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ABSTRACT
The reliability and validity of the T-test as a measure of leg
power, leg speed, and agility were examined. A total of 304
college-aged men (n 5 152) and women (n 5 152), selected
from varying levels of sport participation, performed 4 tests
of sport skill ability: (a) 40-yd dash (leg speed), (b) counter-
movement vertical jump (leg power), (c) hexagon test (agil-
ity), and (d) T-test. For both men and women, significant
differences (p , 0.05) in mean scores were found among
groups for the T-test. The intraclass reliability of the T-test
was 0.98 across 3 trials. For men, the Pearson product mo-
ment correlations between the T-test and the 40-yd dash, ver-
tical jump, and hexagon test were r 5 0.53, r 5 20.49, and
r 5 0.42, respectively (p , 0.05). For women, the correspond-
ing correlations were r 5 0.73, r 5 20.55, and r 5 0.48 (p ,
0.05). Regression analyses showed that for men 48% of the
variability and for women 62% of the variability of the T-test
scores can be predicted from measures of leg power, leg
speed, and agility (p , 0.05). Computing partial correlations
assessed the criterion validity of the T-test as a measure of
agility, leg power, and leg speed. The T-test appears to be
highly reliable and measures a combination of components,
including leg speed, leg power, and agility, and may be used
to differentiate between those of low and high levels of
sports participation.
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Introduction

Coaches, trainers, and athletes continually search for
effective methods to identify and develop physical

characteristics that may contribute to sport perfor-

mance. A common method of assessing athletic talent
is through physical ability testing (2). A variety of tests
are available to measure athletic abilities, such as an-
aerobic power, speed, and agility. Such tests help
coaches, physical educators, and conditioning special-
ists assess athletic ability, diagnose specific weakness-
es, screen for possible health risks due to strenuous
exercise, provide data for outlining individualized ex-
ercise prescriptions, and assess change in physical
characteristics during specific cycles of a training pe-
riod (1). In general, assessment allows for the devel-
opment of confidence in the planning and administra-
tion of training programs (2).

Agility, leg power, and leg speed are believed to be
important physical components necessary for success-
ful performance in many sports and recreational activ-
ities (3, 4, 6, 10). It is not surprising then that a strong
interest exists for developing field tests that can effec-
tively measure these components. One test of physical
ability that has become popular is the T-test (11). The
T-test is described as a measure of 4-directional agility
and body control that evaluates the ability to change
directions rapidly while maintaining balance without
loss of speed (11). The test is relatively simple to ad-
minister, because it requires minimal equipment and
preparation. The description of the test suggests that
agility and some combination of leg power and leg
speed are required for successful test performance. A
single test that simultaneously measures leg speed, leg
power, and agility would be useful to the sport and
fitness communities for testing and evaluation purpos-
es. Although the T-test is believed to primarily mea-
sure agility, there is no published literature indicating
whether the T-test is a reliable and valid measure of
agility or what the contributions of leg power and leg
speed are to test performance.

The purposes of this investigation were to evaluate
the reliability and validity of the T-test as a measure
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Figure 1. Layout of the T-test. Modified from Semenick (11).

of leg speed, leg power, and agility and to establish
normative values of the T-test for college-aged men
and women of varying levels of sport participation.

Methods
Subjects
A total of 304 college-aged men (n 5 152) and women
(n 5 152) participated in the study. To ensure sample
heterogeneity and improve statistical estimation, sub-
jects were selected from various levels of sport partic-
ipation. All subjects completed informed consent
forms before participation in the study. The mean
(6SD) age and body mass of the men were 22.3 (64.0)
years and 77.1 (613.3) kg. For women, the mean
(6SD) age and body mass were 22.4 (63.9) years and
61.3 (611.4) kg. A university institutional review
board for the protection of human subjects approved
testing procedures. Subjects were required to complete
an information questionnaire before testing that in-
cluded questions regarding their level of sport partic-
ipation. To qualify for participation in the study, sub-
jects had to be at least minimally active (defined as
exercising at least 1 but not more than 2 days per
week). Subjects were then classified into 1 of the fol-
lowing 3 groups based on level of sport participation:
(a) low sport participation (G1)—defined as exercising
less than 3 days per week, less than 30 minutes per
day, and not competing in any organized sport activ-
ities; (b) recreational sport participation (G2)—defined
as exercising at least 3 days per week for 30 minutes
or more; and (c) intercollegiate sport participation
(G3)—defined as training at least 5 days per week for
1 hour or more and competing in athletic events. Based
on the results of this questionnaire, sample sizes for
each sex group by level of sport participation were as
follows: male–low participation (n 5 47), male-recre-
ational (n 5 58), male-competitive (n 5 47), female–
low participation (n 5 44), female-recreational (n 5
52), and female-competitive (n 5 56).

Testing Procedures
All testing was conducted indoors at various college
gymnasiums on hardwood floors to maintain a con-
sistent surface and to eliminate the extraneous vari-
ables normally encountered outdoors. Before testing,
subjects were allowed 10–15 minutes to perform in-
dividual warm-up, including 3–5 minutes of light jog-
ging and stretching exercises. Subjects were allowed
practice trials on all tests before the actual test trials.
During the test session, each subject first performed
the T-test, followed by the hexagon test, countermove-
ment maximal vertical jump test, and 40-yd dash. The
order of testing was consistent for all subjects. Tests
that required high skill movements (T-test and hexa-
gon test) were administered before tests that produced
fatigue (40-yd dash) to avoid confounding subsequent
tests. Each subject was allowed a minimum of 3 min-

utes between tests to ensure adequate recovery. All
procedures for each test were administered by the
same individual.

T-Test
The T-test was administered using the protocol out-
lined by Semenick (11) with minor modifications (Fig-
ure 1). Specifically, bells were placed at the base of 3
cones (B, C, and D) in an attempt to monitor consis-
tency and accuracy of test execution. Subjects began
with both feet behind the starting point A. At their
own discretion, each subject sprinted forward 9.14 m
(10 yd) to point B and rang a bell at the base of a cone
with the right hand. They then shuffled to the left 4.57
m (5 yd) and touched a bell at the base of a cone (C)
with the left hand. Subjects then shuffled to the right
9.14 m and touched a bell at the base of a cone (D)
with the right hand. They then shuffled to the left 4.57
m back to point B and touched a bell with the left
hand. Subjects then ran backward, passing the finish-
ing line at point A. Three test trials were performed,
and times were recorded to the nearest one-hundredth
of a second using an electronic timing system (Brower
Timing System, Salt Lake City, UT). Two electronic
timing sensors mounted on tripods were set approxi-
mately 0.75 m above the floor and were positioned 3
m apart facing each other on either side of the starting
line. The clock started when subjects passed the elec-
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tronic sensors, and the clock stopped the instant the
subjects again crossed the sensor plane. The test was
repeated if a subject failed to ring the bell at the base
of each cone, crossed his or her feet when shuffling,
and/or did not face forward at all times. The fastest
trial was used for statistical analyses.

Hexagon Test

The hexagon test is a measure of agility that involves
balance and coordination while moving the feet quick-
ly around a hexagon from the center to each of the 6
sides (8). The test purportedly measures foot quickness
as performers face in one direction and execute 2-leg-
ged hops backward, forward, and sideways. A 1208
hexagon template was constructed with each side,
measuring 0.61 m. The template was used for each test
session to outline a consistent hexagon with tape on
the hardwood floor. Subjects began the test by stand-
ing on a touch-sensitive timing pad that was taped to
the floor in the center of the hexagon. At their own
discretion, each subject began the test by double-leg
hopping from the center position over one side of the
hexagon and immediately hopping back to the center
position. This pattern was continued in a clockwise
direction. The test was concluded after the subjects
completed 3 revolutions of the hexagon and their feet
were back in the middle of the hexagon. The clock
started with the release of pressure on the timing pad
initiated by the subject, and it stopped the instant the
subject’s feet landed back in the center of the hexagon
after the final double-leg hop. Subjects were required
to face the same direction throughout the test, and the
feet could not touch the taped edges of the hexagon
or the trial was stopped and repeated. Each subject
performed 3 test trials. The duration of each trial was
recorded to the nearest one-hundredth of a second us-
ing an electronic timer. The fastest trial was used for
statistical analyses.

Countermovement Maximal Vertical Jump Test

The countermovement vertical jump test involves
jumping to a peak height and requires explosive leg
power (5). Subjects were initially weighed using a cal-
ibrated medical scale. Scale calibration was checked be-
fore each testing session. The standing vertical reach
was determined with the dominant arm. Counter-
movement vertical jumps were measured using a Ver-
tec height measurement device. Subjects were allowed
to swing their arms freely but were not allowed any
preparatory step before jumping. The subjects per-
formed 3 test trials that were measured to the nearest
1.3 cm (0.5 in.). Trials with noticeable faults were re-
peated. The maximum vertical jump was calculated
from the difference between the standing reach and
peak jump height and was used for statistical analyses.

40-yd Dash
The 40-yd dash is a commonly used measure of leg
speed. At the subjects’ discretion, one foot was placed
on a touch-sensitive timing pad, while the subjects
kept their weight forward. The timer was set to start
the moment the subjects released their weight from the
pad. The subjects then sprinted the 40-yd distance. The
clock stopped when the subjects ran through 2 timing
sensors that were positioned on either side of the finish
line and mounted on tripods that faced each other ap-
proximately 2 m apart. Subjects performed 3 test trials
that were recorded to the nearest one-hundredth of a
second using an electronic timer. The fastest trial for
each subject was used for statistical analyses.

Statistical Analyses
Data analyses were performed using the Statistical
Package for Social Sciences (SPSS version 6.0 for Win-
dows). Comparison of mean scores for all tests was
made using a 1-way analysis of variance (ANOVA)
and Tukey honestly significant difference (HSD) fol-
low-up test. Intraclass reliability coefficients were com-
puted for each test using ANOVA. Descriptive statis-
tics were computed for each test and normative scores
for each of the deciles and quartiles were determined.
A Pearson product moment correlation was computed
between the T-test and the each of the other tests, fol-
lowed by the computation of partial correlations to ob-
tain estimates of criterion validity. Regression analysis
was conducted to determine which tests were the best
predictors of the T-test performance. Discriminant
analysis was performed to determine whether the T-
test could be used to differentiate between individuals
of low and high levels of sport participation. The a
level for all statistical tests was established at p # 0.05.

Results

Mean scores of all tests for female and male subjects
are presented in Table 1a,b. For all tests, men scored
significantly better than women (p , 0.05). Differences
were also tested between the levels of sport partici-
pation groups. For the women and men who per-
formed the T-test, groups G1, G2, and G3 were signif-
icantly different (p , 0.05) from one another, with G3
having the best scores.

The intraclass reliabilities for 1-, 2-, and 3-trial mea-
surement protocols were computed (Table 2). The re-
liability coefficient (R) for the T-test was found to be
0.98 across 3 trials. The reliability changed very little
when administering 1, 2, or 3 trials. This indicates that
administering 1 trial of the T-test is reliable.

Pearson product moment correlations were com-
puted independently between all tests for both women
(Table 3a) and men (Table 3b). The T-test was signifi-
cantly correlated to all other tests for both women and
men (p , 0.05). The largest zero-order correlation was
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Table 1. Mean scores (6 SD) for the T-test, hexagon test, 40-yd dash, and vertical jump in female and male subjects.

Group n
T-test

(s)
Hexagon test

(s)
40-yd dash

(s)
Vertical jump

(cm)

Female subjects
Low sport (G1) 44 13.55 6 1.33 14.31 6 1.92 6.34 6 0.48 35.90 6 9.24
Recreational sport (G2) 52 12.52 6 0.90* 13.21 6 1.68 5.81 6 0.43* 39.00 6 7.83
College athletes (G3) 56 10.94 6 0.60*† 12.87 6 1.48*† 5.54 6 0.37*† 46.30 6 8.74*†

Male subjects
Low sport (G1) 47 11.20 6 0.80 14.20 6 1.93 5.12 6 0.29 52.74 6 12.75
Recreational sport (G2) 58 10.49 6 0.89* 12.33 6 1.47 4.99 6 0.29 62.07 6 11.82
College athletes (G3) 47 9.94 6 0.50*† 12.29 6 1.39*† 4.98 6 0.32* 63.34 6 11.17*†

* G2 or G3 is significantly different (p , 0.05) from G1.
† G2 and G3 are significantly different (p , 0.05) from each other.

Table 2. Intraclass reliability for the T-test, hexagon test,
40-yd dash, and vertical jump.

Test R (1-trial) R (2-trial) R (3-trial)

T-test 0.94 0.97 0.98
Hexagon test 0.86 0.94 0.95
40-yd dash 0.89 0.95 0.96
Vertical jump 0.99 0.99 1.00

Table 3. Intercorrelation coefficients (r) between tests for
female and male subjects.

Variable
Vertical
jump

40-yd
dash

Hexagon
test

Female subjects
Vertical jump — — —
40-yd dash 20.55* — —
Hexagon test 20.22* 0.40* —
T-test 20.55* 0.73* 0.48*

Male subjects
Vertical jump — — —
40-yd dash 20.29 — —
Hexagon test 20.27 0.24 —
T-test 20.49* 0.55* 0.42*

* p , 0.05, 2-tailed.

between the T-test and the 40-yd dash for both women
and men. Correlations coefficients between the T-test
and the 40-yd dash were 0.73 and 0.55 for the women
and men, respectively (p , 0.05) (Figure 2a,b). The
correlation coefficients for the T-test and vertical jump
for women and men were r 5 0.55 and r 5 0.49 (p ,
0.05) (Figure 3a,b). Correlation coefficients for the T-
test and hexagon test for women and men were r 5
0.48 and r 5 0.42 (p , 0.05) (Figure 4a,b).

Stepwise multiple regression was performed to de-
termine the relative strength of each test as a predictor

of T-test performance. The multiple correlation for
women was 0.79 (r2 5 0.62), which indicates that 62%
of the variability of the T-test can be predicted from
scores obtained from the other 3 tests. The 40-yd dash
(b 5 0.58) was also the strongest predictor of T-test
scores for women, followed by the vertical jump test
(b 5 20.23) and hexagon test (b 5 0.21). The multiple
correlation for men was 0.69 (r2 5 0.48), which indi-
cates that 48% of the variability of the T-test can be
predicted from scores obtained on the remaining 3
tests. The strongest predictor was the 40-yd dash (b 5
0.40), followed by the vertical jump test (b 5 20.30)
and hexagon test (b 5 0.25).

The computed partial correlations indicate the
common variability between the T-test and each of the
other tests independently while holding all other test
scores constant. This statistic may be used to indicate
the degree of criterion-related validity of the T-test as
a measure of agility, leg power, and leg speed. The
partial correlations for women and men are presented
in Table 4. The highest partial correlation was ob-
served between the T-test and the 40-yd dash for both
women (r[T,40.VJ,Hex] 5 0.57) and men (r[T,40.VJ,Hex] 5 0.46).
These values indicate that for women 32% and for men
21% of the variability of a T-test score is related to leg
speed when controlling for agility and leg power. The
partial correlations of the vertical jump (VJ) and hexa-
gon (Hex) tests with the T-test for women were
r(T,VJ.40,Hex) 5 20.11 and r(T,Hex.VJ,40) 5 0.31, respectively.
The partial correlations of the vertical jump and hexa-
gon tests with the T-test for men were r(T,VJ.40,HEX) 5
20.36 and r(T,HEX.VJ,40) 5 0.31, respectively.

Normative tables displaying decile and quartile
scores for women and men for all tests are presented
in Table 5a,b. These values were computed from data
collapsed across the 3 levels of sport participation
groups. This procedure was necessary because of in-
sufficient sample sizes in each level of sport partici-
pation by sex cohort.

Discriminant analysis was conducted to determine
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Figure 2. (A) Relationship between 40-yd dash times and
the T-test times for women. (B) Relationship between the
40-yd dash times and the T-test times for men.

whether scores from the T-test could successfully pre-
dict level of sport participation group membership. For
women, the correlation between the T-test and level of
sport participation classification was 0.72 (r2 5 0.52).
This indicates that 52% of the variability in level of
sport participation classification can be predicted by
an individual’s score on the T-test. For men, the cor-
relation between T-test scores and level of sport par-
ticipation group membership was 0.55 (r2 5 0.30). This
value indicates that 30% of the variability in level of
sport participation classification can be predicted from

an individual’s score on the T-test. Level of sport par-
ticipation groups were found to be significantly differ-
ent from each other for both women (F[2,149] 5 80.91;
p , 0.05) and men (F[2,149] 5 32.16; p , 0.05). Tukey
HSD tests were performed on differences between
means of each level of sport participation group for
both women and men. All groups were found to be
significantly different from each other for both women
and men (p , 0.05).

Discussion

A primary purpose of this study was to evaluate the
reliability and validity of the T-test as a measure of leg
speed, leg power, and agility. The reliability of the T-
test measurement protocol as described by Semenick
(11) was found to be high across 3 measurement trials.
Moreover, estimates of reliability for 1- and 2-trial pro-
tocols indicate that these measurement protocols are
also reliable, suggesting that only a single test trial is
required to obtain a true score on the T-test. Although
estimating the reliabilities of the hexagon, vertical
jump, and 40-yd dash tests was not a primary goal of
this study, it appears from the data that only a single
measurement trial is required of each of these tests to
achieve satisfactory reliability as well.

The validity of the T-test as an independent mea-
sure of agility, leg speed, and leg power was examined
by computing partial correlations. Of these 3 physical
characteristics, leg speed had the highest partial cor-
relation with the T-test and, therefore, the highest va-
lidity. Although the T-test is defined as primarily a
measure of agility, it is not surprising that leg speed
contributes substantially to the variability in T-test
scores. It seems reasonable to assume that how fast an
individual can sprint, shuffle, or back pedal would be
determined primarily by leg speed.

Although there is no consensus ‘‘gold standard’’
measure of agility, the hexagon test was selected as the
criterion measure, because it purportedly measures
quickness when changing direction over a relatively
short distance (9). The United States Tennis Associa-
tion, for example, has used the hexagon test for as-
sessing the agility of their athletes. They have found it
to be a valid predictor of tennis performance, despite
the fact that tennis players are required to move across
areas that are much larger than the hexagon test area
(9).

Although in this investigation the hexagon test was
found to be significantly correlated to the T-test, the
partial correlation (when controlling for leg speed and
power) was relatively low, indicating insufficient valid-
ity to classify the T-test as a measure of agility. There-
fore, the belief that the T-test is a measure of agility
was not supported. One caveat to this conclusion is
that perhaps the hexagon test is not the most valid
criterion measure of agility. An alternative test that has
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Figure 3. (A) Relationship between vertical jump heights
and the T-test times for women. (B) Relationship between
vertical jump heights and the T-test times for men.

Figure 4. (A) Relationship between hexagon test times
and T-test times in women. (B) Relationship between hexa-
gon test times and T-test times in men.

Table 4. Partial correlations between T-test and hexagon
test, 40-yd dash, and vertical jump.

Test

Partial r

Female subjects Male subjects

40-yd dash 0.57* 0.46*
Hexagon test 0.31* 0.31*
Vertical jump 0.11 0.36*

* p , 0.05, 2-tailed.

been used to measure agility is the Edgren Side Step
Test (12). This agility test requires the performer to
shuffle laterally between designated lines as quickly as
possible for 10 seconds (12). However, little is known
regarding the reliability and validity of this test.

The vertical jump test was also found to have low
validity as a predictor of performance on the T-test.
There are at least 2 possible interpretations of this find-
ing. First, it is possible that leg power is indeed less
important than leg speed for T-test performance and
that leg power does not contribute substantially to T-
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Table 5. Deciles and quartiles for female and male sub-
jects.

Measure
T-test

(s)
Hexagon

(s)
40-yd dash

(s)
Vertical

jump (cm)

Female subjects
Deciles

90 10.69 11.17 5.24 53.34
80 10.92 12.01 5.44 48.76
70 11.48 12.53 5.56 45.72
60 11.99 13.02 5.77 41.91
50 12.34 13.22 5.84 40.64
40 12.73 13.71 5.99 36.83
30 13.24 14.23 6.23 33.02
20 13.69 14.94 6.40 30.48
10 14.23 16.34 6.72 27.94

Quartiles
75 11.23 12.20 5.48 46.99
50 12.34 13.22 5.84 40.64
25 13.41 14.62 6.29 33.02

Male subjects
Deciles

90 9.45 10.68 4.71 74.93
80 9.82 11.32 4.82 71.12
70 10.06 11.87 4.89 66.04
60 10.22 12.14 4.95 62.23
50 10.44 12.58 4.98 58.42
40 10.64 13.20 5.01 54.86
30 10.99 13.84 5.08 53.34
20 11.22 14.25 5.22 49.53
10 11.69 14.96 5.50 43.18

Quartiles
75 9.95 11.74 4.86 69.52
50 10.44 12.58 4.98 58.42
25 11.07 14.05 5.14 52.07

test performance. Second, it is possible, as with the
hexagon test, that the vertical jump test is not the best
criterion measure of leg power. Perhaps another test
would be a more valid indicator of leg power. The
Margaria-Kalamen stair test, for example, is a measure
of leg power that requires sprinting up stairs (7). The
primary difference between the Margaria-Kalamen
stair test and the vertical jump test is that the former
requires static leg power, whereas the latter requires
dynamic leg power. Future research could examine the
validity of the T-test as a predictor of dynamic leg
power as measured by the Margaria-Kalamen stair
test.

Although the T-test is apparently a more valid
measure of leg speed than either leg power or agility,
correlation and regression analyses indicate that for
both men and women the T-test involves a combina-
tion of leg speed, leg power, and agility for perfor-
mance. Surprisingly, however, these 3 physical char-
acteristics predict less than 50% of variability in T-test

performance for men and only 62% of the variability
in women. The remaining variability in T-test scores is
unaccounted for by these variables. It is possible that
the T-test measures either other known physical char-
acteristics, such as dynamic balance, or physical char-
acteristics that have yet to be defined.

Because of the apparent contribution of many
physical characteristics to T-test performance, the test
cannot be considered an indicator of any one charac-
teristic alone. Instead, test performance should be in-
terpreted as an indicator of a unique set of physical
characteristics that may represent general athletic abil-
ity. This finding may be important for coaches, since
many types of sporting activities require a combina-
tion of several physical performance components. Fu-
ture research should examine the relationship of T-test
scores to various sport-specific performance measures.

The T-test was found to be a valid predictor of level
of sport participation in this investigation, because it
discriminates among intercollegiate athletes, recrea-
tional athletes, and nonathletes. From this study, it is
not known whether the T-test can differentiate among
athletes in the same sport or different sports. All sub-
jects were classified into 1 of 3 groups based on the
type and frequency of sport participation. Discrimi-
nant analysis was then used to determine whether the
T-test was correlated with level of sport participation.
For men, 30% of the variability in group membership
can be predicted using the T-test score alone, whereas
52% of the variability can be predicted for women. Al-
though these values are moderate, it is likely that a
measure of sport performance that is more sensitive
to level of ability within a given sport would yield
higher correlations. This research should be undertak-
en to further explore the potential of the T-test for
identifying talented athletes.

A secondary purpose of this study was to generate
standardized normative values for the T-test. Decile
and quartile scores were established for all classifica-
tions of groups. The availability of such tables can be
used as a basis to compare and evaluate times on a T-
test. This is a valuable tool, because meaningful inter-
pretation can then be brought to a T-test score.

Practical Applications

The T-test appears to be a reliable and valid measure
of leg speed and secondarily of leg power and agility.
However, the relationship to leg power and agility is
moderate to low. Based on the results of this study, the
test can discriminate between low and high levels of
sport participation. Coaches involved with ground-
based sports, such as football, basketball, soccer, and
volleyball, may benefit from incorporating the T-test
as a field test to assess lower extremity movement
skills and potential for participation in these activities.
The test may also be of value to conditioning special-
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ists who wish to assess improvement in sport-specific
fitness as a result of participating in a training pro-
gram. Selection of an appropriate field test for a sport
or other physical activity should center on the speci-
ficity principle and demands of the sport or activity to
be evaluated.
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