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ABSTRACT

Talpey, SW, Young, WB, and Beseler, B. Effect of instructions
on selected jump squat variables. J Strength Cond Res 30(9):
2508-2513, 2016—The purpose of this study was to compare
2 instructions on the performance of selected variables in
a jump squat (JS) exercise. The second purpose was to deter-
mine the relationships between JS variables and sprint perfor-
mance. Eighteen male subjects with resistance training
experience performed 2 sets of 4 JS with no extra load with
the instructions to concentrate on (a) jumping for maximum
height and (b) extending the legs as fast as possible to maxi-
mize explosive force. Sprint performance was assessed at 0- to
10-m and 10- to 20-m distances. From the JS jump height,
peak power, relative peak power, peak force, peak velocity,
and countermovement distance were measured from a force
platform and position transducer system. The JS variables
under the 2 instructions were compared with paired t-tests,
and the relationships between these variables and sprint per-
formance were determined with Pearson's correlations. The
jump height instruction produced greater mean jump height
and peak velocity (p < 0.05), but the fast leg extension instruc-
tion produced greater (p < 0.05) peak force (3.7%). There was
a trivial difference between the instructions for peak power
output (p > 0.05). Jump height was the variable that correlated
most strongly with 10-m time and 10- to 20-m time under both
instructions. The height instruction produced a stronger correla-
tion with 10-m time (r = —0.455), but the fast leg extension JS
produced a greater correlation with 10-20 time (r = —0.545).
The results indicate that instructions have a meaningful influence
on JS variables and therefore need to be taken into consider-
ation when assessing or training athletes.
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INTRODUCTION

jump squat (JS) is a vertical jump without an arm

swing and is often performed with added resis-

tance such as a barbell on the shoulders. If per-

formed with no added resistance, the arms are
often held on the hips (11) or a light stick is held on the
shoulders (16). This jump with no added resistance is often
described as a countermovement jump (13,17). For the pur-
pose of this study, a vertical jump with either added resis-
tance or no added resistance (bodyweight only) will be
referred to as a JS.

The ]S is widely used as a training exercise for the
development of leg muscle explosive capabilities (4,12) and
a test of leg power (16). When used as a test, a variety of
loads may be used to obtain an incremental-load profile with
the objective of identifying the load that maximizes power
output, described as the “optimum load” (5,6,16). The power
output expressed in watts is a popular variable for assessment
(1,8), although other variables can be obtained, which mea-
sure somewhat different expressions of muscle explosive
function (18). To accurately measure power output, a system
comprising a force platform to measure force directly and
a position transducer to record distance directly are recom-
mended (6). With such a system, a range of JS variables can
be recorded, such as power, jump height, force, velocity, and
rate of force development. Values can be expressed in abso-
lute terms or relative to body mass, as mean or peak scores,
and they can be described separately for the concentric and
eccentric phases of the jump.

Variables of JS have been shown to be sensitive to power
training (17). Another variable that could potentially influ-
ence acute JS performance is the instructions given to par-
ticipants. In the drop jump exercise, instructions have been
shown to have a marked effect on jumping performance
(19). For example, when participants were instructed to jump
for height from a 30-cm drop, the mean jump height was
40.2 cm and the height divided by the ground contact time
(interpreted as reactive strength) was 101 cm-s~1. When the
same participants were instructed to jump for both maxi-
mum height 2724 minimum ground contact time, the jump
height reduced by 17.7% to 33.1 cm and the height divided
by time increased by 89% to 191 cm-s™~ 1. Unfortunately, the
instructions used when administering a JS test have not been
standardized and can vary considerably. For example, one



Jotrnal of Strength and Conditioning Research | www.asca.com

instruction was to “reach a maximum jump height” to max-
imize power output (2), whereas another was to move the
resistance “as fast as possible” to achieve maximum power
output (3). These examples indicate that some researchers
emphasize jump height, whereas others emphasize the speed
of movement. According to Dugan et al. (6), the instructions
given can have a tremendous effect on the determination of
the optimum load and suggested that the instructions used
should be addressed by researchers. A recent study (15)
compared various instructions on performance of a standing
long jump. It was found that an instruction to focus on
jumping for horizontal distance produced a superior perfor-
mance (p < 0.05) than an instruction to extend the “knees as
rapidly as possible.” Unfortunately, no other jump variables,
such as force, velocity, or power production, were assessed.

Sprinting is a common and important movement for
most sports. Previous research has highlighted the signif-
icant relationship between JS variables and sprint perfor-
mance (9,11,18). Therefore, the strength of the
relationship between S variables and sprint performance
may have implications on the programming of strength
and power training to improve sprint performance. It is
important to determine how instructions influence the
correlation between variables obtained from the JS and
measures of sprint performance.

The main purpose of this study was to determine the
influence of 2 different instructions on selected variables of JS
performance. Another purpose was to determine the rela-
tionships between the JS variables and sprint performance
and whether these relationships would differ for the 2
instructions. The findings of this study are expected to
inform practitioners and researchers about the instructions
that should be used to maximize power output in a JS and
the preferred instructions that relate to sprint performance.

METHODS

Experimental Approach to the Problem

A within-subjects repeated measures design was chosen to
investigate the potential differences between 2 instructions for
performing JS. One instruction emphasized jump height, and
the other emphasized the speed of leg extension. Participants
were familiarized with the procedures by performing the
warm-up and 3 sets of 4 JS with both instructions 2-3 days
before testing. Both ]S tests were conducted in 1 session in
a counterbalanced order so that half of the participants per-
formed one JS condition first and the other half performed the
other JS condition first. Participants were also assessed on
sprint performance with a 20-m sprint (Figure 1).

Subjects

Eighteen physically active men (mean * SD, age =20.6 * 1.1
years; height = 181.2 + 4.0 cm; body mass = 79.8 £ 5.3 kg)
who currently or previously participated in sports such as
track and field and various team sports involving jumping
and sprinting at a recreational level were recruited. All partic-

Warm-up for sprint test:

e 4-min jog

e 4 sub-maximum run-
throughs (60, 70, 80, 95%
max)

20-m sprint test (10m and 10-20m):

e 2 +trials with complete
recoveries, 5 min rest

Jump warm-up:

e 1x4 at 50% max effort
e 1x4 at 95% max effort

Jump test 1:

e listening to instruction
e 1x41]S, 5 min rest

e listening to instruction
e 1x41S

e 5S5minrest

Jump test 2:

e listening to instruction
e 1x4JS, 5 min rest

e listening to instruction
e 1x41S

Figure 1. Flow chart showing the sequence of testing.

ipants had at least 6 months experience performing resistance
training. Participants signed an informed consent form, and
the study was approved by the University Human Research
Ethics Committee.

Procedures

Sprint Tést. On arrival at the laboratory, a standardized
warm-up was administered, which started with a 4-minute
jog. Participants were instructed to jog at a pace that would
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Figure 2. Equipment for assessing the jump squat variables.

elicit a light sweat after 4 minutes. This was followed
immediately with four 20-m submaximum run-throughs at
60, 70, 80, and 95% of maximum effort with a slow walk-
back recovery. After about a 1-minute rest, the 20-m sprint
test was conducted. The participant used a standing start
with the toe of the front foot just behind the start line and
was allowed to start when ready. He or she was required to
commence the sprint from a stationary position so that the
first forward movement would trigger the timing. Dual-beam
infrared light gates (Swift Performance Equipment, Brisbane,
Australia) were placed at the start and at 10 and 20 m. The
testing was conducted indoors on an all-purpose floor in
a temperature-controlled building (approximately 20° C).
Two 20-m sprints were performed with complete recoveries
of 2-3 minutes. If the second trial was better than the first,
a third trial was performed, and the best trial was retained for
analysis. The time to 10 m was considered as a measure of

acceleration performance, and the time between 10 and 20
m (flying 10 m) was considered as a measure of high-speed
sprinting. The peak maximum speed for each participant
was not assessed because of the lack of the necessary space
to conduct a longer sprint.

Jump Squat Testing. The ]S testing was conducted after a 5-

minute rest from the sprint test. It started with a specific

warm-up consisting of 2 submaximum sets of 4 repetitions of

JS at 50 and 95% effort, respectively. After this warm-up, an

audiorecording was played stating, “when you jump we will

be measuring the height of the jump as well as how much
explosive force you produce when you push off the ground.”

Immediately after this, a recorded instruction was played

before commencement of the first JS test. These were as

follows:

1. Jump height instruction. “In this condition, just concentrate
on jumping for maximum height.”

2. Fast leg extension instruction. “In this condition, just con-
centrate on extending the legs as fast as possible to max-
imize explosive force.”

The recordings of the instructions guaranteed that the
delivery of the instructions was identical for all participants.
This was considered important because a change in empha-
sis during a verbal instruction could be interpreted differ-
ently, which could influence the results. No other
instructions were provided about the technique to use when
performing the jumps. After the first JS test, a 5-minute rest
was provided, and then, the recorded instruction was played
again immediately before a second set of 4 JS was performed.
Another 5-minute rest was provided, and then, the second ]S
instruction was played and that JS condition was assessed.
Both JS tests consisted of 2 sets of 4 jumps, with 1-2 seconds
between each jump. The mean of the 2 sets (8 jumps) for all
JS variables was retained for analysis. This relatively high
number of jumps was considered advantageous to determine
a representative score for each instruction.

TasLe 1. Descriptive results (mean = SD) and statistical comparisons for the 2 instructions.

% difference from Effect size

Countermovement jump Jump height Fast leg extension jump height (qualitative
variable instruction instruction instruction p descriptor)
Height (cm) 459 = 5.8 440 = 5.2 —4.1 0.003  0.34 (small)
Peak velocity (m-s™1) 2.58 *+ 0.24 2.43 + 0.23 -5.8 0.002  0.64 (moderate)
Peak force (N) 1,762.4 = 1929 1,817.6 * 242.7 3.7 0.029  0.30 (small)
Peak power (W) 4,089.7 = 622.5 4,036.4 = 608.9 —-1.3 0.181 0.09 (trivial)
Relative peak power 51.2 = 6.4 50.4 = 5.8 -1.6 0.165  0.18 (trivial)

(W-kg™")
Downward dip distance 54.9 = 10.0 475 *+ 11.6 -135 0.001  0.68 (moderate)

(cm)
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TaBLe 2. Correlations between jump squat variable and sprint test variables
both conditions.*

for

Jump height instruction

Fast leg extension instruction

10-m time 10- to 20-m time 10-m time 10- to 20-m time

and peak force were all deter-
mined from the concentric
phase of the jump, and these
variables have been shown to
have good test and retest reli-
ability with previously reported
intraclass  correlation  coeffi-

Jump height —-0.455 (M) —0.517 ()T —0.330 (M) —0.545 (L)} cients between 0.77 and 0.89
Peak velocity -0.335 (M) —0.356 (M) —0.140 (S) —0.248 (S) (16) Peak power was also ex-
Peak force —-0.108 (S) —0.185(S) —0.099 (T) —0.052 (T) pressed relative to body mass
Peak power —0.336 (M) —0.169 (S) —0.251 (S) —0.165 (S) b thi has b

Relative peak power —0.373 (M) —0.195 (S) —0.288 (S) —0.199 (S) cecause this measure has been

shown to be more strongly cor-

*T = trivial; S = small; M = moderate; L = large.
ip < 0.05.

Measurement of Jump Squat Variables

Jump squat variables were assessed with the Ballistic
Measurement System (Fitness Technology, Adelaide, Aus-
tralia), which consisted of a position transducer (PT5A)
and a force platform (400 Series) (17). The position trans-
ducer was attached to one end of a light pole (0.46 kg),
which was held firmly on the shoulders (Figure 2). The
force platform sampled force during the jump at 500 Hz.
Jump height was recorded from the peak height of the
jump relative to the standing position. The downward dis-
tance of the countermovement (dip) was recorded from the
bar displacement because this aspect of technique was not
standardized or controlled. The peak power, peak velocity,

related to sprint performance
than absolute peak power (18).

Statistical Analyses

To compare JS under the 2

instruction conditions, paired
tests were performed. The differences between the means
in the instructions were also described with percentages and
effect size statistics using descriptors of 0-0.19 = “trivial,”
02-0.59 = “small,” 0.6-1.19 = “moderate,” 12-1.99 =
“large,” and 2.0-4.0 = “very large” (7). Pearson’s correlations
were performed to determine the relationships between ]S
variables and sprint performance, and the strength of the
correlation was described as » = 0-0.09 = “trivial,” 0.10-
0.29 = “small,” 0.30-0.49 = “moderate,” 0.50-0.69 = “large,”
and 0.70-0.90 = “very large” (7). The Statistical Package for
the Social Sciences (version 19; SPSS, Inc, Chicago, IL,
USA) was used to perform the statistical tests, and the sig-
nificance was set at p = 0.05.

REsuLTS

The mean = SD sprint times

2000 - were 192 * 0.07 seconds,
------ Jump height instruction 322 + 0.13 seconds, and

1750 - 1.30 = 0.07 seconds for time
. 10 m, 20 m, and the 10-20 m,

1599 9 treseente, =—rFastleg extension respectively. The descriptive re-

1250 -

1000 -

Force (N)

750

500 -

250 -

"

instruction

sults and statistical comparisons
for the 2 instruction conditions
are shown in Table 1. The
height instruction produced
a greater (» < 0.05) mean jump
height, peak velocity, and
downward countermovement
distance than the JS performed
with the fast leg extension
instruction. Conversely, the

0 v e

0.2 0.4 0.6 0.8

-250 Time (sec.)

Figure 3. Example of force-times curves for a representative subject.

1 1.2 1.4

S fast leg extension instruction
yielded a greater (p < 0.05)
peak force (3.7%) compared
with the height instruction.
There was a trivial difference
between the instructions for
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peak power and relative peak power (p > 0.05). The cor-
relations between the JS variables and the sprint test vari-
ables are shown in Table 2. The only large and statistically
significant relationship was for jump height and 10-20 m
time (= —0.517 and —0.545 for height and fast leg exten-
sion instructions, respectively). The correlation between
10-m time and 10- to 20-m time was » = 0.585, which
represents 34% common variance.

The difference in force-time curves during JS between
the 2 instruction conditions for a representative subject is
shown in Figure 3. With the fast leg extension instruction,
the peak force was greater, but as a result of a smaller
downward dip (not indicated on the curves), the total take-
off time (eccentric plus concentric phases) was less, result-
ing in a lower jump height.

DIsScUSSION

This was the first study to evaluate the effect of instructions
on the performance of JS variables. The main finding was
that there was no statistically significant difference between
the JS with different instructions for peak power output (p >
0.05), but there were small-to-moderate differences for the
other variables (» < 0.05). The mean difference in peak
power with the 2 instructions was 1-2%. This occurred
because although the fast leg extension instruction caused
an increase in peak force, it was accompanied by a decrease
in velocity. Furthermore, the difference between the instruc-
tion conditions was similarly trivial when peak power was
expressed relative to body weight. Although this trivial
change in peak power suggests that JS performance was
insensitive to different instructions, peak power is not the
only useful JS variable. Indeed, Hori et al. (9) reported that
jump height had a slightly stronger correlation with 20-m
sprint performance than relative peak power. This is consis-
tent with the findings in the present study where stronger
correlations were found for jump height than peak power or
peak power/weight with sprint performance, regardless of
the JS instruction. Because jump height was significantly
greater with the jump height instruction (p = 0.003), it can
be concluded that instructions have a meaningful influence
on JS performance, at least as the JS relates to sprinting.
The fast leg extension instruction produced a 3.7% greater
peak force production compared with the jump height
instruction, and this was accompanied by 7.4 cm (13.5%)
smaller mean downward countermovement. This suggests
that the concentric phase of the jump would have com-
menced from slightly greater hip and knee angles. It is likely
that these larger joint angles explain the greater peak force
produced because of a more favorable length-tension
relationship for the hip and knee extensor muscles. The fast
leg extension instruction produced a decreased jump height,
and this is consistent with the reduced horizontal distance
produced during a standing long jump under a similar
instruction (15). If the fast leg extension causes a reduced
countermovement distance and takeoff time, a smaller
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impulse and velocity at the instant of takeoft' can be ex-
pected, resulting in a smaller jump distance (vertically or
horizontally).

In the present study, the relationships between peak force
in the JS and sprint performance were trivial to small
(Table 2). However, previous research has shown peak force
to correlate strongly (= —0.70; p < 0.05) with 10-m time
(10) and 2.5-m time from a block start (= —0.86; p < 0.05)
(20). Therefore, it remains unclear which JS variables are
most related to sprint performance. This ambiguity is likely
to be related to various factors, including the instructions for
the JS, different JS protocols and equipment used, the ath-
letic sample tested, and the speed qualities assessed in sprint
testing. Additionally, executing multiple sets of JS and only
between 2 and 3 sprint attempts, where a third sprint
attempt was made only if the second was faster than the
first, may have impacted these results.

The findings of this study should provide impetus for
future research to evaluate the aspects not examined in this
study. Because an in-depth biomechanical analysis of the JS
associated with the 2 instructions was not conducted, it is
not possible to explain how participants interpreted the
instructions and modified their technique. A comprehen-
sive analysis of JS technique, including a more in-depth
analysis of the force-time curve using different instructions
would be valuable for future research. Inclusion of muscle
activation patterns via electromyography may also be
useful. Additionally, recent research by Nibali et al. (14)
has highlighted that the assessment of the eccentric phase
of a JS may provide valuable insight into explosive leg mus-
cle function. The current investigation did not analyze
these variables; however, future research could focus on
how the eccentric phase of JS is influenced by specific in-
structions. Furthermore, because only 2 instructions were
compared in the present study, it would be worthwhile
assessing other instructions that could potentially affect
power output. For example, an instruction to jump for max-
imum height and a fast leg extension could yield greater
power output because these instructions would seem to
maximize peak velocity and peak force, respectively. Our
study used a limited number of JS variables and was only
performed with body weight as the resistance to the jumps.
Therefore, future research could use other JS variables and
aim to determine if the differences between the instructions
remain when JS are performed with additional loads or
unloaded conditions (less than body weight).

PRACTICAL APPLICATIONS

The present study demonstrated that jump height, peak
velocity, peak force, and the downward dip distance in the JS
were all influenced by the instructions provided. The first
implication is that instructions should be standardized so
that comparisons can be made over time when monitoring
athletes. If this is not done, it is possible that an athlete may
vary the emphasis applied during different jumps, which
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would be expected to influence JS performance. This, in turn,
would potentially influence the strength qualities being assessed.

Based on the correlations with sprint performance, it is
not clear which of the 2 instructions is preferred for testing
or training athletes who require explosive leg muscles for
sprinting. However if it is known that peak velocity with
maximum jump height is the main goal, the height
instruction would be preferred. Likewise, if peak force in
the JS is desired, the fast leg extension instruction would be
a better choice. It is not necessary to specify the depth of the
dip because this seems to be adjusted naturally according to
the instruction provided.
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