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There is inconsistency in quantifying, defining and interpreting running speed 
nomenclature in soccer. In particular, the terms “relative”, “individualized”, 
and “normalized” are frequently used interchangeably, despite referring to 
different conceptual and methodological approaches. This lack of clarity may 
affect the interpretation of running intensity and limit comparability across 
studies. Therefore, the aim of this paper is to clarify the conceptual 
distinctions between these terms in the context of soccer performance 
analysis. We distinguish between absolute thresholds (e.g., a value expressed 
without context), relative comparisons based on external references, 
individualized reference values (e.g., a value obtained during treadmill 
protocol), and normalized metrics that express running speed as a proportion 
of an individual’s physiological characteristic (e.g., percentage of the 
maximum speed). Using theoretical arguments and applied examples, it was 
shown that many approaches described as “relative” or “individualized” 
correspond, in methodological terms, to normalization. Moreover, it was also 
highlight that the interpretation of normalized intensity depends on the 
reference used, as different tests (e.g., linear sprint tests vs. intermittent field 
tests) reflect distinct physiological and mechanical characteristics. Clarifying 
these distinctions is important to improve methodological rigor and 
consistency in the analysis of running demands. By contextualizing running 
demands according to each athlete’s maximum speed registered until the 
point of monitoring, this approach may better approximate the normalized 
locomotor stimulus imposed by a given training load, in relation to the 
player’s true, albeit inherently unknown, maximal potential exposure. Future 
research should adopt more precise terminology and clearly report the 
reference values and scaling procedures used when quantifying running 
demands in soccer.
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1 Introduction

Running performance is one of the most commonly used 
components of soccer performance analysis. With the 
development of tracking technologies such as Global Navigation 
Satellite System (GNSS), Local Positioning System (LPS) and 
optical systems, it is now possible to quantify external load 
during training and matches with precision (1, 2). Locomotor 
variables such as high-speed running, sprinting, accelerations, 
and decelerations are commonly derived from tracking systems. 
However, the operational definition of these variables may differ 
according to the tracking-system manufacturer, the proprietary 
data-processing algorithms, and the extent to which 
practitioners retain default settings or customize specific 
thresholds. In previous studies, tracking-derived locomotor 
variables have been classified using either predefined absolute 
thresholds, such as > 19.8 km/h or > 25.2 km/h to define high- 
speed running or sprinting intensities (3, 4), or thresholds 
adjusted according to individual player capacities. The latter 
approaches have been described across studies using different 
terms, such as “relative” (5–7), “individualized” (8–10) and 
“normalized” that are often used interchangeably (3–6, 8, 9), 
when the methodological process being applied is, in fact, a 
form of normalization (3, 4), which consists of scaling a given 
locomotor metric to the player’s capacity and/or characteristic.

Importantly, the term “individualized” refers to the use of 
athlete-specific reference values (e.g., MS, MAS, or VO₂max) to 
define or scale performance metrics, rather than to the mere 
expression of absolute values per se. For example, a player’s 
absolute average speed during a cardiopulmonary test (e.g., 
15 km/h) represents an individual performance value but is 
neither relative nor normalized to a reference value such as the 
final speed obtained in the cardiopulmonary test. In contrast, 
when speed is expressed as a percentage of an individual’s 
maximum speed (MS), the procedure involves ratio-based 
normalization using an individual reference value. In this context, 
the term “relative” lacks specificity, as it does not distinguish 
between different underlying mathematical procedures. More 
broadly, when running speed is mathematically scaled in relation 
to a biomechanical or physiological parameter (e.g., expressed as 
a ratio or pecentage to MS), the procedure corresponds to 
normalization. This distinction is not merely semantic, as it may 
influence the interpretation of external-load metrics. Clarifying 
the distinction between relative expressions, individualized 
reference frameworks, and normalized variables may therefore 
improve methodological rigor and enhance comparability across 
studies in performance analysis and training monitoring.

According to the methodologies and stated aims of previous 
studies, the interchangeable use of these terms appears to be 
associated with the application of the training principle of 
individualization (Figure 1). In practice, researchers have 
normalized participants’ MS, thereby deriving normalized speed 
thresholds to characterize the external load experienced by each 
individual. This may reflect some conceptual overlap between 
the terms individualization, relativization, and normalization, 
potentially contributing to terminological ambiguity and, 
ultimately, to their inappropriate application.

Therefore, the aim of this paper is to clarify the conceptual 
distinction between “relative”, “individualized”, and 

“normalized” running speed metrics in soccer 
performance analysis.

2 Interchangeability between 
individualized and relative expressions 
of running speed

A term frequently used in soccer performance analysis is 
“individualized” (8, 9, 11). However, “individualized” primarily 
identifies the source of the reference value rather than the 
mathematical operation applied to the variable (11). As such, 
these three concepts could be distinguished according to the 
origin of the reference value, the type of comparison, and the 
scaling procedure used to express running speed. A threshold 
may be described as individualized since it was derived from a 
player-specific parameter, but it does not concomitantly indicate 
that running speed was expressed in absolute terms, as a 
percentage of a physiological or biomechanical characteristic, or 
through another normalization procedure.

Similarly, the term “relative” could refer to a range of 
contextual comparisons. For example, running speed may be 
interpreted relative to team averages, normative values derived 
from population datasets, positional benchmarks, or even the 
performance of an opponent (6, 12, 13). In these cases, the 
reference value is external to the player’s own physiological or 
biomechanical characteristic, without necessarily applying a 
scaling procedure to an individual parameter. Although such 
comparisons may provide useful contextual insights, they do not 
necessarily reflect the physiological, mechanical, or perceptual 
intensity experienced by the player.

Distinguishing these concepts accurately is essential given that 
they are often used interchangeably to describe thresholds derived 
from player-specific parameters such as MS, MAS or anaerobic 
speed reserve (ASR). For example, Abt and Lovell (2009) 
defined individualized high-intensity thresholds by assessing the 
running speeds associated with the second ventilatory threshold 
(9). Likewise, Rago et al. (2020) reported individualized speed 
zones based on a combination of MAS, MS, and ASR (11). 
Although the use of the terms “individualized” or “relative” is 
not necessarily incorrect in these examples, the underlying 
analytical procedure can also be interpreted as a form of 
normalization, since running speed is scaled according to an 
individual physiological or biomechanical reference. Similarly, 
other studies combine both terms, such as “individual relative 
thresholds’, to describe speed or acceleration zones derived from 
player-specific parameters (5, 14). For instance, although one 
article was titled “Use of Individual Relative Thresholds to Assess 
Acceleration in Young Soccer Players According to Initial Speed”, 
the methodological procedure employed in the study describes a 
normalization. This does not diminish the relevance of the 
study; rather, it illustrates how terminology used in titles and 
abstracts may not always fully reflect the underlying 
analytical procedure.

By contrast absolute running-speed thresholds are typically 
applied equally to all players, such as defining sprinting as 
running above a fixed value, for example ≥ 25.2 km/h. The 
threshold itself is not derived from the individual player’s 
physiological or biomechanical characteristics. Nevertheless, 
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absolute thresholds may still be used to compare intra- or inter- 
individual performances, although not indicating whether 
the same external speed represents the same internal or 
mechanical demand across players. As an example running- 
speed output may therefore be described as “high relative to 
the team average”, “above the positional norm”, or “250 m 
above 25.2 km/h”.

For these reasons, describing speed thresholds derived from 
MS, MAS or ASR simply as “relative” or “individualized” may 
be conceptually imprecise when the objective is to interpret 
external load in relation to a player’s specific-parameter MS. 
A more precise description should specify whether the threshold 
is absolute, contextually relative, individualized or normalized. It 
is therefore suggested that authors explicitly report the source of 
the reference value, the mathematical scaling procedure, and the 
intended interpretation of the resulting speed zones.

3 Normalization to Maximum speed

Normalization refers to the process of scaling a variable 
according to an individual physiological reference, typically 
expressed as a proportion or percentage of a maximum value. In 
the present study, the term normalization is used specifically to 
describe ratio-based and percentage physiological normalization 

and not broader statistical normalization procedures such as z- 
score transformations, allometric scaling, or other standardization 
methods. Normalization to physiological maximum is widely used 
across multiple areas of exercise science. Aerobic intensity is 
commonly normalized to maximal oxygen uptake (%VO₂max) 
(15), cardiovascular load to percentage of maximal heart rate (% 
HRmax) (16), and resistance training loads to percentage of one- 
repetition maximum (%1RM) (17). In biomechanics, mechanical 
outputs such as joint torque are frequently normalized to body 
mass (e.g., Nm/kg) or to maximal voluntary contraction to allow 
meaningful comparisons between individuals with different 
anthropometric characteristics (18). These normalization 
procedures allow physiological and mechanical intensities to be 
expressed as a proportion of maximal or size-related 
characteristics, rather than as absolute values. Applying the same 
principle to locomotor speed in soccer allows running intensity to 
be contextualized relative to each player’s MS. Accordingly, the 
same fraction of MS would correspond to an equivalent 
normalized locomotor intensity, although not necessarily to an 
equivalent physiological or metabolic intensity.

Examples of normalized running intensities include values 
such as 60%, 75% or 90% of MS (3, 4). By expressing speeds as 
proportions of MS [tested in a 40-m linear sprint test (19)], 
normalization ensures that the running intensity represents the 
same fraction of maximum performance potential for every player.

FIGURE 1 

Conceptual progression in the interpretation of running-speed demands in soccer. Absolute thresholds apply fixed speed values across players. 
Relative comparisons contextualize performance against external references. Normalized thresholds scale running speed as a percentage of an 
individual physiological characteristic (e.g., % of MS).
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Full normalization would require expressing locomotor 
thresholds scaled to each player’s MS. Without this reference, 
players with lower MS (e.g., 30 km/h) would experience 
substantially different biomechanical patterns, metabolic 
demands, and locomotor stress at the same externally defined 
thresholds (Figure 2). Consequently, the physiological and 
mechanical implications of these speed zones may differ 
considerably across players.

This distinction highlights an important methodological 
consideration for locomotor load quantification in team sports: 
MS thresholds based on an external reference may improve 
conceptual interpretation compared to purely absolute 
thresholds, yet they still fail to fully account for inter-individual 
variability in MS. As previously discussed, the normalization of 
locomotor thresholds to individual MS may provide a more 
precise approach for capturing the true intensity of running 
demands experienced by each player (4).

For example, the study conducted by Amman et al. (2022) 
demonstrated an important conceptual distinction in the 
definition of high-speed running and sprinting thresholds. 
Specifically, the authors expressed the absolute speed thresholds 
of ≥19.8 km/h and ≥25.2 km/h relative to a reference MS of 
36 km/h, which corresponded to 55% and 75% of this value, for 
high-speed running and sprinting, respectively. This 
methodological approach enables a clear distinction between 
absolute and externally referenced thresholds. However, the MS 
used (36 km/h) was derived from previously reported data rather 
than from the individual MS of each player (20). Consequently, 
the thresholds were expressed relative to a standardized reference 
speed, rather than to each player’s MS.

As a result, the thresholds corresponded to 55% and 75% of 
the reference speed, which indirectly introduces some level of 
“individual differentiation”, since each player’s locomotor profile 
will interact differently with these thresholds. In practice, 
because players possess different MS, the relative physiological 
and biomechanical demands associated with these thresholds 
will vary between individuals. Therefore, while the thresholds 
are expressed as percentages, they cannot be considered truly 
individualized or normalized.

Finally, running speeds have been normalized either to the 
MS attained during a 40-m linear sprint test (19) or to the MS 
(more adequately defined as final speed of the test) reached in 
an intermittent field test (e.g., 30-15IFT) (21). Although both 
approaches express speed as a fraction of a maximal reference, 
the underlying constructs represent fundamentally different 
physiological and mechanical capacities. As such, it is vital 
that the denominator variable is clearly described to avoid 
conceptual and subsequent methodological misinterpretations. 
The final speed attained in an intermittent field test should be 
interpreted as a composite performance outcome influenced 
by aerobic fitness, anaerobic capacity, running economy, and 
acceleration-deceleration ability (21–23). In contrast, MS 
derived from a 40-m linear sprint test would be primarily 
determined by sprint mechanical factors, such as horizontal 
force production, the effectiveness of force application, stride 
characteristics, and neuromuscular function (24–26). 
Consequently, prescribing the same relative intensity (e.g., 
75% MS or 75% Final Speed) on the basis of these 
different tests does not necessarily impose equivalent 
physiological or mechanical loads across athletes. Although 

Figure 2 

Conceptual comparison of absolute, relative, and normalized running-speed thresholds across players with different MSs. The absolute threshold (left) 
applies a fixed speed value (e.g., ≥25.2 km/h) equally to all players, regardless of individual characteristic. The relative threshold (middle) expresses 
speed in relation to an external reference (e.g., group mean MS), allowing contextual comparison but not accounting for individual physiological 
differences. The normalized threshold (right) scales running speed as a percentage of each player’s individual MS (%MS), ensuring that the same 
threshold represents an equivalent proportion of maximal speed across players.
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the present paper focuses on terminology, practitioners should 
recognize that the validity of normalized thresholds, meaning 
scaled according to a player’s MS, also depends on the 
procedures used to determine MS.

4 Concluding remarks

From a methodological perspective, studies analyzing running 
demands in soccer should clearly report how MS was obtained, 
whether thresholds were absolute or derived from individual 
player data, and how normalized intensities were calculated. 
Establishing clearer conceptual distinctions between these 
approaches would reduce ambiguity and facilitate comparisons 
across studies. In particular, it is important to distinguish 
between absolute thresholds based on fixed speed values, relative 
comparisons that contextualize performance against external 
references, individualized thresholds derived from player-specific 
data, and normalized intensities that mathematically scale running 
speeds relative to a physiological or biomechanical reference.

Given the substantial inter-individual variability in MS among 
soccer players, expressing running speed as a percentage of MS 
may offer a conceptually coherent framework when locomotor 
demands are intended to be interpreted relative to each player’s 
maximal sprinting characteristic. Through normalization, 
running intensity can be contextualized relative to individual 
performance limits, which may enhance the interpretation of 
external-load exposure and load–response relationships. 
However, this should not be interpreted as evidence that 
normalized thresholds are inherently superior to alternative 
approaches, as the suitability of a given method ultimately 
depends on the specific research question and practical 
objective. Absolute and externally referenced thresholds may 
remain useful for comparisons between players, positions, teams, 
or competitive levels, whereas normalized thresholds may be 
particularly relevant when the purpose is to contextualize 
running demands relative to individual sprinting characteristics. 
Accordingly, each approach should be applied consistently with 
its methodological definition and intended purpose, while 
avoiding unnecessary terminological overlap.
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