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  Abstract

Word count: 322

 

The aim of this study was to investigate the convergent validity of session rating of perceived exertion (s-RPE) with objective
measures of internal training load in professional classical ballet dancers. Heart rate and s-RPE data were collected in 22
professional classical ballet dancers across a total of 218 ballet class or rehearsal sessions. Eleven participants completed at least 9
sessions, and were therefore included in analyses of individual relationships between s-RPE and objective measures. To calculate
s-RPE, the session duration was multiplied by the rating of perceived exertion, measured using the modified Borg CR-10 scale. The
Edwards summated heart rate zones (Edwards TRIMP) and Banister training impulse (Banister TRIMP) methods were used as
criterion measures of internal training load. Pearson product-moment correlation coefficients were used to determine intra-
individual relationships between s-RPE and objective measures. Repeated measures correlations were used to identify intra-
individual relationships common across the cohort. Positive linear relationships were seen between s-RPE and objective measures
across all session types (Edwards TRIMP: rrm (195) = 0.81, p < 0.001; Banister TRIMP: rrm (195) = 0.79, p < 0.001), in ballet class
(Edwards TRIMP: rrm (58) = 0.64, p < 0.001; Banister TRIMP: rrm (58) = 0.59, p < 0.001), and in rehearsals (Edwards TRIMP: rrm
(119) = 0.82, p < 0.001; Banister TRIMP: rrm (119) = 0.80, p < 0.001), as well as across both males (Edwards TRIMP: rrm (136) =
0.82, p < 0.001; Banister TRIMP: rrm (136) = 0.80, p < 0.001) and females (Edwards TRIMP: rrm (57) = 0.80, p < 0.001; Banister
TRIMP: rrm (57) = 0.78, p < 0.001). Intra-individual correlation coefficients ranged from 0.46 – 0.96 (Edwards TRIMP: mean r = 0.81
± 0.11, p = 0.051 – < 0.001; Banister TRIMP: mean r = 0.78 ± 0.14, p = 0.13 – < 0.001). These results demonstrate that s-RPE is a
valid and practical method for measuring internal training load in professional classical ballet dancers.

   

  Contribution to the field

Professional classical ballet dancers have been reported to complete around six to eight hours of rehearsal per day in order to
prepare for their performance schedule. Given this large training volume, the periodisation of training load has been proposed as
a method of optimising the health and performance of dancers. The session rating of perceived exertion (s-RPE) method is
calculated by multiplying the session duration by the athlete’s perceived mean session intensity. It therefore provides an ideal
measure of internal training load in a professional dance company, where traditional measures of internal training load (e.g. heart
rate, blood lactate concentration, oxygen uptake) may be impractical. Although s-RPE has been widely validated in sporting
contexts, and in specific dance genres (contemporary, salsa, step), its validity has not been investigated in ballet dancers. In this
study, we measured heart rate and session-RPE in 218 ballet class and rehearsal sessions in male and female dancers from a leading
classical ballet company. We report very strong group and individual relationships between Edwards summated-heart rate zones
method and s-RPE, demonstrating that s-RPE is a valid tool for measuring internal training load in professional classical ballet
dancers.
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Abstract 18 

The aim of this study was to investigate the convergent validity of session rating of perceived 19 

exertion (s-RPE) with objective measures of internal training load in professional classical ballet 20 

dancers. Heart rate and s-RPE data were collected in 22 professional classical ballet dancers across a 21 

total of 218 ballet class or rehearsal sessions. Eleven participants completed at least 9 sessions, and 22 

were therefore included in analyses of individual relationships between s-RPE and objective 23 

measures. To calculate s-RPE, the session duration was multiplied by the rating of perceived 24 

exertion, measured using the modified Borg CR-10 scale. The Edwards summated heart rate zones 25 

(Edwards TRIMP) and Banister training impulse (Banister TRIMP) methods were used as criterion 26 

measures of internal training load. Pearson product-moment correlation coefficients were used to 27 

determine intra-individual relationships between s-RPE and objective measures. Repeated measures 28 

correlations were used to identify intra-individual relationships common across the cohort. Positive 29 

linear relationships were seen between s-RPE and objective measures across all session types 30 

(Edwards TRIMP: rrm (195) = 0.81, p < 0.001; Banister TRIMP: rrm (195) = 0.79, p < 0.001), in ballet 31 

class (Edwards TRIMP: rrm (58) = 0.64, p < 0.001; Banister TRIMP: rrm (58) = 0.59, p < 0.001), and in 32 

rehearsals (Edwards TRIMP: rrm (119) = 0.82, p < 0.001; Banister TRIMP: rrm (119) = 0.80, p < 0.001), 33 

as well as across both males (Edwards TRIMP: rrm (136) = 0.82, p < 0.001; Banister TRIMP: rrm (136) = 34 

0.80, p < 0.001) and females (Edwards TRIMP: rrm (57) = 0.80, p < 0.001; Banister TRIMP: rrm (57) = 35 

0.78, p < 0.001). Intra-individual correlation coefficients ranged from 0.46 – 0.96 (Edwards TRIMP: 36 

mean r = 0.81 ± 0.11, p = 0.051 – < 0.001; Banister TRIMP: mean r = 0.78 ± 0.14, p = 0.13 – < 37 
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0.001). These results demonstrate that s-RPE is a valid and practical method for measuring internal 38 

training load in professional classical ballet dancers. 39 

 40 

1 Introduction 41 

Classical ballet is an intermittent activity, consisting of high intensity explosive actions interspersed 42 

with periods of lower intensity technical movements or inactivity (Wyon et al., 2011). Each season, a 43 

professional ballet company may perform as many as 145 shows of 15 different productions (Allen et 44 

al., 2012). To prepare for the performance schedule, professional dancers will typically complete 1.5 45 

h of ballet class, and between 2 and 7 h of rehearsals each working day (Cohen et al., 1980). The 46 

resulting training volume is greater than values previously reported in elite team sport (Ekstrand et 47 

al., 2011) and endurance athletes (Mårtensson et al., 2014), and has been linked with overtraining and 48 

injury (Wyon, 2010). The periodization of training load (TL) has been proposed as a strategy to 49 

optimize performance and reduce the risk of overuse injury within dance populations (Wyon, 2010).  50 

Training load can be described in terms of the physical work performed during exercise, and/or the 51 

psychophysiological responses to that work, i.e. the external and internal TL, respectively 52 

(Impellizzeri et al., 2019). It is the internal TL, however, which provides the stimulus for 53 

physiological adaptation. A valid measure of internal training load is therefore essential for the 54 

effective periodization of a rehearsal schedule within a professional ballet company. Dance intensity 55 

during ballet rehearsal and performance has previously been measured using oxygen uptake, heart 56 

rate (HR), and blood lactate concentration (Schantz and Astrand, 1984). Given the number of dancers 57 

employed by professional companies and the aesthetic demands of ballet performance, these 58 

solutions are impractical for daily monitoring. The session rating of perceived exertion (s-RPE) 59 

method, derived from the product of session duration and rating of perceived exertion (RPE), has 60 

therefore been used as a time-sensitive and cost-effective method of quantifying internal TL in dance 61 

populations (Da Silva et al., 2015). Simple derivatives such as monotony and strain may 62 

subsequently provide practitioners with insights into maladaptive responses to training such as 63 

overtraining  and illness. The s-RPE method is therefore commonly used in both research and applied 64 

practice, and has been validated across a range of modalities including team (Impellizzeri et al., 65 

2004), combat (Padulo et al. 2014), and endurance sports (DellaValle and Haas, 2013). Although the 66 

validity of s-RPE has been demonstrated in populations of contemporary (Jeffries et al., 2016; 67 

Surgenor and Wyon, 2019) and step dancers (Ozkan and Kin-Isler, 2007), to our knowledge it has 68 

not been investigated within ballet dancers.  69 

Jeffries et al. (2016) investigated relationships between s-RPE and objective measures of internal TL 70 

in contemporary dancers during contemporary class, contemporary rehearsal, and ballet class. Group 71 

correlations ranging from 0.44 – 0.73 and 0.52 – 0.72 were seen for contemporary class and 72 

rehearsal, respectively, while relationships were weaker in ballet class (r = 0.32 – 0.58). Similarly, in 73 

a cohort of pre-professional contemporary dancers, Surgenor and Wyon (2019) saw a strong group 74 

correlation (r = 0.72) between contemporary class and rehearsals, but a moderate relationship (r = 75 

0.46) in ballet class alone. The weaker relationships seen in ballet class compared with rehearsals 76 

could have been because ballet was not the dancers’ primary genre, or because of a difference in the 77 

genres themselves. These distinctions between dance/genre specific sessions (i.e. ballet class versus 78 

rehearsal) are consistent with research in sporting contexts (Lupo et al., 2017a, Lupo et al., 2017b). 79 

Furthermore, factors such as the athlete’s sex, age, and fitness level have all been suggested to 80 

influence the relationship between s-RPE and objective measures of TL (Haddad et al., 2017).  81 
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Investigations into the influence of sex on the perception of exercise have demonstrated mixed 82 

results. While no difference in RPE was seen between male and female college students during a 83 

graded exercise test (Kim and Lee, 2011), male and female champion cross country runners 84 

registered differing perceptions of ‘hard’ sessions (Barnes, 2017). Within classical ballet, the roles 85 

and technical choreographies performed differ across sex. Male dancers are required to lift their 86 

partners, demanding significant full body strength and control (Wyon et al., 2011). Conversely, 87 

female dancers are required to dance en pointe, placing stress on the foot and ankle (Teitz et al., 88 

1985). In this regard, male and female roles are comprised of sufficiently different demands to be 89 

considered separate modalities. It is therefore important to understand the extent to which s-RPE is a 90 

valid measure of internal TL in both male and female dancers. 91 

The primary aim of this study was to investigate the construct validity of s-RPE as a measure of 92 

internal TL in professional classical ballet dancers, by examining the convergence with two validated 93 

TL measures derived from heart rate. The secondary aim was to understand the effect of session type 94 

and sex on this relationship. 95 

2 Materials and Methods 96 

2.1 Participants 97 

A sample of 13 male (25.5 ± 5.3 years, 179.7 ± 4.0 cm, 73.2 ± 5.2 kg, 7.8 ± 5.6 years professional) 98 

and 9 female (25.2 ± 4.4 years, 164.0 ± 3.3 cm, 52.9 ± 4.1 kg, 7.4 ± 4.2 years professional) dancers 99 

from a professional ballet company volunteered to take part in the study. The sample consisted of 100 

dancers of the following ranks within the company hierarchy: one Apprentice, seven Artists, five 101 

First Artists, three Soloists, four First Soloists, and two Principal dancers. Apprentices, Artists, and 102 

First Artists make up the company’s Corps de Ballet, while Soloists, First Soloists, and Principal 103 

dancers perform increasingly featured roles. Prior to the onset of data collection, participants were 104 

given a full written explanation of the study aims and protocol and gave written informed consent. 105 

The protocol was approved by the St Mary’s University board of ethics in accordance with the 106 

Declaration of Helsinki. 107 

2.2 Experimental Design 108 

A correlational study design was employed between April and October 2019. Participants were given 109 

the freedom to select the days during which data collection would take place. Heart rate (HR) and 110 

s-RPE data were collected following the final session of each day. Edwards summated heart rate 111 

zones (Edwards TRIMP; Edwards, 1993) and Banister training impulse (Banister TRIMP; Banister, 112 

1991) were calculated as criterion measures of internal TL, consistent with previous validations of s-113 

RPE. It should therefore be noted that the criterions were primarily measures of aerobic demand, and 114 

not measures of other physiological demands (e.g. anaerobic, neuromuscular). Throughout the data 115 

collection period participants completed their normal rehearsal schedules as prescribed by the 116 

company’s artistic staff. For analyses of intra-individual relationships between measures, in order to 117 

achieve sufficient power to identify any convergence greater than r = 0.50, a sample of 23 sessions 118 

per participant was required (α = 0.05, β = 0.80, r = 0.50). Collecting this volume of data was 119 

impractical in the present cohort; we therefore present intra-individual correlations where participants 120 

exceeded the required sample size for the expected correlation coefficient (α = 0.05, β = 0.80, r = 121 

0.80, n = 9), based on similar investigations (Lupo et al., 2014). 122 

2.3 Objective Measures of Internal Training Load 123 
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Heart rate (HR) data were collected during each session using a Polar H1 sensor (Polar Electro, 124 

Kempele, Finland) secured to the chest via an elastic strap and recorded by a wearable activity 125 

monitoring unit (ClearSky T6, Catapult Sports, Australia). Following the final session of each day, 126 

data were downloaded using Openfield Cloud Analytics software (Catapult Sports, Australia). 127 

Individual session data were then exported for external analysis. Maximum heart rate was calculated 128 

as the highest of either the age predicted maximum (Tanaka et al., 2001) or the peak value recorded 129 

during the data collection period. Edwards TRIMP was calculated by multiplying the time spent in 130 

five HR zones by a corresponding coefficient (50 – 60% HRmax = 1; 60 – 70% HRmax = 2; 70 – 80% 131 

HRmax = 3; 80 – 90% HRmax = 4; and 90 – 100% HRmax = 5), the results of which were then summed. 132 

Banister TRIMP was calculated using the equation: 133 

𝐵𝑎𝑛𝑖𝑠𝑡𝑒𝑟 𝑇𝑅𝐼𝑀𝑃 = 𝐷 × 𝐻𝑅𝑅  × 𝐴 × 𝑒𝐵 × 𝐻𝑅𝑅   134 

where D = the session duration, A = 0.64 for men and 0.86 for women, B = 1.92 for men and 1.67 for 135 

women, and HRR was calculated using the equation: 136 

𝐻𝑅𝑅  =  
𝐻𝑅𝑒𝑥 − 𝐻𝑅𝑟𝑒𝑠𝑡

𝐻𝑅𝑚𝑎𝑥 −  𝐻𝑅𝑟𝑒𝑠𝑡
 137 

where HRex = mean HR during exercise, HRrest = resting HR, and HRmax = maximal HR. 138 

2.4 Measurement of Session-RPE 139 

For the measurement of s-RPE, the modified Borg CR-10 scale was used to quantify session intensity 140 

(Foster et al., 2001). Approximately 15 minutes following the final session of each day, the lead 141 

investigator met with each participant individually to record a rating of perceived exertion for each 142 

session that day. The use of retrospective RPEs was important to ensure the results were ecologically 143 

valid; within large ballet companies, dancers have multiple sessions per day, and may each be on a 144 

unique schedule, making it impractical to collect data after each session. Within sporting 145 

environments, the use of retrospective s-RPEs has been shown to be methodologically robust 146 

(Christen et al., 2016; Fanchini et al., 2016). The participant was shown the Borg CR-10 scale and 147 

asked about each session in the form of the question: “What was the intensity of your 1 pm 148 

rehearsal?”. This differs from the original phrasing (“How was your workout?”), with the aim of 149 

directing the participant toward giving solely an intensity rating, and not a rating that takes session 150 

duration into account (Coutts et al., 2018). Participants were directed to first focus on a descriptive 151 

anchor, and then select a corresponding numerical value. If appropriate, participants were given the 152 

option to divide the session into multiple sections and give a separate RPE for each. The RPE was 153 

multiplied by the session duration (mins) to calculate s-RPE. 154 

2.5 Statistical Analysis 155 

Intra-individual relationships were analysed using Pearson’s product-moment correlation 156 

coefficients. This decision was made despite both s-RPE and objective measures of TL being non-157 

normally distributed, as the rate type 1 error is relatively robust to non-normality when sample sizes 158 

are not especially small (Bishara and Hittner, 2012). This allowed for comparisons to be made with 159 

previous investigations into the validity of s-RPE in athletic populations, which have almost 160 

exclusively used Pearson’s r (Haddad et al., 2017). To investigate the common intra-individual 161 

relationships across the entire cohort, a repeated measures correlation (rmcorr; Bland and Altman, 162 

1995) was conducted using the R package “rmcorr” (Bakdash and Marusich, 2017). Data were 163 

subsequently stratified, and repeated measures correlations were conducted on sub-groups to 164 
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compare relationships between sex (i.e. male and female sub-groups), and between session type (i.e. 165 

ballet class and rehearsal sub-groups). Statistical significance was set at p ≤ 0.05. In line with 166 

previous research (Jeffries et al., 2016), the magnitude of the correlation coefficient was interpreted 167 

as follows: <0.10 trivial, 0.10 – 0.29 small, 0.30 – 0.49 moderate, 0.50 – 0.69 large, 0.70 – 0.89 very 168 

large and 0.90 – 1.0 almost perfect. All analyses were completed using R version 3.5.3. 169 

3 Results 170 

Data were collected across of 79 ballet classes and 139 rehearsals. Participants completed a mean of 171 

9.9 ± 7.7 sessions each. Of the initial cohort of 22, 11 participants completed at least 9 sessions, and 172 

were therefore included in intra-individual analyses. One participant completed only one session, and 173 

therefore did not qualify for either intra-individual correlation, nor repeated measures correlation. 174 

The mean session duration (hh:mm:ss) was 01:12:10 ± 00:09:11, 00:52:31 ± 00:22:19, and 00:59:38 175 

± 00:20:53 for ballet class, rehearsals, and all sessions, respectively. Descriptive statistics for s-RPE, 176 

Edwards TRIMP, and Banister TRIMP are shown in Figure 1.  177 

Repeated measures correlations revealed very large positive relationships between s-RPE and 178 

objective measures across all sessions (Edwards TRIMP: rrm (195) = 0.81, p < 0.001, 95% CI [0.76 – 179 

0.86]; Banister TRIMP: rrm (195) = 0.79, p < 0.001, 95% CI [0.73 – 0.84]. Large (Edwards TRIMP: rrm 180 

(58) = 0.64, p < 0.001, 95% CI [0.45 – 0.77]; Banister TRIMP: rrm (58) = 0.59, p < 0.001, 95% CI [0.39 181 

– 0.74]) and very large (Edwards TRIMP: rrm (119) = 0.82, p < 0.001, 95% CI [0.75 – 0.87]; Banister 182 

TRIMP: rrm (119) = 0.80, p < 0.001, 95% CI [0.72 – 0.85]) rmcorr were seen between s-RPE and 183 

Edwards TL in ballet class and rehearsals, respectively. Very large rmcorr between s-RPE and 184 

objective measures were seen for both male (Edwards TRIMP: rrm (136) = 0.82, p < 0.001, 95% CI 185 

[0.76 – 0.87]; Banister TRIMP: rrm (136) = 0.80, p < 0.001,  95% CI [0.73 – 0.85]) and female 186 

(Edwards TRIMP: rrm (57) = 0.80, p < 0.001, 95% CI [0.68 – 0.88]; Banister TRIMP: rrm (57) = 0.78, p 187 

< 0.001, 95% CI [0.66 – 0.87]) participants. Results of intra-individual correlations between s-RPE 188 

and objective measures are reported in Table 1. A comparison of the rmcorr and Pearson’s 189 

correlation results for each participant are shown in Figure 2. 190 

4 Discussion 191 

To our knowledge, this is the first study to investigate the validity of s-RPE for the quantification of 192 

internal TL within a cohort of professional ballet dancers. The present results demonstrate large 193 

rmcorr between s-RPE and objective measures of TL, as well as intra-individual relationships 194 

ranging from moderate to almost perfect. Based on these results, the s-RPE method can be 195 

considered a valid measure of internal TL in professional classical ballet dancers. 196 

Both the rmcorr and individual correlations observed between s-RPE and objective measures in the 197 

present study are slightly larger than both group (r = 0.71; Surgenor and Wyon, 2019) and individual 198 

(r = 0.72 ± 0.13; Jeffries, et al., 2016) correlation coefficients reported in pre-professional 199 

contemporary dancers. Classical ballet and contemporary dance differ in their frequency of jumps 200 

(4.99 ± 4.93 vs. 1.71 ± 2.21 jumps per min), lifts (0.97 ± 2.53 vs. 0.12 ± 0.23 lifts per min), and 201 

changes of direction (3.34 ± 1.89 vs. 0.58 ± 0.58 changes of direction per min) (Wyon et al., 2011). 202 

Additionally, classical ballet is more intermittent, consisting of periods of higher intensity activity 203 

and longer durations of rest, subsequently incurring a significant anaerobic stress (Wyon et al., 2011). 204 

The perception of effort has previously been shown to be elevated during intermittent exercise 205 

compared with steady-state exercise of an equivalent internal load (Cerda-Kohler et al., 2015; Drust 206 

et al., 2000). The stronger relationships observed in the present study compared with previous 207 
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research in contemporary dancers, would therefore not appear to be a result of the difference in 208 

genre. An alternative explanation would be that the very large relationships we report could be 209 

explained, in part, by the difference in training history between cohorts. In support of this, research in 210 

swimmers (Barroso et al., 2014) and athletes of mixed experience (Winborn et al., 1988) revealed 211 

that the validity of s-RPE is proportional to athletic experience.  212 

Consistent with both Jeffries et al (2016) and Surgenor and Wyon (2019), we report weaker 213 

relationships between s-RPE and objective measures in ballet class compared with rehearsals. While 214 

each of these studies attributed this finding to the difference in dance genre (i.e. ballet class vs 215 

contemporary rehearsals), and ballet not being the participants’ primary discipline, neither of these 216 

explanations explain the current results. One explanation may be that the cohort’s familiarity with the 217 

structure, environment, and teachers of ballet class, compared with the more changeable nature of 218 

rehearsals, may have mediated this relationship. Factors such as the psychological demands, the 219 

individuals present, and the external environment of a session, for example, have all been proposed 220 

as influences on the relationship between physiological and perceptual stress (Haddad et al., 2017). 221 

We suggest, however, that this finding is most likely be a result of little inter-session variation; class 222 

follows a consistent structure each day, progressing in both physical and technical complexity from 223 

barre, to center, and finally allegro. Differences in perceived exertion are therefore finer and harder to 224 

distinguish on a 10-point scale. Additionally, this results in little variation in TL, as the duration and 225 

content of ballet class do not allow the dancer to reach particularly small or large TLs, to which 226 

Pearson correlation is sensitive (i.e. range restriction; Goodwin and Leech, 2006). The lack of change 227 

in rmcorr when analysing rehearsals alone vs. rehearsals and ballet class (where the range restriction 228 

is not present), supports this idea. Practically speaking, s-RPE is therefore only less valid when 229 

attempting to distinguish between a set of relatively homogeneous sessions. 230 

While male and female classical ballet dancers jump, plié, and change direction at similar rates, they 231 

differ in their requirement to lift (Wyon et al., 2011) and dance en pointe, respectively. During lifts of 232 

their partners, male dancers undertake L5/S1 compression forces in excess of 4000 N, and shear 233 

forces in excess of 500 N (Alderson et al., 2009). In this regard, elements of male roles bear a 234 

resemblance to resistance exercise, and could therefore be expected to result in differing perceptions 235 

of effort (Sweet et al., 2004). Pointe work on the other hand, is incomparable to any other exercise 236 

modality; given the large pressures on the first and second toes, the perceived effort may be 237 

inconsistent with the dancer’s HR (Salzano et al., 2019). Additionally, male and female intensity 238 

profiles differ, with females spending a larger duration performing at moderate and hard exercise 239 

intensities, and males performing very high intensity multi jump routines closer resembling 240 

intermittent exercise (Wyon et al., 2011). Despite these differences, we report similar relationships 241 

between s-RPE and objective measures in both males and females. The s-RPE method is therefore a 242 

valid tool for monitoring internal TL, regardless of sex.  243 

4.1 Limitations 244 

Given the professional level of the current cohort, it was not possible to formally measure each 245 

participant’s maximum heart rate. It is important to note that this will have resulted in less accurate 246 

measurements of objective measures of internal TL. Additionally, as the current cohort are 247 

considered elite ballet dancers, practitioners should consider that s-RPE may not demonstrate the 248 

same degree of validity in non-elite populations. Due to the novelty of this type of testing within the 249 

cohort, participants were given a large degree of control over the sessions in which data were 250 

collected. While we report measures of intensity and duration for the sessions completed within the 251 

current study, these data should therefore not be considered normative values for ballet class and 252 
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rehearsal. The relatively small total number of sessions completed by female dancers, as well as the 253 

total number of female dancers involved must be considered when interpreting results regarding 254 

differences in sex. Finally, although s-RPE data are ordinal in nature, in the present analysis we use 255 

parametric tests which treat them as continuous data.  256 

4.2 Practical Applications and Further Research 257 

Unlike traditional measures used to assess internal TL (e.g. HR, oxygen uptake, blood lactate 258 

concentration), the s-RPE method is a cost-effective and non-invasive means of monitoring internal 259 

TL. The high volumes of rehearsal undertaken by classical ballet dancers are well documented 260 

(Cohen et al., 1980; Allen et al., 2012), and have been linked with maladaptive responses leading to 261 

increased risk of injury and overtraining. The current results provide a means by which the daily and 262 

weekly TLs of dancers may be used to implement periodization models with the aim of optimizing 263 

health and performance. Differential s-RPEs have been used in sporting environments to understand 264 

multiple types of physical exertion, and the training stress imposed on multiple body parts (McLaren 265 

et al., 2017). Given the large number of different physical stressors involved in classical ballet (e.g. 266 

pointe work, jumping, lifting, etc.), the use of differential s-RPEs may provide additional insight into 267 

the TLs undertaken by dancers. Finally, understanding the validity of s-RPE is important for non-268 

professional institutions (e.g. ballet schools) who may not have access to alternative measures of TL; 269 

further research is therefore warranted into the validity of s-RPE in these populations.  270 

5 Conclusion 271 

This study investigates the convergent validity of s-RPE with two objective measures of internal TL 272 

in professional classical ballet dancers. We demonstrate very large rmcorr between s-RPE and 273 

Edwards and Banister TRIMPs, as well as intra-individual relationships ranging from moderate to 274 

almost perfect. Sub-analyses revealed that correlation coefficients were similar between male and 275 

female participants, however, relationships were stronger in rehearsals compared with ballet class. 276 

These results are similar to findings previously reported in both sport and dance research, and support 277 

the use of the s-RPE method as a valid and practical tool for measuring internal TL in professional 278 

classical ballet dancers. 279 

 280 

 281 

Conflict of Interest 282 

The authors declare that the research was conducted in the absence of any commercial or financial 283 

relationships that could be construed as a potential conflict of interest. 284 

 285 

Data Availability 286 

The raw data supporting the conclusions of this manuscript will be made available by the authors, 287 

without undue reservation, to any qualified researcher. 288 

 289 

In review



  Session RPE in Professional Ballet 

 
8 

This is a provisional file, not the final typeset article 

Acknowledgments 290 

The authors would like to thank the artists and staff of The Royal Ballet for their involvement in, and 291 

facilitation of this research. 292 

 293 

Author Contributions 294 

All authors contributed to the conception and design of the work. JS completed the acquisition, 295 

analysis, and interpretation of the data for the work. All authors drafted the work or revised it 296 

critically for important intellectual content, approved the final version of the manuscript, and agreed 297 

to be accountable for all aspects of the work ensuring accuracy and integrity. 298 

 299 

References 300 

Alderson, J.A., Hopper, L.S., Elliott, B.C. & Ackland, T. (2009) Risk factors for lower back injury in 301 

male dancers performing ballet lifts. Journal of Dance Medicine & Science. 13 (3), 83–89. 302 

Allen, N., Nevill, A., Brooks, J., Koutedakis, Y. & Wyon, M. (2012) Ballet Injuries: Injury Incidence 303 

and Severity Over 1 Year. Journal of Orthopaedic & Sports Physical Therapy. 42 (9), 781–790. 304 

doi:10.2519/jospt.2012.3893. 305 

Bakdash, J. Z., & Marusich, L. R. (2017). Repeated Measures Correlation. Frontiers in Psychology, 306 

8. doi:10.3389/fpsyg.2017.00456 307 

Banister, E. (1991) Modeling elite athletic performance. In: Modeling Elite Athletic Performance. 308 

Green, H, McDougal, J and Wenger, H, eds. Champaign, IL: Human Kinetics. pp. 403–424. 309 

Barnes, K.R. (2017) Comparisons of Perceived Training Doses in Champion Collegiate-Level Male 310 

and Female Cross-country Runners and Coaches over the Course of a Competitive Season. Sports 311 

Medicine - Open. 3 (38), 1–9. doi:10.1186/s40798-017-0105-0. 312 

Barroso, R., Cardoso, R.K., Carmo, E.C. & Tricoli, V. (2014) Perceived exertion in coaches and 313 

young swimmers with different training experience. International Journal of Sports Physiology and 314 

Performance. 9 (2), 212–216. doi:10.1123/ijspp.2012-0356. 315 

Bishara, A.J. & Hittner, J.B. (2012) Testing the significance of a correlation with nonnormal data: 316 

comparison of Pearson, Spearman, transformation, and resampling approaches. Psychological 317 

Methods. 17 (3), 399–417. doi:10.1037/a0028087 318 

Bland JM, Altman DG. Calculating correlation coefficients with repeated observations: Part 1-319 

correlation within subjects. BMJ 1995;310:633. 320 

Cerda-Kohler, H., Pullin, Y. & Cancino-López, J. (2015) Effects of continuous and intermittent 321 

endurance exercise in autonomic balance, rating perceived exertion and blood lactate levels in 322 

healthy subjects. Apunts. Medicina de l'Esport. 50 (185), 29–34. doi:10.1016/j.apunts.2014.09.001 323 

In review



  Session RPE in Professional Ballet 

 
9 

Christen, J., Foster, C., Porcari, J.P. & Mikat, R.P. (2016) Temporal Robustness of the Session 324 

Rating of Perceived Exertion. International Journal of Sports Physiology and Performance. 11 (8), 325 

1088–1093. doi:10.1123/ijspp.2015-0438. 326 

Cohen, J.L., Gupta, P.K., Lichstein, E. & Chadda, K.D. (1980) The Heart of a Dancer: Noninvasive 327 

Cardiac Evaluation of Professional Ballet Dancers. The American Journal of Cardiology. 45 (5), 328 

959–965. doi:10.1016/0002-9149(80)90163-0. 329 

Coutts AJ, Crowcroft S, Kempton T. (2018) Developing athlete monitoring systems: theoretical basis 330 

and practical applications. In: Kellmann M, Beckmann J, eds. Sport, Recovery and Performance: 331 

Interdisciplinary Insights. Abingdon, UK: Routledge; 19–32. 332 

Da Silva, C.C., Goldberg, T.B.L., Soares-Caldeira, L.F., Oliveira, R.D.S., Ramos, S.P. & Nakamura, 333 

F.Y. (2015) The Effects of 17 Weeks of Ballet Training on the Autonomic Modulation, Hormonal 334 

and General Biochemical Profile of Female Adolescents. Journal of Human Kinetics. 47 (1), 61–71. 335 

doi:10.1515/hukin-2015-0062. 336 

DellaValle, D.M. & Haas, J.D. (2013) Quantification of training load and intensity in female 337 

collegiate rowers: Validation of a daily assessment tool. Journal of Strength and Conditioning 338 

Research. 27 (2), 540–548. doi:10.1519/JSC.0b013e3182577053. 339 

Drust, B., Reilly, T. & Cable, N. T. (2000). Physiological responses to laboratory-based soccer-340 

specific intermittent and continuous exercise. Journal of Sports Sciences, 18 (11), 885–892. 341 

doi:10.1080/026404100750017814  342 

Edwards, S. (1993) High performance training and racing. In: The Heart Rate Monitor Book. 8th 343 

edition. Sacramento, CA, Feet Fleet Press. pp. 113–123. 344 

Ekstrand, J., Hägglund, M. & Waldén, M. (2011) Epidemiology of muscle injuries in professional 345 

football (soccer). American Journal of Sports Medicine. 39 (6), 1226–1232. 346 

doi:10.1177/0363546510395879. 347 

Fanchini, M., Ferraresi, I., Petruolo, A., Azzalin, A., Ghielmetti, R., Schena, F., & Impellizzeri, F. M. 348 

(2016). Is a retrospective RPE appropriate in soccer? Response shift and recall bias. Science and 349 

Medicine in Football, 1(1), 53–59. doi:10.1080/02640414.2016.1231411 350 

Foster, C., Florhaug, J.A., Franklin, J., Gottschall, L., Hrovatin, L.A., Parker, S. et al. (2001) A New 351 

Approach to Monitoring Exercise Training. Journal of Strength and Conditioning Research. 15 (1), 352 

109–115. 353 

Goodwin, L.D. & Leech N.L. (2006) Understanding Correlation: Factors That Affect the Size of r. 354 

The Journal of Experimental Education. 74 (3), 251-266. doi:10.3200/JEXE.74.3.249-266 355 

Guidetti, L., Buzzachera, C.F., Emerenziani, G. Pietro, Meucci, M., Saavedra, F. et al. (2015) 356 

Psychophysiological responses to salsa dance. PLoS ONE. 10 (4), e0121465. 357 

doi:10.1371/journal.pone.0121465. 358 

Haddad, M., Stylianides, G., Djaoui, L. & Dellal, A. (2017) Session-RPE Method for Training Load 359 

Monitoring: Validity, Ecological Usefulness and Influencing Factors. Frontiers in Neuroscience. 11 360 

(612), 1–14. doi:10.3389/fnins.2017.00612. 361 

In review



  Session RPE in Professional Ballet 

 
10 

This is a provisional file, not the final typeset article 

Impellizzeri, F.M., Marcora, S.M. & Coutts, A.J. (2019) Internal and External Training Load: 15 362 

Years On. International Journal of Sports Physiology and Performance. 14 (2), 270–273. Doi: 363 

10.1123/ijspp.2018-0935. 364 

Impellizzeri, F.M., Rampinini, E., Coutts, A.J. & Marcora, S.M. (2004) Use of RPE-based training 365 

load in soccer. Medicine & Science in Sports & Exercise. 36 (6), 1042–1047. 366 

Jeffries, A.C., Wallace, L.W. & Coutts, A.J. (2016) Quantifying Training Loads in Contemporary 367 

Dance. International Journal of Sports Physiology and Performance. 12 (6), 796–802. 368 

doi:10.1123/ijspp.2016-0159. 369 

Kim, D-Y. & Lee, J.-A. (2011) Gender Comparison of Ratings of Perceived Exertion (RPE) as a 370 

Predictor of Exercise Intensity in College Students. Journal of Life Science. 21 (1), 9–14. doi: 371 

10.5352/JLS.2011.21.1.9 372 

Lupo, C., Capranica, L. & Tessitore, A. (2014) The validity of the session-RPE method for 373 

quantifying training load in water polo. International Journal of Sports Physiology and Performance. 374 

9 (4), 656–660. doi:10.1123/IJSPP.2013-0297 375 

Lupo C., Tessitore A., Gasperi L, Gómez MA. (2017a). Session-RPE for quantifying the load of 376 

different youth basketball training sessions. Biology of Sport. 34, 11-17. doi: 377 

10.5114/biolsport.2017.63381 378 

Lupo C., Capranica L., Cortis C., Guidotti F., Bianco A., Tessitore A. (2017b). Session-RPE for 379 

quantifying load of different youth taekwondo training sessions. Journal of Sports Medicine and 380 

Physical Fitness. 57(3), 189-194. doi:10.23736/s0022-4707.16.06021-x 381 

Mårtensson, S., Nordebo, K. & Malm, C. (2014) High Training Volumes are Associated with a Low 382 

Number of Self-Reported Sick Days in Elite Endurance Athletes. Journal of Sports Science and 383 

Medicine. 13 (4), 929–933. 384 

McLaren, S. J., Smith, A., Spears, I. R., & Weston, M. (2017). A detailed quantification of 385 

differential ratings of perceived exertion during team-sport training. Journal of Science and Medicine 386 

in Sport, 20(3), 290–295. doi:10.1016/j.jsams.2016.06.011  387 

Ozkan, A. & Kin-Isler, A. (2007) The reliability and validity of regulating exercise intensity by 388 

ratings of perceived exertion in step dance sessions. Journal of Strength and Conditioning Research. 389 

21 (1), 296–300. doi:10.1519/00124278-200702000-00052 390 

Padulo, J., Chaabène, H., Tabben, M., Haddad, M., Gevat, C., Vando, S. et al. (2014) The construct 391 

validity of session RPE during an intensive camp in young male Karate athletes. Muscles, Ligaments 392 

and Tendons Journal. 4 (2), 121–126.  393 

Saltin, B., Essén, B. & Pedersen, P.K. (1976) Intermittent Exercise: its Physiology and some 394 

Practical Applications. In: Medicine and Sport. 1976 pp. 23–51. 395 

Salzano, A., Camuso, F., Sepe, M., Sellami, M., Ardigò, L. P., & Padulo, J. (2019). Acute Effect of 396 

Toe Cap Choice on Toe Deviation Angle and Perceived Pain in Female Professional Ballet Dancers. 397 

BioMed Research International, 2019, 1–8. doi:10.1155/2019/9515079 398 

In review



  Session RPE in Professional Ballet 

 
11 

Schantz, P. & Astrand, P-O. (1984) Physiological characteristics of classical ballet. Medicine and 399 

science in sports and exercise. 16 (5), 472–476. 400 

Surgenor, B. & Wyon, M. (2019) Measuring Training Load in Dance: The Construct Validity of 401 

Session-RPE. Medical Problems of Performing Artists. 34 (1), 1–5. doi:10.21091/mppa.2019.1002. 402 

Sweet, T.W., Foster, C., McGuigan, M.R. & Brice, G. (2004) Quantitation of resistance training 403 

using the session rating of perceived exertion method. Journal of Strength and Conditioning 404 

Research. 18 (4), 796–802. doi:10.1519/14153.1 405 

Tanaka, H., Monahan, K.D. & Seals, D.R. (2001) Age-predicted maximal heart rate revisited. Journal 406 

of the American College of Cardiology. 37 (1), 153–156. doi:10.1016/s0735-1097(00)01054-8 407 

Teitz, C.C., Harrington, R.M. & Wiley, H. (1985) Pressures on the Foot in Pointe Shoes. Foot & 408 

Ankle International. 5 (5), 216–221. doi:10.1177/107110078500500502 409 

Winborn, M.D., Meyers, A.W. & Mulling, C. (1988) The Effects of Gender and Experience on 410 

Perceived Exertion. Journal of Sport and Exercise Psychology. 10 (1), 22–31. doi: 411 

10.1123/jsep.10.1.22 412 

Wyon, M. (2010) Preparing to perform: periodization and dance. Journal of Dance Medicine & 413 

Science. 14 (2), 67–72. 414 

Wyon, M.A., Twitchett, E., Angioi, M., Clarke, F., Metsios, G. & Koutedakis, Y. (2011) Time 415 

Motion and Video Analysis of Classical Ballet and Contemporary Dance Performance. International 416 

Journal of Sports Medicine. 32 (11), 851–855. doi:10.1055/s-0031-1279718. 417 

  418 

In review



  Session RPE in Professional Ballet 

 
12 

This is a provisional file, not the final typeset article 

Table 1. Correlation coefficients, p values, and 95% confidence intervals for intra-individual 419 

relationships between session rating of perceived exertion, and Edwards and Banister TRIMPs. Raw 420 

data for each participant can be seen in Figure 2. 421 

 Sex Sessions Edwards TRIMP Banister TRIMP 

   r p 95% CI r p 95% CI 

P1 F 13 0.88 < 0.001 0.64 – 0.96 0.88 < 0.001 0.64 – 0.96 

P2 F 20 0.88 < 0.001 0.72 – 0.95 0.88 < 0.001 0.72 – 0.95 

P3 F 11 0.84 < 0.001 0.48 – 0.96 0.81 < 0.001 0.41 – 0.95 

P4 F 9 0.68 0.045 0.03 – 0.93 0.56 0.113 -0.17 – 0.89 

P5 M 21 0.85 < 0.001 0.66 – 0.94 0.83 < 0.001 0.62 – 0.93 

P6 M 20 0.70 < 0.001 0.37 – 0.87 0.73 < 0.001 0.42 – 0.89 

P7 M 12 0.57 0.051 -0.01 – 0.86 0.46 0.132 -0.15 – 0.82 

P8 M 16 0.87 < 0.001 0.66 – 0.95 0.80 < 0.001 0.50 – 0.93 

P8 M 20 0.83 < 0.001 0.61 – 0.93 0.83 < 0.001 0.61 – 0.93 

P10 M 20 0.96 < 0.001 0.90 – 0.98 0.95 < 0.001 0.88 – 0.98 

P11 M 22 0.86 < 0.001 0.69 – 0.94 0.87 < 0.001 0.71 – 0.94 

Mean (±SD) - 16.73 ± 4.5 0.81 ± 0.11 - - 0.78 ± 0.14 - - 

Range - 9 – 22 0.57 – 0.96 - - 0.46 – 0.95 - - 

TRIMP – Training Impulse; P – Participant; F – Female; M – Male; CI – Confidence Interval 422 

 423 

 424 

Figure Captions 425 

Figure 1. The distribution of (A) session rating of perceived exertion (Session RPE); (B) Edwards 426 

summated heart rate zones (Edwards TRIMP); and (C) Banister training impulse (Banister TRIMP) 427 

measures during all sessions (red bars), ballet class (solid line), and rehearsals (dashed line).  428 

Figure 2. A comparison of Pearson’s correlation and repeated measures correlation (rmcorr) results 429 

for relationships between session rating of perceived exertion (session-RPE) and (A) Edwards 430 

summated heart rate zones method (Edwards TRIMP), and (B) Banister training impulse (Banister 431 

TRIMP). Each session completed by a participant is represented by a black circle. Blue lines depict 432 

individual Pearson’s correlations for each participant. Red lines depict the goodness of the rmcorr fit 433 

for each participant. Correlation coefficients, p values, and 95% confidence intervals for each 434 

participant who completed at least 9 sessions can be found in Table 1. 435 
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