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ABSTRACT

Wallace, LK, Slattery, KM, and Coutts, Al. The ecological
validity and application of the session-RPE method for quan-
tifying training loads in swimming. J Strength Cond Res 23(1):
33-38, 2009-There are few practical methods available for
evaluating training loads (TL) during swimming. The purpose of
this study was to examine the ecological validity of the session-
rating of perceived exertion (RPE) method for quantifying
internal TL in competitive swimmers using heart rate (HR)-
based methods and distance as criterion measures. This study
also examined the correspondence between athlete and coach
perceptions of internal TL using the session-RPE method.
Twelve (six male, six female) well-trained swimmers (mean *+
SD: age 22.3 * 3.1 years, weight 71.8 = 11.6 kg, height
175.0 = 9.0 cm) participated in this study. All subjects com-
pleted a swimming step test to evaluate individual HR zones
and blood lactate profile before undertaking 20 swim training
sessions where RPE, HR, and distance covered were recorded.
Training load was then calculated for each session using the
session-RPE, HR-based methods, and session distance. The
session-RPE scores were correlated to HR-based methods for
measuring internal TL as well as training distance for each
swimmer. All individual correlations between session-RPE,
HR-based methods (r = 0.55-0.94; p < 0.05), and distance
measures (r=0.37-0.81; p < 0.05) were significant. Two-way
ANOVA showed that there was a significant interaction for
training intensity X coach-athlete perception, indicating that
coach RPE was lower than athlete RPE for low-intensity
sessions and higher than athlete RPE at high-intensity sessions.
The results of this study suggest that session-RPE may provide
a practical, noninvasive method for quantifying internal TL in
competitive swimmers.
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INTRODUCTION

here are a variety of monitoring methods used by
coaches to measure the physical training loads
(TLs) undertaken by athletes. However, in sports
such as swimming, few valid and reliable methods
are available to evaluate the TL undertaken. Typically, the
majority of training programs are prescribed using a measure of
external TL. External TL is defined as the work completed by
an athlete measured independently of his or her internal char-
acteristics. For example, in swimming, coaches often prescribe
training with reference to external measures (i.e., distance swum
[m] and/or swimming velocity [m-s~']—e.g, 10 X 100 m on
1:40 min:s holding 1:05 min:s). However, it is the relative
physiological stress imposed on the athlete (internal TL), and
not the external TL completed by the athlete, that deter-
mines the stimulus for training adaptation (22). For example, a
similar training session prescribed in terms of an internal TL
would be based on physiological measures (e.g., 10 X 100 m on
1:40 min:s holding ~90% of maximal heart rate [HRmax]).
Currently, the most widely used methods for evaluating
internal TL use heart rate (HR) information as a measure of
exercise intensity (3,11,18,19). However, the application of
HR as a measure of exercise intensity in swimming has
several limitations. For example, the HR response can be
a poor method for evaluating intensity during high-intensity
exercise such as weight, interval, intermittent, and plyometric
training (14). Many of these training methods are regularly
implemented in swimming programs. Furthermore, HR
monitoring devices often incur technical failure in water, and
manual pulse palpitation requires interruption in exercise.
The session-rating of perceived exertion (RPE) method
was proposed by Foster et al. (15) as a practical tool for
evaluating internal TL in athletes. This method requires
subjects to subjectively rate the intensity of the entire training
session using an RPE according to the category ratio scale
(CR-10 scale) developed by Borg et al. (5). This intensity
value is then multiplied by the total duration (minutes) of the
training session to create a single measure of internal TL in
arbitrary units (AUs). Previous investigations have shown
session-RPE to compare favorably with more complicated
methods of quantifying training load in endurance (14), team
sport (7,17), and resistance trained athletes (9).
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On the basis of the collective research, it seems that session-

RPE may provide a suitable method for evaluating internal -

TL in swimming. However, no study has examined its validity
and application in competitive swimmers. Therefore, the
purpose of this investigation was to compare the session-RPE
method with traditional HR-based (internal TL) and distance
(external TL) measures for evaluating physical TL in
competitive swimmers. Furthermore, this investigation will
also examine the correspondence between athletes’ and
coaches’ perceptions of internal TL using the session-RPE
method.

METHODS

Experimental Approach to the Problem

To date, no study has previously measured the ecological
validity of the session-RPE method for quantifying internal
TL in swimming. Additionally, to our knowledge, only one
study has previously compared coaches’ and athletes’
perceptions of internal TL using the session-RPE method
(16). Therefore, this study will investigate the ecological
validity of the session-RPE method for quantifying internal
TL in competitive swimmers. To achieve this, the athlete’s
perception of exercise intensity (RPE) will be compared with
commonly used HR methods for quantifying internal TL.
Heart rate-based methods were chosen as a criterion
measure because HR has previously been established as a
valid measure of evaluating exercise intensity (1). Further-
more, this study will also compare the perceptions of internal
TL between athletes and coaches using the session-RPE
method.

Subjects

Twelve (six male, six female) well-trained swimmers (mean *
$D: age 22.3 + 3.1 years, weight 71.8 * 11.6 kg, height
175.0 = 9.0 cm) volunteered to participate in this study.
All subjects had been competing regularly in national com-
petitions for at least 4 years. Six of these subjects were current
members of the provincial Institute of Sport Swim Team, and
two of the subjects had competed for their country as part of
the open national swim team during the previous 12 months.
Two qualified swimming instructors also agreed to partici-
pate in this study. Preceding the commencement of the study,
all subjects were made aware of the potential risks and
benefits associated with participation, and written informed
consent was obtained by each subject. Ethical approval was
granted by the university human research ethics committee
for all experimental procedures.

Experimental Protocol

The present study was completed between December 2005
and March 2006. Each training session was designed and
implemented by the swimming instructor with no input
from the researcher. After a 1-month familiarization period
using the session-RPE method, each subject completed 20
individual training sessions consisting of a variety of different
training distances and training intensities.
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Physical Training

All physical training undertaken during this study took place
in a 50-m heated pool (27°C) and was performed as part of the
general conditioning phase in the yearly plan. Physical
training sessions were designed by the instructors to elicit
a variety of training adaptations, with emphasis on improving
aerobic conditioning, anaerobic threshold (AT), VO,max,
and speed. The majority of physical training was performed
in the form of interval work, where swimming laps were
broken down into repeat distances ranging between 25
and 800 m. All physical training sessions lasted between
30 minutes and 2 hours, with swimming distances ranging
between 2 and 6 km.

Testing Procedures

Lactate Threshold Assessment. Each subject completed a swim-
ming step test to establish individual HR zones and blood
lactate profiles. The swimming step test consisted of 7 X
200-m efforts, progressing from aerobic swimming to
maximal-intensity swimming (20). Immediately after each
incremental workload, capillarized blood samples (30 ul)
were taken from the ear lobe to assess blood lactate
concentration ([BLa™]) and analyzed using a Lactate Scout
Portable Lactate Analyser (Boehringer, Mannheim,
Germany). Maximum HR was recorded as the highest HR
achieved during the test. The Lactate Analysis macro add-in
in Microsoft Excel (SASI, Adelaide, Australia) was used to
calculated lactate thresholds (LTs) from fixed [BLa™] values
of 2 and 4 mmol-L ! (21).

Monitoring Tratning Load. Daily training load was calculated
using the session-RPE method (14). This method involved
multiplying the training duration in minutes by the mean
training intensity (14). The training intensity was measured
by the 10-point Rating of Perceived Exertion Scale (CR-10:
RPE) (5) shown in Table 1.

TaeLe 1. The 10-point rating of perceived exertion
scale (5).

Rating Description

Rest

Very, very easy
Easy

Moderate
Somewhat hard
Hard

Very hard

0
1

2
3
4
5
6
7
8
9
0]

ey

Maximal
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To ensure that each subject reported a global RPE for the
entire training session, the RPE was taken 30 minutes after the
completion of the session. For comparison of internal TL
measures between athlete and coach, individual session-RPE
(both RPE and duration) estimates were also taken from the
coach before each training session.

Training intensity during each swim training session was
also recorded using Polar Team HR monitors (Polar,
Kempele, Finland), where HR was recorded every 5 seconds.
To reduce HR recording error during training, all subjects
were asked to check their HR monitors after each set
(approximately 10 minutes). After each training session, HR
information was then downloaded to a computer using Polar
Advantage Software.

Criterion Methods for Quantifying Physical Traiming Loads.
Several HR-based methods for quantifying internal TL were
used as a criterion measure in this investigation. The TRIMP
method proposed by Banister (2) was used as the first
criterion measure of internal TL and was determined using
the following formula:

Training load = D(AHR ratio)e”“HR 72)

where D = duration of training session, and b = 1.67 for
females and 1.92 for males (4,19).

The HR-based method proposed by Edwards (11) was also
used as a criterion measure of internal TL in this study. This
method involves integrating the total volume with the total

intensity of each physical training session relative to five -

intensity phases. An exercise score for each training bout was
calculated by multiplying the accumulated duration in each
HR zone by a multiplier allocated to each zone (50-60%
HRmax = 1, 60-70% HRmax = 2, 70-80% HRmax = 3, 80-
90% HRmax = 4, and 90-100% HRmax = 5) and then
summating the results.

The final criterion measure of internal TL used in this study
was the LT zone method previously described by Impellizzeri
et al. (17). This method involves multiplying the time spent in
three HR zones (zone 1: below LT; zone 2: between LT and
the AT; and zone 3: above AT) by a coeflicient relative to
each intensity zone (k = 1 for zone 1, k =2 for zone 2, and
k =3 for zone 3) and then summating the results. In addition
to these HR-based methods, a measure of swimming dis-
tance (m) was used as the criterion measure of external TL.

Statistical Analyses

The relationship between session-RPE and previously used
HR-based methods for measuring internal TL and measures
of external TL were analyzed using the Pearson product-
moment correlation. Statistical comparisons of session-RPE
were also made between coaches and athletes during the
investigation period. Training sessions were divided into
those intended by coaches to be easy (RPE < 3), moderate
(RPE 3-5), and difficult (RPE > 5). A two-way analysis of
variance (ANOVA) was then used to compare coaches’ and
athletes’ perceptions for intensity, duration, and training load

at each intensity level. Statistical significance was set at p <
0.05. Effect size (ES) (Cohen d) was also calculated to
analyze potential trends in the data comparing respective
coaches’ perceptions of planned exercise intensity with the
swimmers’ perceptions of actual exercise intensity. An ES of
< 0.2 was classified as a “trivial,” 0.2-0.4 as a “small,” 0.4-0.7
as a “moderate,” and >0.8 as a “large” effect. SPSS statistical
software package version 11.5 (SPSS Inc., Chicago, Ill) was
used for all statistical calculations.

RESULTS

Various HR, RPE, and distance measures were collected from
248 training sessions during a 3-month period. However,
because of problems with obtaining clean HR data during
swimming, only eight subjects completed the desired 20
training sessions in the time frame required. Therefore,
individual correlations between HR, RPE, and distance
methods for quantifying training load were based on 20
individual sessions, whereas group correlations were based on
a total of 160/248 training sessions. Correlations between
session-RPE and HR-based methods were all significant
(p < 0.01). Individual correlations are presented in Table 2.

Coaches’ and athletes’ evaluations of session-RPE (internal
TL, duration, and intensity) were also examined during the
investigation period. There were moderate-to-strong corre-
lations observed between coaches and athletes for training
duration (» = 0.86, p < 0.01), training intensity (» =0.84, p <
0.01), and internal TL (» = 0.85, p < 0.01). Repeated-
measures ANOVA also revealed significant interaction effects
for training intensity group X coach-athlete perception
group for RPE (F = 6.458, p = 0.003). The interactiop effect
indicates that the RPE difference depends on the exercise
intensity at which the session is being completed. The
estimated coach RPE was lower than the actual athlete
RPE for low-intensity session, and the estimated coach RPE
was higher than the actual athlete RPE for high-intensity
sessions (see Figure 1). Additional ES analysis revealed
moderate-sized effects at the low- (d = 0.67) and high-
intensity (d = —0.50) sessions, with only trivial ES differences
at moderate-intensity (d = —0.14) sessions.

DiscussioN

The present investigation examined the ecological validity
and practical application of the session-RPE method for
quantifying training loads in swimmers. Our results are
consistent with previous investigations that have shown
a high correspondence between session-RPE and HR-based
methods for evaluating internal TL in athletes (12,13,15). In
the present study, we found significant individual correlations
between session-RPE and commonly used HR-based
methods (e.g., TRIMP [r = 0.55-0.92], Edwards [r = 0.57-
0.91], and LT zone method [ = 0.59-0.94]) for quantifying
internal TL (11,18,19). However, the strength in the
correlations between session-RPE and the HR-based
methods were slightly lower than those reported in previous
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TasLe 2. Individual correlations between session-RPE, HR-based, and distance measures for quantifying physical
training load.

Subjects Distance Session-RPE coach

Banister's TRIMP

Edward's TRIMP LT zone

0.37 0.84
0.76 0.88
0.85 0.86
0.70 0.93
0.80 0.73
0.35 0.91
0.57 0.96
0.81 0.94
0.65 0.88
0.20 0.07

0.76 0.76 0.64
0.79 0.82 0.73
0.92 0.91 0.94
0.63 0.63 0.78
0.81 0.84 0.87
0.56 0.57 0.71
0.55 0.56 0.59
0.92 0.91 0.91
0.74 0.75 0.77
0.15 0.15 0.13

RPE = rating of perceived exertion; HR = heart rate; LT = lactate threshoid.

R

investigations in endurance-based athletes (» = 0.75-0.90)
(14) and slightly higher than those reported in young soccer
players (» = 0.50-0.85) (17). These findings may be attributed
to the type of training undertaken by the athletes in the
present study (e.g., interval training).

Previous investigations have reported increases in RPE
scores in subjects performing intermittent training compared
with steady-state training where training sessions were
matched for total work (10). These previous investigators
have suggested that increases in RPE scores were attributable
to increases in the anaerobic contribution to energy
production during intermittent training. In accordance with
these findings, Coutts et al. (8) recently have shown that the
combination of HR and [BLa~] measures taken during small-
sided soccer games was better related to RPE than HR and
[BLa™] measures taken alone. These previous findings
further support the argument that RPE may provide a valid
global measure of training intensity during high-intensity,
non-steady-state training. In the present investigation, the
majority of training was performed by the athletes in the form
of interval training. For example, depending on the focus of
the session, the coaches often prescribed swim sessions that
involved repeat swim efforts ranging from 25 to 800 m. These
commonly resulted in the swimmers having to undertake
highly intermittent work. It is this intermittent work that may
have been responsible for increases in RPE scores in relation
to HR measures. We suggest that the global nature of RPE
that is modulated by various forms of stress during exercise
makes it a suitable practical tool for monitoring internal TL
in swimmers.

The present results also show the session-RPE method to
have the lowest correlation to distance measures for
quantifying training load (» = 0.37-0.85). This finding was
an expected result because distance measures do not take
into account the intensity of the training session. For
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example, it would be far less stressful for a swimmer to
perform 10 X 100 m at an aerobic intensity than it would for
the same swimmer to perform 10 X 100 m at maximal
intensity. This finding suggests that distance measures may
provide a poor method for evaluating TL in athletes
undertaking high-intensity training programs.

Although the session-RPE method may seem unsophisti-
cated compared with HR-based approaches, both methods
have been shown to be useful for evaluating internal TL in the
majority of endurance-based sports. However, in agreement
with previous investigations (14,17), the present results
suggest that the session-RPE method may be more sensitive
than HR-based or distance measures for describing the
response to training during high-intensity or intermittent
exercise. Furthermore, because of technical problems, we
were only able to obtain good HR data from 160/248
individual training sessions, demonstrating the level of
difficulty in obtaining HR data during swimming. Therefore,
given the importance of high-intensity exercise in swimming
and the difficulties associated with collecting HR information
in this environment, the session-RPE method may provide
a more valid approach to monitoring internal TL in
competitive swimmers.

The second purpose of this study was to examine the
correspondence between athlete and coach perceptions of
internal TL using the session-RPE method. No significant
differences in internal TL were revealed between athletes and
coaches during sessions designed to be easy (RPE < 3),
moderate (RPE 3-5), and difficult (RPE > 5). However, in
agreement with previous research (16), the present results
show a tendency for the athletes to report higher training
intensities compared with coaches during sessions designed
to be easy and lower training intensities compared with
coaches during sessions designed to be difficult. These findings
are consistent with other previous investigations that have
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PRACTICAL APPLICATIONS

At present, there are few valid
and practical methods for
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monitoring internal TL during
high-intensity, ~ non-steady-~
state exercise such as swim-
ming training. The session-RPE
method may allow coaches to
monitor the training process by
quantifying the internal TL of
an athlete using a single term
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(16). The benefits of using
session-RPE include allowing
coaches to evaluate and com-
pare the training stress imposed
on individual athletes during
each component of the training
program (e.g., swimming and
dry land workouts). Further-
more, the use of RPE provides
a cost-efficient, noninvasive,
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and reliable method for quan-
tifying training intensity. The
application of this method to
swimming may also allow
coaches to monitor training
adaptations in individuals and
to verify periodization strate-
gies (10,14,16). For example, an
increased RPE to a regular
standard work bouts during

Easy Moderate

each training cycle (i.e., weekly)
may be used as a guide for
coaches to monitor for either

Difficult

Figure 1. Comparison between athletes’ and coaches' perceptions of intensity (A), duration (B), and internal TL (C)

using the session-RPE method during easy, moderate, and difficult training sessions (mean *+ SD). *Significant

interaction effect (p < 0.05).

shown a mismatch between athletes’ and coaches’ perceptions
of training intensity at low and high intensities (16).

A mismatch in perceived training intensity between athlete
and coach has important implications for training athletes.
This result demonstrates poor control of training variables
and may place athletes at an increased risk of maladaptive
training. It has previously been suggested that a decrease in
the day-to-day variability in TL may increase the incidence of
illness (12) and have a negative impact on performance (6).
For example, Bruin et al. (6) observed symptoms associated
with overtraining syndrome in race horses where “easy” days
were increased in a program constructed on a “hard” day,
“easy” day basis. The present results show how a system for
monitoring internal TL such as the session-RPE method may
improve control of training variables and provide a useful tool
for quantifying the internal TL placed on athletes.

increases in fatigue or reduc-
tions in fitness levels within
individual athletes. Conversely,
a reduction in RPE to these
standard work bouts may in-
dicate training adaptation. However, further research is
required to validate the effectiveness of this method for
monitoring changes in performance, fitness, and fatigue
during swimming.
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