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Abstract The main objective of a coach is to optimize athletic performance. The best performance improvements
come from prescribing an optimal dose of physical training with proper recovery periods to allow for the greatest
adaptation before competition. The main objective was to validate an inexpensive, easy, non-invasive, real time tool
to control and monitor the training load in basketball: the BATLOC tool. Fourteen elite female basketball players
from a top-4 team that competes in the England Basketball League Division I volunteered to participate in this study
(20.50 ± 2.31 years old, 174.21 ± 4.17 cm, 75.21 ± 15.38 kg, BMI of 24.67 ± 4.23, 177.29 ± 7.60 cm of arm span,
19.01 ± 2.34 % of body fat, and 45.18 ± 4.17 ml/kg/min of VO2max. Two mesocycles were analized: pre-season (6
weeks) and in-season (10 weeks). Training load was controlled and monitored daily with the BATLOC tool. Heart
rate was monitored for every player every 5 s in each training session. The RPE was measured using the 6-20 Borg
scale. The Pearson’s product moment correlation between the means of intensity, RPE, heart rate, maximum heart
rate and equivalent training load showed an excellent concordance (>0.75). To conclude, based on the results in this
study and the literature reviewed, the BATLOC tool seems to be a good method to control global internal training
load in basketball. This method does not require any expensive equipment and may be very useful and convenient
for coaches to monitor the internal training load of basketball players.
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1. Introduction
The main objective of a coach is to optimize athletic
performance [1]. The best performance improvements
come from prescribing an optimal dose of physical
training with proper recovery periods to allow for the
greatest adaptation before competition [1,2]. Physical
training is the systematic repetition of physical exercises,
and it can be described in terms of its outcome
(anatomical, physiological, biochemical, and functional
adaptations) or its process, that is, the training load [3].
The stimuli for training induced adaptations is the relative
physiological stress imposed on the athletes (internal
training load) and not the external training load (e.g.
10x500m at 3 min/km) [3]. Therefore, to monitor and
control the training process, it is important to have a valid
measure of internal training load [4]. This is particularly
relevant in team sports where the planned external load is
often similar for each team player because of the extensive
use of group exercises such as small-sided games in team
training sessions [5].
Many different methods of recording training loads in
sports have been reported. Some of these methods have

included measurement of heart rates [6], distance covered
during training [7], weights lifted [8], repetitions
completed, training time, or session-Rating of Perceived
Exertion (RPE) [9,10]). Since heart rate seems to be one
of the best objective ways to quantify aerobic training
intensity [11,12], many of the methods to quantify the
internal training load are based on heart rate monitoring
[6,13]. However, the routine use of heart rate-based
methods is not always feasible due to problems such as
the required technical expertise, the time-consuming
process of collecting heart rate data of all team players
every training session, and most importantly the cost of
numerous heart rate telemetric systems. Furthermore, one
more problem with using heart rate methods is that the
heart rate transmitter belts are not allowed during official
competitive matches. This is an important limitation
because the match training load may be a relative high
percentage of the weekly training load.
An alternative strategy was developed by Foster [9] or
Foster et al. [10]. The session-RPE method to monitor
training load requires each athlete to provide a Rating of
Perceived Exertion (RPE) for each exercise session along
with a measure of training time [9,10]. The product of
both values represents in a single number the magnitude
of internal training load in arbitrary units (AU). This
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method has been significantly correlated to the HR-based
method of quantifying internal training load proposed by
Edwards [14], and has recently been applied to basketball
[4,15,16,17]. Therefore, it can be stated that the Foster et
al. [9,10] method can be perfectly used to compare,
correlate and confirm the potential validation of the
BATLOC tool (BAsketball Training LOad Control Tool)
[18], since it has been proved to be a valid, reliable and
useful method to monitor and control training load in
basketball.
Nevertheless, both previous methods are either too
expensive (heart rate monitors) or not able to work in real
time or until the training session has finished (sessionRPE). These are the main reasons why in team sports the
training load has generally been calculated using the RPE
method or the TRIMP method [5,16,17,19,20,21]. This
way, the training load is calculated once the training
session has finished, avoiding the chance of receiving
feedback on the training load in real time or the
opportunity to modify the session in that moment.
Moreover, since all the quantification methods are
imperfect by nature (and so is the present model), the
main objective of this study was to validate an
inexpensive, easy, non-invasive, real time tool to control
and monitor the training load in basketball: the BATLOC
tool [18]. It is a method that can be used for all teams,
regardless of their gender, level or budget. For its
validation, the training load obtained from the BATLOC
tool will be correlated to the session-RPE, the heart rate
and the method developed by Foster and colleagues [9,10].

2. Methods
2.1. Participants
Fourteen elite female basketball players from a top-4
team that competes in the England Basketball League
Division I volunteered to participate in this study after
having signed the corresponding informed consent. The
team was made up by 2 members of the Senior Great
Britain Women Basketball Team, a member of the Under
20 Great Britain Women Basketball Team and Under 18
England Women Basketball Team, a member of the Under
20 Great Britain Women Basketball Team and Under 18
Scottish Women Basketball Team, 2 players of the Under
20 Hungary Women Basketball Team, 2 USA
professional players, and 6 non-international British
players. This study was approved by the local Ethics
Committee and conducted in accordance with the
guidelines of the revised Declaration of Helsinki.

2.2. Anthropometric Tests
Anthropometric measures were taken following the
Lohmann et al. [22] instruction. Standing height and arm
span were measured with a precision of 0.1 cm with a
stadiometer and a tape measure, respectively (SECA Ltd,
model 220, Germany). Body mass (kg) was recorded with
a scale SECA (SECA Ltd, Germany) to the nearest 100 g,
the subjects wearing light, indoor clothing and no shoes.
The Body Mass Index (BMI) was calculated using the
Quetelet formula.

2.3. Training Load (BATLOC Tool)

Training load was controlled and monitored daily with
the BATLOC tool [18]. The BATLOC tool is a software
designed with Microsoft Office Excel to control and
monitor the training load in real time in basketball
sessions. The software uses a database with basketball
exercises and their corresponding given training load
value. The software allows the coach to add different and
more exercises to the database just in case they are not
included. The training load value pre-assigned to each
exercise or drill is calculated taken into account 4
variables of each exercise: heart rate, density, opposition
and distance during the development of the drill. For
example, the exercise “5x5 2 courts” obtained the
following values: 8 points in the heart rate aspect, 9 in
density, 10 in opposition or number of players involved,
and 7 in distance (mean: 8.5 points). Thus, with a simple
rule of three, this exercise showed a training load of 23.8
[(28*8.5)/10=23.8]. This means that if any coach performs
the exercise “5x5 2 courts” for 10 minutes, the training
load will be 23.8. If the exercise is practiced for 20
minutes, the training load will be 47.6. Therefore, during
the session, one of the coaches must only control the
duration (i.e. 10 minutes) of each exercise and introduce it
together with the task’s name (i.e. 5x5 2 courts) in the
software (spreadsheet in Microsoft Office Excel). The
software itself will calculate the training load for each drill
and at the end of the spreadsheet the total training load of
the session (total summation of the each drill’s training
load)[18]. Furthermore, the software will provide at the
end of the sessions the following extra variables: session
duration in minutes and equivalent training load. The
equivalent training load is a classification of the session in
relation to its total training load. The different sessions
were 8 different types: tactical/shooting session refers to
equivalent training load 0.5 (total training load < 50);
technical 1/pre-game corresponds to equivalent training
load 1 (total training load < 70); technical 1.5 goes with
equivalent training load 1.5 (total training load < 90);
technical 2 refers to equivalent training load 2 (total
training load < 110); technical 2.5 corresponds to
equivalent training load 2.5 (total training load < 130);
technical 3 means equivalent training load 3 (total training
load < 150); technical 3.5 goes with equivalent training
load 3.5 (total training load < 170); and technical 4/game
means equivalent training load 4 (total training load >170)
(Table 3). Therefore, a session with a total training load of
115.4 is considered as a technical 2.5 session or equivalent
training load 2.5, since the total training load is < 130.
Besides, the session’s intensity was calculated with the
equation: intensity = training load/duration.
Two mesocycles were analyzed: pre-season (6 weeks)
and in-season (Competition I phase) (10 weeks). That
research period covered the training load of a total of 50
tactical/technical sessions. Therefore, a total number of
700 individual training sessions were analysed (50
sessions x 14 players). If one player did not perform the
whole session, the training load recorded was the load
achieved until that moment.

2.4. Heart Rate Control
Heart rate was monitored for every player every 5 s in
each training session using a heart rate monitor with
individually coded transmitters via short-range
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radiotelemetry (Polar Team Sport System, Polar Electro,
Finland). The variable used in this study was the mean
heart rate for the whole practice. The data recorded during
the briefing before the start of each training session were
deleted. To reduce any heart rate recording errors during
training, all players were regularly asked to check that
their heart rate monitors were working and properly worn
(at least every 10 min). In addition to this, one of the
researchers was permanently looking at the portable PC
screen, making sure that every player’s heart rate monitor
was transmitting the data. After every training session, the
heart rate data were exported and analysed using the Excel
software programme (Microsoft Corporation, U.S.). The
research period covered the heart rate of a total of 700
individual tactical/technical sessions. If one player did not
perform the whole session, the heart rate recorded was the
average rate achieved until that moment.

2.5. Rating of Perceived Exertion
The RPE was measured using the 6-20 Borg scale [23]
(Table 1). Each player’s session-RPE was collected about
30 min after each training session to ensure that the
perceived effort was referring to the whole session rather
than the most recent exercise intensity. All players were
taught and familiarized with this scale for rating perceived
exertion during the 2 weeks prior to the start of the study.
In the procedure, the player is shown the scale and asked
“How was your workout?”, and they must give a single
number representing the training session. The research
period covered the session-RPE of a total of 700
individual tactical/technical sessions. If one player did not
perform the whole session, the RPE recorded was the
number given at the moment when the player withdrew
from the session.
Table 1. Borg’s 6-20 scale that is to be shown to the players 30 min
after every training session
Rating
Descriptor
6
No exertion at all
7
Extremely light
8
9
Very light
10
11
Light
12
13
Somewhat hard
14
15
Hard (heavy)
16
17
Very hard
18
19
Extremely hard
20
Maximal exertion

2.6. Statistical Analyses
All data are presented as mean ± standard deviation (s).
The relationships between the session-RPE and the heart
rate with the various variables given by the BATLOC tool
were analysed using Pearson’s product moment
correlation. Fleiss’ [24] evaluation defines concordance of
variables as excellent when the correlation coefficient
is >0.75, good when it is 0.60-0.74, acceptable when
0.40.0.59, and poor when <0.40. In the present study there
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were 5 variables with an excellent correlation (sessionRPE with intensity, training load and equivalent training
load; and heart rate with training load and equivalent
training load) and one variable with a good correlation
(heart rate with intensity). There were no variables with a
poor correlation.

3. Results
The
players’
physical
and
anthropometrical
characteristics were as follows (mean ± s): an age of 20.50
± 2.31 years old, a height of 174.21 ± 4.17 cm, a mass of
75.21 ± 15.38 kg, a Body Mass Index (BMI) of 24.67 ±
4.23, an arm span of 177.29 ± 7.60 cm, a % body fat of
19.01 ± 2.34, and an indirect VO2max of 45.18 ± 4.17
ml/kg/min, calculated from the 20-meter shuttle run test.
The distribution of the analysed technical/tactical
session organised by their type is presented in Table 3,
which also includes mean ± s of session duration, training
load, intensity, heart rate and heart rate max obtained from
every type of training session. The Pearson’s product
moment correlation between the means of intensity, RPE,
heart rate, maximum heart rate and equivalent training
load showed an excellent concordance (>0.75). Practices
averaged 88.59 ± 22.04 min.
Session-RPE, heart rate, and heart rate max correlation
with the variables given by the BATLOC tool for the 700
individual training sessions are shown in Table 2. The
session-RPE had an excellent correlation with intensity
(r=0.90), training load (r=0.80) and equivalent training
load (r=0.76). Heart rate obtained two excellent
correlations with training load (r=0.87) and equivalent
training load (r=0.78), and one good correlation with the
session intensity (r=0.69). In addition, the maximum heart
rate recorded during the session was correlated with the
BATLOC’s variables. However, these correlations were
not as significant as the previous correlations.
Table 2. Pearson’s product moment correlations (total data analysed
= 700)
Equivalent
Intensity
Training Load
Training Load
0.90
0.80
0.76
Session-RPE
Heart Rate
Maximum Heart
Rate

0.69

0.87

0.78

0.52

0.40

0.32

Finally, the correlation between the session-RPE and
the average heart rate of the sessions was also calculated,
even if it was not the main goal of this study (r=0.92).

4. Discussion
The purpose of this research was to investigate the
potential correlation and therefore validate an inexpensive,
easy, non-invasive, real time tool to control and monitor
training load in basketball: the BATLOC tool. More
specifically, the correlations between the training load
obtained from the BATLOC tool and the players’ sessionRPE and heart rate were analysed with the aim of
validating the new method. The present study is the first to
apply the BATLOC tool and the players’ session-RPE and
heart rate. The correlations found (ranging from 0.69 to
0.90), classified as excellent and good [24], confirmed that
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the BATLOC tool may be an adequate and useful method

to control and monitor training load in basketball.

Table 3. Type of sessions analysed (total data analysed = 700) (mean ± s)
Training Session Characteristics
Analysed Training Session (mean ± s)
Equivalent Training
Session
Session
Training
Training
Load
n
Intensity
RPE
Type
Duration (m)
Load
Load
Range
Tactical/
0.5
0-49
28
44.00 ± 1.41
19.00 ± 7.21
0.43 ± 0.18
7.05 ± 0.07
Shot 0.5
Technical 1
1
50-69
70
61.00 ± 10.12
52.03 ± 2.52
0.88 ± 0.21
10.25 ± 0.50
(pre-game)
Technical
1.5
70-89
112
76.25 ± 18.04
72.05 ± 12.61
0.98 ± 0.27
11.80 ± 1.71
1.5
Technical 2
2
90-109
154
90.82 ± 12.59
102.04 ± 6.83
1.15 ± 0.20
12.63 ± 1.11
Technical
2.5
110-129
98
99.50 ± 13.09
112.12 ± 8.99
1.15 ± 0.20
12.87 ± 0.35
2.5
Technical 3
3
130-149
70
115.74 ± 15.26
139.35 ± 7.82
1.23 ± 0.22
13.00 ± 0.00
Technical
3.5
150-169
84
105.92 ± 11.83
157.43 ± 6.03
1.50 ± 0.16
13.50 ± 0.06
3.5
Technical 4
4
>170
84
104.08 ± 2.24
186.24 ± 3.08
1.79 ± 0.01
13.72 ± 0.70
Pearson’s product moment correlation with Equivalent Training Load (r):

Session-RPE showed an excellent correlation (r=0.92)
with the average heart rate recorded during the whole
training session. This result is in concordance with a
particular research study that has shown that session-RPE
is related to the percentage of heart rate reserve during 30
min of steady-state running, as well as to the time duration
at different intensities corresponding to heart rate at lactate
thresholds (2.5 and 4.0 mmol·L-1) during continuous and
interval running [4]. Another study has also proved
session-RPE to be significantly correlated to the heart
rate-based method of quantifying internal training load
proposed by Edwards [14] for endurance athletes [9].
More important for our study are the findings by Foster et
al. [10], Impellizzeri et al. [5], and Manzi et al. [16] in
college basketball players, young soccer players, and
professional basketball players, respectively. Foster et al.
[10] observed a consistent relationship in a collegiate
men’s basketball team between the session-RPE method
and the heart rate method of monitoring the training.
Impellizzeri et al. [5] monitored 19 young soccer players
during a 7-week period. The training loads completed
during that period were determined by multiplying the
session-RPE (CR10-scale) by session duration in minutes.
These session-RPE values were correlated to the training
load measures obtained from three different heart ratebased methods suggested by Banister et al. [16], Edwards
[14], and Lucia et al. [25]. All individual correlations
between the various heart rate-based training loads and
session-RPE were statistically significant (r values from
0.50 to 0.85). Therefore, Impellizzeri et al. [5] concluded
that session-RPE can be considered as a good indicator of
global internal load in soccer training. Finally, Manzi et al.
[16] also found significant relationships between
individual session-RPE and all individual heart basemethods (r values from 0.69 to 0.85) in 8 professional
basketball players. Consequently, they demostrated that
session-RPE may be considered as a viable method to
assess training load without the use of more sophisticated
tools (i.e. heart rate monitors), and most importantly, the
session-RPE method even enabled the detection of
periodisation patterns in the weekly planning for elite
professional basketball players. The results in the present
study are in the same line as those found in previous
studies in team sports [5,10,15,16,21] and showed that
session-RPE may be considered as a valid method to

0.96

0.87

Heart Rate
(bpm)

Heart Rate
max (bpm)

89.50 ± 0.71

141.00 ± 8.49

100.50 ± 0.71

154.00 ± 0.71

116.25 ± 3.59

162.75 ± 9.07

123.00 ± 6.63

169.88 ± 9.14

127.00 ± 7.35

175.75 ± 7.27

134.80 ± 7.76

168.20 ± 10.18

145.83 ± 5.85

173.67 ± 7.61

155.00 ± 1.41

185.00 ± 1.41

0.99

0.91

assess training load in basketball. However, this finding
was not the main goal of this study, for although both
session-RPE and heart rate have been proved to be good
indicators to control and monitor the training load, the
main handicap still exists. They do not allow to periodise
the training load before the practice, and the training load
is not provided until the session has finished.
Most importantly, the variables obtained from the
BATLOC tool (intensity, training load, and equivalent
training load) had high correlation values with the sessionRPE (r=0.90; r=0.80; r=0.76, respectively) and the
average heart rate (r=0.69; r=0.87; r=0.78, respectively) in
the 700 individual training sessions (Table 2). These high
correlations, obtained with methods (session-RPE and
heart rate) that have been proved to be adequate to control
and monitor training load in team sports [5,10,16], allow
to confirm that the BATLOC tool may be a good
instrument to measure training load in basketball. In the
same way as the Borg scale (RPE) is considered to be a
global indicator of exercise intensity, for it includes both
physiological (oxygen uptake, heart rate, ventilation, beta
endorphin, circulating glucose concentration, and
glycogen depletion) and psychological factors [26], the
BATLOC tool also covers the training load components
(volume, intensity, density, and complexity) and the
training load dimensions (cognitive, metabolic, and
neuromuscular) proposed by Refoyo [27].
Finally, as expected, the correlations obtained between
the BATLOC tool’s variables (intensity, training load, and
equivalent training load) and the maximum heart rate were
not as high as the correlations found with session-RPE and
heart rate, and they were even low. This finding can be
explained and supported as follows: the training load
obtained from the BATLOC tool, the session-RPE and the
heart rate represent a single global rating of the intensity
for the entire training session [10], while the maximum
heart rate may show just a high-intensity moment or bout.
Therefore, the maximum heart rate cannot be considered
as an indicator of the total training load in a session.
To sum up the validation, the variables obtained from
the BATLOC tool (intensity, training load and equivalent
training load) were correlated to the training load
previously calculated with the Foster et al. [9,19] method
(training load = session-RPE x session duration in
minutes). The values obtained were r=0.83; r=0.97; r=0.96,
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respectively. These correlations between the BATLOC
tool and a method already validated and contrasted
scientifically in basketball (i.e. the Foster et al. [9,10]
method) show the validity of the BATLOC tool to control
and monitor training load in basketball players.
Now that all the previous correlations have proved that
the BATLOC tool may be a useful method to control and
monitor the training load in basketball, the next step
would be to validate the 8 different types of sessions
established by the training load range (Tactical/Shot 0.5,
Technical 1 or pre-game session, Technical 1.5, Technical
2, Technical 2.5, Technical 3, Technical 3.5, and
Technical 4). Basically, and in the same line as the 6-20
Borg scale is a range of numbers and verbal anchords that
corresponds roughly to a heart rate range of 60 bpm for
number 6 to 200 bpm for a score of 20 in healthy people
(approximately 30 years of age) [23], one of the purposes
of this study was to investigate if the type of sessions
established could correspond to a session-RPE value and
an average heart rate. For this purpose, average intensity,
session-RPE, average heart rate, and maximum heart rate
were correlated with the equivalent training load. The
results obtained showed strong correlations (r=0.96;
r=0.88; r=0.99; r=0.91, respectively) (Table 3). Therefore,
the value of RPE, the average heart rate, and the
maximum heart rate related to any type of session may be
established (i.e. Technical 1.5 session corresponds to a
total training load of 70-89, a session-RPE of 11.80, and a
mean heart rate of 116.25 bpm).
The previous data analysis and correlations obtained in
this study suggest that the BATLOC tool is easy to use,
quite reliable, and consistent with subjective (RPE) and
objective physiological (heart rate) indices of the intensity
of exercise training, which provides enough support to use
it as a method of controlling and monitoring training load
in basketball practices in real time. The BATLOC tool
may offer a mechanism for quantifying the exercise
intensity component and allows calculation of a single
number representative of the combined intensity and
duration of the training sessions while the practice is
occurring.
In addition, the training load value calculated with the
BATLOC tool showed high correlations with the body
composition aspects in a professional first division male
basketball team. The % body fat decreased and the
muscular mass increased as the training load increased.
However, in periods when the training load was lower,
the % body fat increased and the muscular mass decreased
(28).
Due to the fact that the BATLOC tool has been
developed with the Excel software programme (Microsoft
Corporation, U.S.), a daily exercise score is created. An
exercise diary will show the daily and overall weekly
training load, the latter being presented graphically,
allowing the coach to have a visual impression of the
periodisation plan. Finally, the originally planned
periodisation with the daily and weekly training load is
compared with the real daily and weekly load achieved.
To sum up we would like to highlight one of the most
important limitations of the BATLOC tool: the session’s
training load calculated by the tool is for the team, not for
individual players. Although, that value may be used to
analysed and record the individual players’ training load,
it will not differentiate between players. For example, a
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team have players with different roles, physical
characteristics and playing positions that influence the
training load, however the tool will give you same value
for each player.

5. Conclusions
To conclude, based on the results in this study and the
literature reviewed, the BATLOC tool seems to be a good
method to control global internal training load in
basketball. This method does not require any expensive
equipment and may be very useful and convenient for
coaches to monitor the internal training load of basketball
players. Furthermore, the present results suggest that the
BATLOC tool may assist in the development of specific
periodisation strategies for basketball teams. Finally, the
BATLOC tool offers real-time feedback to basketball
coaches, so that they can monitor the training load
evolution during the training session and be able to
modify the session exercises or tasks with the aim to
achieve the required or planned training load.
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