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ABSTRACT

Regular physical activity and participation in organized sports is impor-
tant contributor to performance and for overall health and fitness in 
humans of various age range. In performance related areas, every detail 
in the training sessions is important for the athlete to be in the best shape 
the chosen competition day. Sport scientists have been making hard effort 
to find out how the training has the influence on performance. Thus, 
training monitoring is important tool to evaluate an athlete’s response to 
training. Banister developed the ‘training impulse’ (TRIMP) as a method 
to quantify training load. The TRIMP consists of the exercise intensity 
calculated by the heart rate (HR) reserve method and the duration of 
exercise. Foster et al. [23] developed a modification of the rating of the 
perceived exertion method, which uses Rated Perceived Exertion (RPE) as 
a marker of training intensity within the TRIMP concept. For quantifying 
and calculating training load, the athlete’s RPE (1–10pt scale) is multi-
plied by the duration of the session. Ideally, the perceptions of training 
load should match between athlete and coach to have optimal adaptation. 
Thus, this brief review article is evaluating training monitoring opportu-
nities without the need of expensive equipment.
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INTRODUCTION

Success in the sporting events, such as Olympic Games or World Champion-
ships is in the mind of almost every athlete. Those are the competitions where 
athletes would like to show their optimal performance achieved. Every detail 
in the training sessions is important for the athlete to be in the best shape the 
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chosen competition day. Thus, sport scientists have been making hard effort 
to find out how the training has the influence on performance. 

Training for specific sport, improvements in performance, needs manipu-
lations in training load (frequency, intensity and duration), where tem por-
arily increased training load periods alternate with recovery periods [36]. 
“The more the better” is not always the answer. Therefore, scientists, coaches 
and athletes have been measuring the training load in the past, present and 
will do it in the future [25]. We may assume that because of that, nowadays 
the trainings are getting more and more optimal and we increase our know-
ledge on how different training load manipulations influence performance.

Due to time consuming feedback and high cost of today’s training moni-
toring opportunities, much of the proposed methods for training monit-
oring are not suitable for use in practical sports settings in daily basis. Thus, 
the aim of the current review article is to evaluate training monitoring 
opportunities without the need of expensive equipment.

TRAINING MONITORING

Training load

Regular physical activity and participation in organised sports is important 
contributor to the overall health and fitness in children and adolescents. It 
has been shown [34] that training loads in youth sport increase after the 
pubertal growth spurt, as body becomes adaptive to targeted training for 
endurance and strength which form the basis for sport performance in dif-
ferent disciplines. Increase in training load needs careful monitoring, espe-
cially in children and adolescents to avoid the increase of stress factors to 
the limit, where stagnancy in performance, injury or drop-out from sport 
may occur [5, 13]. Furthermore, quite often athletes continue to train and to 
compete despite the presence of health problems from overuse and in elite 
athletes´ threshold for ceasing sports participation seem to be too high [14].

In the past, the first evidence of training monitoring was in Scandinavia, 
by Finnish middle- and long distance running Olympians. They frequently 
carried a stopwatch during training sessions [25]. Contemporary training 
monitoring began in German in the late 1930s [25], where interval training 
was developed to quantitate the training load. Training was based on several 
repetitive runs (100–400 m repetitions) to heart rate (HR) of 180 beats per 
min (bpm), with recovery between intervals to HR of 120 [25]. Coach Bill 
Bowerman developed concepts, including the value of low intensity training, 
the value of hard and easy days, and the concept of date pace and goal pace 
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[11]. His training program was rooted in the concept of the progression of 
the training load. This period might be considered the zenith of the exter-
nal-training-load (ETL) period, where the concept of training monitoring 
meant that if an athlete was able to do a certain training sessions, they could 
expect certain competitive results [25]. 

With further improvements in technology in the beginning of 1980s the 
scientists were able to monitor training loads with better markers of the 
physiological responses. Majority of the training programs have tradition-
ally been described by ETL, i.e. training time, covered distance, lifted weight 
etc. However, it is the relative physiological stress imposed (internal training 
load; ITL), and not the ETL completed by the athlete, that determines the 
stimulus for training adaptation [27]. ITL depends on individual charac-
teristics such as age, body composition and physical fitness [46]. Variety 
of training monitoring methods regarding ITL have been discussed in the 
literature [27, 37], however, due to time consuming feedback and high cost, 
most of them are not suitable for use in practical sports settings in daily 
basis. Furthermore, it has also been indicated that in elite level, the most 
frequent forms of training monitoring nowadays are different self-reports 
due to the aforementioned reasons [44]. 

Monitoring training load is a complicated task as nowadays frequently 
used blood lactate, oxygen uptake, generated power, etc. require specific 
apparatus and are therefore not always feasible in practical setting, espe-
cially for young athletes [4, 31]. Currently in practice, the most widely used 
method for ITL is HR. However, it can be poor method for evaluating inten-
sity and ITL in interval, intermittent, weight or plyometric training or for 
specific disciplines like swimming [4]. 

Training impulse, the TRIMP method

Achieving optimal athletic performance at the exact time of the competition 
requires an understanding of the effects of training during a competitive 
season so that strategies may be designed to place an athlete in peak condi-
tion. Banister [1] developed the ‘training impulse’ (TRIMP) as a method to 
quantify training load. The TRIMP consists of the exercise intensity calcu-
lated by the HR reserve method and the duration of exercise. 

TRIMP is calculated using the formula [3]:
w(t) = D(ΔHR ratio) Y

where D being the duration of exercise, ΔHR ratio the ratio of elevation of 
exercise to maximum HR, with both above resting value and Y the  weighting 
factor [38].
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The method has been helpful in relative to understanding the training 
response and has been modified by Edwards [17], Lucia [35] and Stagno 
[42]. Edwards [17] proposed a zone based training monitoring with 10% 
zone widths, where each zone corresponded to coefficients (Table 1). Time 
spent in each zone was multiplied by pre-defined arbitrary coefficients. 
Lucia’s [35] approach to training load calculation was based on the ventila-
tory thresholds, where exercise intensities were multiplied by time spent 
in those 3 phases. Phase I (“light intensity,” below ~70%VO2max); phase II 
(“moderate intensity,” between ~70% and ~90%VO2max); phase III (“high 
intensity,” above ~90%VO2max) [35]. Despite to that, Foster [23] points out 
two important limitations to the TRIMP concept by Bannister [19, 38]: i) 
information of HR regarding that training session might get lost if an athlete 
forgets to use HR monitor or HR monitor has a technical failure; and ii) HR 
is a poor method of evaluating very high-intensity exercise such as weight 
training, high-intensity interval training and plyometric training. To reduce 
those factors, Foster et al. [23] developed a modification of the rating of the 
perceived exertion method (the session RPE; sRPE), which uses RPE as a 
marker of training intensity within the TRIMP concept [22, 24]. In addition 
to that, Stagno’s [42] modified the TRIMP method to quantify training load 
within a team sport setting to monitor training load and the concomitant 
changes in physiological profile.

Table 1. Edward’s zone based training monitoring [17]

HR Zones Coeffi  cient

50–60% 1

60–70% 2

70–80% 3

80–90% 4

90–100% 5

Session RPE and the Foster’s 0–10 scale

A widely used psycho-physiological tool to assess subjective perception of 
effort during exercise is Borg’s rating of Perceived Exertion (20-pt scale), that 
has been suggested to add precision to HR monitoring in exercise  intensity, 
therefore exercise recommendations and prescriptions regularly include 
RPE to establish and monitor intensity [43]. It has been shown that RPE 
correlates well with HR during steady-state and high intensity trainings, but 
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not in short duration-high intensity exercise [10]. To simplify the Borg’s RPE 
ratio, he developed a scale with simple number range 0–10 [7]. Foster et al. 
[23] modified it and developed the sRPE method for quantifying and cal-
culating training load, which involves multiplying the athlete’s RPE (1–10pt 
scale) (Table 2) by the duration of the session. Foster’s 0–10 scale does not 
have the same number range as the Borg’s 0–10 scale, the semantic descrip-
tors and fractionated numbers originally described by Borg [7] are different. 
Original Borg CR-10 scale described the number 10 as “very, very strong 
(almost maximal)” [7], in comparison of Fosters scale [23], which describes 
number 10 as maximal effort. Thus, it is important not to mix up different 
RPE scales. This simple method, multiplying the athlete’s RPE on Fosters 
scale [23] by the duration of the session, has been shown to be valid and 
reliable. The correlations between sRPE and HR are valid by up to r=0.90 
[23]. Perceived exertion involves the interplay of afferent feedback from 
cardiorespiratory, metabolic and thermal stimuli and efferent feed-forward 
mechanisms to enable an individual to evaluate how hard or easy an exercise 
task feels [18]. It is moderated by i) psychological factors – among which 
are cognition, memory and understanding of the task; and ii) situational 
factors – which include knowledge of the duration and temporal characteris-
tics of the task (e.g., continuous, intermittent or spasmodic) and knowledge 
of the target distance or total amount of work to be completed. 

Table 2. Session RPE (Foster’s 0–10) scale. Subjects rating 30 minutes after exercise in 
response to the “How was your workout?” [16, 29]

Rating Descriptor

0 Rest

1 Very, very easy

2 Easy

3 Moderate

4 Somewhat hard

5 Hard

6 –

7 Very hard

8 Very, very hard

9 Near maximal

10 Maximal
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Perceptual instruments have been used during and after exercise and it has 
been shown that the estimation-production paradigm supports the use of 
in-task RPE for prescribing, regulating, and assessing exercise intensity [29]. 
However, there are several factors that can affect the accuracy of this rating, 
like athlete’s experience, cognition, and memory [18]. While this concept 
has been researched mainly in terms on describing relationships between 
exercise intensity and sRPE [31, 46] and in recent years also to prescription 
on the effort of the entire workout as well as for accumulation of ITL after 
multiple workouts in adults [12], research is lacking in terms of interaction 
of RPE and ITL in adolescents. Furthermore, there is a lack of knowledge 
on RPE compared to objectively assessed metabolic criterion, in particular, 
target intensity points like aerobic and anaerobic threshold that could signi-
ficantly increase the individual validity of the instrument. Recently, Scherr 
et al. [41] investigated 20-pt RPE relationships with lactate concentration in 
a population based cohort (age range 18–44) and concluded that the tool 
is valid independent of age, gender, cardiovascular diseases and exercise 
modality. However, no data today indicate how this kind of approach, where 
individual perception is validated to objective effort, can influence the rela-
tionship between sRPE and HR based training load, and can it be used in 
long-term monitoring.

Monitoring training load – difference between athlete and coach 

Ideally, the perceptions of training load should match between athlete 
and coach to have optimal adaptation, assuming that the plan coach uses 
is scientifi cally and optimally planned. Previous studies have indicated 
some  controversy between coaches and athletes’ perceptions regarding ITL, 
with studies indicating relatively high relationship [31], while others have 
found those concepts to be poorly related [4, 12]. One possible reason for 
this discrepancy might be the experience of the athlete [12] as correlations 
have been shown to increase when athlete matures. However, ITL might be 
affected, at least in adolescents, by factors outside from planned workout 
such as habitual physical activity or the involvement in other sport trainings 
[12], which might result in more than 5-time difference in moderate-to-
vigorous physical activity between subjects [32]. Furthermore, accumulation 
of fatigue and sleep loss or deprivation can have significant effects on per-
formance, motivation, perception of effort and cognition [27]. Monitoring 
sleep quality and quantity can be useful for early detection and intervention 
before significant performance and health decrements are observed. 

The RPE-based training load between athletes and coaches has been 
described and studied in the literature before in different sports  disciplines, 
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such as cross-country skiing [28], triathlon [15], swimming [4, 46] and 
soccer [31]. The study [15] which involved junior-elite triathletes aimed to 
monitor the ITL during a training camp. They found an intra-individual 
variation in individual RPE despite the same ETL. Comotto et al. [15] con-
cluded that sRPE can be considered an easy tool to administer in monitor-
ing individual responses to the same ETL when performed in a group. One 
study [28] was performed where the aim was to investigate how the sRPE 
scale can be used in characterizing training intensities in young cross-coun-
try  skiers and whether perceptions of training intensity of coach and athlete 
are related. The authors concluded that sRPE of the coach and athlete did 
not differ signi ficantly among different types of training (long-distance aero-
bic  training, interval and speed trainings and recovery trainings). The study 
also found that sRPE scale was a practical method for young athlete  training 
intensity zone  distribution assessment. Subjective assessments of coach and 
athletes indicated the highest correlations (p<0.05) between zone2 (between 
aerobic and anaerobic threshold) (r=0.80) and interval trainings (r=0.71), 
but were lower for  recovery  trainings (r=0.35). The study [46], which pur-
pose was to examine the ecological  validity of the sRPE method for quanti-
fying ITL in competitive swimmers using HR-based methods and distance 
as criterion measures also examined the correspondence between athlete 
and coach perceptions of ITL using sRPE method. This study indicated that 
coach RPE was lower than athlete RPE for low-intensity sessions and higher 
than athlete RPE at high-intensity  sessions. The sRPE scores were correlated 
to HR-based methods for measuring ITL as well as training distance for each 
swimmer. All individual correlations between sRPE, HR-based methods 
(r=0.05–0.94; p<0.05), and distance measures (r=0.37–0.81; p<0.05) were 
significant [46]. Wallace et al. [46] suggested that sRPE may provide a practi-
cal, non-invasive method for quantifying ITL in competitive swimmers. Bar-
roso et al. [4] study findings add that the more experienced the swimmers 
are, the more accurate their sRPE is. Also, the soccer player’s study [31], 
which aim was to quantify ITL and to assess its correlations with various 
methods used to determine ITL based on the HR response to exercise. All 
individual correlations between various HR-based training load and sRPE 
were statistically significant (from r=0.50 to r=0.85, p<0.01). All these stud-
ies [4, 15, 28, 31] in the literature that used different sports disciplines, found 
that sRPE can be considered a good indicator for coaches and athletes to 
monitor and control ITL. However, these studies are mostly cross-sectional, 
with less knowledge how long-term use of sRPE contribution to training 
load measurements, especially in conditions where trainings might be too 
stressful and athletes might suffer overtraining.
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Training load measurement in the prevention of injuries

There is general consensus, that high training loads are associated with dif-
ferent signs and symptoms of overtraining or overreaching [37]. Further-
more, the use of inadequate training loads may result in increased rate 
of injuries, reduced fitness and poor performance [26]. Another possible 
contributor that might result as de-adaptation to training is week-to-week 
changes in training load [40] that could be also a significant predictor of 
overuse injuries in team sport [33, 45].

Considering the fact that for adolescents’ high load and the number of 
 stressors arise outside of the training sessions indicates, for a coach it is even 
more complicated to evaluate how the planned ETL will have the effect on 
ITL. Therefore, there is a clear need for a valid and practical method for ITL 
measurement. Any injuries that could potentially be considered  ‘training 
load-related’ are commonly viewed as ‘preventable’ [26]. Banister et al. [2] 
have proposed that the long-term performance of an athlete can further be 
estimated from the difference between the negative (fatigue) and positive 
(fitness) function (acute: chronic load). In adult soccer and cricket players 
it has been shown that using acute-chronic load ratio, the deviation of the 
ratio from its normal value is related to injuries, specifically injuries resulted 
directly from too high acute load [6, 30].

Surprisingly, little is known about the sRPE responses in adolescents and 
more research is needed to better understand the perceptual responses and 
the optimal rating scale to use in this age group. This is significant given that 
adolescence is usually a time when a child’s level of physical activity begins 
to decline [32].

 
Knowledge of a perception of exercise and the physiologi-

cal factors mediating perceived exertion in this age group and how it might 
change with further maturation may be important in optimising training 
loads, promoting healthy physical activity and exercise recommendations 
and to prevent child from dropping out of sport.

CONCLUSIONS

Monitoring ITL can provide a scientific explanation for changes in per-
formance. Understanding ITL in practical and everyday training process 
is important in terms of preventing overtraining and illness. The correct 
measuring and relating coaches and athletes sRPE will promote safety in 
training process. 

Session RPE has already been shown to be a valid in terms of evaluating 
exercise intensity and monitoring training load in a number of published 
literature papers [20–22, 24]. Session  RPE method is not only reliable  during 
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repeat challenge by the same exercise stimulus, but is also well related to 
widely accepted objective measures of exercise training intensity [29]. sRPE 
is a valid and reliable measure of momentary exercise intensity [8, 9] and 
reliable to calculate/measure training load. 

The results provide knowledge on the use of sRPE as a potential tool for 
training monitoring in young athletes. We suggest that the initial valida-
tion to individual objective intensities will increase the validity of the item 
and can describe some of the variation between cross-sectional analysis of 
athlete and coach sRPE. In team sport ITL monitoring can be even more 
difficult for coaches to be aware of the ITL as many of the exercises are 
performed in groups. As a consequence athlete may over- or under-train. 
Providing evidence around the effects of acute and chronic training load 
on physical fitness, performance and for injuries will allow practitioners 
to systematically prescribe appropriate loads while minimising the risk of 
de-adaptation to training loads. Furthermore, relating individual subjective 
RPE to objective effort will help to build algorithms to be used in different 
training settings for calculating individual training load that is more reliable 
for coaches to consider. Algorithms can further help coaches to discover the 
deviation of individual variation, that might indicate the need for interven-
tion for proper adaptation of the athlete. As the concept of RPE is relatively 
simple to measure, its recording with smartphones provides a practical mean 
of data collection and later analysis. 

In the future, there is further need to investigate sRPE in terms of train-
ing monitoring of different sport disciplines and also for younger age 
groups, especially for early specialization sports. There is a lack of know-
ledge regarding ITL and injury rate in adolescents. Furthermore, different 
disciplines indeed have different levels of safe training loads that will not 
result in overuse injuries. This, however, has to be further investigated.
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