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ABSTRACT. Burkett, L.N., W.T. Phillips, and J. Ziuraitis. The
best warm-up for the vertical jump in college-age athletic men.
J. Strength Cond. Res. 19(3):673–676. 2005.—The purpose of this
study was to determine the effectiveness of specific and nonspe-
cific warm-ups on the vertical jump test performed by athletic
men. Twenty-nine men (18–23 years) in athletics (speed posi-
tions in football) performed vertical jump tests on 4 separate
days after completing 4 different warm-up protocols. The 4
warm-up protocols were (a) submaximal jump warm-up, (b)
weighted jump warm-up, (c) stretching warm-up, and (d) no
warm-up. The weighted jump warm-up protocol required 5 coun-
termovement jumps onto a box, with the athletes holding dumb-
bells equaling 10% of their body weight. The submaximal jump
warm-up protocol required the athletes to perform 5 counter-
movement jumps at 75% intensity of their past maximum ver-
tical jump score. The stretching warm-up protocol required the
athletes to perform 14 different stretches, each held for 20 sec-
onds. The no warm-up protocol required the athletes to perform
no activity prior to being tested. Three vertical jumps were mea-
sured following each warm-up; the score for analysis was the
best jump. The data were analyzed with a repeated measures
analysis of variance and Bonferroni post hoc tests. The Bonfer-
roni post hoc tests showed a significant difference (p , 0.001)
between the weighted jump warm-up and all other warm-ups.
The effect size was 0.380 and the power was 1.00 for the statis-
tical analyses. We concluded that utilizing a weighted resistance
warm-up would produce the greatest benefit when performing
the vertical jump test.
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INTRODUCTION

B
ecause research has shown that the vertical
jump strongly correlates with explosive leg
power (5, 14, 17, 19), many coaches will mea-
sure vertical jump to estimate explosive leg
power. Both athlete and coach desire optimal

performance on the vertical jump test, so the athlete
should be well prepared for the test. Recent research (12)
has shown the importance of the vertical jump on draft
status in the National Football League (NFL); thus, any
improvements in performing the vertical jump may have
important consequences for the athlete’s future. Prepa-
ration for the vertical jump should involve both long- and
short-term preparation. Long-term preparation may in-
clude a well-developed weight-training program; the
short-term preparation should include a warm-up (1, 4,
10).

A large amount of research on warm-up was conduct-
ed during the 1950s, ’60s, and ’70s (3–5, 8, 9, 13, 15–17,
19, 21, 22). There are 2 types of warm-up: nonspecific and
specific. Nonspecific techniques involve movements not
directly related to the actual activity to be performed,

whereas specific warm-up includes practice of the activity
or exercise to be performed (2, 5, 7, 8). Nonspecific warm-
up, usually stretching, often has been the method of
choice to prepare for maximal contractions (1, 7–9). Al-
though not as commonly utilized, specific warm-up pro-
tocols can take various forms. A specific warm-up for the
vertical jump, following the training concept of specificity,
would be to perform countermovement jumps at a sub-
maximal intensity. A countermovement jump begins with
the body in an upright standing position, followed by a
gradual lowering of the body’s center of mass until ap-
proximately 458 of knee and hip flexion is reached. It is
at this point that the upward motion of the jump, the
push-off phase, is executed. The jump is then completed
with both feet landing at the same time (4). Another spe-
cific warm-up for the vertical jump would be to add the
concept of overload and perform countermovement jumps
with resistance.

To date, it is not known if specific warm-up is superior
to nonspecific warm-up when conducting the vertical
jump test. Neither of the 2 above specific warm-ups had
been investigated for men. This study investigated the
effect of specific and nonspecific warm-up protocols on
performance of the vertical jump test for men. The warm-
up protocols were: (a) submaximal jump warm-up (spe-
cific); (b) weighted jump warm-up (specific); (c) stretching
warm-up (nonspecific); and (d) no warm-up (control).
From the literature, it was assumed that a specific warm-
up would be best, due to the fact that the vertical jump
as measured by the Vertec (U.S. Patent No. 4208 050,
Questek Corp., Northridge, CA) is a learned task.

METHODS

Experimental Approach to the Problem

All participants completed 4 different warm-up protocols
and were tested on the vertical jump test after each
warm-up. The subjects wore the same shoes for each test-
ing session. The participants were measured for their ver-
tical jumping ability using the Vertec (Questek). The 4
warm-up protocols were: (a) performing a submaximal
jump protocol (specific warm-up); (b) performing a
weighted jump protocol (specific warm-up); (c) performing
a stretching protocol (nonspecific warm-up); and (d) no
warm-up. The testing of the vertical jump was conducted
within 2 minutes of completing the warm-up protocol.
The participants were assigned randomly to 4 groups.
Each group started the study with a different warm-up
protocol (counterbalanced design). The experiment took 4
days, with the groups completing 1 protocol per day.
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TABLE 1. Descriptive characteristics of participants.

Characteristic Mean SD

Age (y)
Height (cm)
Weight (kg)
Reach (cm)

20.00
190.58
95.90

246.15

1.67
8.94

13.01
12.83

Subjects

Twenty-nine men, all Division I football collegiate ath-
letes (18–23 years) from a National Collegiate Athletic
Association (NCAA) level I institution, participated in the
experiment. Only speed position players were used in the
study (running backs, receivers, and defensive backs).
Measurements were taken during the off-season (Febru-
ary). All participants were in the required weight training
program and were familiar with the Vertec measuring
device (Questek) and jump training (14). All participants
signed an institution-approved informed consent form
that explained the nature and purpose of the study. De-
scriptive characteristics of the participants are presented
in Table 1.

Warm-up Procedures

The submaximal jump protocol consisted of participants
standing at the Vertec apparatus (Questek), performing
a countermovement jump identical to that used during
the actual vertical jump test. The Vertec (Questek) vanes
were rotated out to 75% of the participants’ maximum
vertical jump height. The participants were instructed to
jump only as high as the vanes set for them to touch. The
maximal vertical jump height of the participants was de-
termined from past vertical jump test scores. The partic-
ipants performed 1 set of 5 jumps for this warm-up pro-
tocol.

The weighted jump protocol had the participants be-
ginning their movement on the ground, with feet shoul-
der-width apart and approximately 15.2 cm away from a
63.5-cm-high box. The weights utilized in this protocol
were dumbbells held in each of the participant’s hands
during the jumps. The amount of weight for each individ-
ual was 10% of his body weight, rounded off to the nearest
5.5 kg. The participants were instructed to perform a
countermovement jump, landing upon the box. They then
stepped down off the box and continued with the next
jump. This warm-up protocol consisted of 1 set of 5 jumps.

The stretching protocol consisted of 14 stretches, each
held for 20 seconds (time was kept using a stopwatch to
ensure accuracy). The stretches included the following:

1. Standing toe touch.
2. Standing toe touch with right leg crossed over the left.
3. Standing toe touch with the left leg crossed over the

right.
4. Standing straddle with arms reaching to the ground.
5. Standing right side lunge.
6. Standing left side lunge.
7. Standing forward lunge with right foot forward.
8. Standing forward lunge with left foot forward.
9. Standing right quadricep stretch.

10. Standing left quadricep stretch.
11. Standing bent-over toe raise with leg straight.
12. Standing bent-over toe raise with knee slightly bent.
13. Standing side bend to the right.
14. Standing side bend to the left.

Measures

Vertical reach was measured by having each participant
stand with his dominant side next to a wall. With feet on
the ground, and hip as close as possible to the wall, the
participant extended the arm closest to the wall and
reached as high as possible without allowing any part of
the feet to lose contact with the ground. This measure-
ment was then recorded to the closest 1.27 cm.

The participants were measured for their vertical
jumping ability using the Vertec (Questek). This appa-
ratus included a sliding vertical pole attached to 2
weights at the base, which stabilized the apparatus. Mov-
able horizontal levers are attached at the top of the pole
and are marked in 1.27 cm. The levers can be set to begin
at 228.6, 243.84, 259.08, or 274.32 cm. The initial setting
for the levers was dependent upon the participant’s reach.
If the initial setting was incorrect, the height of the pole
was readjusted by moving it higher or lower, depending
on the participant’s first jump.

The participants’ vertical jumps were measured after
they were instructed to stand with their dominant side
next to the apparatus, with feet shoulder-width apart.
The participants then were instructed to perform a ver-
tical jump and touch the vanes on the Vertec (Questek).
The participants were instructed to reach with their dom-
inant hand while at the top of their jump and to move as
many levers as possible. Three vertical jumps were al-
lowed, with the highest jump recorded. The height of the
jump was the difference between the vertical reach and
the vertical jump.

The participants’ weights were measured using an
electric scale. The participants’ heights were measured
using a tape measure and were recorded in centimeters.

Statistical Analyses

A 1 3 4 repeated measures analysis of variance (ANOVA)
was used as the primary statistical analysis, with a check
for sphericity using Mauchly’s test of sphericity. The 0.05
level was selected for the F significance and 0.80 or better
for power analysis. Post hoc tests (0.05) were conducted
using Bonferroni analysis. Effect size (partial Eta
squared) was calculated to estimate how much variance
was accounted for by the treatments. An intraclass reli-
ability coefficient (ICC) also was calculated to assure test
reliability. ICCs are sensitive to means and placement
and are the statistic of choice over Pearson’s correlations
(ICCs use a repeated measures ANOVA to calculate the
reliability coefficient). The use of a repeated measures
ANOVA enabled us to reduce the error term and to have
a better chance of finding statistical differences. All sta-
tistical calculations were performed using SPSS 12.0
(SPSS, Inc., Chicago, IL)

RESULTS

A repeated measures ANOVA was performed to assess
statistical difference among the forms of warm-up. Sphe-
ricity was not violated (Mauchly’s test of sphericity 5
0.838), thus no adjustment was necessary for the final
ANOVA. The ANOVA showed that there was a significant
difference (p , 0.001) between the warm-up protocols (see
Table 2). Post hoc analysis using Bonferroni was per-
formed to determine where the significant differences be-
tween the warm-ups occurred (See Table 3). Effect size
for the ANOVA was 0.38; thus the procedures accounted
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TABLE 2. Means and standard deviations for the 4 warm-
ups.

Warm-up n Mean (cm) SD

No warm-up
Stretching
Submaximal
Weighted

29
29
29
29

69.72
70.21
70.33
72.00

6.45
6.68
6.85
6.50

TABLE 3. Repeated measures ANOVA and post hoc ANOVA and Bonferroni.

Source SS df MS F p

Between blocks
Within blocks
Warm-up
Error

740.21
34.94
13.27
21.67

28
87
3

84
4.42
0.26

17.14 ,0.001

Total 4,118.000 175

Bonferroni post hoc
Warm-up No warm-up Stretching Submaximal Weighted

No warm-up
Submaximal
Stretching

*
*
*

* (0.01). SS 5 sum of squares; df 5 degrees of freedom; MS 5 mean square.

for 38% of the variance. The power was 1.00, indicating
that the same results would be expected 100% of the time
with a sample of the same size. Participants performed
significantly better (p , 0.01) using the weighted jump
warm-up. There was no significant difference found be-
tween the no warm-up, submaximal jump, and stretching
warm-up protocols. The ICC was 0.990, with a lower
bound of 0.983 and an upper bound of 0.995.

DISCUSSION

Research conducted during the 1950s, ’60s, and ’70s, has
demonstrated that performing a warm-up prior to activity
enhances performance (7, 8, 10, 14, 20, 21), particularly
in regard to vertical jumping performance (13, 15–17). It
has been repeatedly observed in the strength and condi-
tioning field that athletes spend large amounts of time
warming up for tests such as the bench press, the squat,
or the power clean, but not for the vertical jump. This is
surprising, because many coaches rely on this test for as-
sessing an individual’s athleticism and power, and draft
status in the NFL can be affected by the vertical jump.
The applicability of this past warm-up research to pre-
testing periods, as well as its efficacy during those phas-
es, prompted the current investigation.

The results of this study demonstrate that a specific
warm-up was beneficial to vertical jump performance.
However, the results contradict past research stating that
a nonspecific warm-up is beneficial (6, 7, 13, 16–18, 21,
22). This study indicated that stretching, no warm-up,
and the submaximal jump warm-up produced the same
result.

The data revealed a statistically significant increase
(p , 0.01,) in performance when a specific warm-up that
included the overload principle was used prior to testing
the vertical jump (difference of 1.67 cm). In other words,
it was more advantageous for athletes to perform a warm-
up that included countermovement jumping exercises
with some type of weight or resistance prior to testing
their vertical jumping ability.

By using specific warm-ups, in this case countermove-
ment jumping activities, the body is neurologically pre-
paring for the activity to be performed. It is also using
the warm-up time period more effectively by utilizing a
functional warm-up, rather than an unrelated one. If the
final goal is to jump higher, then it is logical for the
warm-up to include the specific movement of jumping.
The second aspect is the theoretical treppe (staircase)
concept. By using weight or resistance (i.e., an added
stimulus), each successive jump results in the recruit-
ment of increasing amounts of motor units. Therefore,
each subsequent contraction becomes stronger than the
one before, building the staircase. When the resistance is
removed, more motor units are recruited, producing an
even larger power output or increase in the jumping abil-
ity (11).

We concluded that performing a weighted resistance
specific warm-up produces the greatest benefit to perfor-
mance on the vertical jump test. When constructing a
warm-up for pretesting periods, the concepts of specificity
and overload should play a large role.

It should be noted that the vertical jump as measured
by the Vertec (Questek) is a learned skill, and the use of
individuals in this study who had learned the skill, com-
bined with a statistical procedure that reduces the error
term (repeated ANOVA with 29 subjects), enabled the re-
searchers to refine the results.

PRACTICAL APPLICATIONS

In the applied setting, the type of warm-up to be utilized
greatly depends on what is available at the time of test-
ing. Stretching or submaximal jumps do not require out-
side equipment (as does the weighted jump warm-up pro-
tocol), just an ample amount of time. Although these
warm-ups were not the most beneficial of the protocols,
they had better values (see Table 2) than performing no
warm-up. The results indicated that the weighted jump
warm-up protocol was the most beneficial of those inves-
tigated. The type of weight or resistance that may be used
varies, and is dependent on what is available to the ath-
lete at the time of testing. This study utilized dumbbells,
but warm-ups may include weighted vests or ankle
weights. The objective is for the athlete to use weight or
resistance during warm-up jumping activities in order to
recruit more motor units during the warm-up so that dur-
ing the testing period, the subsequent contractions will
provide larger power outputs.
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