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The Reliability and Validity of the 20-Meter Shuttle Test
in American Students 12 to 15 Years Old

Nora Y. -S. liu, Sharon A. Plowman, and Marilyn A. Looney

The purposeof this study was threefold: to determine (a) the test-retest reliability ofthe 200mshuttle test (20 MS1) (number of
laps), (b) the concurrentvalidity ofthe 20 MST (number of laps), and (c) the validity of the predictionequationfor V0

2
max

developed by Leger, Mercier, Gadoury, and Lambert (1988) on Canadian childrenfor use with American children12-15 years
old. An intraclasscoefficient of. 93 was obtainedon 20 students (12 males; R = .91 and 8 females; R = .87) who completed the
test twice, 1 weeJc apart (Mn = 47.80± 20.29vs. Mn =50.55± 22.39 laps;p~ .13). VOzPeak was obtainedby a treadmill test
to volitional fatigue on 48 subjects. The number oflaps ron correlated significantly with VOzPeak in males (n = 22; r = .65;
F [1, 20J =14.30PS .001), females (n =26; r =.51; F [1, 24J =8.34; PS .01), and malesandfemales =(r = .69;
F [1, 46J = 42.54, PS .001). When the measured VOzPeak (M = 49.97± 7.59 ml.1cg-I.min,I) was compared with the estimated
V0

2
max (M = 48. 72± 5.72 ml.1cg-I.min-I) predicted from age and maximal speed ofthe 20MST (Legeret al., 1988) no

significant difference wasfound, t (47) = -1.631; P~ .11, between the means; the r was. 72 and SEE was 5.26 ml.1cg,I. min'I.
It was concludedthat (a) the 20 MSTis a reliable test, (b) the 20 MSTis as valid a testofcardiorespiratory endurance as other
distanceron tests for this agegroup, and (c) the Legeret al. (1988) predictionequationfor V02max is validfor 12-15- year-old
Americanyouths.

Key words: aerobic capacity, children, exertion, physical
fitness test

AII of the major health-related physical fitness test
batteries currently being used in the United States

include a distance run as an indication ofcardiovascular
respiratory endurance oraerobic capacity. Mostbatteries
(AAHPERDPhysicalBest, [AAHPERD,1988];FrrNESSGRAM
[Institute for Aerobics Research, 1987]; President's Physi
cal Fitness Test [President's Council on Physical Fitness
and Sport, 1987]; YMCA Youth Fitness Test [Franks,
1989]) employ the mile or mile and a half run (or the
equivalent 9- or 12-min runs), whereas others (Chrysler
AAU [Chrysler Fund-Amateur Athletic Union, 1987];
National Children and Youth Fitness Test [Ross & Gil
bert, 1985; Ross & Pate, 1987]) include shorter distances
for young children, and one (FitYouth Today [American
Health and Fitness Foundation, 1986]) employs a 20-min
steady-state jog. Increasing attention is being paid, how-
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ever, in Canada and Europe, to a 20-m shuttle test
(20 MST).

The 20 MSf is included in EUROFrr (Council of Eu
rope, Committee for the Development of Sport, 1988),
and the Canadians have recently developed national
norms for youngsters 6 to 17 years old (Massicotte, 1990).

The 20 MST was developed by Leger and Lambert
(1982) to simulate a graded exercise test with approxi
matelya one MET level increase between stages. Rather
than running around an oval track, subjects run backand
forth between parallel lines placed 20 m apart. Because
no grade can be involved as on a treadmill, the energy
demand is elevated by increasing the speed. The test
originally was divided into 2-min stages, but these were
subsequently shortened to 1 min.

The 20 MST appears to have several practical advan
tages over the traditional distance runs. It can be admin
istered in a relatively small space either indoors or out
doors and is therefore practical for schools without
extensive facilities. For those whose sports involve fre
quent stops, starts, and turns, it may be a more specific
test than a continuous directional run. Problems associ
ated with learning pace are eliminated, as pace is con
trolled throughout. The test is incremental and hence
submaximal for much ofits duration, requiring maximal
effort only the last minute or so. For this reason it does
not require maximal motivation throughout. This should
reduce, if not eliminate, the influence that average
%VOzmax used during the test has on the results. Per-
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cent VOroax has been shown to be the most important
determinantofmile run variance in children 6 to 11 years
old, whereas VOzmax is the most important determinant
in 12-15-year-old youngsters (McCormack, Cureton,
Bullock, & Weyand, 1991). Finally, the more rather than
the less fit students finish last, which may eliminate a
psychological burden for the less fit.

The critical questions, however, concern the reliabil
ity and validity of the test. Several studies have been
conducted in this area (Armstrong, Wtlliams, & Ringham,
1988; Boreham, Paliczka, & Nichols, 1990; Leger, Mercier,
Gadoury, & Lambert, 1988; van Mechelen, Hlobil, &
Kemper, 1986). None of these studies on children or
adolescents, however, have been conducted on Ameri
can youngsters. Because there is little agreement con
cerning the fitness status ofAmerican youth (Looney &
Plowman, 1990) and no recent data directly comparing
American and Canadian or European youngsters, it is
necessary to obtain technical information on the 20 MST
on American students before recommending its use.

The purpose of this study was threefold: to deter
mine (a) the test-retest reliability of the 20 MST (num
beroflaps) in American students 12-15 years old; (b) the
concurrent validity of the 20 MST (number of laps) in
American students 12-15 years old; and (c) the validity
of the prediction equation for VOzmax developed by
Leger et al. (1988) on Canadian children and adoles
cents for use with American adolescents in this age range.

Method

Subjects

Sixty-two students between the ages of12 and 15 years
volunteered as subjects. Twenty (12 males and 8 females)
participated in the test-retest reliability study. Forty-eight
subjects participated in the validity study. Six subjects
(2 males and 4 females) took part in both the reliability
and validity testing sessions. All subjects and a parent or
guardian gave informed consent prior to testing.

20MST Protocol

The 20 MST consists ofJ-rnin stages (called levels) of
continuousincremental pacerunning (Legeretal., 1988).
The speed begins at 8.5 km- h-I and increases 0.5 km- h-I at
each successive minute, reaching 18.0 km-Ir' at minute
20. Subjects run 20 m (designated as a lap or "shuttle"),
turn, and run back in time with auditory signals from a
prerecorded tape. Each emitted sound indicates that the
subject should be touching one or the other of the
parallel lines placed 20 m apart. Each level is announced
on the tape. Because the time and distance are constant
but the pace varies, the number ofshuttles (or laps) varies

RQES: December 1992
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at most levels (or minutes). When a subject stops or fails
to get within approximately :is m of an end line two
consecutive times, that shuttle (lap) is recorded and the
test ends. Because of the greater exactness, the number
of shuttles (laps), not level or speed attained, were used
for statistical analysis in this study. Subjects were asked to
go to the point of volitional fatigue and were verbally
encouraged to do so.

Test-retestreliabilitydatawere collectedatSt.Aloysius
Elementary School and Bowling Green Junior High
School in BowlingGreen, Ohio, oneweekapart. Between
10 and 15 students were tested atone time to simulate the
way in which a physical education teacher would utilize
the test. Those who took the 20 MST for the validity study
were tested individually on the day they reported to the
Human Performance Laboratory at Bowling Green State
University prior to the maximal treadmill test. Students
were given as much rest time between the two tests as they
wanted or the option to return on another day for the
treadmill test. None elected that option. At least :is0 min
of rest occurred between the 20 MST and the treadmill
test. Bar-Or (198:iS) has noted the fast recovery of chil
dren after maximal tests, and van Mechelen et al. (1986)
found no sequential effect when the 20 MST and tread
mill testwere randomized. All testing was done by one of
the investigators.

Laboratory Testing

Subjects were weighed to the nearest 0.25 lb
(0.11 kg), and height was measured to the nearest
0.5 inch (1.27 em) on a Detecto Medic Scale. These
values were converted to metric units. Body mass index
(BMI) was computed as weight (kg) divided by height
(m) squared (wt/htl).

All subjects were given preliminary instructions on
how to walk on the treadmill and were allowed to prac
tice. A warm-up period of:iSmph (4.8 km-h"), 0% grade
for 2 min; 4 mph (6.4 krn- h-I ) , 2.5% grade for 2 min; and
either 5 mph (8 km-h"), 5% grade (females) or 6 mph
(9.6 krn-h"), 5% grade (males) for 1 min preceded the
data collection. The treadmill protocol began at a speed
of5mph (8km·h-I ) forfemalesand6mph (9.6km·h·I )

for males, with a grade of5% for both males and females.
The grade was kept constant throughout the test, while
the speed increased 1 mph (1.61 krn-Ir') every S t05 min
depending on the response of the subject. The test was
performed on a Quinton Model 65 treadmill. Metabolic
data were collected and analyzed by a Sensormedics 2900
Metabolic Measurement Cart. The oxygen and carbon
dioxide analyzerswere calibrated prior to each testagainst
gases of known composition. Metabolic data were com
puted and printed at 20-s intervals. Heart rate was mea
sured by a Polar Heart Rate Monitor and recorded each
minute. Because ofthe difficulty ofusing adult criteria to
determine maximal oxygen consumption in children

361

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 L

ib
ra

ri
es

] 
at

 0
3:

47
 0

3 
Fe

br
ua

ry
 2

01
5 



Liu, Plowman, andLooney

and young adolescents (Cunningham, Van Waterschoot,
Paterson, Lefcoe, & Sangal, 1977; Krahenbuhl, Skinner,
& Kohrt, 1985; Rowland, 1989), the highest attained V02

value at the point of volitional fatigue was taken as the
V02peak.

VO~axmeans, t (47) =-1.63; p~ .11. The correlation
between the two values was .72, the SEE was 5.27, the
Errorwas5.40ml.kg-l·min'l, and 81.3% ofthe measured
V02Peak values fell within 5.9 ml·kg"1·min·1 of the esti
mated VO~ax.

Statistical Analyses

Test-retestreliabilitywasdetermined byan intraclass
correlation coefficient (one-way ANOVA model for a
single trial) formales (n= 12) and females (n= 8) together
(M age = 13.8 ± 0.7 year). Independent ~tests were uti
lized to determine significant differences between males
and females on all variables. Concurrent validity of the

J

20 MST was determined by the correlation coefficient
between the number of laps (shuttles) and measured
V02peak. The error in predicting V02max from the
equation y' =31.025+3.238 (speed km-h") -3.248 (age)
+ 0.1536 (speed x age) developed by Leger et al. (1988)
for children 8-19 years old was described by the standard
error of the estimate[~,where SDis the standard
deviation of the measured V02peak and r is
the correlation between estimated VO max (Y') and
measured V02peak (Y)] and Error (~[.~:(Y-Y')2]/N)
(Lohman, 1981). The percentage of individuals (males
and females together) whose measured V02peak fell
within 5.9 ml- kg"1·min·1 (SEEfrom Leger et al.'s study) of
the predicted/estimated V02max was computed
(Zinkgraf & McClendon, 1986). A paired t-test was used
to determine if a significant difference between the
measured V02peak and estimated V02max existed. The
level of significance was set at .05.

Results

Discussion

The results ofprevious studies on the reliability and
concurrent validity of the 20 MST conducted on chil
dren and adolescents are included in Table 3.

The only other test-retest reliability value was .89
(Leger et al., 1988), and although it appears this is an
interclass coefficient, this is comparable to the .93 at
tained in this study. In both studies there was no signifi
cantdifference between the T1and T2 means. Leger et al.
used maximal speed whereas this study reported laps.
Both the mean values of 47.80 and 50.55 laps occur in
minute 6 and hence at the same speed. This means there

Table1.Subject characteristics anddataforvalidation study (M±SD)

Males Females Total
Variables (n=22) (n=26) (N=48)

Age(years) 14.1 ± 1.03 13.7 ± 0.87 13.89 ± 0.96
Height (cm) 165.7 ± 12.6 161.3 ± 8.6 163.3 ± 10.7
Weight (kg) 59.1 ± 15.7 54.0 ± 9.3 56.3 ± 12.8
8MI (wt/ht2) 21.3 ± 4.0 20.7 ± 3.2 21.0 ± 3.6
HR"",. Ib-mirr') 194.8 ± 14.6 195.5 ± 10.3 195.2 ± 12.3
RER" 1.02 ± 0.03 1.03 ± 0.06 1.03 ± 0.05
VOzpeak 54.34 ± 6.95 46.26 ± 6.04* 49.97 ± 7.59

(ml.kg'l.min'l)
2o-m shuttles 71.86 ± 27.0 47.77 ± 13.7* 58.81 ± 24.0

(no. of laps)

Figure 1.Scattergram of20MST (number of laps)and measured
VOzpeak bysex.

"RER = respiratory exchange ratio, veozproducedNOzconsumed.
*p< .0001, male>female.
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The intraclass reliability coefficient for the number
of laps (shuttles) completed at T1 and T 2 was .93 for a
single trial and the mean number oflaps (shuttles) at T1
(47.80 ±20.3) and T2 (50.55 ±22.4) were not signifi
cantlydifferent (F[1, 19] =2.58, p~.13). Reliability by
sex was .91 for males (n = 12) and .87 for females (n = 8).
Subject characteristics and data from the treadmill and
20 MST tests are presented in Table 1 by sex and for the
total group.

The relationship between the 20 MST laps com
pleted and V02peak (ml-kg<mirr') is presented in Fig
ure 1. The number of laps run correlated significantly
with V02peak in males (n = 22; r= .65; F [1,20] = 14.30;
p~ .001),females(n= 26;r= .51;F[1, 24] = 8.34;p~ .01),
and malesand females together (r= .69;F [1,46] = 42.54;
p~ .001).

The validation analyses ofLeger et al. 's (1988) equa
tion appear in Table 2. No significant difference was
found between the measured V02peak and estimated

362 ROES: December 1992

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 L

ib
ra

ri
es

] 
at

 0
3:

47
 0

3 
Fe

br
ua

ry
 2

01
5 



rabl.2. Validity analysis ofthe 2O-m shuttle test equation
(Ulger et aI., 1988) to predictmeasured V0zPeak (ml.kg-'·min-')

49.97 ± 7.59 48.72 ± 5.72 -1.63 .72 5.27 5.40 81.3

'SO~, (Lohman, 1981, pp.208-210).
b.JIl:(Y- r'fJlN, (Lohman, 1981, pp.208-210).
'% ofmeasured VOzpeak valuesfalling within 5.9 ml.kg·'·min-' of
estimated VOzmax, (Zinkgraf &McClendon, 1988).
*p> .11.

is neither a statistical nor a practical difference between
the number of laps.

A list of the reliabilities for the traditional distance
run tests (600yd, 1,600 m, 9 and 12 min) in children and
adolescents by Safrit (1990) showsarangefrom.61 to.94
with those in the 12-15-year age group spanning this
entire range. Comparatively, the reliabilityofthe 20 MST
is at least as good as, if not better than, other currently
used run tests ofcardiovascular-respiratory endurance in
adolescents.

Because distance runs are considered a measure of
cardiovascular-respiratory capacity they are validated
against the criterion measure of VOzmax, preferably
obtained during an incremental test on the treadmill.

Measured
VOzpeak
(M± SO)

Estimated
VOzmax
(M± SO) t* r SEE' Error b %'

Liu, Plawman, andLoonIlY

When the validity coefficients from the currentstudy are
compared to others derived for the 20 MSf (Table 3),
the current values are consistently lower for the females
(.51 vs..69 [van Mechelen etal., 1986] and.90 [Boreham
etal., 1990]) but approximately equal for males (two are
verysimilar [.65vs.68{van Mechelen etal., 1986}and.64
{Boreham et al., 1990}], one is higher [.71 {Leger et al.,
1988}] and one lower [.54 {Armstrong et al., 1988}]).
Consequently the current combined male-female value
(.69) is slightly lower than the other two available values
(.76 [van Mechelen etal., 1986] and .87 [Borehametal.,
1990]) primarily due to the influence of the female
results. The problems ofachieving maximal efforts from
teenage females (despite all attempts at verbal motiva
tion) are well known and at least in part may be respon
sible for the low "values.

The concurrentvalidity ofrun tests for children and
adolescents reported in the literature at distances of600
yd; BOO, 1,200, and 1,600 m; or times of9, 12, and 15 min
correlated with VOzmax achieved on the treadmill range
from ± .22 to ±.90 (Safrit, 1990). Values for students in
the 12-15-year age range are more homogeneous, vary
ing only from ± .62 to ±.66 for male and male plus
female groups. None have been reported for females
only. These values indicate that between 38 and 43% of
the variance is shared between VOzmax (ml·kg-l·min·1)

and distance run results. The 48% variance accounted
for in this studywhen the malesand females were consid-

rabl.3. Reliability and validity studiesforthe 20-.m shuttle test inchildren and adolescents

Criterion 20MST
Study Subjects VOztest Variable used Validity Reliability

van Mechelen 41 M,41 F TM8km·h·1 level .88M
et al. (1988) 12-14 years 2.5% t /2min .89 F

.78 M&F

Armstrong 17M TM 10km-h" 'hlevel .54
et al. (1988) 11-14 years 2% t /3min

stages discontinuous

Leger 188 M+F retroextrapolation max speed .71 M&F
et al. (1988) 8-19years at endof20MST

139 M+F .89
8-18yr

Boreham 23M, 18F TM 8,8,10km·h·' number oflaps .84M
et al. (1990) 14-18 years then 2% t /min .90 F

.87M&F

Liu 12M,8F Incremental number oflaps .93M&F
et al. (currentstudy) 12-15 years TM .87F

.91 M
22M,28F .85M
12-15 years .51F

.89M&F

Note. M=males; F=females.
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ered together and the 42% accounted for in the male
only group are both slightly higher. Thus, although the
current results are somewhat lower than other values for
the 20 MST, they are at least as good as those of other
distance runs commonly utilized.

The prediction equation ofLeger et al, (1988) is the
only one currently available in the literature to convert
20 MST data to V0zIllax (ml-kg'<mirr') for children and
adolescents 8-19years old. Theability to convert 20 MST
results to V02max values with an acceptable error could
be extremelypractical. For example, it isdifficult to know
what time on a mile run is equivalent to laps (shuttles)
completed on the 20 MST. However, ifthe results ofboth
tests can be reasonably converted to V02max
(ml-kg--mlrr') a comparison can be made between tests
and against established V02max norms or criterion
referenced standards.

Validation of the estimated V02max from Leger et
al.'s (1988) multiple regression equation with the actual
measuredV02peakshowed closeagreementbetween the
means (Table ~), reasonable errors, and a high percent
age of measured V02peak values falling within 5.9
ml- kg-l·min·1 ofthe estimated V0zIllax values. The corre
lation of.72 between measured V02peak and estimated
V02max achieved in this study is almost identical to the
correlation of.71 reported by Leger et al. in the original
study between 20 MST results and measured V02max. It
should be noted that Leger et al. obtained their V02max
values from the 20 MST by retroextrapolation of recov
ery02 and not from a maximal treadmill test. The SEE is
comparable to those reported for other modalities and
variables used to predict V02max (approximately 4-7
ml-kg't-mirr') (Conley, Cureton, Dengel, & Weyand,
1991). Thus the use of this prediction equation to con
vert 20 MST results to an estimated V0zIllax value ap
pears to be valid in this age group. More research needs
to be done across the total age range to judge the
acceptability of the prediction equation.

It is concluded that the 20 MST is a reliable test. The
20 MST is as least as valid a field test for cardiovascular
respiratory endurance as other distance run tests for
males and females 12-15 years of age. Leger et al.'s
(1988) regression equation can be used to estimate
V02max within an acceptable range of error in this age
group. Itis recommend that the 20 MST be considered as
an alternative test for inclusion in physical fitness batter
ies for school children in this age range.
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