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Background and Purpose    
The study compared differences in derived critical velocity (CV) and maximal speed from 
the 3-Minute All-Out Shuttle Test (3MST), 7-Minute Intermittent Critical Velocity 
Shuttle Test (7MST) and 3-Minute All-Out Running Test (3MRT). The test-retest 
reliability of the 3MST versus the 7MST was also determined. 

Study Design   
Repeated measures experimental design. 

Methods  
Eleven semi-professional football players completed 10 visits; 3 familiarisation and 7 
testing sessions (3 trials for each of the 3MST and 7MST and 1 trial of the 3MRT). CV was 
calculated, and maximal speed was recorded via GPS. 

Results  
CV via the 3MRT (14.17 ± 1.49 km.h-1) was faster than the 3MST (10.12 ± 0.97 km.h-1, p < 
0.001) and 7MST (9.03 ± 0.97 km.h-1, p < 0.001), although minimal differences were 
observed between the 3MST and 7MST (p = 0.13). Maximal speed differed across all test 
modes; 3MRT (29.07 ± 2.19 km.h-1, p < 0.001), 3MST (26.18 ± 1.71 km.h-1, p < 0.001) and 
7MST (23.14 ± 1.10 km.h-1, p < 0.001). Intra-class correlation coefficient was larger for 
the 3MST (0.37) than the 7MST (0.05). Coefficient of variation was smaller for the 3MST 
(7.57%) compared to the 7MST (11.56%). 

Conclusion  
Shuttle tests derive significantly slower CV and maximal speeds compared to linear tests 
and thus likely provide greater task specificity for CV modelling of team-sport athletes. 

1.0. INTRODUCTION 

Time-motion analyses suggest that successful performance 
in competitive football is correlated to the quantity of high 
speed running and change of direction.1–3 This is a trend 
indicative across team-sports,4 whereby contemporary 
match tactics have increased the intermittent demand of 
quickly changing energy requirements from non-severe to 
severe metabolism.5 Modelling the critical point of this en
ergetic interaction is imperative for profiling team-sport 
athletes, to help inform training, competition and tactical 
decisions.6 Clinical and field graded exercise tests estimate 
maximal capacity through tolerance to incremental work
load,7 which negates the identification of a critical work 
rate between sustained and un-sustained metabolism, sug
gesting graded exercise tests are non-specific and possibly 
outdated for analysing the unique energetics of contempo
rary intermittent performance. 

The 3-Minute All-Out Running Test (3MRT) is a short, 
linear-run test, adapted from seminal critical power meth
ods. The 3MRT provides valid and reliable estimates of crit
ical velocity (CV) by modelling a hyperbolic relationship be
tween running speed and time.8,9 The asymptote identifies 
a CV, above which a finite distance capacity (D´) is esti
mated to differentiate severe and non-severe metabolism.10 

The relationship between these mechanisms allows for sub
sequent calculations of competition pacing strategies and 
high-intensity interval training (HIIT) prescription.11,12 

The CV concept is less tolerated when applied to inter
mittent compared to constant velocity exercise, meaning 
lower CVs and higher D´s are estimated via intermittent 
running.13,14 This highlights the importance of task speci
ficity for CV estimation and is conceivably exacerbated in 
team-sports due to the metabolic cost of high-speed run
ning and changes of direction.14–16 Shuttle running pro
vides an exercise modality that matches the biomechanical 
demands of intermittent sports.17 Examples of shuttle run
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ning CV methods include, the 3-Minute All-Out Shuttle 
Test (3MST) and 7-Minute Intermittent Shuttle Test 
(7MST). 
The 3MST is adapted from the 3MRT, however, it is run 

over a defined shuttle distance rather than uninterrupted 
running and is well validated for estimating CV.18 Several 
studies have established differences in CV between the 
3MRT and 3MST (over varied shuttle distances), with the 
3MST estimating a lower CV compared to the 3MRT.19–21 

This is explained by multiple mechanical variables and 
physiological differences between linear and shuttle run 
tests.20 Although, similar VO2 kinetics are exhibited be
tween linear and shuttle run tests, which is unexpected 
given the energetic cost associated with change of direction 
exercise. This suggests that performance parameters are in
terchangeable between test formats depending on desired 
task specificity.20 

Similar VO2 kinetics between linear and shuttle run tests 
may conversely be regarded as evidence that, despite the 
inclusion of shuttles, the 3MST does not adequately rep
resent the task specific intermittent nature of team-sports. 
The 7MST has been developed and validated to address 
this gap.22 The 7MST is a 7-minute field test, that consists 
of three rounds of repeated all-out shuttle sprints, inter
spersed with decremental rest periods and is proposed to 
offer a reliable and more ecologically valid alternative for 
assessing CV in team-sport contexts.22 The lack of explicit 
3MRT, 3MST and 7MST comparison within literature has 
deemed the task specific derivation of CV between linear 
and shuttle run tests across continuous and intermittent 
methods inconclusive. 
Therefore, the purpose of the study was to provide a 

novel comparison of the 3MST, 7MST and 3MRT for the CV 
modelling of team-sport athletes and assess the test-retest 
reliability. We tested the hypothesis that CV and maximal 
speed will differ between linear and shuttle run tests, thus 
CV and maximal speed are task specific. We also tested the 
hypothesis that the 3MST and 7MST provide reliable mea
sures of CV and thus shuttle tests offer a task specific and 
accurate alternative for measuring CV in team-sport ath
letes. 

2.0. METHODS AND MATERIALS 
2.1. EXPERIMENTAL APPROACH TO THE PROBLEM 

A repeated measures experimental design was adopted to 
assess task specificity of the CV concept. The dependent 
variables of the study were CV and maximal speed, whereas 
the independent variable was test mode (i.e., 3MRT, 3MST 
and 7MST). The reliability of shuttle test modes (i.e., 3MST 
and 7MST) were assessed across respective trials. 

2.2. PARTICIPANTS 

A priori power analysis was conducted using G*Power soft
ware (Version 3.1), which estimated a minimum sample size 
of 9 for an effect size of 0.5, alpha level of 5% and statisti
cal significance and power of 95% (p < 0.05). All values are 
reported as means ± SD unless otherwise stated. Statistical 

analyses were conducted using Statistical Package for So
cial Sciences software (SPSS; Version 22). 
Twelve semi-professional trained footballers (age: 23±4 

years; body mass: 75.94±10.05kg; stature: 177.42±6.73cm) 
were systematically sampled and voluntarily completed the 
study. One participant was excluded after sustaining injury, 
meaning a total of 11 participants (age: 23±4 years; body 
mass: 75.57±10.45kg; stature: 178.05±6.68cm) completed 
the study. Prior institutional ethics committee approval 
was granted (SMUETHICS202223210), followed by written 
informed consent from the cohort and in addition the 
chairman of the football club for data dissemination in pub
lication format. Those free of musculoskeletal injury in the 
previous 6-months and cardiovascular contraindications, as 
verified from completion of a Physical Activity Readiness 
Questionnaire (PAR-Q), were included for selection. 

2.3. PROCEDURES 

Participants attended 10 visits, comprising of 3 familiari
sation sessions, followed by 7 testing sessions, in a ran
domised order (Research Randomizer), that consisted of 3 
trials for each of the 3MST and 7MST protocols and 1 trial 
of the 3MRT protocol. The 3MST and 7MST took place on 
a familiar 3rd Generation artificial pitch, whereas the 3MRT 
took place on a 400m athletics track. Participants were en
couraged to maintain normal activity throughout the study 
but were asked to ensure a minimum of 24-48 hours recov
ery before and after each testing visit, with between-testing 
session duration not exceeding 72 hours. Participants were 
also instructed to abstain from alcohol consumption during 
the 24-48-hour recovery periods, abstain from caffeine and 
food consumption 2-3 hours prior to testing and arrive in a 
hydrated state. 

2.4. CRITICAL VELOCITY PERFORMANCE TESTS 

Prior to testing all participants were fitted with a FieldWiz 
2nd generation 10Hz GPS unit and integrated heart rate 
(HR) vest (Advanced Sports Instruments, Lausanne, 
Switzerland). A 5-minute warm-up, consisting of a 
2-minute jog and lower body dynamic stretching exercises 
followed and was led by the investigator. A recovery period 
was then provided, the time of which depended on the par
ticipant’s HR returning to <100 beats per minute (BPM). 
This aimed to prevent CV being exceeded and to provide 
restitution for any depletion of D´ (28). The participants 
then completed the designated testing session. 

2.5. FAMILIARISATION TRIALS 

Participants collectively took part in 3 familiarisation ses
sions, where 1 trial of each of the 3 test modes (3MRT, 
3MST, and 7MST) was performed on each familiarisation 
visit. Participant stature (213 Portable Stadiometer, SECA 
GmbH & Co., Hamburg, Germany) and body mass (Portable 
Scale BC-730, Tanita Corporation of America, Inc., IL, USA) 
was recorded during initial familiarisation sessions. The 
methods for each test mode were as follows. 
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Figure 1. Example of the field setup for the 3-Minute All-Out Shuttle Test (3MST; left) and 7-Minute Intermittent                 
Shuttle Test (7MST; right).     

3MRT 

The 3MRT was conducted on a 400m athletics track. Par
ticipants began at the start of the 100m line on the inside 
lane and were instructed to maximally sprint and maintain 
as fast of a running speed as possible around the track for 
the 3-minute duration. A blown whistle signalled the start 
of the test, at which point a stopwatch was started. The test 
was stopped at 3-minutes and 10-seconds to allow for a full 
GPS recording.8 

3MST 

Figure 1 depicts the layout of the 3MST. Cones were set up 
at a distance of 30m apart with a 5m wide zone to constrain 
participants to a linear running path. Participants began at 
the start line and were instructed to run the continuous 
30m switchbacks as fast as possible for the 3-minute du
ration. A blown whistle signalled the start of the test, at 
which time a stopwatch was started. The test was stopped 
at 3-minutes and 10-seconds to allow for a full GPS record
ing.18 

7MST 

Figure 1 depicts the layout of the 7MST. Cones were set up 
at a distance of 18.3m apart with a 5m wide zone to con
strain participants to a linear running path. Participants 
began at the start line and were instructed to run each 
18.3m switchback maximally. A blown whistle signalled the 
start, at which time a stopwatch was started to monitor the 
7-minute duration. The 7-minute test was segmented into 
3 rounds that immediately followed each other. On return 
to the start line from each switchback sprint effort, par

ticipants were afforded a rest interval that corresponded 
to the round. This was monitored using the stopwatch lap 
function with restart signalled by a blown whistle. Round 
1 lasted 3-minutes and allowed 15-seconds recovery after 
each sprint effort. Round 2 lasted 2-minutes and allowed 
10-seconds recovery after each sprint effort. Round 3 lasted 
2-minutes and had no rest intervals as it was a continuous 
sprint effort.22 The test was stopped at 7-minutes and 
10-seconds to allow for a full GPS recording. 
For each of the three test modes participants were given 

strong verbal encouragement throughout but, neither time 
elapsed nor remaining was disclosed to prevent pacing. 
Pacing for each trial was assessed post-test and identified 
via graphical characteristics non-representative of the ex
pected hyperbolic relationship. Discrepant trials were sub
sequently omitted, and repeated following recovery proce
dures outlined.8,18,22 

3.0. DATA AND STATISTICAL ANALYSIS 

GPS was used to monitor speed and time metrics, with 
HR recorded via the integrated HR monitor within the GPS 
vest. Extraction of this raw data to Microsoft Excel (2007 
Edition) enabled retrospective frame-by-frame analysis and 
computation of trials to calculate CV and record maximal 
speed and HR. For the 3MRT and 3MST modes, CV was cal
culated as an average velocity from the final 30-seconds of 
the test.8 Whereas for the 7MST mode, CV was calculated as 
the average velocity of the final four sprints from the third 
round of the test.22 This method is similar to the retrospec
tive video-motion analyses utilised in both the 3MST and 
7MST studies but differs through the use of GPS. Despite 
conflicting reports of GPS validity and reliability within 
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shuttle running and team-sports movement demands,23,24 

the use of GPS was rationalised for the present study as the 
10 Hz GPS units provide sufficient accuracy and intra-reli
ability compared to video-motion analyses.25 The present 
study refrained from analysing and comparing finite me
tabolism (D´) between test modes. This is due to its omis
sion by the original authors of the 7MST, based on strong 
evidence that non-linear and high individual variability ex
ists within the reconstitution of D´, which prohibits an ac
curate calculation within intermittent tasks.22 

3.1. COMPARISON BETWEEN CV TEST MODES 

A Shapiro-Wilks test was conducted to assess if the data 
were normally distributed. Only the first trial of both the 
3MST and 7MST along with the one 3MRT trial were used 
for statistical analysis. Main effects for differences in CV 
and maximal speed (km.h-1) between the CV test modes 
was analysed via a one-way repeated-measures analyses of 
variance (ANOVA). Partial eta2 (ηp

2) was reported to as
sess the magnitude of any significant p value, with values 
of 0.01, 0.06 and 0.14 representing small, medium and large 
effect sizes, respectively.26 Post hoc analysis with Bonfer
roni correction were used to assess where significant differ
ences occurred between CV test modes for CV and maximal 
speed. Percentage difference for each interaction was man
ually calculated and reported along with the mean differ
ence and 95% confidence intervals (CI). 

3.2. TEST-RETEST RELIABILITY AND INTERACTION 
BETWEEN CV SHUTTLE TESTS TRIALS 

A two-way repeated measures ANOVA was performed to 
assess main effects and interactions between the two CV 
shuttle tests and their respective trials. Test-retest reliabil
ity for CV estimated from each of the 3MST and 7MST tri
als was assessed via intra-class correlation coefficient (ICC) 
analysis (two-way random model with absolute agreement) 
with a confidence interval of 95% to signify excellent re
liability.27 Conservative values of less than 0.5, between 
0.5–0.75, between 0.75–0.9 and greater than 0.9 were used 
to interpret poor, moderate, good and excellent reliability, 
respectively.27 Systematic bias of the two CV shuttle tests 
was analysed by calculating the grouped coefficient of vari
ation (CoV) across respective trials. Agreement between tri
als for the 3MST and 7MST modes was also assessed using 
Bland-Altman analysis and reporting mean bias and 95% 
limits of agreement (LoA). 

4.0. RESULTS 
4.1. COMPARISON BETWEEN CV TEST MODES 

One participant’s representative data for the 3MRT, 3MST 
and 7MST are illustrated in Figure 2, showing the different 
characteristics of each CV test mode and demonstrating the 
hyperbolic relationship within each test mode that is in
dicative of the CV concept. These differences are reinforced 
by the significant within-subjects main effects observed be
tween CV test modes for both CV (F (2,20) = 50.96, ηp

2 = 

0.84, p < 0.001) and maximal speed (F (2,20) = 79.94, ηp
2 = 

0.89, p < 0.001). 
Table 1 summarises post hoc pairwise analysis, high

lighting where significant differences occurred between the 
three CV test modes for CV and maximal speed (km.h-1). 
The following results are reported as mean bias, 95% CI, 
p value to explain differences and effect size among tests. 
The 3MST (4.05 km.h-1, 95% CI = 2.61–5.49 km.h-1, p < 
0.001) and 7MST (5.14 km.h-1, 95% CI = 3.34–6.94 km.h-1, 
p < 0.001) obtain significantly slower CV, compared to the 
3MRT, respectively. The difference in CV derived from the 
3MST and 7MST compared to the 3MRT was 28.37% and 
36.06% slower, respectively. Similarly, the 3MST (2.88 
km.h-1, 95% CI = 1.29–4.48 km.h-1, p < 0.01) and the 7MST 
(5.93 km.h-1, 95% CI = 4.44–7.41 km.h-1, p < 0.001) ob
tained significantly slower maximal speeds, compared to 
the 3MRT, respectively. The difference in maximal speed 
derived from the 3MST and 7MST was 9.94% and 20.40% 
slower respectively, compared to the 3MRT. Minimal differ
ence was viewed between the 3MST and 7MST (1.09 km.h-1, 
95% CI = -0.25–2.43 km.h-1, p = 0.13) for CV, representing 
the 3MST to be marginally faster (10.77%). However, a sig
nificantly faster maximal speed was achieved in the 3MST 
compared to the 7MST (3.04 km.h-1, 95% CI = 2.21–3.87 
km.h-1, p < 0.001) representing the 3MST to be 11.61% 
faster. 

TEST-RETEST RELIABILITY AND INTERACTION 
BETWEEN CV SHUTTLE TESTS TRIALS 

Despite, both shuttle tests exhibiting poor reliability (ICC < 
0.5), ICC analysis suggests that CV from the 3MST (ICC = 
0.37, 95% CI: 0.03–0.73) offers a greater test-retest reliabil
ity compared to the 7MST (ICC = 0.05, 95% CI: -0.23–0.49). 
Additionally, CoV analysis identifies that the 3MST (CoV = 
7.57%) offers lower systematic bias compared to the 7MST 
(CoV = 11.56%). There was a significant main effect be
tween shuttle test modes (3MST and 7MST) (F (1,10) = 7.33, 
ηp
2 = 0.42, p = 0.02) but not between trials (F (2,20) = 3.00, 

ηp
2 = 0.23, p = 0.72), as supported by no significant CV 

mean biases exhibited across all trials (see Table 1). Nor 
was there any significant interaction between shuttle test 
mode and trial (F (2,20) = 0.17, ηp

2 = 0.02, p = 0.84). 

5.0. DISCUSSION 

This study demonstrated that novel shuttle tests (3MST and 
7MST) derive slower CV compared to linear run test for
mats (3MRT). This study also demonstrated that the 3MRT 
attained fastest maximal running speeds, followed by the 
3MST and 7MST, respectively. This surprisingly coincided 
with minimal difference in CV between the 3MST and 
7MST, which may pose the inclusion of rest intervals re
dundant in shuttle test formats. Finally, the 3MST appears 
to be a marginally more reliable test method compared to 
the 7MST (ICC  = 0.32). 
Both the 3MST and 7MST modes respectively derived CV 

values that were approximately 32% and 39% slower com
pared to the 3MRT method. This is consistent with previous 
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Figure 2. Graphical representation of the varied velocity/time profiles between the          (a)  3-Minute All-Out Running    
Test (3MRT),   (b)  3-Minute All-Out Shuttle Test (3MST) and       (c)  7-Minute Intermittent Shuttle Test (7MST) for a        
representative participant. Particular attention should focus on the peak, representing maximal speed and              
hyperbola, representing critical velocity, which best demonstrate key characteristic differences of each test. In               
addition, it should be noted that the 7MST clearly exhibits a far more intermittent profile compared to the 3MST.                    

Table 1. Mean ± SD Critical Velocity (CV) and Maximal Speed for the 3-Minute All-Out Running Test (3MRT),                 
3-Minute All-Out Shuttle Test (3MST) and 7-Minute Intermittent Shuttle Test (7MST), first trials only. Alongside                
across trials Bland-Altman analysis reporting CV mean bias ± SD and 95% Limits of Agreement (LoA) for the                   
3MST and 7MST.    

CV (km.h-1) Maximal Speed 
(km.h-1) 

Trial 
Comparison 

CV Mean Bias 
(km.h-1) 

95% LoA 

3MST 10.12 ± 0.97 c+ 26.18 ± 1.71 b+, c* T1 v T2 -0.67 ± 1.39 -3.40 – 2.06 

T1 v T3 -0.71 ± 0.95 -2.58 – 1.14 

T2 v T3 -0.05 ± 1.22 -2.45 – 2.35 

7MST 9.03 ± 0.97 c+ 23.14 ± 1.10 a+, c+ T1 v T2 -0.80 ± 1.82 -4.24 – 2.64 

T1 v T3 -0.48 ±1.82 -3.87 – 2.92 

T2 v T3 1.00 ± 1.82 -3.10 – 3.75 

3MRT 14.17 ± 1.49 a+, b+ 29.07 ± 2.19 a*, b+ - - - 

Abbreviations: a = Statistically different to the 3MST; b = Statistically different to the 7MST; c = Statistically different to the 3MRT; * = p < 0.01; + = p < 0.001; T1 = Trial 1; T2 = Trial 2; 
T3 = Trial 3 (for respective test modes). 

literature suggesting CV is less tolerant during intermit
tent compared to continuous cycling and running exer
cise modes.13,28 This trend is also demonstrated by differ
ences between the linear (3MRT) and shuttle (3MST) run 
tests, with lower CV estimation exacerbated over shorter 
shuttle distances.21 This could be attributed to the greater 
quantity of changes of direction performed with shorter 
shuttle distances and subsequent increased neuromuscular 
fatigue and intramuscular metabolic demand.3,16,29 This 
infers practical ramifications on the specific application of 
the CV concept for fatigue monitoring and training pre

scription of intermittent and team-sport athletes. For ex
ample, faster CV’s estimated from linear methods would 
result in misjudged finite energy balance (D´bal) and train
ing intensity calculation if applied to intermittent specific 
tasks.14 More recently, these differences in CV estimation 
have been attributed to differences of peak energetic para
meters between linear and shuttle tests that coincides with 
minimal differences observed across average measures, 
suggesting the application of linear and shuttle CV tests 
within team-sport athletes are likely interchangeable.20 

Therefore, maximal speed achieved is likely an overlooked 
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and important task specific variable that must be consid
ered when selecting a CV test modality. 
Our results indicate both the 3MST and 7MST allow for 

slower maximal speeds to be attained (approximately 10% 
and 20%, respectively) compared to the 3MRT. The 3MST 
allows for a (approximately 12%) faster maximal speed 
compared to the 7MST, confirming that task specificity of 
maximal speed explicitly exists between CV shuttle test 
modes, supporting a positive correlation between running 
speed and shuttle distance that explains CV sensitivity to 
shuttle distance.19,21 It is however plausible, that Kramer 
and colleague’s use of slow sampling 1Hz GPS and analysis 
software that filtered high-speed (100Hz) video to 1-3 Hz, 
may be limited by unreliability and exacerbated through 
measuring high speed change of direction and shuttle run
ning.24 In contrast, we adopted higher rate 10Hz GPS, 
which has good reliability and accuracy in measuring team-
sport movement demands.25,30 Therefore, the present 
study offers updated evidence supporting that maximal 
speed is an important task specific variable within the CV 
model and should be considered when selecting a shuttle 
test modality for modelling CV in intermittent and team-
sport athletes. This is because varied pitch dimensions, tac
tics and rulings amongst team-sports, restrict high-speed 
running to sport-specific, relative speed zones31–34 that are 
more representative of acceleration as opposed to an ath
lete’s top-end velocity. Furthermore, variable high-speed 
running profiles exhibited across playing positions within 
the same sport,33,34 gives credence to the individualisation 
of CV shuttle test selection to ensure positional demands 
are mimicked. For example, a practitioner may select a 
shorter distance CV shuttle test to assess a central midfield 
player who performs a high frequency of changes of direc
tion and slower maximal speeds in match play over a re
duced pitch area. Alternatively, a longer distance CV shut
tle test might be selected to assess a wing-back player who 
achieves faster maximal speeds in match play over greater 
pitch area. 
Currently the CV concept, via the 3MRT, is applied to 

HIIT prescription in team-sport configurations by standar
dising rest intervals.11 Although this application is limited 
as it results in athletes encountering varied work:rest ra
tios. Additionally, the calculation of standardised work:rest 
intervals is dependent on the prerequisite estimation of D´, 
which is notoriously inaccurately modelled in intermittent 
exercise.14,15,35 Contemporary energetics models have im
proved reliability and accuracy in linear and intermittent 
running but continue to overestimate D´,36 highlighting the 
need for further clarity. Despite this, the velocity-time rela
tionship can be manipulated in HIIT prescription to achieve 
specific training adaptations. For example, intervals per
formed slightly excessive of CV for 90-300-second dura
tions will increase CV at the expense of D´. Whereas inter
vals of less than 90-seconds allow for greater supramaximal 
intensities of CV and result in small CV adaptations whilst 
preserving D´.11 This mechanism is of specific interest to 
team-sport athletes, who aim to concurrently improve en
durance capacity without compromising sprinting capacity. 
Future research must firstly provide accurate modelling of 

D´ in intermittent exercise and secondly, specify the inten
sities of CV required for such specific training adaptations. 
In doing so, these speculative benefits to sport and position 
specific applications of the CV model within HIIT prescrip
tion and fatigue monitoring of team-sport athletes can be 
confirmed. 
Our results demonstrate minimal difference in CV be

tween the 3MST and 7MST. This is surprising as a lower 
CV would have been expected via the 7MST, given that 
it is run over a shorter shuttle distance compared to the 
3MST.19,21 Rather, agreement in CV between the 3MST and 
7MST, across all trials, suggests that no such shuttle dis
tance CV sensitivity is exhibited between the 3MST and 
7MST. This is most likely explained by the intermittent 
nature of the 7MST compared to the continuous 3MST, 
whereby the rest intervals afforded in the 7MST likely pro
vide sufficient metabolic restitution of D´ that allows for 
greater CV tolerance.37 This alludes that rest intervals are 
potentially an additional task specific variable to consider 
in CV shuttle test selection. Additional research should 
therefore explore physiological and mechanical compar
isons between the 3MST and 7MST to confirm the potential 
task specificity of rest intervals. 
Future research is also required to provide clarity and an 

accurate model of finite capacity within intermittent exer
cise before specified rest intervals can be included in shut
tle test formats. As currently, the expected shuttle distance 
CV sensitivity between the 3MST and 7MST is unobserved. 
This poses that the structured rounds of depreciating rest 
intervals included in the 7MST distort CV estimation and 
are likely redundant when applied in combination with 
shuttle methods that exhibit changes of direction. Thus, 
the CV concept appears to accept modification to shuttle 
distances, as evidently applied with the 3MST,19,21 whereby 
the maximal speeds run within CV shuttle tests are conse
quentially regulated. This offers the flexibility to design CV 
tests with task specific shuttle distances, which, postulates 
preference of the 3MST as a mode that can be reliably mod
ified to fulfil intermittent and team-sport task specificity. 
The present study indicates that the 3MST offers greater 

reliability (ICC = 0.32) and less variance (3.99%) compared 
to the 7MST. Based on anecdotal evidence and consistency 
of all other variables, this is likely the result of the 7MST’s 
timed rounds, which makes blinding athletes to time re
maining difficult and allows for the possibility of subtle 
pacing. This may exacerbate unreliability of the 7MST when 
combined with the non-linear and highly individualised re
constitution of finite metabolism documented within inter
mittent exercise.14 Similarly, the 3MST consistently calcu
lates CV as an average of the last 30 seconds, a constant 
timepoint. Whereas the 7MST estimates CV as the average 
speed of the last 4 sprints, which despite previous valida
tion,22 allows for intra-rater reliability to be questioned. 
Whilst this provides further preliminary preference of the 
3MST mode, caution should be heeded as both shuttle test 
modes appear to have poor test-retest reliability; ICC < 
0.5.27 It is conceivable that the poor reliability observed 
in both shuttle tests via ICC analysis is misrepresented by 
the present study’s small sample size and possibly further 
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compounded by small variability.38 This is exemplified by 
a lack of any main effect or interaction between the shut
tle tests and trials. Additionally, the non-signifcant mean 
biases and good agreement reported across trials, infers 
good test-retest reliability for both the 3MST and 7MST. 
This strongly indicates, that unlike the 3MRT, no learning 
or training-induced effects exist within the 3MST and 7MST 
modalities,21 contradicting the low ICC values we reported. 
Such contradiction is frequently reported with ICC reliabil
ity analysis, predominantly due to its vulnerability to mini
mal sample variability, which limits the efficacy of ICC reli
ability analysis to obtain conclusive results.39 This suggests 
that ICC should not be the sole measure employed to assess 
test-retest reliability. Thus directing future research to re
cruit a larger, strongly defined and fixed sample population 
to conclusively assess test-retest reliability of the 3MST and 
7MST. 

6.0. CONCLUSIONS 

Our study confirms that differences exist between linear 
and shuttle test methods for the modelling of CV within a 
cohort of football players. Therefore, the change of direc
tion associated with novel shuttle test methods offer a task 
specific format that seminal research has identified, accu
rately modeling CV for intermittent and team-sport perfor
mance. Novel CV shuttle tests are therefore advocated for 
application with intermittent and team-sport athletes as an 
alternative or adjunct to linear test modes. However, the 
maximal speed run in shuttle test modes is an additional 
task specific variable that must be considered when select
ing a shuttle test, as varied high-speed demands among 
team-sports and playing positions may predicate practi
tioner’s choice of test to ensure optimisation of specific and 
individualised HIIT and fatigue monitoring. Despite incon
clusive test-retest reliability, the unexpected CV relation
ship associated with the 7MST could suggest that rest in
tervals are likely redundant in a CV shuttle test format. 
Instead, shuttle distance could be considered to be a modi
fiable variable that practitioners utilise to regulate maximal 
speed and further increase the task specificity of CV shuttle 
tests. 

7.0. PRACTICAL IMPLICATIONS 

Our findings suggest that shuttle tests derive significantly 
slower CV and maximal speeds compared to linear tests, 
and thus likely provide greater task specificity for CV mod

elling of team-sport athletes. The good agreement between 
trials for shuttle tests warrants further investigation. 

ACKNOWLEDGEMENTS 

The authors would like to thank the football club for per
mitting access to its playing staff and particular appreci
ation to the players who participated in the study. Grati
tude is also extended to Advanced Sports Instruments for 
the technical support given to rectify early software issues. 
No conflicts of interest are declared. This includes no 

funding mechanisms, personal or professional relation
ships existing with any beneficiaries of the findings in the 
present study. The results of the study are presented hon
estly and without fabrication, falsification or inappropriate 
data manipulation. The present study does not constitute 
endorsement by NSCA. 

FUNDING 

No funding was provided for the study. 

CONFLICTS OF INTEREST 

No conflicts of interest are declared. This includes any per
sonal or professional relationships existing with any bene
ficiaries of the findings of the present study. 

AVAILABILITY OF DATA 

All data is transparent, confidentially stored and available 
upon request. 

AUTHORS’ CONTRIBUTIONS 

S.E.A. contributed to the experimental conception and de
sign, collection, analysis and interpretation of data and 
writing of this article. S.L.C., and S.D.P., contributed to the 
experimental conception and design, data interpretation, 
critical review and editing. 

Submitted: December 01, 2022 GMT, Accepted: March 06, 2023 

GMT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at 

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information. 

A comparative analysis of two novel shuttle running field tests for critical velocity modelling in football players

Journal of Elite Sport Performance 7



REFERENCES 

1. Barnes C, Archer D, Hogg B, Bush M, Bradley P. 
The evolution of physical and technical performance 
parameters in the English Premier League. Int J 
Sports Med. 2014;35(13):1095-1100. doi:10.1055/s-00
34-1375695 

2. Bradley PS, Ade JD. Are current physical match 
performance metrics in elite soccer fit for purpose or 
Is the adoption of an integrated approach needed? 
International Journal of Sports Physiology & 
Performance. 2018;13(5):656-664. doi:10.1123/ijspp.2
017-0433 

3. Dellal A, Keller D, Carling C, Chaouachi A, Wong 
DP, Chamari K. Physiologic effects of directional 
changes in intermittent exercise in soccer players. 
Journal of Strength and Conditioning Research. 
2010;24(12):3219-3226. doi:10.1519/jsc.0b013e3181b
94a63 

4. Spencer M, Lawrence S, Rechichi C, Bishop D, 
Dawson B, Goodman C. Time–motion analysis of 
elite field hockey, with special reference to repeated-
sprint activity. Journal of Sports Sciences. 
2004;22(9):843-850. doi:10.1080/02640410410001716
715 

5. Bangsbo J, Mohr M, Krustrup P. Physical and 
metabolic demands of training and match-play in the 
elite football player. Journal of Sports Sciences. 
2006;24(7):665-674. doi:10.1080/02640410500482529 

6. Waldron M, Highton J. Fatigue and pacing in high-
intensity intermittent team sport: An update. Sports 
Med. 2014;44(12):1645-1658. doi:10.1007/s40279-01
4-0230-6 

7. Rampinini E, Bishop D, Marcora S, Bravo DF, Sassi 
R, Impellizzeri F. Validity of simple field tests as 
indicators of match-related physical performance in 
top-level professional soccer players. Int J Sports Med. 
2007;28(3):228-235. doi:10.1055/s-2006-924340 

8. Pettitt R, Jamnick N, Clark I. 3-min all-out exercise 
test for running. Int J Sports Med. 2012;33(6):426-431. 
doi:10.1055/s-0031-1299749 

9. di Prampero PE. The concept of critical velocity: a 
brief analysis. Eur J Appl Physiol. 1999;80(2):162-164. 
doi:10.1007/s004210050574 

10. Smith CGM, Jones AM. The relationship between 
critical velocity, maximal lactate steady-state velocity 
and lactate turnpoint velocity in runners. Eur J Appl 
Physiol. 2001;85(1-2):19-26. doi:10.1007/s004210100
384 

11. Pettitt RW. Applying the critical speed concept to 
racing strategy and interval training prescription. 
International Journal of Sports Physiology & 
Performance. 2016;11(7):842-847. doi:10.1123/ijspp.2
016-0001 

12. Buchheit M, Laursen PB. High-intensity interval 
training, solutions to the programming puzzle. Sports 
Med. 2013;43(5):313-338. doi:10.1007/s40279-013-00
29-x 

13. Morton RH, Billat LV. The critical power model for 
intermittent exercise. Eur J Appl Physiol. 
2004;91(2-3):303-307. doi:10.1007/s00421-003-098
7-z 

14. Jones AM, Vanhatalo A. The ‘critical power’ 
concept: Applications to sports performance with a 
focus on intermittent high-intensity exercise. Sports 
Med. 2017;47(1):65-78. 

15. Skiba PF, Clarke D, Vanhatalo A, Jones AM. 
Validation of a novel intermittent w’ model for 
cycling using field data. Int J Sports Physiol Perform. 
2014;9(6):900-904. doi:10.1123/ijspp.2013-0471 

16. Hatamoto Y, Yamada Y, Sagayama H, Higaki Y, 
Kiyonaga A, Tanaka H. The relationship between 
running velocity and the energy cost of turning 
during running. PLoS ONE. 2014;9(1):e81850. doi:1
0.1371/journal.pone.0081850 

17. Stevens TGA, De Ruiter CJ, Van Maurik D, Van 
Lierop CJW, Savelsbergh GJP, Beek PJ. Measured and 
estimated energy cost of constant and shuttle 
running in soccer players. Med Sci Sports Exerc. 
2015;47(6):1219-1224. doi:10.1249/mss.00000000000
00515 

18. Saari A, Dicks ND, Hartman ME, Pettitt RW. 
Validation of the 3-minute all-out exercise test for 
shuttle running prescription. Journal of Strength and 
Conditioning Research. 2019;33(6):1678-1684. doi:1
0.1519/jsc.0000000000002120 

19. Kramer M, Du Randt R, Watson M, Pettitt RW. 
Oxygen uptake kinetics and speed-time correlates of 
modified 3-minute all-out shuttle running in soccer 
players. PLoS ONE. 2018;13(8):e0201389. doi:10.137
1/journal.pone.0201389 

20. Kramer M, Du Randt R, Watson M, Pettitt RW. 
Energetics of male field-sport athletes during the 
3-min all-out test for linear and shuttle-based 
running. Eur J Appl Physiol. 2019;119(2):477-486. do
i:10.1007/s00421-018-4047-0 

A comparative analysis of two novel shuttle running field tests for critical velocity modelling in football players

Journal of Elite Sport Performance 8

https://doi.org/10.1055/s-0034-1375695
https://doi.org/10.1055/s-0034-1375695
https://doi.org/10.1123/ijspp.2017-0433
https://doi.org/10.1123/ijspp.2017-0433
https://doi.org/10.1519/jsc.0b013e3181b94a63
https://doi.org/10.1519/jsc.0b013e3181b94a63
https://doi.org/10.1080/02640410410001716715
https://doi.org/10.1080/02640410410001716715
https://doi.org/10.1080/02640410500482529
https://doi.org/10.1007/s40279-014-0230-6
https://doi.org/10.1007/s40279-014-0230-6
https://doi.org/10.1055/s-2006-924340
https://doi.org/10.1055/s-0031-1299749
https://doi.org/10.1007/s004210050574
https://doi.org/10.1007/s004210100384
https://doi.org/10.1007/s004210100384
https://doi.org/10.1123/ijspp.2016-0001
https://doi.org/10.1123/ijspp.2016-0001
https://doi.org/10.1007/s40279-013-0029-x
https://doi.org/10.1007/s40279-013-0029-x
https://doi.org/10.1007/s00421-003-0987-z
https://doi.org/10.1007/s00421-003-0987-z
https://doi.org/10.1123/ijspp.2013-0471
https://doi.org/10.1371/journal.pone.0081850
https://doi.org/10.1371/journal.pone.0081850
https://doi.org/10.1249/mss.0000000000000515
https://doi.org/10.1249/mss.0000000000000515
https://doi.org/10.1519/jsc.0000000000002120
https://doi.org/10.1519/jsc.0000000000002120
https://doi.org/10.1371/journal.pone.0201389
https://doi.org/10.1371/journal.pone.0201389
https://doi.org/10.1007/s00421-018-4047-0
https://doi.org/10.1007/s00421-018-4047-0


21. Kramer M, Watson M, Du Randt R, Pettitt RW. 
Critical speed as a measure of aerobic fitness for male 
rugby union players. International Journal of Sports 
Physiology & Performance. 2019;14(4):518-524. doi:1
0.1123/ijspp.2018-0411 

22. Kirby BS, Bradley EM, Wilkins BW. Critical 
velocity during intermittent running with changes of 
direction. Medicine & Science in Sports & Exercise. 
2019;51(2):308-314. doi:10.1249/mss.0000000000001
774 

23. Beato M, Bartolini D, Ghia G, Zamparo P. 
Accuracy of a 10 Hz GPS Unit in measuring shuttle 
velocity performed at different speeds and distances 
(5 - 20 M). Journal of Human Kinetics. 
2016;54(1):15-22. doi:10.1515/hukin-2016-0031 

24. Varley MC, Fairweather IH, Aughey RJ. Validity 
and reliability of GPS for measuring instantaneous 
velocity during acceleration, deceleration, and 
constant motion. Journal of Sports Sciences. 
2012;30(2):121-127. doi:10.1080/02640414.2011.6279
41 

25. Rampinini E, Alberti G, Fiorenza M, et al. 
Accuracy of GPS devices for measuring high-intensity 
running in field-based team sports. Int J Sports Med. 
2015;36(01):49-53. doi:10.1055/s-0034-1385866 

26. Cohen J. Statistical Power Analysis for the 
Behavioral Sciences. Academic Press; 2013. doi:10.432
4/9780203771587 

27. Koo TK, Li MY. A guideline of selecting and 
reporting intraclass correlation coefficients for 
reliability research. J Chiropr Med. 
2016;15(2):155-163. doi:10.1016/j.jcm.2016.02.012 

28. Chidnok W, Dimenna FJ, Bailey SJ, et al. Exercise 
tolerance in intermittent cycling: Application of the 
critical power concept. Medicine & Science in Sports & 
Exercise. 2012;44(5):966-976. doi:10.1249/mss.0b013e
31823ea28a 

29. Buchheit M, Bishop D, Haydar B, Nakamura FY, 
Ahmaidi S. Physiological responses to shuttle 
repeated-sprint running. Int J Sports Med. 
2010;31(6):402-409. doi:10.1055/s-0030-1249620 

30. Johnston RJ, Watsford ML, Kelly SJ, Pine MJ, 
Spurrs RW. Validity and interunit reliability of 10 Hz 
and 15 Hz GPS units for assessing athlete movement 
demands. Journal of Strength and Conditioning 
Research. 2014;28(6):1649-1655. doi:10.1519/jsc.0000
000000000323 

31. Gabbett TJ. Use of relative speed zones increases 
the high-speed running performed in team sport 
match play. Journal of Strength and Conditioning 
Research. 2015;29(12):3353-3359. doi:10.1519/jsc.000
0000000001016 

32. Young W, Duthie G, James L, Talpey S, Benton D, 
Kilfoyle A. Gradual vs. maximal acceleration: Their 
influence on the prescription of maximal speed 
sprinting in team sport athletes. Sports. 2018;6(3):66. 
doi:10.3390/sports6030066 

33. Carling C, Bradley P, McCall A, Dupont G. Match-
to-match variability in high-speed running activity in 
a professional soccer team. Journal of Sports Sciences. 
2016;34(24):2215-2223. doi:10.1080/02640414.2016.1
176228 

34. Bush MD, Archer DT, Hogg R, Bradley PS. Factors 
influencing physical and technical variability in the 
English Premier League. International Journal of 
Sports Physiology & Performance. 2015;10(7):865-872. 
doi:10.1123/ijspp.2014-0484 

35. Skiba PF, Chidnok W, Vanhatalo A, Jones AM. 
Modeling the expenditure and reconstitution of work 
capacity above critical power. Medicine & Science in 
Sports & Exercise. 2012;44(8):1526-1532. doi:10.1249/
mss.0b013e3182517a80 

36. Vassallo C, Gray A, Cummins C, Murphy A, 
Waldron M. Exercise tolerance during flat over-
ground intermittent running: modelling the 
expenditure and reconstitution kinetics of work done 
above critical power. Eur J Appl Physiol. 
2020;120(1):219-230. doi:10.1007/s00421-019-0426
6-8 

37. Chidnok W, DiMenna FJ, Fulford J, et al. Muscle 
metabolic responses during high-intensity 
intermittent exercise measured by31P-MRS: 
relationship to the critical power concept. American 
Journal of Physiology-Regulatory, Integrative and 
Comparative Physiology. 2013;305(9):R1085-R1092. do
i:10.1152/ajpregu.00406.2013 

38. Weir JP. Quantifying test-retest reliability using 
the intraclass correlation coefficient and the SEM. J 
Strength Cond Res. 2005;19(1):231. doi:10.1519/1518
4.1 

39. Atkinson G, Nevill AM. Statistical methods for 
assessing measurement error (reliability) in variables 
relevant to sports medicine. Sports Med. 
1998;26(4):217-238. doi:10.2165/00007256-19982604
0-00002 

A comparative analysis of two novel shuttle running field tests for critical velocity modelling in football players

Journal of Elite Sport Performance 9

https://doi.org/10.1123/ijspp.2018-0411
https://doi.org/10.1123/ijspp.2018-0411
https://doi.org/10.1249/mss.0000000000001774
https://doi.org/10.1249/mss.0000000000001774
https://doi.org/10.1515/hukin-2016-0031
https://doi.org/10.1080/02640414.2011.627941
https://doi.org/10.1080/02640414.2011.627941
https://doi.org/10.1055/s-0034-1385866
https://doi.org/10.4324/9780203771587
https://doi.org/10.4324/9780203771587
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1249/mss.0b013e31823ea28a
https://doi.org/10.1249/mss.0b013e31823ea28a
https://doi.org/10.1055/s-0030-1249620
https://doi.org/10.1519/jsc.0000000000000323
https://doi.org/10.1519/jsc.0000000000000323
https://doi.org/10.1519/jsc.0000000000001016
https://doi.org/10.1519/jsc.0000000000001016
https://doi.org/10.3390/sports6030066
https://doi.org/10.1080/02640414.2016.1176228
https://doi.org/10.1080/02640414.2016.1176228
https://doi.org/10.1123/ijspp.2014-0484
https://doi.org/10.1249/mss.0b013e3182517a80
https://doi.org/10.1249/mss.0b013e3182517a80
https://doi.org/10.1007/s00421-019-04266-8
https://doi.org/10.1007/s00421-019-04266-8
https://doi.org/10.1152/ajpregu.00406.2013
https://doi.org/10.1152/ajpregu.00406.2013
https://doi.org/10.1519/15184.1
https://doi.org/10.1519/15184.1
https://doi.org/10.2165/00007256-199826040-00002
https://doi.org/10.2165/00007256-199826040-00002

	Background and Purpose
	Study Design
	Methods
	Results
	Conclusion
	1.0. INTRODUCTION
	2.0. METHODS AND MATERIALS
	2.1. Experimental Approach to the Problem
	2.2. Participants
	2.3. Procedures
	2.4. Critical Velocity Performance Tests
	2.5. Familiarisation Trials
	3MRT
	3MST
	7MST


	3.0. DATA AND STATISTICAL ANALYSIS
	3.1. Comparison between CV Test Modes
	3.2. Test-Retest Reliability and Interaction between CV Shuttle Tests Trials

	4.0. RESULTS
	4.1. Comparison between CV Test Modes
	Test-Retest Reliability and Interaction between CV Shuttle Tests Trials

	5.0. DISCUSSION
	6.0. CONCLUSIONS
	7.0. PRACTICAL IMPLICATIONS
	ACKNOWLEDGEMENTS
	Funding
	Conflicts of Interest
	Availability of Data
	Authors’ Contributions

	References

