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Despite the International SystemofUnits (SI), aswell as several publications guiding researchers on correct use of
terminology, there continues to be widespread misuse of mechanical terms such as ‘work’ in sport and exercise
science. A growing concern is themisuse of the term ‘load’. Terms such as ‘training load’ and ‘PlayerLoad’ are pop-
ular in sport and exercise science vernacular. However, a ‘load’ is amechanical variable which, when used appro-
priately, describes a force and therefore should be accompanied with the SI-derived unit of the newton (N). It is
tempting to accept popular terms and nomenclature as scientific. However, scientists are obliged to abide by the
SI and must pay close attention to scientific constructs. This communication presents a critical reflection on the
use of the term ‘load’ in sport and exercise science.We present ways inwhich the use of this term breaches prin-
ciples of science and provide practical solutions for ongoing use in research and practice.
© 2021 The Authors. Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Practical implications

• Sport and exercise scientists are duty-bound to abide by the interna-
tional system of units. Journal editors and reviewers must be more
critical of research which uses incorrect terms.

• The terms ‘training load’ and ‘PlayerLoadTM’ are unscientific and
should be abandoned. Sport and exercise scientists are encouraged
to think critically about the terminology used to describe exercise.

• Sport and exercise scientists could use the FITT-VP principle for exer-
cise prescription andmonitoring as promoted by the ACSM. The terms
Frequency, Intensity, Time, Type, Volume and Progression are logical
and avoid misuse of mechanical constructs.

1. Introduction

Sport and exercise science is the scientific study of factors that in-
fluence the ability to perform exercise.1 Importantly, terms and no-
menclature used to describe exercise should abide by the Système
International d'Unités (SI).2 Yet for decades there has been ongoing
debate regarding misuse use of terminology in sport and exercise
science.1–6 For example, Knuttgen and Kraemer5 reminded sport
and exercise scientists that an isometric muscle ‘contraction’ is not

possible. The term ‘contraction’ means to shorten and in isometric
activity there is no movement. Hence the term isometric muscle ac-
tion is preferred.5

Sport and exercise scientists have also commonly been guilty of
misusing mechanical terms such as force, weight, work and power.1,3

Winter6 appropriately highlighted that one such term that is often
misused in sport and exercise science is ‘workload’. Despite its short-
comings, this term is still frequently used to describe the volume and/
or intensity of exercise performed in sport and exercise science research
(e.g.,7–9).

The issue with the term is the simultaneous misuse of two separate
mechanical constructs, ‘work’ and ‘load’. The term ‘work’ is derived from
the idea that mechanical work was performed and is calculated as the
product of the distance (m) through which a force (N) is applied. The
SI unit of work is the joule (J) and should not be presented in any unit
other than joules.2 Research that presents ‘work’ in units other than
joules is simply incorrect and does not abide by principles of science
or the SI. Moreover, Winter6 suggested that the ‘load’ component of
the term refers to the resistance experienced during the performance
of the work, and hence should be referred to as a force, which has the
SI-derived unit of the newton (N). Accordingly, the scientific use of
the term ‘workload’ is completely nonsensical and should be “banished
from the lexicon of exercise sciences.”2,6

However, it seems that themessage hasn't been adhered to by sport
and exercise scientists.More than ever, studies are being publishedwith
the use of the term ‘workload’ and/or incorrect use of the term ‘work’. A
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consensus statement published in the International Journal of Sports
Physiology and Performance is guilty of making these common errors.10

“…external training loads are objective measures of the work per-
formed by the athlete during training or competition and are
assessed independently of internal workloads. Common measures
of external load include power output, speed, acceleration, time–
motion analysis, global positioning system (GPS) parameters, and
accelerometer-derived parameters.”

[Bourdon et al.,10]

The above statement includes a number of errors. First, the authors'
explicitly use the term ‘workload’. Second, the authors state that “exter-
nal training loads are objective measures of the work performed”. Yet
none of the examples provided (e.g., power output, speed) are objective
measures that would obtain outputs measured in joules. In fact, power
output (one of the examples provided) is a measure of the rate at
whichwork is performed,measured in joules per second, and otherwise
defined in the SI-derived unit of the watt (W).

In spite of the publication “Workload” — time to abandon?’6 some
studies have still slipped through the cracks and have been published
using incorrect terminology (e.g.,11–14). In some cases, the term ‘work-
load’ is even used in the article title (e.g.,8,15,16).

In addition to the misuse of ‘work’ and ‘workload’, a growing con-
cern is the incorrect use of the term ‘load’ in sport and exercise science.
Terms such as ‘training load’ are becoming increasing popularwhen de-
scribing exercise volume and/or intensity in sport and exercise science
(e.g.,17–19). This is not helped when leading manufacturers of wearable
athlete tracking devices incorrectly use mechanical terms to label their
proprietarymetrics. An example of this is PlayerLoad™, a popular accel-
erometer-derived metric reported in arbitrary units. Terms such as
‘body load’,20,21 ‘running load’,22,23 and ‘physical load’ have also been
used.24,25 In addition, the term ‘load’ is used across a range of disciplines,
not only sport and exercise science. For example, ‘allostatic load’26 and
‘cognitive load’27 have also become commonly accepted terms.

AsWinter6 outlines, a ‘load’ is amechanical variable that, when used
appropriately, describes a force and therefore should be accompanied
with the SI-derived unit of the newton, which has the symbol N. A
‘load’ presented in any other unit, including arbitrary units, is incorrect
and does not abide by the principles of science and the SI.28

Appropriate use of definitions and the SI is important because it en-
ables common understanding and forms the basis for science.29 It is
tempting to accept popular terms and nomenclature as scientific. How-
ever, scientists are obliged to abide by the SI and must pay close atten-
tion to mechanical and scientific constructs.2,29 Accordingly, the
purpose of this communication is to present a critical reflection on the
use of the term ‘load’ in the sport and exercise science domain.We pres-
entways inwhich the use of this termbreaches the principles of science,
and importantly, we provide practical solutions for ongoing use in re-
search and practice.

2. The term ‘load’

The term ‘load’ in sport and exercise science is very broad, simplistic
and might be easily confused because of multiple definitions in the
fields of structural and electrical physics. ‘Load’ is a term frequently
used in engineering, defined as ‘the force exerted on a surface or
body’.30 For example, the load on an arch or bridge. ‘Load’ can also be
considered as the overall force to which a structure is subjected in
supporting a mass or in resisting externally applied forces.30 In this
case ‘load’ should have the accompanying SI-derived unit of the newton
(N) because it is considered as an expression of force. Furthermore, in
electrical physics, ‘load’ is a term used to describe a component or por-
tion of a circuit, which consumes electric power. In electric power cir-
cuits, examples of ‘load’ are any part of a circuit that consumes
electrical power, such as appliances and lights. The term ‘load’ can also

refer to cumulative resistance of an electrical circuit, which is measured
in the SI-derived unit the ohm and has the symbol Ω. Hence, the use of
the term ‘load’ in sport and exercise science is problematic, due to mul-
tiple definitions in varying fields of science.

Indeed, the term ‘load’ can also have non-scientific definitions. The
Oxford English Dictionary defines ‘load’ in a number of different ways.
For example, ‘load’ is defined as a countable noun, which describes
“something that is being carried (usually in large amounts) by a person,
vehicle, etc.”.31 For example, “the truck is carrying a heavy load”.
However, ‘load’ can also represent a burden placed on a person, structure,
machine or system and is defined as, “an amount ofwork that a person or
machine has to do”.31 For example, “She has a heavy teaching load.”

It is this second definition that causes confusion, especially when it
comes to science. Where the first definition describes something to be
carried, i.e., a mass or weight (which ultimately can be represented as
a force), the second describes work. As discussed above, in science,
this must be accompanied with the unit of joules. In these instances,
the term ‘demand’ or ‘burden’ are better suited because they avoid the
misuse of scientific constructs. For example, “She has a heavy teaching
burden”. Nevertheless, it is this definition of ‘load’ where the idea for
use of the term ‘training load’ comes from.

3. ‘Training load’

The most commonly adopted term throughout the sport and exer-
cise science literature used to describe exercise is ‘training load’. Gener-
ally, sport and exercise scientists agree that ‘training load’ consists of
both ‘external’ and ‘internal’ domains.10,32,33 Typically, the term ‘exter-
nal training load’ has been referred to as the total amount of mechanical
or locomotive stress generated by an athlete during exercise (e.g., dis-
tance travelled, total number of pitches thrown in baseball or the num-
ber of jumps a volleyball player undertakes).17 Meanwhile, ‘internal
training load’ is typically referred to as the physiological and psycholog-
ical stress (e.g., rating of perceived exertion [RPE], heart rate [HR]) im-
posed on the athlete in response to the ‘external training load’.10,33

However, there is much ambiguity in what this term or construct
represents. The term ‘training load’ appears to be related to the amount
(volume) of exercise or training completed.10,32–35 Other authors have
defined ‘training load’ as the product of volume and intensity of
exercise.36 Others have suggested that ‘training load’ is defined as the
amount of stress placed on an individual in response to exercise over
a period of time.37,38 Nevertheless, there does not appear to be any
clear definition of what construct ‘training load’ represents and accord-
ingly there are many inconsistencies in descriptions of ‘training load’ in
the sport and exercise science literature.

For example, several researchers (e.g.,36,39) have used session RPE or
HR-based ‘TRIMP’ as measures of ‘training load’. These metrics are the
product of an intensity factor (RPE or HR [weighted based on value])
and an exercise duration factor (minutes). In these instances, it appears
that ‘training load’ represents the construct of exercise volume. But to
add confusion, other researchers have quantified ‘training load’ by simul-
taneously reportingmeasures of both volume and intensity. For example,
Casamichana et al.40 quantify ‘external load’ as running distances
(volume). However, they also quantify ‘external load’ as a frequency of ef-
forts at high running speeds (intensity). Bartlett et al.41 quantify ‘training
load’ as running distance (volume) as well as mean speed in metres per
minute (intensity). Ritchie et al.42 associated ‘training load’ with total
distance (volume), but also average movement speed inmetres per min-
ute (intensity), and Boyd43 associated ‘external load’ with PL·min−1

(intensity). To further add confusion, an International Olympic Commit-
tee consensus statement refers to ‘external load’ as exercise duration
(e.g., seconds,minutes, hours) aswell as exercise frequency (e.g., number
of sessions completed).44 These are just a few examples of a litany of er-
rors throughout the literature where ‘training load’ represents multiple
constructs.We are not aware of any other field of sciencewhere different
constructs are combined into a meta-construct, like ‘training load’.
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The use of a meta-construct such as ‘training load’ is simply not nec-
essary, especially givenmodern computing powermeans that sport and
exercise scientists have no conceptual or analytical requirement to
amalgamate separate training constructs (intensity, frequency, dura-
tion). Furthermore, researchers have observed that amalgamation of
these training constructs might actually misrepresent the exercise ses-
sion completed by athletes because the contributions of the separate
constructs to adaptation or injury risk are not necessarily equal.45,46

Nevertheless, we acknowledge that doing so might present a more
practically viablemetric for reporting to coaches and athletes. In the fol-
lowing sections we discuss the appropriateness of the term ‘exercise
volume’ for this purpose and provide clear definitions to avoid confu-
sionwithmechanical properties defined in the SI, aswell as avoiding is-
sues related to a single term representing multiple constructs.

In addition to the ambiguity of the term ‘training load’, themisuse of
the mechanical term ‘load’ is problematic. If exercise is expressed as a
‘load’, there should be a measure of newtons produced. As discussed
above, it is not uncommon for sports scientists to report ‘external train-
ing load’ as distances, speeds or even as arbitrary units derived from ac-
celerometers (e.g.,34,35,47,48). Furthermore, ‘internal training load’ is
commonly reported in arbitrary units derived from the product of exer-
cise duration and RPE or HR (e.g.,34,35,47). In these instances, the term
‘training load’ is a misnomer. The use of newtons cannot occur, despite
the fact that these activities do require considerable use of force. There-
fore, the reporting of this activity is incorrect, as it does not abide by
basic principles of science or the SI. Moreover, although outside the
scope of this communication, the use of the term ‘impulse’ is also com-
monly misused when referring to the product of exercise duration and
HR.49,50 Impulse is a physical variable which represents the product of
force and time and has the SI-derived unit of the newton second
(N·s). For more information on the misuse of this term in exercise sci-
ence please refer to the following communication from Winter et al.1

4. PlayerLoad™

The use of wearable technology in sport and exercise science has be-
come commonpractice in recent years. In particular, the adoption of tri-
axial accelerometers for monitoring exercise volume and intensity in
sport and exercise science is becoming increasing popular.10,51 This is
because triaxial accelerometers measure movements in three orthogo-
nal planes of motion, have high sampling frequencies and are sensitive
to contact based elements of sports (e.g., tackling), not just locomotive
activity.52 Consequently, triaxial accelerometers have been used as a
tool to quantify exercise volume and intensity in sports, such as
basketball,53 soccer34 and Australian football.54,55

Themost common accelerometry-derivedmetric used by sports sci-
entists, coaches and researchers is a modified vector magnitude algo-
rithm, termed PlayerLoad™ (PL). It has been reported that PL is
calculated as the square root of the sum of the squared instantaneous
rate of change in acceleration in each of the three orthogonal planes
and divided by 100 (Eq. ((1)).52

Researchers have reported that PL has excellent reliability in both
laboratory and field settings (coefficient of variation <2%).52 Further, a
number of researchers have claimed the construct validity of PL by
establishing strong correlations to other constructs of exercise
volume.34,35 Additionally, PL per minute (PL.min−1) has been

commonly used as a measure of exercise intensity across a range of
sports, such as Australian football, netball and basketball.53–55

Although PL and PL.min−1 appear to be promising metrics for
assessing exercise volume and intensity, respectively, these metrics
have a number of limitations. These limitations are typically centred
around the proprietary nature of PL. Besides the provided formula (Eq.
((1)), limited details pertaining to the computation of PL has been pro-
vided by the device manufacturer. For example, it is unclear why the PL
formula calculates the instantaneous rate of change of acceleration
(otherwise known in classical physics as ‘jerk’). Besides the fact that
PL increases with more movement, there is no proof of concept that
this method is appropriate to quantify human movement.

Inconsistencies with typical scientific practice and the proprietary
nature of PL likely explain why large variations in the definitions and
calculations for PL have been identified throughout the literature.56 Fur-
thermore, researchers have reported that the PL calculated from the de-
vice manufacturer software differs to the PL calculated from the
described formula (Eq. ((1)), indicating additional data manipulation
prior to the output.57 A lack of transparency from device manufacturers
regarding data filtering and analysis techniques is problematic because
this limits comparison between studies and reproducibility of research.
A greater understanding of the exact methods of calculating PL would
improve the usefulness of this metric in research and practice.

Finally, and perhaps most importantly, the term PlayerLoad™ is in-
appropriate. The misuse of the mechanical term ‘load’ is problematic
and breaches principles of science. As mentioned above, the PL formula
is a calculation of mechanical ‘jerk’ (rate of change of acceleration),
which should be reported in the unit m·s−3. Despite this, PL is reported
in arbitrary units (i.e., units that do not materially matter). This is prob-
lematic for two reasons. First, a player ‘load’ should be reported as a
force, which is expressed in newtons (N), not in arbitrary units. Second,
data obtained from an accelerometer naturally has an SI unit, which is
metres per second squared (m·s−2). Therefore, there is no reason
why data obtained from an accelerometer be reported in arbitrary
units. Further, it is possible to express exercise using accelerometers
as SI units such as force (N)58–60 or impulse (N·s)60–62 given the body
mass of the athlete is known and accelerations are captured at the cen-
tre of mass. For this reason, it is recommended to capture accelerations
at the centre ofmass. However, in some instances thismight not be pos-
sible. In this case, caution should be used when interpreting body seg-
ment accelerations rather than overall dynamic body accelerations.

All of these issues with PL are in addition to problems already associ-
atedwithmeasurements reported in arbitrary units. It is very common for
researchers to abbreviate arbitrary units as AU or a.u. However, these ab-
breviations are not recommended because they conflict with abbrevia-
tions used for astronomical units. The astronomical unit (AU) is a unit of
length, equal to the distance from the Earth to the Sun, roughly 150 mil-
lion kilometres. For this reason, certain members of the International Sci-
ence Council recommend that the abbreviation of arbitrary units be
reported as arb. u or p.d.u (procedure defined unit).63

5. Solution

The American College of Sports Medicine (ACSM), the world's larg-
est sport and exercise science professional organisation, suggests the
use of the terms frequency (F), intensity (I), time (T), and type (T) for
exercise monitoring and prescription (known as the FITT principle).64

More recently, this concept has been expanded to include volume (V)
and progression (P; FITT-VP), where exercise volume represents the
product of exercise intensity, exercise time and exercise frequency
(Eq. ((2)).64,65 Table 1 provides definitions of these terms.

Eq. (2). Calculation of exercise volume.64

Eq. (1). PlayerLoad™ algorithm (developed by Catapult Sports, Melbourne, Australia).
ax = mediolateral accelerometer; ay = anteroposterior accelerometer; az = vertical
accelerometer.52
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The term ‘intensity’ is particularly appropriate when describing how
hard somebody is exercising and is a fitting way to avoid misuse of me-
chanical constructs such as ‘load’ and ‘work’.1,2 We acknowledge that
the term ‘luminous intensity’ is defined in the base SI (https://www.
nist.gov/pml/weights-and-measures/si-units-luminous-intensity). Lu-
minous intensity is the term used to describe the luminescence of
light, in the units of candela (cd). Although this might be confusing to
the sport and exercise scientist, the point is that ‘intensity’ itself is not
a universally defined term, and moreover, ‘exercise intensity’ is not de-
fined in the base SI. The appropriateness of ‘intensity’ to express the ef-
fort of exercise was first promoted by Knuttgen3 and later again by
Winter.1

Intensity can be universally applied to all situations andmultiple dis-
ciplines, and can be expressed in absolute or relative terms. Further, in-
tensity can be quantified in internal or external constructs (Fig. 1). The
difference in measurement between internal and external exercise in-
tensity is the unit used to quantify intensity. For example, in running
or swimming, speed of movement could be an expression of absolute
external exercise intensity, which is measured in the SI-derived unit
metres per second (m·s−1). Power (W), acceleration (m·s−2) and
force (N) are also potentially useful expressions of absolute external ex-
ercise intensity in sports such as cycling or rowing.Measures of absolute
internal exercise intensity include physiological responses such as oxy-
gen consumption (V̇O2) expressed in litres perminute (L·min−1) or HR
measured in beats per minute (b·min−1).

Intensitymay also be expressed in a relativemanner, such as subjec-
tive RPE or percentages of maximums, which can be described in cate-
gories such as low, moderate and high.2,66 It is also possible to apply
weighting factors to exercise intensity. Some previous approaches
have been to apply intensity weighting factors according to the

relationship between fractional elevation in heart rate and blood lactate
concentration.47,67 Some examples of relative external exercise inten-
sity are percentages of maximum running speed. Some examples of rel-
ative internal exercise intensity are RPE and percentages of HRmax or
V̇O2max.2,66

Exercise volume is quantified as the product of exercise intensity,
exercise duration and frequency.64 When the exercise volume of only
one exercise session is of interest, the product of exercise intensity
and duration can be easily calculated because the frequency is equal
to one. For example, the product of speed (m·s−1) and duration (s) is
distance (m) and the product of force (N) and duration (s) is impulse
(N·s).68

The use of non-SI units or dimensionless units such as percent-
ages for calculating exercise intensity or volume is possible, but
care must be taken not to use incorrect terminology. For example,
the session rating of perceived exertion (s-RPE), which is the product
of exercise duration (s) and RPE, is probably the most widely used
metric in sport and exercise science.69 Additionally, the product of
exercise duration (s) and HR (bpm) is also commonly used.49,50,67

Undoubtably, these metric holds great practical application for
sport and exercise scientists. However, these metrics should not be
referred to as training ‘load’ (nor ‘Impulse’) because there is no mea-
surement of force.

Finally, it should be noted that although the ACSM terms and defini-
tions are preferable, they also frequently use the term ‘load’ in their po-
sition stands (e.g.,70,71). Inconsistencies and variations in the terms used
by the ACSM are problematic. Regardless, this communication provides
recommendations for sport and exercise scientists to avoid the misuse
of mechanical terms in order to conduct their practice from a firmer sci-
entific base.

Table 1
Key terminology that should be used when monitoring and prescribing exercise.

Term Definition

Exercise volume The product of exercise intensity, time and frequency (Pescatello et al., 2014).64

Exercise intensity The specific level of muscular activity that can be quantified in terms of power (rate of energy expenditure), force, or velocity (Winter & Fowler, 2009).2

Exercise intensity can be quantified in absolute and relative terms and measured in internal or external units (e.g., external = locomotor and mechanical;
internal = physiological).

Absolute intensity Exercise intensity independent of an individual's physical capacity (e.g., absolute internal intensity: V ̇O2; absolute external intensity: running speed).
Relative intensity Exercise intensity specific to the individual's physical capacity (e.g., Relative Internal Intensity: % HRmax, % V ̇O2max; relative external intensity: % maximum

running speed).
Frequency The number of exercise or training sessions per day, week or month (Pescatello et al., 2014).64

Time The duration of the exercise session or match (Pescatello et al., 2014).64

Type The mode of activity being performed, such as running, cycling or swimming (Pescatello et al., 2014).64

Progression The advancement of the exercise program through a gradual increase in exercise volume/intensity. This is achieved by adjusting exercise duration,
frequency and/or intensity until the desired exercise goal is reached (Bushman, 2018).65

Adaptation The process of change in the physical and physiological systems in response to exercise. With adaptation the body will positively adapt to each of the acute
exercise variables. With maladaptation the body negatively adapts due to fatigue and overtraining.

HR = heart rate; HRmax = maximum heart rate; V̇O2 = oxygen consumption; V̇O2max = maximum oxygen consumption.

Fig. 1. Internal and external outcomes commonly used to measure absolute and relative exercise intensity. RPE= rating of perceived exertion, HRmax =maximum heart rate; V̇O2max =
maximum oxygen consumption.
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6. Conclusion

As members of a scientific discipline, we are collectively guilty of
misusing the terms ‘work’, ‘workload’, ‘training load’ and ‘load’. How-
ever, the development of sport and exercise science now requires that
the principles of science and the SI be upheld, and as such, our use of
these terms needs to end. The descriptions and reporting of exercise
and training should make correct use of scientific terms, nomenclature
andunits. Accordingly, the term ‘training load’ is unscientific and should
therefore be abandoned. The terms ‘volume’ and ‘intensity’, suggested
by theACSM, are logical and avoidmisuse ofmechanical constructs. Fur-
ther, they aremore suitable than ‘training load’ and clearly describe sep-
arate constructs. The term ‘intensity’ is appropriate for describing how
hard somebody is exercising.1,2 In addition, the term ‘volume’ is appro-
priate to describe the total amount of exercise performed and avoids
misuse of scientific constructs such as ‘work’ and ‘load’. Importantly,
journal editors and reviewers should be critical of research which uses
incorrect terms and should uphold principles of science and the SI. Au-
thors and readers should be guided to the correct use of scientific terms,
nomenclature and units. Adoption of the recommendations from this
communicationwill help to advance sport and exercise science and per-
mit practitioners to adopt research recommendations from a firmer sci-
entific base.
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