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Abstract: The overarching purpose of this review was to highlight the utility of different aerobic
field tests in terms of the parameters they provide, with a specific focus on shuttle running and
all-out testing. Various field tests are discussed in detail and are categorised according to linear
continuous running tests (e.g. 12-minute Cooper Test, University of Montreal Track Test [UMTT],
1200/1600 m time trials, 3-minute all-out test for running [3MT]), intermittent shuttle running tests
(e.g. yo-yo intermittent recovery test level 1 [YYIR1], 30-15 intermittent fitness test [IFT], and the
intermittent all-out shuttle test [IAOST]), and continuous shuttle running tests (e.g. 1.2 km shuttle run
test [1.2SRT], maximal multi-stage 20-m shuttle test [MSR], 25-m, 30 m and 50-m 3-minute all-out
shuttle test [AOST]). Readers will be guided through the theoretical and practical underpinnings of
the 3MT methodology, where the all-out testing methodology is stationed within the testing paradigm, and how to practically implement and interpret the results thereof.
Keywords: Critical speed, exercise prescription, team sports, thresholds, shuttle running

1. Introduction
The regular testing and monitoring of an athletes’ performance status is a
well-established component of a successful training programme. However, the associated
testing procedures are especially challenging to conduct in team sports. Hindrances to
testing at scale are primarily due to the large number of players involved as well as the
limited time, resources, and physiological testing expertise often available to coaches in
such multifaceted sports.
Gradations of maximal oxygen uptake (V̇O2max), which is considered a valid
proxy for cardiorespiratory fitness (CRF), tends to discretize different levels of
performance in field sports such as rugby, soccer and hockey [1–4]. As match-play
requirements escalate from junior to senior levels, or from regional to international levels,
so too do the CRF requirements in order to meet the physiological demands imposed by
commensurately higher levels of match-play. Consequently, many coaches require
regular physiological testing of athletes in order to (i) monitor and predict physical
performance, (ii) assess talent, and (iii) possibly design training programmes [5].
Historically, the gold standard for the assessment of CRF was, and still is, the
laboratory-based graded exercise test (GXT) [6,7]. Although first developed in the early
20th century, and despite nuanced variations in stage gradations and durations, the
essence of the test has remained intact for almost 100 years [8]. While the GXT is
considered the gold standard, it exhibits several limitations in that it (i) fails to scale, (ii)
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shows methodological variability, (iii) is costly, (iv) requires substantial expertise, and (v)
possibly lacks ecological validity for field-based sports [9]. Based on these limitations the
need for valid and reliable field-based testing was borne, leading to the subsequent
development of several methodologically grouped tests such as:
(i)

linear continuous running tests (e.g. 12-minute Cooper Test, University of Montreal Track
Test [UMTT], 1200/1600 m time trials, 3-minute all-out test for running [3MT]) [10–12]

(ii)

intermittent shuttle running tests (e.g. yo-yo intermittent recovery test level 1 [YYIR1],
30-15 intermittent fitness test [IFT], and the intermittent all-out shuttle test [IAOST])
[13–15].

(iii)

continuous shuttle running tests (e.g. 1.2 km shuttle run test [1.2SRT], maximal multi-stage
20-m shuttle test [MSR], 25-m, 30 m and 50-m 3-minute all-out shuttle test [AOST])
[16–20]
In most instances the purpose of a given test is to produce a measure that relates to

a specific physiological state (e.g. V̇O2max or sV̇O2max) [10,21]. For this reason, many of
the tests are validated against the ‘gold-standard’ whereby field-test performance
outcomes, such as end-stage speed, are used to estimate the laboratory equivalent
V̇O2max (or sV̇O2max) to varying degrees of success [22,23]. Although numerous
research studies have used shuttle running to predict V̇O2max through various
regression equations [14,17,24], there appears to be a dearth of research directly relating
the maximal V̇O2 achieved during a graded exercise test (GXT; lab or field) to that
achieved during a variant of the shuttle test. Some evidence suggests that the V̇O2
response during intermittent activity is significantly different when measured in the
laboratory compared to on the field, with the V̇O2

response being approximately 3.3

ml.kg .min higher during intermittent field running compared to treadmill running [25].
-1

-1

Furthermore, research indicates that the V̇O2

response is dependent on both the turn

count (i.e. for the same relative velocity, end exercise V̇O2 increases linearly with the
number of shuttle turns) as well as the velocity of running (i.e. for the same number of
turns, V̇O2

increases linearly with speed) [26,27].

Interestingly, some research has shown that the upper threshold requirement of
V̇O2max

for elite soccer and rugby may be around 60 ml.kg-1.min-1 [28–30]. It is

therefore likely that other skills are more important than a reliance on higher V̇O2max
values at, or beyond, a given level of play. A possible implication here is that the
evaluation of V̇O2max in field-sports is important only up to a certain point. Thereafter,
other parameters, such as submaximal thresholds (e.g. lactate threshold [LT], maximal
lactate steady state [MLSS], critical speed [CS] etc), maximal sprint speed (MSS), skills
and tactics should be more readily evaluated as these may be more distinguishing and
provide more valuable performance information than V̇O2max alone.
While numerous field-based tests exist to evaluate the CRF of athletes, these are
often limited to the indirect assessment of V̇O2max through various regression equations
[14,31–34]. Although useful, most research is this line fails to unpack the practical utility
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of the field test beyond just providing a surrogate estimate of CRF, nor how test
parameters may be used to guide performance assessment and/or training prescription.
As such, the purpose of this narrative review is to highlight the utility of different
field tests in terms of the parameters they provide, with a specific focus on all-out testing.
Readers will be guided through the theoretical and practical underpinnings of the 3MT
methodology, where the 3MT is stationed within the testing spectrum, and how to
practically implement and interpret the results thereof. Information will be highlighted in
terms of the physiological state that each test is meant to represent and how these
parameters are typically utilised. The following sections will expand on the various field
tests which have been categorised according to linear continuous running tests,
intermittent shuttle running tests, and continuous shuttle running tests.
2. Linear continuous running tests
The 12-minute Cooper test is arguably one of the most widely used linear
continuous field tests to predict V̇O2max

based on the distance achieved during the test

(r = 0.90-0.92) [24,35]. Although such an approach has the benefit of enabling testing on a
larger scale, it is reliant on high levels of effort at a relatively constant pace for the
entirety of the test. Furthermore, the only outcome of the test is an approximation of the
V̇O2max, based on the distance achieved, without taking cognisance of the average speed
maintained during the test, nor the heart rate response throughout the test. Therefore, the
utility of the test for programme prescription is limited based on the fact that prescribing
intensities as a percentage of V̇O2max is not considered a valid method for exercise
prescription on the basis that this leads to substantial heterogenous homeostatic
responses both in and across individuals [9]. The utility of the test for evaluating
field-sport athletes may also questionable on the basis that no changes of direction are
incorporated into the test.
Another popular field test used to predict V̇O2max

is the University of Montreal

Track Test (UMTT) [10]. The UMTT is a graded test in that it starts at a speed of 8 km.hr-1
and increases by a speed of 1 km.hr-1 every 2-minutes [14]. Such progressions in
workload may be deemed more tolerable by participants when compared to the Cooper
test. The advantages of the UMTT are that it (i) is scalable, (ii) provides an estimated
maximal aerobic speed (MAS), and (iii) provides an estimate of the V̇O2max based on the
stage achieved (r = 0.98) [10]. If the goal of testing is to provide an estimate of MAS and
V̇O2max, then the utility of the test is clear. However, using these parameters for exercise
prescription suffers the same critiques as for the Cooper test, coupled with the fact that
the test lacks the specificity needed for field sports.
The final linear continuous test within this grouping is the 3-minute all-out test for
running (3MT) [11,12]. The 3MT deviates substantially from the other tests in that (i) it
requires all-out effort from the beginning of the test, (ii) provides both a submaximal
threshold and maximal sprinting speed (iii) has had V̇O2 measured directly during
testing allowing for both V̇O2max and V̇O2

kinetics assessment, and (iv) can be

accurately used for programme prescription, training and monitoring [19,36–39].

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 February 2021

doi:10.20944/preprints202102.0081.v1

The concept of the 3MT originated from cycling research originally based on the
hyperbolic relationship between power output and the sustainable duration of that
workload (see Figure 1) [40–42]. The asymptote of this hyperbolic relationship was
referred to as ‘critical power’ (CP) whereby work above CP was limited by the
fatigability constant (termed W-prime [W’]) which represented a finite energy reserve
available to an athlete above CP. Work below CP on the other hand could be sustained
for substantially longer periods of time [43,44]. The successful implementation of this
relationship however required multiple testing bouts (i.e. n = 4-7 bouts), each lasting
between 2-15 minutes in order to accurately parametrise the mathematical relationship
[45]. Although attractive, the feasibility was questionable. Later it was discovered that
the same parameters, CP and W’, could be derived from an all-out test lasting 3-minutes
(i.e. 3MT) whereby the end-phase power (i.e. final 30-seconds) was equivalent to CP, and
the area under the curve but above CP, was equivalent to W’ [42]. Furthermore, the
V̇O2max values attained towards the end of the test were consistent with the V̇O2max
achieved in a ramp test [42]. Using these principles, the running version of the test was
first implemented in 2012 [11] whereby the running equivalents could be derived in the
same all-out manner (i.e. CP is replaced by critical speed [CS] which is the end-stage
speed, and W’ is replaced by D’ as the fatigability constant).
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Figure 1: Hyperbolic representations of the speed-time relationship for running. CS is the asymptote of
the speed-time relationship, and D’ is the curvature constant.

From a physiological perspective, the CS is considered as a ‘gold standard method’
for the assessment of the critical metabolic threshold that separates heavy- from
severe-intensity exercise, and typically occurs at a relative intensity of ~70-90% V̇O2max
depending on training status [9,46–48]. The ability of CS to delineate these intensity
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domains is one of its primary strengths on the basis that the metabolic responses, and
therefore the tolerable durations (tlim) across domains, is vastly different. Exercise below
CS is usually tolerable for up to approximately 3 hours (depending on proximity of work
rate to CS), whereas exercise above CS is highly predictable when CS and D’ are
combined

[49]. Although other thresholds exist that can delineate the heavy- from the

severe-intensity domain (e.g. respiratory compensation point, maximal lactate steady
state, etc.), these are dependent on the completion of a GXT with respiratory gas analysis
or lactate sampling (Jamnick et al., 2018), whereas the 3MT offers a short-duration,
non-invasive alternative. The characteristic speed-time curve of the running 3MT was
later mathematised using a bi-exponential model which provided unique parameters,
such as maximal 3MT sprint speed (MS3MT), fatigue index (FI%), and the speed decay
time constant (

), that offered additional insights into the test performance of

participants [50]. Furthermore, parameters from the 3MT can be used to predict the t lim
within the severe-intensity domain, and thereby provide customisable training intervals,
via the following two equations:

(1)
(2)
(3)

where S is the running speed (m.s-1), D’% is the proportion of D’ depleted within a
given interval,

is the interval duration (sec) and CS is the critical speed (m.s-1). For

example, if an athlete with a CS of 3.5 m.s-1 and a D’ of 130 m, would like to complete 4
bouts of high-intensity exercise, with each bout lasting 2-minutes, then as per Equation 1,
the athlete would need to run each bout at a speed of 4.26 m.s-1 [S = 0.7

130 m/120 s +

3.5 m.s-1 = 4.26 m.s-1]. Such interval prescription is based on experimental evidence that
has shown that a D’ depletion of 70% per bout, coupled with a 1:2 work-to-rest ratio,
would allow for the successful completion of 4 bouts [37]. Towards the end of the 4 th bout
the athlete would likely achieve their maximum heart rate (HRmax) coupled with an RPE of
at least 18. The same principles can be applied to Equation 2 where the coach/athlete is
free to choose a desired running speed above CS, with the exception that an interval
duration (sec) is provided. If all other parameters from the previous example are kept
constant (e.g. 70% depletion of D’ and CS of 3.5 m.s-1), and if a desired interval speed of 5
m.s-1 is chosen, then the calculated interval duration is 61 sec per bout). Again, based on
previous evidence, the athlete would be able to complete 4 bouts before reaching HRmax
and exercise cessation. Other variations such as 5 x 60% or 3x 80% depletion schemes
intervals with 1:1 and 1:1.5 work to rest ratios have also been successfully utilised (Pettitt,
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2016, Clark et al., 2013). Presently, few other tests, if any, can provide such intervals with
the same fidelity.
To support coaches/practitioners with the interpretation of parameters derived
from the linear 3MT (e.g. CS, D’, MS3MT, FI% etc), normative data tables have been
created for rugby [51], athletic, and non-athletic individuals [52]. For example, if a rugby
player successfully completed a linear 3MT and obtained a CS of 3.70 m.s-1 and a D’ of
272m, these parameters would be classified as ‘above average’ and ‘average’ respectively.
If these same values were obtained by a non-athletic (i.e. moderately trained) individual,
the same parameters would be classified as ‘extremely high’ and ‘very high’ respectively.
Although it is important to be mindful of the participant characteristics when
interpreting normative data, such data tables may help guide coaches/practitioners
obtain more meaningful insights when translating sport-specific performances.
Recent research has even linked 3MT performance with V̇O2max by providing a
regression equation with CS and gender as input parameters [53]. The typical error,
coefficient of variation, and intraclass correlation coefficient between predicted and
observed V̇O2max values were 2.26 ml.kg-1.min-1, 4.90% and 0.864 respectively. Although
the regression equation shows promise, the equation was not validated against an
independent dataset which may limit the transferability/generalisability of the equation
to a broader population. As per previous critiques, knowledge of V̇O2max may be useful
for approximating and interpreting CRF but should not be used for standardising
exercise prescription.
Although the 3MT has many strengths, some of the limitations must also be
mentioned. Firstly, the 3MT is an all-out test and its use is therefore likely limited to
those that are at least moderately fit. Secondly, the motivation to complete the test at full
effort is a factor that would affect test reliability as pacing would be a risk for test
invalidation. Thirdly, as discussed here, the 3MT is a linear all-out test and therefore the
transferability to field sports could be questioned. In light of this however, it is pertinent
to mention that parameters from the linear 3MT have been successfully implemented in
training interventions focused on soccer players [36] and moderately trained individuals
[37], showing significant improvements in CS (+ 0.46-0.62 m.s-1) and V̇O2max (+ 3.81-5.19
ml.kg-1.min-1).
Nonetheless, all continuous linear tests ultimately lack the ‘specificity’ often sought
by coaches for evaluating CRF in a more sport-specific manner (i.e. incorporating
directional change). The assimilation of directional changes for field tests is therefore an
important component in the testing regimen. Whether or not the linear 3MT could be
modified to incorporate directional changes, and whether the speed profile of all-out
shuttle running was similar to that of linear running was previously unknown. Both
aspects were however recently answered in a series of papers (Kramer et al., 2018;
Kramer, Du Randt, et al., 2019b, 2019a). The evidence suggests that all-out linear and
shuttle running (i.e. 3MT concept) tend to be energetically similar (total energetic cost:
p>0.05; total metabolic power: p>0.05), but sufficiently distinctive to provide test-specific
CS, D’ and Smax values (p < 0.01) [54]. Coaches should however be cognisant of differences
in shuttle testing methodologies such as intermittent vs. continuous protocols as these

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 February 2021

doi:10.20944/preprints202102.0081.v1

would provide meaningful differences in parameter estimates. The following sections
will therefore unpack both continuous and intermittent shuttle-based tests typically used
for the assessment of CRF in field-sports.
3. Intermittent shuttle running tests
The intermittent nature of field-based ball sports (e.g. hockey, soccer, rugby etc.)
necessitated the development of an intermittent test that evaluated both the ability of
players to repeatedly perform intense exercise, and the ability to recover from intensive
exercise [15,55]. This led to the development of the Yo-Yo intermittent recovery test level
1 (YYIR1) [55].The end-stage speed attained during a YYIR1 (sYYIR1) test usually
eclipses sV̇O2max [21], although this is dependent on the stage gradation and duration of
the GXT. The intermittent nature of the test allows for substantial metabolic recovery
kinetics to take effect which in turn allows for the attainment of higher shuttle stages
than would not have been possible during a continuous test (e.g. MSR). Additionally,
considering that recovery of W’/D’ appears to be CP/CS/V̇O2max dependant, this
perhaps introduces further variability in the results of intermittent tests between
individuals (Chorley et al., 2020).
The relationship between the calculated V̇O2max from the YYIR1 and the V̇O2max
determined via a GXT is usually moderate at best (r = 0.47-0.57) [56]. A possible
limitation is that the YYIR1 is often used to evaluate changes in performance outcomes
(e.g. distance, level, or predicted V̇O2max) as a function of some intervention, rather than
using actual metrics from the test to prescribe training. Completing a test without using
parameters

from

that

test

to

guide

exercise

prescription

seems

somewhat

counterintuitive on the basis that players are evaluated for changes in performance (e.g.
shuttle level, total distance, V̇O2max), without necessarily knowing the mitigating
circumstances under which changes in performance may have accrued. Stated differently,
it is entirely possible that changes in bioenergetics may have occurred without
commensurate changes in V̇O2max (or shuttle level by extension); although more
research would be needed.
A further limitation relates to the fact that exercise prescription, using sYYIR1, fails
to standardise the metabolic response across athletes. The lack of intensity
standardisation is especially pertinent on the basis that sYYIR1 is usually substantially
above sV̇O2max. Exercise prescription using sYYIR1 is therefore problematic on two
fronts: (i) using purely sYYIR1 would imply exercise within the extreme intensity
domain which would be sustainable for less than 2-minutes depending on the proximity
of sYYIR1 to sV̇O2max, or (ii) adjusting sYYIR1 to be below sV̇O2max, where exercise
would likely fall within the severe intensity domain, would require knowledge of
sV̇O2max. The derivation of sV̇O2max would necessitate the completion of either a
laboratory- or field-based assessment to derive this additional parameter, thereby
negating the purpose of the YYIR1 test. Without knowledge of submaximal intensity
anchor points, exercise standardisation is impossible, and it is therefore highly unlikely
that parameters from the YYIR1 could be reliably used for exercise prescription.
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The evolution of intermittent shuttle-based testing led to the development of the
30-15 intermittent fitness test (IFT) which first appeared in print in 2008 [14]. The IFT
may be useful for tracking changes in athlete performances with respect to parameters
associated with the IFT. As with other field-based tests of this nature, there are strong
correlations between IFT achievement and V̇O2max (r = 0.58) as well as certain
match-play parameters (e.g. high-intensity running) [14].
In many ways the IFT suffers from the same predilections as the YYIR1 in that the
end-stage velocity associated with the IFT (i.e. vIFT) falls above sV̇O2max [21]. Such
supra-threshold running speeds would again make it difficult to standardise training
adaptations based on athlete-specific metabolic responses to the proposed intensity.
Without knowing the proximity of vIFT to any maximal or submaximal thresholds
would preclude any comprehension of the intensity domain within which the athlete
may be training, and therefore the metabolic flux would be more difficult to determine
and control for. Although V̇O2max can be indirectly estimated from the IFT, it should
already be clear that doing so is problematic based on the over- or under-estimations
associated with the regression equations. Shuttle running is clearly different to linear
running, and intermittent protocols elicit different responses compared to continuous
protocols, thereby bringing into question the interchangeability of parameters. To date,
no study has directly evaluated the end-exercise V̇O2 associated with the IFT.
To overcome some of the limitations of the intermittent shuttle tests mentioned,
some researchers aimed to utilise the principles of the hyperbolic speed-time relationship
(akin to the hyperbolic power-time relationship mentioned previously), such that an
intermittent critical speed (iCS) and intermittent D’ (iD’) could be calculated (see Figure 1
for a representative example) [13,57,58]. Although the method is theoretically sound, the
limitation here is the number of trials that need to be completed since this affects the
robustness of the mathematical fit. Based on the original research it is recommended that
between 4-to-7 trials be used to maximise the accuracy of the fit between the data and the
model and for standard error to fall within 5% for CP/CS and 10% for W’/D’ [49]. Much
of the research on the intermittent version of the test however only used 3 trials (Berthoin
et al., 2006; Buchheit et al., 2008; Fukuda et al., 2011, 2012).
There is inevitably a convenience-accuracy trade-off using the aforementioned
approach. On the one hand, to have a more accurate model fit, and more robust model
parameters, a greater number of trials are required. However, the implication is that the
participant would need to complete a greater number of trials over several days, which
in most cases is not practically viable. Therefore, although the approach is theoretically
attractive, the apparent lack of accuracy coupled with the inconvenience of repeated
trials, has invariably reduced the popularity of the approach on a larger scale.
Clearly, coaches must select a test to match the requirements of the evaluation, such
as (i) the determination of a physiological threshold (e.g. V̇O2max, CS etc.), (ii)
determining a maximal running speed (e.g. MSS, MS3MT), and/or (iii) to guide training.
Thus far, arguably only the linear 3MT manages to tick all the requisite boxes. The
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following section will explore the utility of various continuous shuttle running tests in
the context of the abovementioned requirements.
4. Continuous shuttle running tests
One of the first shuttle running tests to evaluate V̇O2max was devised by Léger and
Lamberts (1982) which utilised stage gradations of 0.5 km.hr-1 every 2-minutes. This same
test was later modified to incorporate the same stage gradations (i.e. 0.5 km.hr-1) but
using 1-minute stages [60]. Researchers have found significant correlations between
shuttle level achieved during the test and V̇O2max obtained in the laboratory depending
on the group being analysed (r = 0.51-0.95) [17,22,61,62]. Consequently, regression
equations have been developed to indirectly estimate V̇O2max from the MSR which
allows for a higher testing density (i.e. more athletes can be evaluated simultaneously),
low learning curve (i.e. easy to follow instructions across numerous age cohorts), lower
cost implications (i.e. minimal equipment, higher participant : expert ratios) and faster
turn-around times (i.e. more tests can be conducted over a given season). These reasons
may account for the broad appeal and successful implementation of the test on a global
scale, even now, more than 30 years after its founding.
A potential draw-back of the MSR is that the actual V̇O2 cost associated with the
test has not been directly measured. Early research compared the V̇O2 from the end-stage
of the MSR to that obtained from a GXT using a backwards extrapolation method from
the

recovery curve and found high correlations (n=11; r=0.90-0.92) [16]. Despite this,

it is important to mention that more recent research on shuttle running has shown that
higher V̇O2 requirements are exhibited compared to linear running at the same relative
velocities [26]. For example, treadmill running at just 8 km.hr-1 exerts a V̇O2 requirement
of 27.3 ± 1.5 ml.kg-1.min-1, whereas incorporating just 13 turns.min-1 at the same velocity
(

1 turn every 10-m), substantially increases the

requirement to 38.4 ± 1.9

ml.kg-1.min-1 (i.e. an increase of 11.1 ml.kg-1.min-1 or 41%).
One of the primary outcomes of the MSR is an estimated V̇O2max based on the
end-stage speed. Knowledge of the V̇O2max is useful for predicting and monitoring
physical performance, assessing talent, and possibly designing training programmes [5];
although evidence for the latter is severely limited. A recent review by Jamnick et al.
(2020), highlighted the fact that prescribing intensities as a percentage of V̇O2max is not a
valid method for exercise prescription on the basis that this leads to substantial
heterogenous

homeostatic responses in and across individuals.

To address the limitations imposed by the MSR, additional continuous shuttle tests
were developed such as the 1.2-km shuttle run test (1.2SRT) and the shuttle 3MT. The 1.2SRT
was developed in 2012 and consists of running two 20-m shuttles, followed by two 40-m
shuttles and finally two 60-m shuttles in series, which are then repeated in five
continuous sets for a total of 1200-m [63]. The primary outcomes measure of the 1.2SRT is a
maximal running speed (MRS) which has shown high correlation to the MRS obtained
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during the IFT (r = 0.86); although the MRS from the 1.2 SRT is lower than vIFT [63,64]. The
1.2SRT has also been linked to on-field performances for rugby-league players [65],
although more research is required. The benefits of the 1.2SRT however are the (i)
relatively short duration of 4-7 minutes and (ii) scaling for mass testing. It is nevertheless
pertinent to mention that drawbacks do exist in that (i) the test has not been validated
against direct/indirect V̇O2max measures, (ii) MRS is calculated as the average speed of
the entire test, and that (iii) the utility of MRS data is limited for training purposes. It is
therefore not known whether MRS occurs above or below sV̇O2max.
To encompass a more ‘sport specific’ approach, the linear 3MT was modified to
incorporate directional changes by using 25-m, 30-m and 50-m shuttle distances (Kramer
et al., 2018, 2019; Saari et al., 2019). It is clear from Figure 2 that the speed-time profile of
the modified AOST is similar to that of the linear 3MT. Consequently, the modified
AOST provides similar parameters in that a shuttle specific CS, D’, τd and maximal
all-out shuttle speed (MSAOST), which when combined with CS can provide a potentially
more ecologically alternative parameter to the popular anaerobic speed reserve concept
as well [66].
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Figure 2: Representation of a 50-m shuttle-based 3MT. Black horizontal line shows the
critical speed (CS); blue line indicates the bi-exponential method used to model changes in
peak shuttle speed throughout the test; grey area indicates the D’. Inset shows the speed
profile of a single shuttle coupled with key parameters such as the maximal shuttle speed,
average shuttle speed (solid horizontal line) and CS (dotted horizontal line). Adapted from
[20]

One of the only studies to investigate the V̇O2

response during the 3MT (both

linear and shuttle versions), was conducted by Kramer et al. (2018) which showed clear
similarities across 3MT testing modalities. The data from the original manuscript was
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used to evaluate whether the V̇O2max values derived from each version of the test were
statistically equivalent to each other and to that derived from a laboratory-based GXT
(see Figure 3).

Equivalent
Not Equivalent

Mdiff = -0,56; p < 0,001

50m vs 25m

Mdiff = 2,25; p = 0,284

50m vs GXT

Mdiff = 2,81; p = 0,436

25m vs GXT

Mdiff = 1,19; p = 0,021

Lin vs GXT

-5

-4

-3

-2

-1

0

1

2

3

4

5

6

Mean difference (ml.kg-1.min-1)
Figure 3: Assessing V̇O2max equivalence across laboratory and field tests. Equivalence bounds (±
3 ml.kg-1.min-1 from zero) were established from available literature and evaluated using the
TOST procedure [67]. The alpha ( ) is adjusted for multiple comparisons using a Bonferroni correction (

= 0.05/4 = 0.0125).

In terms of the mean difference in V̇O2 between the linear 3MT and GXT as well as
between shuttle 3MTs and GXT, after correcting for multiple comparisons, the
equivalence results were largely inconclusive (p> ). We can therefore neither reject the
null hypothesis, nor the smallest effect size of interest of ± 3.0 ml.kg-1.min-1. The effect size
is relatively small, but more data are needed to draw a conclusion (given our desired
error rate of 5%). The mean V̇O2 differences between 25-m and 50-m 3MT are however
statistically equivalent.
In terms of using the parameters from the 3MT and AOST, Kramer et al. (2019),
investigated whether the tlim of an 800-m shuttle could be predicted. The tlim accurately
predicted the 25-m AOST (r = 0.93, SEE = 6.60 sec) when athletes were instructed to
complete the interval at their fastest self-selected pace [20]. It must however be stated
that it is presently unknown whether the use of customised speed or time intervals,
without implementing a speed correction, would work as effectively for shuttle running
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as for linear running. The energetics and neuromuscular loading characteristics of shuttle
running are substantially different from linear running, and it is therefore theorised that
the fatigue mechanisms inherent to shuttle running would therefore play a role in shuttle
running prescription using the methods previously mentioned.
One of the strengths of the 3MT in general is that the parameters from the test can
not only be used to assess and monitor robust and ecologically valid parameters specific
to team sports, but can also be used to prescribe training intervals that are either based
on time (see Equation 1) or speed (see equation 2), or distance (see Equation 3)
requirements [37]. In addition to this, given the problematic nature of using
absolute/fixed speed thresholds for match/training load monitoring across players (i.e.,
5.5 m.s-1 for high speed running; 7 m.s-1 for sprinting), the results of 3MT can arguably
provide more specific data to more specifically individualise these processes.
The overall results of the speeds derived from the various testing methodologies
discussed in the text can be contextualised in Figure 4.

Figure 4: Continuum of running speeds and intensity domains. sLT = speed associated with the
lactate threshold; CS = critical speed; sMSR = end-stage speed of the multistage shuttle run;
sV̇O2max = speed evoking maximal oxygen uptake; sYYIR1 = speed associated with the yo-yo
intermittent recovery test level 1; vIFT = velocity associated with the intermittent fitness test;
MS3MT = maximal speed attained during the 3MT. Intensity domain classification ranges: moderate (≤ LT); heavy (> LT, but ≤ CS); severe (> CS, but ≤ sV̇O2max); extreme (> sV̇O2max).
Adapted from [21].

As practitioners it is important to be wary of the benefits and costs of each testing
method. Shuttle-based tests (e.g. MSR, YYIR and IFT), which are appropriate for
team-based sports, should not necessarily be used to estimate V̇O2max, but rather focus
on monitoring performance improvement and evaluating intervention effectiveness.
Prescribing exercise sessions as a function of V̇O2max (or sV̇O2max) is not appropriate
due to the lack of physiological standardisation which may be more desirable in team
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sports. As this review has shown, the AOST represents a viable alternative. The CS
derived from the shuttle 3MT would be synonymous with a sub-maximal threshold
intensity that other tests cannot provide. Moreover, there are additional parameters such
as MS3MT, FI%, D’, and τd that can provide insights into not only the performance
characteristics of players, but also exercise prescription and monitoring that can be
individualised, yet standardised. Such data can be easily obtained via GPS units or
stopwatches which can be found in most fitness facilities. Furthermore, multiple players
can be tested at the same time allowing effective and efficient testing processes to be
utilised in the time-constrained environments of applied practice.
5. Conclusions
Field-tests are multifactorial and can provide a multitude of performance-related
parameters. Coaches should be aware of the advantages and disadvantages of each test
and should be mindful of the purpose, outcomes, and utility of each test and how this
may both inform and guide training prescription for performance enhancement
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