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OBJECTIVE: The session rating of perceived exertion (ses-
sion-RPE) is a practical and non-invasive method that 
allows a quantification of internal training load (ITL) in 
individual and team sports. As yet, no study has investi-
gated its construct validity in dance. This study examines 
the convergent validity between the session-RPE method 
and an objective heart rate (HR)-based method of quanti-
fying the similar ITL in vocational dance students during 
professional dance training. METHODS: Ten dance stu-
dents (4 male, 20±1.16 yrs; 6 female, 20±0.52 yrs) partici-
pated in this study. During a normal week of training, ses-
sion-RPE and HR data were recorded in 96 individual 
sessions. HR data were analysed using Edwards-TL 
method. Correlation analysis was used to evaluate the 
convergent validity between the session-RPE and 
Edwards-TL methods for assessing ITL in a variety of train-
ing modes (contemporary, ballet, and rehearsal). 
RESULTS: The overall correlation between individual ses-
sion-RPE and Edwards-TL was r=0.72, p<0.0001, suggest-
ing there was a statistically significantly strong positive 
relationship between session-RPE and Edwards-TL. This 
trend was observed across all the training modes: 
rehearsal sessions (r=0.74, p=0.001), contemporary 
(r=0.60, p=0.001), and ballet (r=0.46, p=0.018) sessions. 
CONCLUSIONS: This study shows that session-RPE can 
be considered as a valid method to assess ITL for voca-
tional dance students, and that notably there is some vari-
ation between session-RPE and HR-based TL in different 
dance activities. Med Probl Perform Art 2019;34(1):1–5. 
 

To optimize performance in dance, there needs to be 
a balance between training stimuli and recovery.1,2 

However, within the context of vocational dance train-

ing, the question arises, how much training is too much, 
or too little, to optimize performance? Overloading stu-
dent dancers with high volumes of intense training has 
the potential to expose them to fatigue and overtraining-
related injuries.3,4 The reverse is also true, as without suf-
ficient overload on the system, no adaptation will occur 
and no fitness gains will be made.5,6 For this reason, 
establishing an effective way to record and monitor 
training load is important when balancing improvement 
of performance with avoidance of injury, overtraining, 
and burnout.4 
     Applying a periodization model to vocational dance 
training has been proposed as a means to help prevent 
overtraining and its link to injury, whilst optimizing the 
dancer’s performance.4 This systematic approach to dance 
training involves progressive cycling of various aspects of 
a training program with the goal of enhancing perform-
ance outcomes5 and is, at heart, a quantitative method. 
This presents the challenge of finding ways to effectively 
quantitate training load using a single term.7   
     Monitoring the training load (TL) is fundamental to 
studying the effects of specific periodization strategies in 
vocational dance training as well as monitoring the effect 
of training load on individual dancers4. Given the com-
plexity of the training mode interaction,8 there is clearly a 
need for an accurate means of measuring TL. Without an 
accurate and reliable means of monitoring TL, there is a 
risk that unsuitable training will be prescribed, which 
could result in illness (psychological and physiological), 
physical injuries, and overtraining.1,9 
     Training load can be measured both externally and 
internally; external training load (ETL) in dance might 
include the number of hours of training per week or the 
number of classes, rehearsal, or performances per week. 
However, ETL does not provide sufficient information on 
the physiological/psychological response to the ETL as 
experienced by the individual dancer. Internal training 
load (ITL) represents the amount of physiological/psycho-
logical stress experienced by each individual dancer. The 
assessment of ITL requires quantification of the intensity 
of the training stress imposed on the dancer and its dura-
tion. Although the duration of a training session is easily 
measurable in minutes, its intensity can be determined 
with different methods, such as heart rate (HR) and rate of 
perceived exertion (RPE).  

From the 1School of Dance, Hong Kong Academy of the 
Performing Arts, Hong Kong; 2Research Centre for Sport, 
Exercise and Performance, Institute of Sport and Health 
Sciences, University of Wolverhampton, Wolverhampton, 
UK; and 3National Institute of Dance Medicine and Sci-
ence, UK. 
 
The authors declare no funding or conflicts of interest 
related to this study.  
 
Address for correspondence: Prof. Matthew Wyon, 
Research Centre for Sport, Exercise and Performance, 
Institute of Sport and Health Sciences, University of 
Wolverhampton, Gorway Rd., Walsall WS1 3BD, UK. Tel 
+44-1902-323144. m.wyon@wlv.ac.uk. <Pls confirm mailing 
address, tel> 
 
https://doi.org/10.21091/mppa.2019.1002 
© 2019 Science & Medicine. www.sciandmed.com/mppa

Measuring Training Load in Dance: 
The Construct Validity of Session-RPE 

 
Brenton Surgenor, MSc,1 and Matthew Wyon, PhD2,3

PROOF

mailto:m.wyon@wlv.ac.uk
mbokulich
Cross-Out

mbokulich
Cross-Out

mbokulich
Highlight



     HR has been used by a number of researchers to quan-
tify ITL in sport and physical activities.10-13 HR demon-
strates an almost linear relationship to maximal oxygen 
consumption (VO2max) over a wide range of steady-state 
submaximal exercise intensities14 and provides a suitable 
methodology for quantifying training intensity during 
most exercise contexts. One of the most commonly used 
HR-based methods of quantifying training load was devel-
oped by Edwards.15 Edwards’ method for the calculation 
of TL (Edwards-TL) uses time spent in five pre-defined 
zones multiplied by corresponding coefficients. This 
method is the default setting on a Polar HR monitor 
system and therefore has gained popularity amongst those 
seeking a convenient means to objectively quantify train-
ing load. Edwards-TL has been used to provide evidence of 
construct validity by a number of studies.12,16–18 
     Using Edwards-TL as a measure of intensity in dance 
presents a number of challenges. HR transmitter belts are 
not widely available within vocational dance schools. In 
addition, HR response can present problems when evalu-
ating intensity during intermittent physical activity that 
utilizes both the aerobic and anaerobic energy systems.19,20    
     Thus, although HR-based methods provide objective 
measures of ITL, they may not be practical for dance. An 
alternative to HR-based methods is session rate of per-
ceived exertion (session-RPE) developed by Foster and col-
leagues.12 Session-RPE requires dancers/athletes to rate 
the intensity of an entire session subjectively using the 
RPE category ratio scale (CR-10) developed by Borg,21 mul-
tiplied by duration (minutes) of the session. This product 
represents as a single number the magnitude of ITL in arbi-
trary units (AU).   
     A number of studies support the validity of session-RPE 
as an indicator of ITL. Indeed, the construct validity of 
session-RPE as a means to record ITL has been investi-
gated in several sports and physical activities and was 
found to correlate well with HR-based methods of quanti-
fying ITL.12,16,17  
     Session-RPE has the potential to benefit a large propor-
tion of the global dance community since it is inexpensive, 
easy to use, and proven has reliable as a measure of ITL in 
a variety of training and performance environments. How-
ever, to date, no study has examined the construct validity 
of the session-RPE method for quantifying ITL in dance, 
where the operational definition of the construct is the 
ITL. For this reason, the aim of the present study was to 
evaluate the convergent validity between the session-RPE 
and an objective HR-based method for assessing the ITL in 
a variety of training modes with vocational dance students. 
 

METHODS 
 

Participants 
 
Ten dance students (4 males: 20 ± 1.16 yrs, 59.77 ± 2.9 kg, 
168.3 ± 5.38 cm; 6 females: 20 ± 0.52 yrs, 51.3 ± 1.03 kg, 
159.3 ± 3.39 cm) from a contemporary dance vocational 

program, volunteered to participate in this study. The 
dancers were in their first year of full-time study. The study 
was fully approved by the clinical Research Ethics Com-
mittee of the University of Wolverhampton. Before the 
study, dancers received and signed informed consent prior 
to data collection. All dancers were fully accustomed to 
the procedures used in this research and were informed 
they could withdraw from the study at any time without 
penalty. <AU: give IRB case #> 
 

Procedures 
 
The data collection took place during a typical week (5 
days) of training (11 dance sessions: 5 contemporary 
classes, 3 ballet classes, and 3 rehearsals). During each of 
the different modes of dance training, session-RPE and HR 
were recorded and analyzed (96 individual sessions). 14 ses-
sions were not recorded due to participant absence. 
     Monitoring Training Loads—Session-RPE was calcu-
lated using Foster’s procedure,12 which involves multiply-
ing the training duration in minutes by the mean perceived 
training intensity. The session-RPE scale is based on the 
Borg Category Ratio (CR-10) RPE scale22 modified to trans-
late an athlete’s perception of effort into a numerical score 
between 0 and 10. This test is designed to ask the athlete to 
respond to a simple question, “How was your workout?,” 
with the goal of getting an uncomplicated response that 
reflects the athlete’s global impression of the physical ses-
sion. In the present study, the question “how was your 
workout?” was changed to “how was your class/rehearsal?” 
to better reflect the dance environment. All dancers had 
been familiarized to this scale before the start of the study 
(2 weeks preceding the data collection period) and followed 
standardized instructions for session-RPE that included ses-
sion-RPE being collected approximately 15 minutes after 
each class or rehearsal to ensure that the perceived exertion 
referred to the whole session rather than the most recent 
(end of session intensity). 
     Criterion Methods for Quantifying Physical Training 
Loads—The HR-based method proposed by Edwards15 
determines internal load by measuring the product of accu-
mulated training duration (minutes) in five HR zones calcu-
lated as a percentage of the individual’s age-related HR max-
imum (HRmax) (220–age) using a coefficient relative to each 
zone (50–60% HRmax = 1, 60–70% HRmax = 2, 70–80% HRmax 
= 3, 80–90% HRmax = 4, 90–100% HRmax = 5) and then sum-
ming the results. 
     Edwards-TL was derived theoretically and not through 
experimentation, raising the question of the legitimacy of 
validating the session-RPE method against this HR-based 
method. However, criterion-related validity of Edwards-
TL has been validated against other measures of ITL and 
found to demonstrate highly significant correlations. In a 
review article by Borresen and Lambert,23 Edwards-TL was 
listed as an index of training stress alongside Banister’s 
TRIMP.24 Indeed, the majority of research analyzing the 
ecological validity of session-RPE has used either Edwards-
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TL or Banister’s TRIMP.25–27 It should be noted that 
despite the relative simplicity of Banister’s TRIMP, it does 
not distinguish between different levels of training, there-
fore making it less compatible with the interval nature of 
dance training.23 

     HR Measurements and Calculations—Training inten-
sity during each dance session was recorded using Polar 
Team System HR monitors (Polar, Kempele, Finland), with 
HR recorded every 5 sec. After each training session, HR 
data were downloaded to a computer using Polar Advan-
tage Software (Polar Electro, Oy, Finland).  
 

Data Analysis 
 
Descriptive statistics of session-RPE and Edwards-TL were 
computed and presented; normality of the data was con-
firmed via quantile-quantile plots.  
     The following data analyses were conducted for session-
RPE and Edwards-TL, after assuming the observations 
within the same participants over the 11 sessions were inde-
pendent. First, the data were tested for multivariate nor-
mality of the residuals, and homogeneous variance-covari-
ance of matrices across the groups (i.e., type of training 
modes) were checked using the chi-square quantile-quantile 
plot (for the multivariate normality assumption) and the 
Box’s M test (for homogeneity of the variance-covariance 
matrices). The assumptions were all satisfied. Secondly, a 
multivariate analysis of variance (MANOVA) was per-
formed with Bonferroni post-hoc analysis to determine if 
there were the same significant differences in the three types 
of training modes (contemporary, ballet, and rehearsal) 
when analysed by the two different session intensity meth-
ods (session-RPE and Edwards-TL). Thirdly, to determine 
the level of relationship between session-RPE and Edwards-
TL, four simple linear regressions were performed (overall 
and by training mode: contemporary, ballet, and rehearsal) 
for Edwards-TL (dependent variable) and session-RPE 
(independent variable). All analyses were conducted using 
SPSS ver. 23 (IBM Corp., Armonk, NY, USA) and signifi-
cance was set at p≤0.05. 
 

RESULTS 
 
A significant main effect was reported between the sessions 
(F=13.39, p<0.001) and between-subject effects for session-

RPE (F2,93=36.67; p<0.001) and Edwards-TL (F2,93=17.95; 
p<0.001). For both session-RPE and Edwards-TL Bonfer-
roni post hoc tests reported the contemporary sessions 
were significantly greater than the ballet and rehearsal ses-
sions (p<0.01), and there were no significant differences 
between the ballet and rehearsal sessions. For both ses-
sion-RPE and Edwards-TL, the contemporary sessions had 
the greatest mean data, followed by ballet and finally 
rehearsal (Table 1). 
     Figure 1 shows the scatter plots of Edwards-TL and ses-
sion-RPE, stratified by training mode. The result of the 
linear regression model, with Edwards-TL as the depend-
ent variable and the session-RPE as the independent vari-
able, indicates a significant large positive relationship 
(r=0.72; F1,95=101.1; p=0.001). The adjusted r2 (0.513) and 
SEE (±53.96) indicate a poor predictive capability. 
     Analysis of the individual training modes indicated 
that rehearsals had the better relationship (r=0.744; 
F1,25=29.69; p=0.001), though the adjusted r2 (0.534) and 
SEE (±39.03) still indicate a poor predictive capability. The 
ballet (r=0.462; F1,25=6.507; p=0.018) and contemporary 
(r=0.573; F1,25=20.52; p=0.001) class sessions were both sig-
nificant though the adjusted r2 (0.181 vs 0.312), and the 
SEE (±57.78 vs 60.14) shows relatively poor predictive 
capabilities compared to rehearsal sessions. 
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TABLE 1. Descriptive Statistics of Session-RPE and Edwards TL  

 Internal TL                                                   n                                  Mean ± SD                              Median                              (Min, Max) 

 Session-RPE 
      Overall                                                  96                              371.00 ± 179.34                           337.56                            (48.08, 723.24) 
      Ballet                                                    26                              313.84 ±  75.50                           303.66                           (168.48, 441.95) 
      Contemporary                                       44                              488.67 ± 152.95                           504.56                           (150.22, 723.24) 
      Rehearsal                                               26                              229.01 ± 165.96                           169.08                            (48.08, 613.32) 

 Edwards-TL 
      Overall                                                  96                              140.30 ±  77.32                           139.02                             (17.97, 348.9) 
      Ballet                                                    26                              121.92 ±  63.83                           115.67                            (32.05, 246.45) 
      Contemporary                                       44                              182.25 ±  72.52                           164.82                             (57.54, 348.9) 
      Rehearsal                                               26                               87.69 ±  57.20                            64.1                             (17.97, 250.97)

FIGURE 1. Scatter plot of Edwards-TL and session-RPE 
for each session type. <AU: provide hi-res image>
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DISCUSSION 
 
This is the first study to investigate the construct validity 
of session-RPE as an indicator of ITL in vocational dance 
students using the correlation (convergent validity) 
between session-RPE and Edwards-LT as valid indicators 
of ITL. In this investigation, statistically significant posi-
tive correlations were found between session-RPE and 
Edwards-TL (r = 0.46–0.74). The magnitude of correlation 
between session-RPE method and Edwards-TL method 
were similar to those reported in previous investigations 
conducted in team sports such as soccer (Impellizzeri et al., 
2004),25 basketball (Manzi et al., 2010),27 and Australian 
football (Scott et al., 2013), <AU: give refs> which all show 
moderate to very large relationships between session-RPE 
and HR-based methods for quantifying training loads.   
     The results of the present study indicate that the contem-
porary dance sessions recorded significantly higher scores 
for both session-RPE and Edwards-TL than ballet or 
rehearsal sessions and that there was no statistically signifi-
cant difference between rehearsal and ballet sessions for 
either monitoring methods. This would suggest that stu-
dents were working at higher intensity during contemporary 
dance classes and mirrors cardiorespiratory data previously 
reported (ballet class, 14.5±2.1 mL/kg/min28; contemporary 
dance class, 20.4 ±4.8 mL/kg/min29; and contemporary 
dance rehearsals, 10.17–17.19 mL/kg/min30). 
     Dance is a complex, diverse, non-steady-state, intermit-
tent activity of moderate to high intensity and has notable 
differences between training, rehearsal, and performance 
intensities and durations.30–33 Impellizzeri et al. (2004)25 
claimed that the intermittent exercise nature of team 
sports (aerobic and anaerobic sources) could reduce the 
grade of correlation between session-RPE and Edwards-TL 
based methods. This would explain the range of observed 
relationships between session-RPE and Edwards-TL in the 
present study. This is further supported by research that 
reported an increase in participants RPE during intermit-
tent protocols in comparison with a steady-state exercise 
session matched for total work, despite no difference in 
mean VO2 and HR between the two exercise protocols.34 
     Another finding in the current study is the variable mag-
nitude of the correlations between different modes of train-
ing. A very large positive relationship was observed for 
rehearsal (r = 0.74), a large positive relationship was observed 
for contemporary (r = 0.573), and a moderate positive rela-
tionship for ballet (r = 0.462). The reason for these variations 
in correlation relationship is unclear. It could be speculated, 
however, that it is because session-RPE is derived from a sub-
jective interpretation of exertion which combines a multi-
tude of interrelated factors. For example, environmental fac-
tors such as temperature, music, feedback, and instruction17 
could all alter perception of exercise intensity. 
     Moreover, a recent review article by Beck, Redding, and 
Wyon32 highlights the variability in energy demands of dif-
ferent dance genres, which poses challenges to drawing 
consensual conclusions across studies. The researchers go 

further to suggest that to report on the energy demands of 
dance more accurately, research should be dance genre 
specific, with detailed accounts of technical and stylistic 
elements of movement vocabulary and the inclusion of the 
reporting of work-to-rest ratios.  
     Understanding the training environment and the 
response that a multitude of external training factors may 
induce in an athlete/dancer is important when examining 
the effectiveness of session-RPE in monitoring ITL. 
Gaudino et al.35 investigated the relationship between 
internal and external load parameters in elite soccer and 
demonstrated that external factors significantly influenced 
load during training as assessed by session-RPE. They con-
cluded that a multi-variant model more accurately assesses 
training load. Similarly, Minganti et al.16 demonstrated ses-
sion-RPE is a valid means of measuring ITL for competi-
tive divers but suggested a weighting factor (degree of diffi-
culty) might be added to a calculation for session-RPE to 
more accurately reflect ITL when athletes practice 
sequences of different levels of technical difficulty. The 
findings of these two studies indicate that a combination 
of different external factors may better predict ITL than 
one individual parameter (session-RPE) alone. It is clear 
further research is needed to determine exactly what exter-
nal training load factors most influence dancers’ session-
RPE. Nevertheless, despite the possible influence of con-
tributing external factors, literature supports the validity 
of session-RPE as an indicator of exercise intensity.17,36   
     It is reasonable to assume that the results of the present 
study may have been influenced by the small number of 
participant and the relatively short data collection period. 
Further research is required on a larger number of partici-
pants over longer periods of time to generate more conclu-
sive results. However, it should be noted that the finding in 
this study align with previous studies validating session 
RPE against HR response with greater numbers of partici-
pants and larger data collections.12,16,17  
 

Recommendations and Conclusion 
 
In the present study, the magnitude of association between 
session-RPE and Edwards-TL is strong enough to provide 
confirmation that session-RPE can be an effective means 
of quantifying ITL in dance. The simplicity and versatility 
of the session-RPE method make it a valuable tool for 
dancers, teachers, and dance scientists if they wish to mon-
itor the training process by quantifying the ITL as a single 
term. By quantifying ITL into a monitoring system of daily 
activity load scores, it can show patterns of weekly, 
monthly, and yearly training load.37,38 Furthermore, the 
factors such as the low cost and not having to rely on tech-
nical expertise or equipment make it a user-friendly and 
practical tool for monitoring ITL in dance. Understanding 
how these external training factors affect session-RPE 
would help dancers, teachers, and dance scientists to mon-
itor training load more accurately. This notwithstanding, 
additional studies are strongly recommended to identify 
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which external training factors are most influential on ses-
sion-RPE in different training modes. 
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