5 ± 1.0) (P 

= 0.01).  
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CMJ performance 

The data for all workouts are presented in Table 5.1. For CMJ mean power and 

velocity, time (P = 0.01) and interaction (P = 0.01) effects were noted. Peak power 

also recorded time (P = 0.01) and interaction (P = 0.02) effects, and for peak velocity 

a time (P = 0.01), condition (P = 0.04) and interaction (P = 0.01) effect were seen. In 

all exercise types, mean power, mean velocity, peak power and peak velocity were 

significantly lower (P ≤0.05) immediately post-exercise compared to pre-exercise, 

except for mean velocity in POW. All CMJ performance measures had returned to pre-

exercise values by the 12-h time point in POW, at 24 h in ST, and at 72 h in HYP (P ≤ 

0.05 vs. POW and ST). In HYP, mean power post-exercise was significantly lower 

compared to POW and ST (P = 0.02 and P = 0.01 respectively), and also at 24-h (ST: 

P = 0.03) and 48-h post-exercise (POW: P = 0.02; STP = 0.01). Similarly, in HYP, 

mean velocity post-exercise was significantly lower compared to POW and ST (P = 

0.01 and P = 0.02 respectively), as well as at 24-h and 48-h post-exercise compared to 

ST (P = 0.05, P = 0.01 respectively). Peak power was also significantly lower in HYP 

compared to ST at 24-h post-exercise (P = 0.02), as well as POW (P = 0.01) and ST 

(P = 0.01) at 48-h post-exercise. Peak velocity post-exercise was significantly lower 

in HYP compared to POW (P = 0.02) and ST (P = 0.02), as well as at 12-h (ST: P = 

0.04), 24-h (ST: P = 0.01) and 48-h post-exercise (POW: P = 0.02; ST: P = 0.01). 

Endocrine responses 

The data for all workouts are presented in Table 5.2. There was a significant condition 

(P = 0.02) effect for testosterone, a significant interaction (P = 0.01) effect for cortisol 

and a significant time (P = 0.01) effect for T:C Testosterone concentration was 

significantly greater (P < 0.05) in HYP compared to POW and ST immediately post-

exercise, and in HYP at 72-h post-exercise compared to POW (P = 0.04). Cortisol was 

significantly lower (P ≤ 0.05) immediately post- and 48-h post-exercise compared to 

pre-exercise in POW and ST (but not HYP). In HYP, cortisol was lower at 24-h 

compared to 72-h post-exercise (P = 0.01). The T:C was significantly greater (P = 

0.01) immediately post-exercise in POW and ST (but not HYP). In ST and HYP, T:C 

at 24-h was greater than at 48-h post-exercise (P = 0.02 and 0.04 respectively). 
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Pearson correlation coefficients 

Pearson correlation coefficients are displayed in Table 5.3. No significant relationships 

were seen between sRPE, difference in pre- and post-exercise CMJ performance and 

endocrine responses in all trials. 
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Table 5.1 Mean ± SD neuromuscular performance for the power, strength and hypertrophy exercise sessions 

Time of   

Measure 

Mean Power 

(W) 

% Difference 

from Pre 

Peak Power  

(W) 

% Difference  

from Pre 

Mean Velocity 

(m.s-1) 

% Difference 

from Pre 

Peak Velocity 

(m.s-1) 

% Difference 

from Pre 

Power 

Pre 3166 ± 396 
 

7902 ± 937 
 

1.56 ± 0.13 
 

2.85 ± 0.25 
 

Post 3030 ± 422a -4.30% 7511 ± 997a -4.95% 1.53 ± 0.17 -1.92% 2.76 ± 0.27a -3.16% 
12 h 3114 ± 409 -1.64% 7809 ± 1001b -1.18% 1.55 ± 0.16 -0.64% 2.83 ± 0.26b -0.70% 
24 h 3232 ± 463bc 2.08% 8070 ± 1125b 2.13% 1.57 ± 0.16b 0.64% 2.88 ± 0.27bc 1.05% 
48 h 3257 ± 403bc 2.87% 8236 ± 924ab 4.23% 1.58 ± 0.15b 1.28% 2.91 ± 0.25bc 1.75% 
72 h 3325 ± 413abc 5.02% 8310 ± 700abc 5.16% 1.61 ± 0.14abc 3.21% 2.95 ± 0.24abc 3.51% 

Strength 

Pre 3228 ± 311 
 

8111 ± 777 
 

1.56 ± 0.13g 
 

2.89 ± 0.24 
 

Post 2953 ± 345af -8.52% 7240 ± 798a -10.74% 1.48 ± 0.15a -5.13% 2.70 ± 0.26a -6.57% 
12 h 3094 ± 358ab -4.15% 7637 ± 842ab -5.84% 1.52 ± 0.15ab -2.56% 2.80 ± 0.27ab -3.11% 
24 h 3302 ± 424bc 2.29% 8094 ± 954bc -0.21% 1.58 ± 0.15bc 1.28% 2.90 ± 0.27bc 0.35% 
48 h 3325 ± 437bc 3.00% 8245 ± 742bc 1.65% 1.60 ± 0.15abc 2.56% 2.95 ± 0.27abcd 2.08% 
72 h 3359 ± 453abc 4.06% 8341 ± 1086bc 2.84% 1.61 ± 0.15abc 3.21% 2.95 ± 0.27abcd 2.07% 

Hypertrophy 

Pre 3303 ± 350 
 

8156 ± 835 
 

1.61 ± 0.12 
 

2.91 ± 0.24 
 

Post 2791 ± 358a -15.50% 7188 ± 764a -11.87% 1.41 ± 0.16a -12.42% 2.58 ± 0.29a -11.34% 
12 h 2986 ± 384ab -9.60% 7443 ± 768ab -8.74% 1.49 ± 0.16ab -7.45% 2.72 ± 0.28ab -6.53% 
24 h 3093 ± 511ab -6.36% 7658 ± 888abc -6.11% 1.52 ± 0.18ab -5.59% 2.75 ± 0.32ab -5.50% 
48 h 3102 ± 447abc -6.09% 7761 ± 717abc -4.84% 1.53 ± 0.17abc -4.97% 2.80 ± 0.31abc -3.78% 
72 h 3298 ± 432bcde -0.15% 8171 ± 836bcde 0.18% 1.60 ± 0.15bcde -0.62% 2.93 ± 0.29bcde 0.69% 

a = significantly different to pre, b = significantly different to post, c = significantly different to 12 h, d = significantly different to 24 h, e = significantly different to 48 h, f = 

significantly different to same time point in hypertrophy condition. P ≤ 0.05. 
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Table 5.2 Mean ± SD endocrine responses for the power, strength and hypertrophy exercise sessions (n = 8) 

Time of   

Measure Testosterone (pM) % Difference from Pre Cortisol (nM) % Difference from Pre T:C % Difference from Pre 

Power 

Pre 110 ± 38 
 

2.1 ± 1.3 
 

72 ± 51 
 

Post 90 ± 22d -18.2% 1.2 ± 0.6a -42.9% 110 ± 82a  52.8% 

24 h 103 ± 32 -6.4% 1.7 ± 1.2 -19.1% 95 ± 63 31.9% 

48 h 115 ± 32# 4.5% 3.5 ± 2.8b 66.7% 63 ± 51 -12.5% 

72 h 96 ± 28e -12.7% 2.4 ± 1.8 14.3% 50 ± 16 -30.6% 
Strength 

Pre 110 ± 25 
 

2.2 ± 1.8 
 

85 ± 53 
 

Post 103 ± 22d -6.4% 0.9 ± 0.5a -59.1% 142 ± 61a 67.1% 

24 h 112 ± 26 1.8% 1.7 ± 1.4 -19.1% 91 ± 46 7.1% 

48 h 122 ± 37 10.9% 2.2 ± 1.1b 0.0% 72 ± 41c -15.3% 

72 h 99 ± 20 -10.0% 1.5 ± 0.8 -31.8% 82 ± 41c -3.5% 
Hypertrophy 

Pre 125 ± 37 
 

2.3 ± 1.9 
 

67 ± 23 
 

Post 155 ± 41 24.0% 3.6 ± 4.0 56.5% 91 ± 43 35.8% 

24 h 109 ± 32 -12.8% 1.1 ± 0.4 -52.2% 112 ± 56 67.2% 

48 h 133 ± 27 6.4% 2.5 ± 1.8 8.7% 73 ± 34 9.0% 

72 h 128 ± 45 2.4% 1.5 ± 0.6c -34.8% 92 ± 27 37.3% 

a = significantly different to pre, b = significantly different to post, c = significantly different to 24 h, d = significantly different to same time point in hypertrophy condition. P ≤ 

0.05. T:C = testosterone:cortisol ratio 
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Table 5.3 Pearson correlation coefficients for power, strength and hypertrophy exercise sessions assessing session rating of perceived exertion  

and differences between pre- and post-exercise countermovement jump and endocrine responses. 

  
Mean 

Power 

(Watts) 

Peak 

Power 

(Watts) 

Mean 

Velocity 

(m.s-1) 

Peak 

Velocity 

(m.s-1) 

Testosterone 

(pM) 
Cortisol (nM) 

Testosterone-to-

Cortisol Ratio 

sRPE Power 0.02 -0.27 -0.11 0.15 -0.17 0.54 -0.16 

sRPE Strength 0.32 0.40 0.50 0.30 0.41 0.04 0.38 

sRPE Hypertrophy 0.47 0.51 0.52 0.39 0.05 -0.12 0.22 
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5.5 Discussion 

The purpose of this study was to examine the sensitivity of sRPE in relation to POW, 

ST and HYP exercise, and furthermore, to examine the link between sRPE, CMJ and 

the endocrine responses. The primary findings from this study show that sRPE is 

sensitive to POW, ST and HYP exercise and may also reflect the magnitude and 

duration of reduced neuromuscular performance following an exercise session. It was 

also seen that exercise sessions with greater volume load/time had reduced CMJ 

performance and increased endocrine responses to a greater extent than lower volume 

load/time sessions. Additionally, this is the first study to assess sRPE, CMJ 

performance and endocrine responses in POW, ST and HYP exercise sessions 

involving both upper and lower body compound exercises. As a result, these findings 

provide greater practical relevance for exercise practitioners, since previous 

investigations have only considered such responses to isolated lower body exercises. 

The results found here supported the hypothesis that the sRPE values recorded for 

POW would be lower than ST, and both would be lower than HYP. In resistance 

exercise, previous studies have found that participants perceive exercise to be more 

strenuous when volume load/time increases, as well as when intensity (%1RM) 

increases and volume load/ time remains constant (Hardee et al., 2012, Hiscock et al., 

2015, Kraft et al., 2014, Row et al., 2012). Additionally, perceived exertion was 

thought to increase as CMJ performance declined within an exercise session (Hardee 

et al., 2012 Váczi, et al., 2013), however, these studies did not assess CMJ performance 

over subsequent days. Here, in HYP, which saw higher sRPE values recorded than in 

ST and POW, it took 72 h for all CMJ performance measures to return to baseline; in 

ST, which saw higher sRPE than POW, all CMJ performance measures were not 

significantly different to baseline by 24-h post-exercise, and by only 12-h post-exercise 

in POW. The sRPE differences between POW and ST seen here indicate that sRPE is 

sensitive to intensity (%1RM) when volume load/time remains constant, which is in 

agreement with current literature (Day et al., 2004, Gearhart et al., 2002, Singh et al., 

2007, Sweet et al., 2004). It has been suggested that sRPE may increase due to more 

intense corollary signals sent from the sensory to the motor cortex when there is greater 

motor unit recruitment and frequency of firing during resistance exercise at higher 

intensities (Gearhart et al., 2002). However, intensity (%1RM) was lower in HYP than 
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ST, but sRPE was greater compared to POW and ST, which may be a result of a greater 

volume load/time completed in these types of sessions, as seen previously (Hiscock et 

al., 2015, Kraft et al., 2014). Greater volume load/time is thought to cause a greater 

disruption in homeostasis (acid–base balance), as reflected by an increased hydrogen 

ion accumulation (Hardee et al., 2012, Vasquez et al., 2013). This may interfere with 

muscle excitation and contraction coupling, resulting in a decreased ability to produce 

power, leading to an increase in sRPE (Hardee et al., 2012, Vasquez et al., 2013). 

These findings suggest that many physiological factors may contribute to an 

individual’s sRPE, but in the current study, it appears the factors contributing to sRPE 

in HYP, such as acid–base balance, may impact sRPE to a greater magnitude than 

factors contributing to increased sRPE in ST, such as greater motor unit recruitment 

and frequency of firing (Gearhart et al., 2002). However, a causative link to sRPE was 

beyond the scope of this investigation and further study is required. 

Our results indicated that the session type can also affect the duration of reduced CMJ 

performance. Although a reduced CMJ performance was evident after all exercise 

types, the duration of this performance reduction was markedly different between 

POW (12 h), ST (24 h) and HYP (72 h), which supported the hypothesis that greater 

reductions in CMJ performance would be recorded after HYP exercise. These 

neuromuscular performance results are contrary to the findings of McCaulley et al. 

(2009), who also assessed the effect of POW, ST and HYP on neuromuscular 

performance over subsequent days. However, McCaulley et al. (2009) utilised an 

isometric squat to assess the time course of recovery from each exercise session, 

making a direct comparison difficult. Our results suggest that CMJ performance is a 

valid tool for assessing the time course of recovery from different resistance exercise 

sessions, appearing to be sensitive to changes in intensity (%1RM). It has previously 

been reported that exercise sessions with similar volume load but greater intensity 

(%1RM) have a longer time course of recovery, possibly due to greater nervous system 

disruption, as seen in ST when compared to POW in the current study (Bigland-Ritchie 

et al., 1986, McCaulley et al., 2009). However, the greater volume load performed in 

HYP does not make it possible to compare sRPE responses in relation to intensity 

(%1RM) with POW and ST, which is a limitation of this study. The results also suggest 

that, as a monitoring tool, CMJ performance may be reflective of greater volume 

load/time lifted, as seen in HYP, which had significantly greater volume load/time than 
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in ST and POW. Previously, McCaulley et al. (2009) matched the total volume load 

lifted in POW, ST and HYP protocols, but this approach was not replicated in the 

current study, in order to better simulate a more typical volume load/time used for each 

respective session type (i.e., HYP, ST or POW) (Crewther et al., 2006, Kraemer et al., 

1990, Schroeder et al., 2013). Therefore, the greater volume load/time in HYP may 

have resulted in greater micro-trauma and damage to the contractile machinery of the 

muscle fibres compared to POW and ST. This may have impaired the force-generating 

capacity produced during the subsequent CMJ performance tests, for a greater duration 

of time (Váczi et al., 2013). However, without direct assessment, this suggestion 

remains speculative. 

Notwithstanding, the data from this investigation showed that HYP, which recorded 

the highest sRPE, appeared to have the greatest impact on endocrine responses. 

Salivary testosterone was significantly greater immediately post-exercise in HYP 

when compared to POW and ST, which may increase the anabolic effect on muscle 

tissue, neurotransmitter release and muscle cell size over time (Schoenfeld, 2010). In 

support, large acute increases in testosterone were observed following HYP in 

previous literature (Kraemer et al., 1990; Kraemer et al., 2005, Linnamo et al., 2005, 

McCall et al., 1999), which may reflect the greater volume load/time and lower rest 

duration typically allowed between sets in HYP exercise. It is possible that such 

session structures may increase the metabolic stress resulting from anaerobic 

glycolysis for ATP production (Schoenfeld, 2010). The subsequent build-up of 

metabolites such as lactate, hydrogen ions, inorganic phosphate and creatine has been 

found to have a significant impact on anabolic processes, including greater testosterone 

concentrations (Schoenfeld, 2010). Cortisol concentration was 59% higher 

immediately post-exercise compared to baseline in HYP but had reduced by 43% and 

59% in POW and ST respectively. It is possible that the volume load lifted and the 

volume load/time may have been below what was necessary in POW and ST to elicit 

a significant increase in peripheral fatigue, which has previously been linked with 

increased salivary hormone concentrations (Crewther et al., 2006, Kraemer et al., 

2005, McCaulley et al., 2009). Additionally, the reductions in cortisol seen here 

immediately post-exercise may have been the main contributor to the significant 

increase in T:C in POW and ST immediately post-exercise, therefore, the practical 

implications of this increase in T:C may be limited.  
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Overall, the findings from this study suggest that increased volume load and volume 

load/time may result in an increase in sRPE, salivary hormone concentrations and a 

reduction in CMJ performance for a greater duration of time subsequent to the exercise 

session. When volume load and volume load/time are held constant, changes in 

intensity (%1RM) may impact on sRPE and the duration of reduced CMJ performance. 

The impact of such an outcome on the endocrine responses however remains unclear. 

These results may assist ST and conditioning coaches in the periodisation process of 

particular resistance exercise sessions, affording a greater understanding of the 

relevant recovery time course required for different resistance training session types. 

Furthermore, the results of this research may allow coaches to better predict the impact 

on sRPE and endocrine responses when acute programming variables are altered.  
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Summary and Conclusions 

 

Summarises research findings and offers suggestions for the 

practical application of the findings. 
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6.1 Summary 

Research has shown that RPE is a valid, reliable and sensitive tool for quantifying 

internal load in resistance exercise. Changes in acute programming variables, such as 

intensity (%1RM), inter-set rest duration, volume load and volume load/time are 

related to both acute RPE and sRPE (Day et al., 2004, Kraft et al., 2014a, b, Thornton 

et al., 2002, Vasquez et al., 2013). In addition, physiological variables such as HR, 

BLa, energy expenditure and muscle activation are also related to changes in 

programming demands, as well as acute RPE and sRPE; however, these variables are 

often assessed in isolation (Day et al., 2004, Hardee et al., 2012, Kraft et al., 2014b, 

Lagally et al., 2002, Thornton et al., 2002). Fatigue and recovery from resistance 

exercise are also important factors for the exercise practitioner to consider when 

designing a periodised training program. Nevertheless, there is little evidence 

assessing the link between sRPE and measures of fatigue following typical resistance 

exercise workouts. Therefore, it was the primary aim of this thesis to investigate the 

association of some resistance programming variables and physiological factors with 

acute RPE and sRPE responses, as well as how they may relate to the magnitude and 

duration of fatigue following POW, ST and HYP workouts. 

The first study (Chapter 3) assessed the sRPE responses between six different acute 

resistance exercise workouts that were characterised by differences in intensity 

(%1RM), volume load (absolute and relative to time), inter-set rest duration, time 

under tension, session duration, rate of fatigue and training to volitional failure versus 

a known end point. The results showed a significantly higher sRPE was exhibited when 

intensity (%1RM) was greater and volume load and inter-set rest duration remained 

constant. This is in agreement with current literature (Day et al., 2004, Gearhart et al., 

2002, Singh et al., 2007, Sweet et al., 2004), which suggests that sRPE may increase 

due to the more intense corollary signals sent from the sensory to the motor cortex 

when there is greater motor unit recruitment and frequency of firing during resistance 

exercise at higher intensities (%1RM) (Gearhart et al., 2002). However, in resistance 

exercise to volitional failure, intensity (%1RM) does not appear to be the primary 

mediator of perceptual response. Contrary to previous findings by Pritchett et al. 

(2009), who found volume load was the primary mediating factor in trials to volitional 
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failure, the current study found that there was no significant difference in sRPE 

regardless of volume load, intensity (%1RM) or inter-set rest duration.  

These results suggest that resistance exercise sets to volitional failure could result in a 

greater disruption in homeostasis (acid-base balance) than resistance exercise sets with 

a known and achievable end point. Along with disruptions to physiological 

homeostasis, it has also been proposed that exercise-induced fatigue may form part of 

a regulated, anticipatory response coordinated in the subconscious (Noakes et al., 

2004). Since our study found no significant sRPE differences in testing sessions to 

volitional failure, despite differences in other programming variables (intensity: 

%1RM, rest duration between sets, repetitions, tonnage, time under tension and work 

rate), during sets to volitional failure participants may generate a subconscious 

anticipatory response in an attempt to preserve physiological homeostasis, regardless 

of intensity (%1RM) or rest duration between sets (Noakes et al., 2004). Across all 

trials, volume load/time was found to be the only variable that related to sRPE (r = 

0.45, p < 0.05). This result is supported by previous research (Kraft et al., 2014b) and 

it has been suggested that an individual’s ability to produce their usual peak power as 

a resistance exercise workout progresses may influence their subsequent RPE of that 

workout, which may help explain why in our study increased sRPE was (moderately) 

associated with an increased volume load/time. Overall, these results suggest that 

when volume load and inter-set rest are held constant, intensity (%1RM) is the primary 

mediating factor for sRPE. However, increases in volume load/time and training to 

volitional failure are likely to result in greater internal load.  

Following on from these findings, the aim of the second study (Chapter 4) was to 

determine if the results of study one could be better explained by measuring muscle 

activation and BLa responses in relation to acute RPE when volume load/time is 

altered, or when resistance exercise is completed to volitional failure versus a known 

achievable end point. This study showed that RPE-AM increased as volume load/time 

increased, as seen in the two trials to volitional failure compared to the trial with the 

lowest volume load/time of all four trials. This is in partial agreement with recent 

literature (Kraft et al., 2014b), which also found that acute RPE is sensitive to changes 

in volume load/time. However, muscle activation and BLa responses were not 

significantly different between trials, despite differences in acute RPE. Like study one, 
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it may be that during sets to volitional failure, participants generate a subconscious 

anticipatory response in an attempt to preserve physiological homeostasis, regardless 

of volume load/time; or that exercise-induced fatigue may form part of an anticipatory 

response coordinated in the subconscious (Noakes et al., 2004). Overall, the 

differences in acute RPE measures found here between trials, in the absence of any 

significant differences in muscle activation and BLa responses or significant 

relationship existing between them and acute RPE, suggests that there are other 

psychophysiological factors that contribute to acute RPE that were not measured in 

studies one and two.  

Having gained a greater understanding of acute programming variables and 

physiological changes that may impact on acute and sRPE responses, the aim of the 

final study (Chapter 5) was to assess if sRPE may be indicative of the magnitude and 

duration of fatigue over subsequent days following typical POW, ST and HYP 

workouts. The primary findings from this study showed that sRPE is sensitive to POW, 

ST and HYP workouts and may also reflect the magnitude and duration of reduced 

neuromuscular performance following an exercise workout. Like studies one and two, 

sRPE was highest following the greatest volume load/time workout (HYP), compared 

to lower workouts (POW and ST). Additionally, the differences seen in sRPE between 

POW and ST are in agreement with current literature, and also with the findings from 

study one of this thesis, as increases in intensity (%1RM) were found to be the primary 

mediating factor for increases in sRPE (Day et al., 2004, Gearhart et al., 2002, Singh 

et al., 2007, Sweet et al., 2004). The results also suggested that the workout type can 

also affect the recovery of CMJ performance. Although a reduced CMJ performance 

was evident after all exercise types, the duration of this performance reduction (return 

to baseline) was markedly different between POW (12 h), ST (24 h) and HYP (72 h), 

suggesting that CMJ performance is a valid tool for assessing the time course of 

recovery from different resistance exercise workouts. These results are contrary to the 

findings of McCaulley et al. (2009), who also assessed the effect of POW, ST and 

HYP workouts on neuromuscular performance over subsequent days. However, 

McCaulley et al. (2009) matched the total volume load lifted in POW, ST and HYP 

workouts, but this approach was not replicated in the current study, in order to better 

simulate a more typical (ecologically valid) volume load/time used for each respective 

workout type (i.e., HYP, ST or POW) (Crewther et al., 2006; Kraemer et al., 1990; 
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Schroeder et al., 2013). Therefore, the greater volume load/time in HYP may have 

resulted in greater micro-trauma and damage to the contractile machinery of the 

muscle fibres compared to POW and ST. This may have impaired the force-generating 

capacity produced during the subsequent CMJ performance tests, for a greater duration 

of time (Váczi et al., 2013). However, without direct assessment, this suggestion 

remains speculative.  

The data from this final investigation also showed that HYP workouts, which recorded 

the highest sRPE, appear to have the greatest impact on hormonal responses. Salivary 

testosterone was significantly greater immediately post-exercise in HYP when 

compared to POW and ST, which may increase the anabolic effect on muscle tissue, 

neurotransmitter release and muscle cell size over time (Schoenfeld, 2010). In support, 

large acute increases in testosterone have previously been observed following HYP 

workouts (Kraemer et al., 1990, Kraemer et al., 2005, Linnamo et al., 2005, McCall et 

al., 1999), which may reflect the greater volume load/time and lower inter-set rest 

duration typically allowed in HYP workouts. It is possible that such workout structures 

may increase the metabolic strain resulting from anaerobic glycolysis for ATP 

production (Schoenfeld, 2010). Overall, the findings from study three suggest that 

increased workout volume load and volume load/time may result in increases in sRPE 

and salivary hormone concentrations, and reductions in CMJ performance for a greater 

duration of time subsequent to the exercise session. When volume load and volume 

load/time are held constant, changes in intensity (%1RM) may impact on sRPE and 

the duration of reduced CMJ performance. However, the impact of such an outcome 

on the associated endocrine responses remains unclear. 

6.2 Conclusions 

Overall, these three studies provide strong supporting evidence for the use of acute and 

sRPE to monitor training loads in resistance exercise.  Our results showed that both 

acute and sRPE are sensitive to selected resistance exercise programming demands, 

such as intensity (%1RM), volume load/time and training to volitional failure versus a 

known end point. However, only some physiological and performance measures could 

assist in explaining the mechanisms for changes in RPE, as there were no significant 

differences in muscle activation or BLa, despite differences in acute RPE responses 
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when assessing sessions to volitional failure versus a known end point with differing 

volume load/time. Despite this, CMJ performance and hormonal measures of fatigue 

following POW, ST and HYP resistance exercise workouts may be linked to changes 

in sRPE and workout type.  In conclusion, the results from this thesis show that both 

acute RPE (i.e., within a session) and sRPE is influenced by programming demands, 

which may be a useful guide for the likely magnitude and duration of fatigue following 

typical POW, ST and HYP resistance exercise workouts. 

6.3 Practical Applications 

This series of investigations has further added to the current literature on the 

perceptual, physiological and performance responses to resistance exercise. For the 

exercise practitioner, the findings presented here show that acute and sRPE are valid 

and reliable load monitoring tools in resistance exercise. Both acute and sRPE provide 

simple, cost effective and resource efficient alternatives to other load monitoring tools 

and appear to be sensitive to a greater number of variables than volume load. Volume 

load is another load monitoring tool commonly used in resistance exercise, but cannot 

be applied to other training modes (running, cycling, swimming, team sport training, 

etc.) as sRPE can. In contrast, sRPE can be utilised in a number of training modes to 

quantify a global training load, including resistance exercise, which can assist the 

exercise practitioner in the overall planning and integration of training to prevent 

injury and enhance performance. Also, it should be noted that the reporting of sRPE 

post-exercise quickly stabilises. Previous research has recommended that 30 min is an 

appropriate duration post-exercise to obtain a sRPE response. Our results indicate (in 

support of others) that at 15 min post-exercise, sRPE will not be significantly different 

to 30 min, which further enhances the practicality and convenience of this measure.  

Furthermore, acute and sRPE may provide useful information about the likely effect 

of the exercise session/workout on CMJ performance. The prescription of typical POW 

(12 h) workouts is likely to have only a minor effect on the magnitude and duration of 

reduced CMJ performance, whereas ST (24 h) and HYP (72 h) workouts are likely to 

result in greater post-exercise fatigue, as measured by lower body power output. The 

results from this thesis suggest to the exercise practitioner, that the implementation of 

HYP workouts or resistance exercise sessions with high volume load/time may be 
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detrimental to an individual if they are seeking to prepare for a particular 

event/competition within the following 72 h. In addition, ST workouts or resistance 

exercise sessions with greater intensity (%1RM), but similar volume load/time, are 

likely to result in greater fatigue than lower intensity (%1RM) sessions. 

6.4 Limitations 

Although the results of this thesis have useful application, the following limitations 

may apply; 

 The findings of all three studies are limited to the specific population of males 

aged 18-35 years with a training history in team sports and resistance exercise.  

 In all studies the findings are limited to the prescription of the resistance 

exercise sessions/workouts prescribed, and results may vary with any 

modification of this exercise prescription. 

 Perceptual, physiological and performance responses were only measured 

during and following acute resistance exercise sessions/workouts (and not 

across training programs). 

6.5 Future Research Directions 

The findings of this thesis set a foundation for further research to examine other aspects 

of RPE use for training load monitoring in resistance exercise. Future research should 

aim to determine;  

 Changes in perceptual, physiological and performance responses during and 

following a longitudinal resistance training study. 

 The specific physiological and psychological measures that may contribute to 

changes in perceptual responses; in particular, further investigating the 

difference between training to volitional failure versus a known end point. 
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 The link between RPE and perceived recovery measures (Perceived Recovery 

Status Scale) compared to objective training load, psychophysiological and 

performance measures. 

  The effect of similar acute resistance exercise sessions/workouts (as used here) 

on participants with differing characteristics (e.g., gender, age, training history, 

etc.).  

 The impact of different exercise selection, including a comparison of 

upper/lower body exercises and/or isolated/compound exercises on perceptual, 

physiological and performance responses during such resistance training 

exercise. 

Clearly, it is evident that more research is required to further our understanding of the 

relationship between perceptual responses and the physiological, psychological and 

performance responses in response to resistance training exercise. Increased 

knowledge in this area may further expand the application of RPE as a training load 

monitoring tool within the athletic community.   
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Sensitivity of RPE to changing resistance training 

demands 

Participant Information Sheet 

 
PURPOSE 

Quantifying the workloads of elite athletes is of great importance to sports scientists, strength and 

conditioning, medical and coaching staff. Gaining an improved understanding of the total workloads 

of athletes can help reduce injury risk and increase performance. This current study is aiming to 

develop a better understanding of RPE to ensure it is a sensitive and valid method of workload 

quantification in resistance training, with particular application to team sport athletes.  

 

PROCEDURES 

If you choose to participate in this study, you will be asked to attend the Melville Aquatic and Fitness 

Centre for 7 testing sessions over a 7-week period. These sessions will all last for approximately 1 h. 

The initial session is designed to familiarise you to with the laboratory and to test 1 repetition maximum 

for 5 exercises. A controlled warm up consisting of 5 minutes self-paced cycling, followed by 10 

repetitions at 50% of predicted 1RM and 5 repetitions at 70% predicted 1RM for each exercise will 

precede the 1RM  attempts for each exercise.  

 

The subsequent 5 exercise sessions involve 5 minutes self-paced cycling at the beginning of each 

testing sessions, as well as 10 repetitions at 50% of 1RM for each exercise, followed by a structured 

resistance training program. The program will include sessions comprising of the same exercises used 

in 1RM testing, but different repetition number, intensity, and rest duration. You will be required to 

stick to the timings, as stated in the program, and provide RPE and duration concluding each exercise, 

as well as for the entirety of the session itself.  It is highly recommended that you avoid weights training 

for 48 h preceding testing sessions.  

 

RISKS 

The study incorporates maximal strength testing in the 1RM exercise tests during session 1, followed by 

exercise training sessions which may result in minor discomfort and risk of injury of a musculoskeletal 

nature.  
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BENEFITS 

You will be presented with a report on the results of your 1RM testing, providing you with information 

regarding your maximal strength capacities with respect to the exercises chosen throughout the study. 

Additionally, you will be a part of a resistance training program guided by a professional strength and 

conditioning coach at no financial cost to you.  

 

CONFIDENTIALITY 

The confidentiality regarding your details, at all times will be strictly maintained. All data will be de-

identified, so no participant can be connected with his data, and the safe-keeping of data will be ensured 

at all times.  

 

PARTICIPANT RIGHTS 

Participation in this research is voluntary and you are free to withdraw from the study at any time 

without prejudice. You can withdraw for any reason and you do not need to justify your decision. If 

you withdraw from the study and you are an employee or student at the University of Western Australia 

this will not prejudice your status and rights as employee or student of the University of Western 

Australia. If you do withdraw we may wish to retain the data that we have recorded from you but only 

if you agree, otherwise your records will be destroyed. Your participation in this study does not 

prejudice any right to compensation that you may have under statute of common law. 

 

If you have any questions concerning the research at any time please feel free to ask the researcher 

who has contacted you about your concerns. Further information regarding this study may be 

obtained from: 

 

Doctoral Candidate:  

 Mr Daniel James Hiscock: School of Sport Science, Exercise and Health. The University of 

Western Australia. Ph: 0404 642 716. Email: hiscod01@student.uwa.edu.au 

 
Supervisors: 

 Dr Peter Peeling: School of Sport Science, Exercise and Health. The University of Western 

Australia. Ph: (08) 9387 8166. Email: ppeeling@wais.org.au 

 Winthrop Professor Brian Dawson: School of Sport Science, Exercise and Health. The 

University of Western Australia. Ph: (08) 6488 2276. Email: brian.dawson@uwa.edu.au 

 

Approval to conduct this research has been provided by the University of Western Australia, in accordance with 

its ethics review and approval procedures. Any person considering participation in this research project, or 

agreeing to participate, may raise any questions or issues with the researchers at any time. In addition, any person 

not satisfied with the response of researchers may raise ethics issues or concerns, and may make any complaints 

about this research project by contacting the Human Research Ethics Office at the University of Western Australia 

on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research participants are entitled to retain 

a copy of any Participant Information Form and/or Participant Consent Form relating to this research project. 
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Sensitivity of RPE to changing resistance training 

programming demands 

Participant Consent Form 

 
As a participant, you are free to withdraw your consent to participate at any time without prejudice. The 

researchers will answer any questions you may have in regard to the study at any time.  

 

I ________________________ (participants name) acknowledge that I have read the above statement 

and information sheet, which explains the nature, purpose and risks of the investigation and that any 

questions I have asked have been answered to my satisfaction. I agree to participate in this study 

realising that I may withdraw at any time without prejudice. 

 

I understand that all information provided is treated as strictly confidential and will not be released by 

the investigator unless required to so by law. 

 

I agree that research data gathered for the study may be published provided my name or other identifying 

information is not used. 

 

____________________________  ______________________ 

Participant      Date 

 

 

Approval to conduct this research has been provided by the University of Western Australia, in 

accordance with its ethics review and approval procedures. Any person considering participation in 

this research project, or agreeing to participate, may raise any questions or issues with the researchers 

at any time. In addition, any person not satisfied with the response of researchers may raise ethics 

issues or concerns, and may make any complaints about this research project by contacting the Human 

Research Ethics Office at the University of Western Australia on (08) 6488 3703 or by emailing to hreo-

research@uwa.edu.au. All research participants are entitled to retain a copy of any Participant 

Information Form and/or Participant Consent Form relating to this research project. 
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Raw Data-Study 1-Chapter 3: Participant information      

Participant Date of Birth Age (years) Height (cm) Mass (kg) 
Body Fat 

(%) 
1RM Bench 
Press (kg) 

1RM Leg Press 
(kg) 

1RM Lat 
Pulldown (kg) 

1RM Leg Curl 
(lb) 

1RM Leg Curl 
(kg) 

1RM Tricep 
Pushdown 

(kg) 

1 4/03/1986 27 178.3 77.9 20.9 100.00 175.00 89.00 170.00 77.11 33.75 

2 31/12/1963 49 183.0 83.3 22.3 95.00 180.00 89.00 160.00 72.57 33.75 

3 5/11/1992 20 182.0 83.7 20.9 107.50 200.00 96.00 155.00 70.31 36.25 

4 4/07/1990 23 173.0 66.3 17.6 100.00 125.00 82.00 130.00 58.97 33.75 

5 3/08/1989 24 184.0 84.1 18.5 100.00 175.00 96.00 120.00 54.43 36.25 

6 14/10/1990 22 183.5 66.7 10.8 65.00 125.00 75.00 170.00 77.11 22.25 

7 12/04/1990 23 179.0 74.3 21.7 90.00 210.00 94.00 150.00 68.04 31.25 

8 18/01/1990 23 189.5 89.2 15.9 85.00 200.00 89.00 160.00 72.57 33.75 

9 23/01/1983 30 188.0 88.4 19.7 90.00 220.00 89.00 180.00 81.65 38.75 

10 13/08/1991 22 173.1 66.6 10.7 90.00 220.00 89.00 160.00 72.57 33.75 

Mean   26.3 181.3 78.1 17.9 92.25 183.00 88.80 70.53 70.53 70.53 

SD   8.0 5.3 8.6 4.0 11.09 33.03 6.06 7.89 7.89 7.89 
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Raw Data-Study 1-Chapter 3: Training Session A Data   

Participant sRPE (15 min) sRPE (30 min) Total Repetitions Tonnage (kg) Session Duration (s) Lifting Duration (s) 
Work Rate 

(Tonnage/Time) 

1 5.0 4.0 120 9538.2 3570 428 2.67 

2 6.0 6.0 120 9370.2 3450 447 2.72 

3 4.5 4.5 120 9991.8 3473 422 2.88 

4 4.0 4.0 120 7908.6 3570 437 2.22 

5 5.0 5.0 120 8857.8 3530 439 2.51 

6 2.5 2.5 120 7681.8 3631 484 2.12 

7 2.0 2.0 120 9664.2 3702 509 2.61 

8 3.0 3.0 120 9538.2 3488 450 2.73 

9 4.0 4.0 120 10378.2 3856 493 2.69 

10 4.0 4.0 120 9958.2 3588 420 2.78 

Mean 4.0 3.9 120 9288.7 3586 453 2.59 

SD 1.2 1.1 0 841.1 115 30 0.23 
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Raw Data-Study 1-Chapter 3: Training Session B Data   

Participant sRPE (15 min) sRPE (30 min) Total Repetitions Tonnage (kg) Session Duration (s) Lifting Duration (s) 
Work Rate 

(Tonnage/Time) 

1 4.0 3.5 210 9538.2 3949 803 2.42 

2 3.0 3.0 210 9370.2 3855 737 2.43 

3 3.5 3.0 210 9991.8 4103 906 2.44 

4 3.0 3.0 210 7908.6 3768 666 2.10 

5 2.0 2.0 210 8857.8 3815 752 2.32 

6 1.5 1.5 210 7681.8 4020 920 1.91 

7 2.0 2.0 210 9664.2 4286 1076 2.25 

8 3.0 3.0 210 9538.2 4080 890 2.34 

9 1.0 1.0 210 10378.2 3987 840 2.60 

10 2.0 2.0 210 9958.2 3800 760 2.62 

Mean 2.5 2.4 210 9288.7 3966 835 2.34 

SD 0.9 0.8 0 841.1 155 112 0.21 
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Raw Data-Study 1-Chapter 3: Training Session C Data   

Participant sRPE (15 min) sRPE (30 min) Total Repetitions Tonnage (kg) Session Duration (s) Lifting Duration (s) 
Work Rate 

(Tonnage/Time) 

1 5.5 5.0 121 10422.1 2471 540 4.22 

2 8.5 8.5 187 16522.3 2578 624 6.41 

3 6.0 6.0 135 13723.5 2502 541 5.49 

4 6.5 6.5 110 7375.9 2292 383 3.22 

5 7.0 7.0 153 12384.8 2548 568 4.86 

6 4.5 4.5 150 10801.0 2636 628 4.10 

7 4.0 4.0 135 11873.8 2773 693 4.28 

8 5.0 5.0 122 10947.7 2473 509 4.43 

9 8.0 8.0 171 17312.1 2566 607 6.75 

10 5.5 5.5 151 13638.3 2470 538 5.52 

Mean 6.1 6.0 144 12500.1 2531 563 4.93 

SD 1.4 1.4 23 2800.1 119 80 1.05 
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Raw Data-Study 1-Chapter 3: Training Session E Data   

Participant sRPE (15 min) sRPE (30 min) Total Repetitions Tonnage (kg) Session Duration (s) Lifting Duration (s) 
Work Rate 

(Tonnage/Time) 

1 9.0 9.0 229 10751.2 2770 927 3.88 

2 5.0 6.0 408 21758.7 3665 1399 5.94 

3 4.5 4.5 297 17158.5 3330 1254 5.15 

4 6.5 6.5 271 10952.0 2685 1044 4.08 

5 4.0 4.0 287 13902.4 3020 1096 4.60 

6 4.5 4.5 368 15943.4 3725 1769 4.28 

7 4.0 4.0 261 13350.2 3127 1127 4.27 

8 4.0 4.0 240 12904.4 2972 927 4.34 

9 6.0 7.0 333 18802.2 3339 1276 5.63 

10 5.5 5.5 317 16884.5 3086 1156 5.47 

Mean 5.3 5.5 301 15240.8 3172 1198 4.76 

SD 1.5 1.6 54 3337.9 328 237 0.69 
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Raw Data-Study 1-Chapter 3: Training Session F Data   

Participant sRPE (15 min) sRPE (30 min) Total Repetitions Tonnage (kg) Session Duration (s) Lifting Duration (s) 
Work Rate 

(Tonnage/Time) 

1 6.0 6.0 296 14964.2 4378 1271 3.42 

2 7.0 7.0 567 30364.1 5313 2080 5.72 

3 6.0 6.0 304 16442.9 4561 1337 3.61 

4 5.5 5.5 299 11979.4 4220 1113 2.84 

5 4.0 4.0 341 17297.5 4248 1178 4.07 

6 3.5 3.5 423 17491.2 5058 1862 3.46 

7 4.5 4.5 320 16279.7 4615 1386 3.53 

8 3.0 3.0 269 13623.6 4152 1048 3.28 

9 7.0 7.0 524 32792.5 5120 1934 6.40 

10 4.0 4.0 320 15938.2 4249 1189 3.75 

Mean 5.1 5.1 366 18717.3 4591 1440 4.01 

SD 1.4 1.4 98 6644.9 404 356 1.08 
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B 

Study 2 - Data and 

Supplementary Information 

 

Provides participant information, ethics, published article, 

raw data and other information relating to Study 2. 
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Sensitivity of RPE and muscle activation to changing resistance training demands 

— Participant Information Booklet — 

PURPOSE 

Quantifying the workloads of elite athletes is of great importance to sports scientists, strength and 

conditioning, medical and coaching staff. Gaining an improved understanding of the total workloads of 

athletes can help reduce injury risk and increase performance. This current study is aiming to develop a 

better understanding of RPE to ensure it is a sensitive and valid method of workload quantification in 

resistance training, with particular application to team sport athletes.  

 

PROCEDURES 

If you choose to participate in this study, you will be asked to attend the University of Western Australia 

Sports Biomechanics Laboratory for 3 testing sessions over a 3-week period. The initial familiarisation 

session will last for approximately 30 min, and the subsequent testing sessions will last approximately 2 

h. The initial session is designed to familiarise you to the laboratory and to test 1 repetition maximum 

(1RM) for single arm (preferred arm) dumbbell bicep curl, as well as collect anthropometric data and 

conduct a pre-exercise screening questionnaire. A controlled warm up consisting of 10 repetitions at 50% 

of predicted 1RM and 5 repetitions at 70% predicted 1RM, will precede all 1RM attempts.  

 

For testing sessions 1 and 2, upon arrival, you will have a very small area of your skin over your bicep 

muscle shaved, abraded and swabbed, before electrodes will be placed on the skin surface to measure 

muscle activation, using sEMG (NORAXON® Telemyo system sampling at 2000 Hz). After warming 

up, a 1RM test for the dumbbell bicep curl exercise will be completed twice, which will determine MVE 

for that days testing session. The structured resistance training program for each session will use 70% 

1RM single arm bicep curl. But with different repetition numbers and rest durations between sets. You 

will be required to stick to timings, as stated in the program, and provide RPE and a micro sample 

(fingertip or earlobe) of blood for lactate analysis concluding each set. It is highly recommended that you 

avoid weights training for 48 h preceding testing sessions.  

 

RISKS 
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The study incorporates maximal strength testing in the 1RM exercise tests during session 1, followed 

by exercise training sessions which may result in minor discomfort and risk of injury of a 

musculoskeletal nature. However, your experience in weight training will minimise the risks and level 

of exertion required is no different to that normally involved in weight training sessions. Providing 

micro samples of blood from a fingertip or earlobe carries a very small risk of infection, but sterile 

collection conditions will always be applied, and this is a very routine practice within our laboratory. 

 

BENEFITS 

You will be presented with a report on the results of your 1RM testing, providing you with information 

regarding your maximal strength capacities with respect to the exercises chosen throughout the study. 

Additionally, you will be a part of a resistance training program guided by a professional strength and 

conditioning coach at no financial cost to you.  

 

CONFIDENTIALITY 

The confidentiality regarding your details, at all times will be strictly maintained. All data will be de-

identified, so no participant can be connected with his data, and the safe-keeping of data will be ensured 

at all times.  

 

PARTICIPANT RIGHTS 

Participation in this research is voluntary and you are free to withdraw from the study at any time without 

prejudice. You can withdraw for any reason and you do not need to justify your decision. If you withdraw 

from the study and you are an employee or student at the University of Western Australia this will not 

prejudice your status and rights as employee or student of the University of Western Australia. If you do 

withdraw we may wish to retain the data that we have recorded from you but only if you agree, otherwise 

your records will be destroyed. Your participation in this study does not prejudice any right to 

compensation that you may have under statute of common law. 

If you have any questions concerning the research at any time please feel free to ask the researcher who 

has contacted you about your concerns. Further information regarding this study may be obtained from: 

Doctoral Candidate:  

 Mr Daniel James Hiscock: School of Sport Science, Exercise and Health. The University of 

Western Australia. Ph: 0404 642 716. Email: hiscod01@student.uwa.edu.au 

Supervisors: 

 Dr Peter Peeling: School of Sport Science, Exercise and Health. The University of Western 

Australia. Ph: (08) 9387 8166. Email: ppeeling@wais.org.au 

 Winthrop Professor Brian Dawson: School of Sport Science, Exercise and Health. The 

University of Western Australia. Ph: (08) 6488 2276. Email: brian.dawson@uwa.edu.au 

 
Approval to conduct this research has been provided by the University of Western Australia, in accordance with its ethics review 
and approval procedures. Any person considering participation in this research project, or agreeing to participate, may raise 

any questions or issues with the researchers at any time. In addition, any person not satisfied with the response of researchers 

may raise ethics issues or concerns, and may make any complaints about this research project by contacting the Human Research 
Ethics Office at the University of Western Australia on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research 

participants are entitled to retain a copy of any Participant Information Form and/or Participant Consent Form relating to this 

research project.

mailto:hiscod01@student.uwa.edu.au
mailto:ppeeling@wais.org.au
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Sensitivity of RPE and muscle activation to changing 

resistance training programming demands 

 

— Participant Consent Form — 
 

As a participant, you are free to withdraw your consent to participate at any time without 

prejudice. The researchers will answer any questions you may have in regard to the study at 

any time.  

 

I ________________________ (participants name) acknowledge that I have read the above 

statement and information sheet, which explains the nature, purpose and risks of the 

investigation and that any questions I have asked have been answered to my satisfaction. I 

agree to participate in this study realising that I may withdraw at any time without prejudice. 

 

I understand that all information provided is treated as strictly confidential and will not be 

released by the investigator unless required to so by law. 

 

I agree that research data gathered for the study may be published provided my name or other 

identifying information is not used. 

 

____________________________  ______________________ 

Participant      Date 

 

Approval to conduct this research has been provided by the University of Western Australia, 

in accordance with its ethics review and approval procedures. Any person considering 

participation in this research project, or agreeing to participate, may raise any questions or 

issues with the researchers at any time. In addition, any person not satisfied with the response 

of researchers may raise ethics issues or concerns, and may make any complaints about this 

research project by contacting the Human Research Ethics Office at the University of Western 

Australia on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research 

participants are entitled to retain a copy of any Participant Information Form and/or 

Participant Consent Form relating to this research project. 
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Raw Data-Study 2-Chapter 4: Participant information 

Participant Date of Birth Age (years) Height (cm) Mass (kg) 
1RM Bicep Curl 

(kg) 
1RM Hammer Curl 

(kg) 

1 11/12/1991 22 179.5 70.0 14.72 12.22 

2 9/09/1983 30 181.0 59.0 12.22 9.72 

3 22/10/1991 22 188.0 70.0 12.22 12.22 

4 8/04/1981 32 181.7 74.5 12.22 12.22 

5 20/07/1989 24 179.5 82.5 14.72 14.72 

6 16/03/1984 29 167.0 73.0 19.72 19.72 

7 24/01/1989 25 182.8 81.0 14.72 14.72 

8 31/01/1978 36 190.1 90.0 22.22 19.72 

9 28/02/1991 23 178.0 70.0 14.72 14.72 

10 19/12/1988 25 188.0 92.0 17.22 17.22 

Mean  27.0 180.8 74.4 15.28 14.44 

SD  4.5 6.3 9.6 3.17 3.16 
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Raw Data-Study 2-Chapter 4: Trial A (3 x 8 x 70% 1RM, 2 min inter-set rest) 

Participant 
Mean 

Repetitions 
Mean RPE-

Overall 

Mean RPE-
Active 
Muscle 

Blood 
Lactate 

Bicep 
Peak 

Bicep 
Mean Bicep Int BR Peak BR Mean BR Int 

Volume 
Load (kg) 

Total 
Time (s) 

Total 
Time 
(min) 

Work Rate 
(Volume 

Load/Time) 

1 8 2.7 5.7 1.7 0.77 0.37 1497 0.56 0.30 1208 197 432 7.2 27 

2 8 3.5 7.7 1.5 0.63 0.29 1253 0.56 0.28 1164 161 432 7.2 22 

3 8 5.5 6.5 2.0 0.68 0.39 1608 0.47 0.28 1140 197 432 7.2 27 

4 8 2.7 4.8 2.0 0.58 0.25 1017 0.71 0.35 1424 197 432 7.2 27 

5 8 3.7 6.5 1.4 0.43 0.19 803 0.61 0.35 1457 221 432 7.2 31 

6 8 3.0 4.7 1.6 0.70 0.31 870 0.70 0.33 922 317 432 7.2 44 

7 8 3.2 4.5 1.4 0.70 0.31 870 0.70 0.33 922 233 432 7.2 32 

8 8 5.7 7.2 1.8 0.58 0.21 858 0.76 0.39 1580 353 432 7.2 49 

9 8 3.3 7.7 1.7 0.64 0.32 1018 0.69 0.36 1142 233 432 7.2 32 

10 8 3.3 5.7 1.4 0.76 0.34 1315 0.84 0.47 1832 281 432 7.2 39 

Mean 8 3.7 6.1 1.7 0.63 0.30 1088 0.64 0.33 1218 235 432 7.2 33 

SD 0 1.0 1.1 0.2 0.10 0.06 274 0.10 0.05 276 57 0 0.0 8 

 
Raw Data-Study 2-Chapter 4: Trial A (3 x 8 x 70% 1RM, 4 min inter-set rest) 

Participant 
Mean 

Repetitions 
Mean RPE-

Overall 

Mean RPE-
Active 
Muscle 

Blood 
Lactate 

Bicep 
Peak 

Bicep 
Mean Bicep Int BR Peak BR Mean BR Int 

Volume 
Load (kg) 

Total 
Time (s) 

Total 
Time 
(min) 

Work Rate 
(Volume 

Load/Time) 

1 8 2.0 5.0 2.1 0.73 0.37 1356 0.61 0.34 1263 197 672 11.2 18 

2 8 5.0 7.0 1.6 0.67 0.31 1077 0.65 0.31 1081 161 672 11.2 14 

3 8 4.5 5.2 1.9 0.59 0.33 1305 0.42 0.25 968 197 672 11.2 18 

4 8 3.0 4.3 2.1 0.63 0.27 981 0.67 0.35 1250 197 672 11.2 18 

5 8 4.2 6.0 1.7 0.50 0.23 891 0.71 0.33 1274 221 672 11.2 20 

6 8 3.0 4.3 1.6 0.62 0.29 797 0.67 0.34 926 317 672 11.2 28 

7 8 3.0 4.0 1.2 0.62 0.29 797 0.67 0.34 926 233 672 11.2 21 

8 8 5.7 7.7 1.4 0.58 0.23 942 0.69 0.36 1472 353 672 11.2 32 

9 8 3.0 6.3 1.7 0.60 0.31 898 0.59 0.33 957 233 672 11.2 21 

10 8 2.0 4.3 1.4 0.72 0.31 1194 0.76 0.41 1564 281 672 11.2 25 

Mean 8 3.7 5.5 1.7 0.62 0.29 1005 0.63 0.33 1124 235 672 11.2 21 

SD 0 1.2 1.2 0.3 0.06 0.04 191 0.09 0.04 220 57 0 0.0 5 
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Raw Data-Study 2-Chapter 4: Trial A (3 x maximum number of reps  x 70% 1RM, 2 min inter-set rest) 

Participant 
Mean 

Repetitions 
Mean RPE-

Overall 

Mean RPE-
Active 
Muscle 

Blood 
Lactate 

Bicep 
Peak 

Bicep 
Mean Bicep Int BR Peak BR Mean BR Int 

Volume 
Load (kg) 

Total 
Time (s) 

Total 
Time 
(min) 

Work Rate 
(Volume 

Load/Time) 

1 9 4.0 7.7 1.8 0.75 0.39 1661 0.72 0.42 1794 230 464 7.7 30 

2 13 7.0 9.3 2.7 0.74 0.32 1256 0.72 0.31 1221 262 552 9.2 28 

3 9 5.8 6.8 1.4 0.53 0.32 1274 0.83 0.48 1942 214 448 7.5 29 

4 21 5.3 7.7 2.2 0.74 0.40 1292 0.71 0.38 1267 510 736 12.3 42 

5 17 4.0 7.8 2.0 0.23 0.12 423 0.54 0.27 990 470 648 10.8 44 

6 12 6.2 5.0 2.5 0.72 0.33 974 0.74 0.34 1000 463 520 8.7 53 

7 13 2.8 6.3 2.0 0.59 0.27 1100 0.75 0.40 1662 379 552 9.2 41 

8 10 6.3 8.5 2.1 0.58 0.25 1065 0.73 0.40 1716 442 480 8.0 55 

9 4 3.0 8.3 1.8 0.52 0.27 931 0.67 0.37 1263 126 344 5.7 22 

10 7 5.0 5.0 1.7 0.60 0.24 1064 0.68 0.33 1527 246 408 6.8 36 

Mean 12 4.9 7.5 2.1 0.60 0.29 1109 0.71 0.38 1428 344 527 8.8 38 

SD 5 1.4 1.4 0.4 0.15 0.08 302 0.07 0.06 319 127 109 1.8 10 

 
Raw Data-Study 2-Chapter 4: Trial A (3 x maximum number of reps x 70% 1RM, 4 min inter-set rest) 

Participant 
Mean 

Repetitions 
Mean RPE-

Overall 

Mean RPE-
Active 
Muscle 

Blood 
Lactate 

Bicep 
Peak 

Bicep 
Mean Bicep Int BR Peak BR Mean BR Int 

Volume 
Load (kg) 

Total 
Time (s) 

Total 
Time 
(min) 

Work Rate 
(Volume 

Load/Time) 

1 11 4.0 6.7 1.9 0.70 0.37 1503 0.78 0.46 1852 271 744 12.4 22 

2 11 8.0 9.7 2.0 0.61 0.27 1108 0.68 0.32 1274 215 736 12.3 18 

3 16 5.7 6.3 1.9 0.62 0.35 1505 0.76 0.44 1876 386 856 14.3 27 

4 24 5.0 7.7 2.3 0.74 0.40 1320 0.67 0.37 1244 584 1048 17.5 33 

5 19 4.0 7.3 1.7 0.29 0.14 544 0.70 0.34 1326 526 936 15.6 34 

6 12 7.0 5.7 2.7 0.66 0.32 878 0.48 0.23 607 489 776 12.9 38 

7 16 3.3 7.5 1.8 0.45 0.20 817 0.75 0.38 1547 447 848 14.1 32 

8 7 5.3 9.2 1.7 0.58 0.26 1168 0.77 0.42 1848 309 648 10.8 29 

9 8 2.7 8.0 2.0 0.54 0.24 903 0.58 0.30 1137 224 664 11.1 20 

10 11 2.3 5.0 2.0 0.57 0.21 791 0.67 0.29 1119 387 744 12.4 31 

Mean 14 5.0 7.6 2.0 0.58 0.28 1083 0.69 0.36 1412 383 806 13.4 28 

SD 5 1.7 1.4 0.3 0.12 0.08 305 0.09 0.07 384 121 117 2.0 6 
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Perceived exertion, neuromuscular fatigue and endocrine responses 

in resistance training 

 — Participant Information Sheet — 

PURPOSE 

Quantifying the workloads of elite athletes is of great importance to sports scientists, strength and 

conditioning, medical and coaching staff. Gaining an improved understanding of the overall 

workloads of athletes can help reduce injury risk and increase performance. This current study is 

aiming to develop a better understanding of RPE in relation to neuromuscular fatigue and endocrine 

responses to ensure it is a sensitive and valid method of workload quantification, with particular 

application to team sport athletes.  

 

PROCEDURES 

If you choose to participate in this study, you will be asked to attend the East Perth Football Club 

at Leederville Oval for 4 resistance exercise sessions and 12 follow up sessions over a 4-week 

period. The resistance exercise sessions will all last for approximately 1 h and the follow up 

sessions approximately 15-30 min. The initial session is designed to familiarise you to with the 

testing protocols and to test 1 repetition maximum for 4 exercises.  

 

On Monday evening of the following 3 weeks you will complete either a ST, POW or HYP type 

resistance exercise program. Tuesday morning, Tuesday evening, Wednesday evening and 

Thursday evening of the 3 weeks will simply be a follow up to measure neuromuscular fatigue and 

endocrine responses from Monday evenings resistance exercise session. Neuromuscular fatigue 

will be measured via linear transducer technology from 2 sets of 3 countermovement jumps and 

endocrine responses will be measured via salivary analysis. A standardised warm up will be 

completed prior to all resistance exercise and follow up sessions. 

 

RISKS 

School of Sport Science, Exercise 

and Health M408 

The University of Western 

Australia 

35 Stirling Highway 

Crawley 

Western Australia 6009 
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The study incorporates maximal strength testing in the 1RM exercise tests during session 1, 

followed by exercise training sessions which may result in minor discomfort and risk of injury of 

a musculoskeletal nature.  

 

BENEFITS 

You will be presented with a report on the results of your 1RM testing, providing you with 

information regarding your maximal strength capacities with respect to the exercises chosen 

throughout the study. Additionally, you will be a part of a resistance training program guided by a 

professional strength and conditioning coach at no financial cost to you.  

 

CONFIDENTIALITY 

The confidentiality regarding your details, at all times will be strictly maintained. All data will be 

de-identified, so no participant can be connected with his data, and the safe-keeping of data will be 

ensured at all times.  

 

PARTICIPANT RIGHTS 

Participation in this research is voluntary and you are free to withdraw from the study at any time 

without prejudice. You can withdraw for any reason and you do not need to justify your decision. 

If you withdraw from the study and you are an employee or student at the University of Western 

Australia this will not prejudice your status and rights as employee or student of the University of 

Western Australia. If you do withdraw we may wish to retain the data that we have recorded from 

you but only if you agree, otherwise your records will be destroyed. Your participation in this study 

does not prejudice any right to compensation that you may have under statute of common law. 

 

If you have any questions concerning the research at any time please feel free to ask the 

researcher who has contacted you about your concerns. Further information regarding this study 

may be obtained from: 

Doctoral Candidate:  

 Mr Daniel James Hiscock: School of Sport Science, Exercise and Health. The University 

of Western Australia. Ph: 0404 642 716. Email: hiscod01@student.uwa.edu.au 

 
Supervisors: 

 Dr Peter Peeling: School of Sport Science, Exercise and Health. The University of Western 

Australia. Ph: (08) 9387 8166. Email: ppeeling@wais.org.au 

 Winthrop Professor Brian Dawson: School of Sport Science, Exercise and Health. The 

University of Western Australia. Ph: (08) 6488 2276. Email: brian.dawson@uwa.edu.au 

 
Approval to conduct this research has been provided by the University of Western Australia, in accordance with its ethics 

review and approval procedures. Any person considering participation in this research project, or agreeing to participate, 

may raise any questions or issues with the researchers at any time. In addition, any person not satisfied with the response 
of researchers may raise ethics issues or concerns, and may make any complaints about this research project by contacting 

the Human Research Ethics Office at the University of Western Australia on (08) 6488 3703 or by emailing to hreo-

research@uwa.edu.au. All research participants are entitled to retain a copy of any Participant Information Form and/or 
Participant Consent Form relating to this research project. 

mailto:hiscod01@student.uwa.edu.au
mailto:ppeeling@wais.org.au
mailto:hreo-research@uwa.edu.au
mailto:hreo-research@uwa.edu.au
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Perceived exertion, neuromuscular fatigue and 

endocrine responses in resistance training 

— Participant Consent Form — 
 

As a participant, you are free to withdraw your consent to participate at any time 

without prejudice. The researchers will answer any questions you may have in 

regard to the study at any time.  

 

I ________________________ (participants name) acknowledge that I have read 

the above statement and information sheet, which explains the nature, purpose and 

risks of the investigation and that any questions I have asked have been answered 

to my satisfaction. I agree to participate in this study realising that I may withdraw 

at any time without prejudice. 

 

I understand that all information provided is treated as strictly confidential and will 

not be released by the investigator unless required to so by law. 

 

I agree that research data gathered for the study may be published provided my 

name or other identifying information is not used. 

 

____________________________  ______________________ 

Participant      Date 

 

Approval to conduct this research has been provided by the University of Western Australia, in 

accordance with its ethics review and approval procedures. Any person considering participation 

in this research project, or agreeing to participate, may raise any questions or issues with the 

researchers at any time. In addition, any person not satisfied with the response of researchers may 

raise ethics issues or concerns, and may make any complaints about this research project by 

contacting the Human Research Ethics Office at the University of Western Australia on (08) 6488 

3703 or by emailing to hreo-research@uwa.edu.au. All research participants are entitled to retain 

a copy of any Participant Information Form and/or Participant Consent Form relating to this 

research project. 

School of Sport Science, Exercise 

and Health M408 

The University of Western 

Australia 

35 Stirling Highway 

Crawley 

Western Australia 6009 
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Raw Data-Study 3-Chapter 5: Participant Information 

Participant Height(cm) Mass (kg) Age (years) 1RM Squat 
1RM 

Deadlift 

1RM 
Bench 
Press 

1RM Bench 
Pull 

1 178 73 24 105 120 82.5 70 

2 185 74 24 105 100 75 75 

3 187 90 28 90 110 85 80 

4 185 120 31 120 140 130 92.5 

5 174 68 25 125 160 110 90 

6 180 75 22 105 105 90 65 

7 180 84 23 130 135 100 95 

8 180 88 25 110 120 90 85 

9 182 95 25 110 110 90 85 

10 181 85 23 120 135 100 100 

11 165 69 22 150 127.5 82 82 

12 194 108 21 110 135 107.5 95 

MEAN 180.9 85.8 24.4 115.0 124.8 95.2 84.5 

SD 6.8 15.3 2.7 14.7 16.5 14.6 10.3 

 

Raw Data-Study 3-Chapter 5: Power Workout Information 

Participant Volume Load (kg) Session Duration (min) Volume Load/Time (min) sRPE 

1 4980 41.3 120.5 4 

2 4700 41.3 113.7 3 

3 4750 41.3 114.9 3 

4 7860 41.3 190.2 4 

5 6385 41.3 154.5 3 

6 5965 51.4 116.0 3 

7 4795 33.1 144.9 2 

8 5800 45.1 128.5 1 

9 5850 46.8 125.1 4 

10 5170 35.8 144.3 2 

11 5310 37.8 140.3 3 

12 5990 42.3 141.5 4 

MEAN 5629.6 41.6 136.2 3.0 

SD 862.9 4.6 20.9 0.9 
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Raw Data-Study 3-Chapter 5: Strength Workout Information 

Participant Volume Load (kg) Session Duration (min) Volume Load/Time (min) sRPE 

1 4980 41.3 120.5 4 

2 4700 41.3 113.7 4 

3 4750 41.3 114.9 7 

4 7860 41.3 190.2 6 

5 6385 41.3 154.5 5 

6 5965 51.4 116.0 6 

7 4795 33.1 144.9 3 

8 5800 45.1 128.5 4 

9 5850 46.8 125.1 3 

10 5170 35.8 144.3 4 

11 5310 37.8 140.3 5 

12 5990 42.3 141.5 5 

MEAN 5629.6 41.6 136.2 4.7 

SD 862.9 4.6 20.9 1.2 

 

Raw Data-Study 3-Chapter 5: Hypertrophy Workout Information 

Participant Volume Load (kg) Session Duration (min) Volume Load/Time (min) sRPE 

1 9825 38.0 258.6 7 

2 9200 38.0 242.1 9 

3 9475 38.0 249.3 10 

4 15600 38.0 410.5 9 

5 12700 38.0 334.2 8 

6 11875 48.0 247.4 9 

7 9400 30.0 313.2 6 

8 11500 41.3 278.3 8 

9 11730 43.3 271.1 8 

10 10300 33.0 312.5 9 

11 10575 34.9 302.6 9 

12 11900 38.6 308.7 7.5 

MEAN 11173.3 38.3 294.0 8.3 

SD 1737.5 4.4 45.7 1.0 
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Raw Data-Study 3-Chapter 5: Power Workout Countermovement Jump Peak Velocity (m/s) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 2.78 2.73 2.69 2.73 2.93 2.95 

2 2.90 2.83 2.91 2.99 3.16 3.23 

3 2.60 2.47 2.57 2.64 2.76 2.65 

4 2.32 2.20 2.26 2.25 2.32 2.48 

5 3.06 3.03 3.04 3.05 3.07 3.09 

6 2.95 2.83 2.97 2.99 2.94 2.95 

7 3.25 3.15 3.15 3.31 3.32 3.35 

8 2.65 2.53 2.63 2.73 2.76 2.95 

9 3.25 3.21 3.25 3.22 3.21 3.23 

10 2.86 2.72 2.88 2.86 2.82 2.86 

11 2.92 2.77 2.89 2.88 2.89 2.87 

12 2.71 2.67 2.66 2.90 2.76 2.79 

MEAN 2.85 2.76 2.83 2.88 2.91 2.95 

SD 0.25 0.27 0.26 0.27 0.25 0.24 

 

Raw Data-Study 3-Chapter 5: Strength Workout Countermovement Jump Peak Velocity (m/s) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 2.93 2.68 2.76 2.84 2.92 2.88 

2 3.25 3.20 3.20 3.38 3.36 3.43 

3 2.60 2.48 2.54 2.57 2.68 2.68 

4 2.38 2.19 2.24 2.41 2.43 2.42 

5 3.05 2.98 3.04 3.05 3.07 3.07 

6 2.96 2.66 2.75 2.90 2.98 2.97 

7 3.19 2.90 3.06 3.24 3.31 3.33 

8 2.73 2.50 2.67 2.75 2.77 2.75 

9 3.11 2.93 3.20 3.21 3.32 3.15 

10 2.79 2.64 2.61 2.81 2.84 2.87 

11 2.81 2.53 2.81 2.81 2.86 2.87 

12 2.84 2.70 2.77 2.83 2.82 3.04 

MEAN 2.89 2.70 2.80 2.90 2.95 2.95 

SD 0.24 0.26 0.27 0.27 0.27 0.27 
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Raw Data-Study 3-Chapter 5: Hypertrophy Workout Countermovement Jump Peak Velocity (m/s) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 2.96 2.71 2.68 2.83 2.92 2.84 

2 3.33 3.19 3.27 3.32 3.30 3.47 

3 2.70 2.40 2.51 2.44 2.55 2.60 

4 2.51 2.07 2.31 2.36 2.34 2.42 

5 3.05 2.58 2.77 2.80 3.03 3.04 

6 2.80 2.49 2.76 2.66 2.74 2.99 

7 3.22 3.02 3.15 3.31 3.28 3.30 

8 2.63 2.45 2.54 2.61 2.56 2.75 

9 3.15 2.72 2.99 3.05 3.08 3.29 

10 2.88 2.35 2.39 2.26 2.43 2.86 

11 2.90 2.55 2.68 2.68 2.70 2.92 

12 2.76 2.48 2.58 2.72 2.62 2.71 

MEAN 2.91 2.58 2.72 2.75 2.80 2.93 

SD 0.24 0.29 0.28 0.32 0.31 0.29 

 

Raw Data-Study 3-Chapter 5: Power Workout Countermovement Jump Mean Velocity (m/s) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 1.47 1.45 1.43 1.49 1.56 1.57 

2 1.61 1.62 1.65 1.67 1.74 1.72 

3 1.45 1.35 1.47 1.46 1.49 1.48 

4 1.25 1.16 1.15 1.13 1.20 1.32 

5 1.66 1.63 1.66 1.66 1.66 1.65 

6 1.59 1.70 1.61 1.61 1.58 1.60 

7 1.77 1.76 1.73 1.79 1.81 1.83 

8 1.51 1.41 1.47 1.54 1.52 1.61 

9 1.72 1.75 1.77 1.77 1.76 1.80 

10 1.57 1.49 1.57 1.57 1.54 1.55 

11 1.61 1.58 1.60 1.59 1.61 1.61 

12 1.50 1.48 1.50 1.57 1.51 1.55 

MEAN 1.56 1.53 1.55 1.57 1.58 1.61 

SD 0.13 0.17 0.16 0.16 0.15 0.13 
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Raw Data-Study 3-Chapter 5: Strength Workout Countermovement Jump Mean Velocity (m/s) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 1.55 1.51 1.50 1.53 1.57 1.57 

2 1.77 1.72 1.74 1.83 1.79 1.90 

3 1.45 1.37 1.43 1.46 1.50 1.51 

4 1.25 1.14 1.15 1.27 1.28 1.26 

5 1.66 1.63 1.66 1.66 1.65 1.65 

6 1.60 1.44 1.49 1.58 1.61 1.61 

7 1.71 1.60 1.67 1.74 1.79 1.78 

8 1.55 1.44 1.49 1.55 1.52 1.55 

9 1.63 1.66 1.72 1.77 1.81 1.68 

10 1.49 1.40 1.41 1.51 1.53 1.57 

11 1.52 1.36 1.52 1.52 1.55 1.57 

12 1.55 1.54 1.50 1.60 1.59 1.67 

MEAN 1.56 1.48 1.52 1.58 1.60 1.61 

SD 0.13 0.15 0.15 0.14 0.14 0.15 

 

Raw Data-Study 3-Chapter 5: Hypertrophy Workout Countermovement Jump Mean Velocity (m/s-1) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 1.63 1.44 1.47 1.58 1.59 1.57 

2 1.88 1.73 1.82 1.84 1.82 1.90 

3 1.52 1.33 1.39 1.35 1.39 1.44 

4 1.39 1.11 1.23 1.24 1.22 1.31 

5 1.66 1.39 1.54 1.55 1.63 1.66 

6 1.52 1.34 1.48 1.44 1.49 1.61 

7 1.78 1.68 1.74 1.84 1.79 1.79 

8 1.51 1.37 1.41 1.49 1.50 1.54 

9 1.64 1.46 1.59 1.59 1.63 1.76 

10 1.58 1.29 1.31 1.24 1.34 1.56 

11 1.61 1.36 1.47 1.51 1.51 1.61 

12 1.59 1.46 1.47 1.56 1.49 1.51 

MEAN 1.61 1.41 1.49 1.52 1.53 1.60 

SD 0.12 0.16 0.16 0.18 0.17 0.15 
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Raw Data-Study 3-Chapter 5: Power Workout Countermovement Jump Peak Power (Watts) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 7328 7005 6900 6979 7949 8083 

2 6848 6645 6520 7176 7530 8123 

3 6875 6074 6686 6765 7388 7064 

4 6546 6248 6834 6800 7086 7411 

5 7953 7783 7974 8102 8023 8019 

6 8163 7861 8184 8213 8135 8186 

7 9091 8571 8982 9461 9410 9538 

8 6919 6207 6803 6923 7150 8310 

9 9373 9202 9698 9446 9331 9205 

10 8808 8338 8779 8705 8598 8731 

11 8198 8045 8226 8123 8083 8166 

12 8720 8159 8119 10144 10149 8883 

MEAN 7902 7511 7809 8070 8236 8310 

SD 937 997 1001 1125 924 670 

 

Raw Data-Study 3-Chapter 5: Strength Workout Countermovement Jump Peak Power (Watts) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 7839 6529 6739 6845 7412 6888 

2 8365 8327 7964 8707 8756 8828 

3 7257 6247 6806 6588 7239 7407 

4 7169 6359 6511 7372 7506 7333 

5 8328 7941 7974 8102 8325 8303 

6 8207 7389 7635 8094 8252 8243 

7 8320 7577 8053 9127 8831 9347 

8 6827 5960 6680 7049 7191 6963 

9 8845 7847 9437 9249 9478 8979 

10 8436 7348 7381 8881 8939 8887 

11 7889 6924 7776 7945 8008 8082 

12 9856 8439 8690 9171 8999 10836 

MEAN 8111 7240 7637 8094 8245 8341 

SD 777 798 842 914 742 1086 

  



Appendix C: Study 3 - Data and Supplementary Information 

162 

Raw Data-Study 3-Chapter 5: Hypertrophy Workout Countermovement Jump Peak Power (Watts) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 7357 6899 6536 7059 7434 7133 

2 9125 7689 7982 8358 8094 8996 

3 7197 6246 6579 6512 6954 6999 

4 7514 5970 6815 7014 7114 7340 

5 8102 6676 7047 7234 7783 7974 

6 7756 6919 7636 7367 7606 8294 

7 8796 8152 8730 9156 8948 9290 

8 6675 6623 6401 6840 6554 7142 

9 9285 8315 8384 8641 8908 9479 

10 8799 7193 7318 6930 7534 8741 

11 8117 7188 7448 7646 7661 8103 

12 9154 8389 8438 9146 8540 8565 

MEAN 8156 7188 7443 7658 7761 8171 

SD 835 764 768 888 717 836 

 

Raw Data-Study 3-Chapter 5: Power Workout Countermovement Jump Mean Power (Watts) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 2861 2768 2697 2873 3084 3040 

2 2905 2972 3001 3100 3418 3457 

3 2839 2639 2949 3018 3122 2970 

4 2824 2648 2651 2644 2858 3309 

5 2988 2851 2950 2987 3014 2982 

6 3165 2888 3012 3028 2977 3001 

7 4057 3931 4037 4199 4158 4189 

8 2866 2635 2857 2996 2937 3325 

9 3858 3799 3904 3935 3984 4022 

10 3124 2905 3120 3100 3063 3051 

11 3051 2939 3058 3043 3019 3037 

12 3461 3387 3137 3862 3452 3514 

MEAN 3166 3030 3114 3232 3257 3325 

SD 396 422 409 463 403 395 
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Raw Data-Study 3-Chapter 5: Strength Workout Countermovement Jump Mean Power (Watts) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 2972 2829 2852 2850 2944 2947 

2 3581 3475 3421 3752 3624 3897 

3 2975 2727 2911 2898 3028 3088 

4 3082 2573 2664 3093 3118 3169 

5 3079 2886 2950 2987 3017 3052 

6 3003 2703 2792 3302 3019 3017 

7 3878 3336 3607 4024 4142 4158 

8 3072 2693 2883 2999 2955 2944 

9 3591 3476 3816 3942 4157 3676 

10 3113 2820 2911 3168 3186 3180 

11 2868 2527 2867 2976 3019 3025 

12 3528 3392 3450 3638 3686 4150 

MEAN 3228 2953 3094 3302 3325 3359 

SD 311 345 358 406 437 453 

 

Raw Data-Study 3-Chapter 5: Hypertrophy Workout Countermovement Jump Mean Power (Watts) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 3150 2661 2684 2861 3007 2889 

2 3815 3439 3573 3757 3611 3972 

3 3122 2596 2756 2610 2773 2948 

4 3453 2480 2992 3118 2976 3231 

5 3046 2657 2699 2734 2851 2950 

6 2835 2517 2794 2696 2783 3032 

7 3922 3535 3836 4259 4215 4089 

8 2883 2455 2659 2841 2706 2933 

9 3655 2947 3346 3438 3529 3968 

10 3129 2551 2596 2458 2689 3103 

11 3051 2578 2795 2893 2842 3087 

12 3570 3077 3105 3449 3244 3369 

MEAN 3303 2791 2986 3093 3102 3298 

SD 350 358 384 511 447 432 
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Raw Data-Study 3-Chapter 5: Power Workout Testosterone (pM) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 102 93 180 133 130 109 

2 60 50 164 55 85 96 

3 109 92 125 142 113 107 

4 88 98 159 101 124 85 

7 92 75 201 144 126 151 

8 102 94 125 101 123 78 

9 127 133 180 64 85 47 

12 200 82 126 82 131 92 

MEAN 110 90 157 103 115 96 

SD 38 22 28 32 18 28 

 

Raw Data-Study 3-Chapter 5: Strength Workout Testosterone (pM) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 86 76 131 117 91 108 

2 88 85 155 82 122 97 

3 92 118 223 99 72 50 

4 82 99 129 81 103 99 

7 126 127 184 144 157 116 

8 152 120 135 147 198 116 

9 137 127 188 138 111 106 

12 120 69 136 90 124 99 

MEAN 110 103 160 112 122 99 

SD 25 22 32 26 37 20 

 

Raw Data-Study 3-Chapter 5: Hypertrophy Workout Testosterone (pM) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 111 136 169 144 176 161 

2 129 134 181 133 118 86 

3 72 107 168 128 138 110 

4 73 102 116 96 107 125 

7 131 149 331 119 134 230 

8 134 200 128 54 86 101 

9 171 189 202 137 138 132 

12 179 222 138 66 164 82 

MEAN 125 155 179 109 133 128 

SD 37 41 63 32 27 45 
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Raw Data-Study 3-Chapter 5: Power Workout Cortisol (nM) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 1.4 0.7 10.7 1.6 0.8 1.6 

2 1.9 0.9 10.3 0.7 1.4 2.0 

3 3.7 1.9 11.0 1.3 2.1 2.9 

4 0.4 0.3 13.9 0.4 0.9 1.2 

7 1.8 0.9 11.1 2.4 3.2 6.8 

8 1.6 0.7 11.2 1.6 7.1 2.1 

9 1.4 1.7 26.3 4.4 3.9 0.7 

12 4.8 2.1 4.0 0.8 8.7 1.8 

MEAN 2.1 1.1 12.3 1.7 3.5 2.4 

SD 1.3 0.6 5.9 1.2 2.7 1.8 

 

Raw Data-Study 3-Chapter 5: Strength Workout Cortisol (nM) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 1.5 0.6 13.3 1.0 0.8 1.8 

2 0.6 0.5 8.0 0.8 1.6 1.4 

3 1.0 0.7 10.4 1.5 2.1 0.7 

4 0.9 0.6 17.6 0.4 0.7 0.6 

7 0.7 0.5 17.4 5.1 3.9 2.7 

8 3.3 1.1 4.0 1.8 2.8 0.9 

9 2.9 1.4 20.7 2.1 3.0 2.7 

12 6.2 1.8 5.0 1.3 2.5 1.3 

MEAN 2.1 0.9 12.1 1.7 2.2 1.5 

SD 1.8 0.5 5.8 1.4 1.1 0.8 

 

Raw Data-Study 3-Chapter 5: Hypertrophy Workout Cortisol (nM) Values 

Participant Immediately Pre Immediately Post 12 h Post 24 h Post 48 h Post 72 h Post 

1 1.6 1.1 12.7 0.8 2.6 1.3 

2 2.0 2.1 8.2 0.6 0.9 0.8 

3 1.0 0.8 8.9 1.1 1.7 1.7 

4 1.3 0.8 10.4 0.9 1.0 1.4 

7 1.2 1.1 19.4 1.7 2.8 1.8 

8 1.8 2.0 11.8 1.0 1.0 1.4 

9 2.8 9.7 18.7 2.0 3.3 2.8 

12 7.2 11.1 5.9 0.9 6.6 0.8 

MEAN 2.3 3.6 12.0 1.1 2.5 1.5 

SD 1.9 4.0 4.5 0.4 1.8 0.6 

 




