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Abstract

The purpose of this study was to determine jump height and number of
jumps during a five-set mock college men’s volleyball game using VERT, a
jump measurement device. Results were as follows. 1) There was no signifi-
cant difference in jump height between sets for SJ, T], and SPJ. For SJ and BJ,
S and OH were significantly higher than MB. For each jump type, approx-
imately 65% to 90% of jumps were at maximum height, suggesting that play-
ers did not always perform at maximum output. 2) The number of jumps per
set was 12.7 - 16.3 times for OH, 18.5 - 23 times for MB, and 23 - 32 times for
S in a 25-point match, and 14.7 times for OH, 15.5 times for MB, and 19
times for S in a 15-point match. 3) There was no drop in maximum reach or
vertical jump height at the end of the sets.
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1. Introduction

Height at the net is an advantage in the sport of volleyball because the game de-
pends on being able to attack and defend against opponents over the net. Partic-
ularly for the offensive technique of spiking and the defensive technique of
blocking, jump height is an important factor in addition to the player’s height. In
fact, jump ability has been reported to have a significant impact on wins and
losses (Fukuda et al., 1987; Kurokawa, 2000; Okano & Tanigawa, 2016). Height
is clearly an important aspect of volleyball, and there have been several studies
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focused on jump height and jump motion. Research trends are summarized be-
low under the categories of jump height and number of jumps.

Studies on jump height have focused on the relationship between jump mo-
tion and high contact point as well as changes in jump height measurements.
With respect to the former, Takanashi (2018) focused on spikes and investigated
the effectiveness of the three-step run-up and appropriate step width. Another
study of competitive college women spikers showed significantly high values for
jump height and knee joint torque (Muramoto et al., 2014). With respect to the
latter topic, Wnorowski et al. (2013) reported that game time jump height among
top men players in Poland fluctuated between 77-90% of maximum values, and
among top women athletes in Argentina, it was reported that there was no de-
crease in post-match maximum jump height (Esper, 2003).

Like jump height, jump number has also been studied both in Japan and abroad
(Esper, 2003; Lima et al., 2019; Okano & Tanigawa, 2016). In all these studies, with
some differences by nationality, measurements were taken during actual matches
with top-level men players. Across all studies, the number of jumps was highest in
order by position for setter, middle blocker, and outside hitter, with approximately
12 to 32 jumps per set (Esper, 2003; Lima et al., 2019; Okano & Tanigawa, 2016).

Recent advances in measurement technology have made it possible to conduct
simple measurements of jump motion as well. Several studies have relied on VERT
(VERT Wearable Jump Monitor) with a built-in accelerometer to measure the
number of jumps and jump height (Esper, 2003; Lima et al., 2019; Sheppard &
Gabbett, 2009). VERT can be synced with iPad applications through Bluetooth so
that a player’s number of jumps and jump height can be measured in real time. It
is also used to track and manage training to prevent player injury (Benson et al.,
2020; Skazalski et al., 2018a). The reliability of VERT measurements for the num-
ber of jumps and jump height has been verified in comparison with video analysis
and observed data (Charlton et al., 2017; Mahmoud et al., 2015; Skazalski et al.,
2018b). Although VERT has been adopted by some corporate sports teams in Ja-
pan, there do not appear to be any academic assessments of its usefulness.

Most research on jumps in volleyball has centered on top athletes. The few
studies involving youth players (Borges et al., 2017) have not had any applica-
tions in coaching and training. VERT analysis of jump type and jump height has
revealed that jump height does not vary among top athletes even after playing
multiple sets (Lima et al., 2019), but in establishing jump indices for the sport, it
would be useful to determine whether the same findings apply with a wider
scope of athletes that includes lower-level amateur players.

The purpose of this study, therefore, is to use VERT with college men volleyball
players to analyze jump height and the number of jumps during a mock game.

2. Methods
2.1. Subjects and Mock Game

Subjects in this study were six members of the D University volleyball team in
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the Tokai Collegiate Volleyball Association Men’s First Division League. Age
and physical traits of each subject are shown in Table 1. The positions played by
the six subjects were outside hitter (OH: n = 3), middle blocker (MB: n = 2), and
setter (S: n = 1). Subjects gave prior consent to participation in this study and the
use of data after receiving an oral explanation of the purpose and intent of the
research and the risk of related injury. This study was conducted with the ap-
proval (approval number: 2021-32) of the Institutional Review Board of Kyoto
Institute of Technology.

The mock game in this study consisted of a five-set match played at the
school. There were 558 jumps recorded in total using sample data from 25-point

matches for the first through fourth sets, and a 15-point match for the final set.

2.2. Measurement Categories and Methodology

1) Morphometrics

Morphometric items were height, single hand finger reach, and body weight.
Finger reach was measured from the fingertip to the floor with the dominant
arm extended straight up from a standing upright position using a vertical jump
scale (Swift Yardstick). Body weight was measured using a digital scale (DC-430A,
TANITA).

2) Maximum reach measurement

Before and after the mock game and between each set, maximum reach was
measured three times each for spike jump and vertical jump using VERT (VERT
Coach, VERT Wearable Jump Monitor).

3) Jump measurement

Subjects attached the VERT device to their shirt collars during the mock game
and data was collected on jump type, the number of jumps, and jump height for
each position per set. The number of jumps and jump height data was collected
from VERT while the associated jump type was identified using video footage
taken from above the end line. Jump type was visually confirmed and categorized
by three volleyball players with ten or more years of experience and one sports
science expert with over 20 years of volleyball coaching and research experience.

Four jump type categories were adopted from the eight categories defined by

Table 1. Subject physical traits and positions.

Body weight Standing Highest spike Running jump Vertical jump

Player Position Age Height (m) (kg) reach (m) touch (m) (m) (m)
A OH 18 1.84 72.6 2.33 3.19 0.86 0.66
B OH 21 1.78 74.4 2.30 3.06 0.76 0.65
C OH 20 1.80 82.3 2.28 3.11 0.83 0.78
D MB 21 1.85 80.0 2.37 3.25 0.88 0.74
E MB 19 1.88 66.0 2.44 3.26 0.82 0.66
F S 20 1.70 57.4 2.18 3.05 0.87 0.70
DOI: 10.4236/ape.2022.121001 3 Advances in Physical Education
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Lima et al. (2019): spike jump (SPJ), block jump (BJ), serve jump (S]), and toss
jump (TJ). The remaining four categories of reception, simulation, celebration,
and null were excluded from analysis due to low jump height and deemed lower
impact on performance. The mock game consisted of four 25-point rally sets and
a final 15-point rally set. Subjects warmed up prior to the mock game with pass,

pair receive, toss, spike, and serve practice.

2.3. Statistical Processing

The results of analysis were divided by set and position with calculated means
and standard deviations. Unpaired one-way factorial ANOVA was used to test
for differences in the mean values of jump height by jump type, jump height by
set and position for each jump type, and jump height by jump type for each po-
sition. Multiple comparison tests were then performed using Tukey’s HSD me-
thod, and the value of n*> was calculated as effect size. Paired one-way repeated
measures ANOVA was used for the maximum reach and vertical jump meas-
ured before the start of the mock game and after the end of each set, and the
value of n°p was calculated as effect size. In all analyses of variance, OH and MB
positions (not S) were included in analysis for SJ, and the difference in means
was tested by unpaired t-test. The value of d was calculated as effect size. IBM
SPSS Ver.24 was used for statistical processing, and the significance level was set
at 5%.

3. Results

Table 2 shows jump height per set for each jump type. Analysis of variance
showed that there was significant main effect on jump height per set only for BJ
(F (4, 185) = 2.942, p = 0.022, n* = 0.060) and not for SJ (F (4, 81) = 1.494, p =
0.212, n* = 0.069), TJ (F (4, 96) = 1.326, p = 0.266, n° = 0.053), and SPJ (F (4,
176) = 0.456, p=0.768, 1° = 0.011). Multiple comparison test results showed that
the second set was significantly higher than the third set (p = 0.026).

Table 3 shows the jump height per position for each jump type. Analysis of

variance for S] and BJ showed a significant main effect on jump height per position

Table 2. Jump height per set for each jump type.

First set Second set Third set Fourth set Fifth set
Numb Numb Numb Numb Numb
Type Lfm e Jump height gm . Jump height gm . Jump height gm . Jump height gm er Jump height
of ofjumps of jumps of jumps of jumps of jumps
jump o M SD M SD M SD M SD M  SD
ccurrence ccurrence ccurrence ccurrence ccurrence
(m) (m) (m) (m) (m) (m) (m) (m) (m) (m)
Serve 18 0.48 0.18 23 0.48 0.15 14 0.40 0.17 16 0.45 0.18 15 0.55 0.14
Set 24 0.41 0.11 19 0.38 0.11 23 0.44 0.11 24 0.44 0.10 11 0.40 0.12

Spike 40 0.58 0.15 33 0.59 0.13 43 0.61 0.12 38 0.59 0.11 27 0.61 0.12

Block 47 0.54 0.11 32 0.57 0.08 33 0.49 0.11 37 0.50 0.11 41 0.53 0.09
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Table 3. Jump height per position for each jump type.

Middle blocker Setter Outside spiker
Number um Number um Number um
Type ] Jump height AI P . ) Jump height AI P . . Jump height .] p .
of  ofjumps height ratio  of jumps height ratio  of jumps height ratio
Jump o M SD M SD M SD M SD M SD M SD
ccurrence ccurrence ccurrence
(m) (m) (%) (%) (m) (m) (%) (%) (m) (m) (%) (%)
Serve 31 0.29 0.04 806 95 14 0.59 0.05 881 7.6 41 0.57 0.12 769 159
Set 0 0.00 0 - - 101 0.42 0.11 658 17.2 0 0.00 0.00 - -
Spike 78 0.62 0.10 829 134 0 0.00 0.00 - - 103 0.57 0.14 715 17.6
Block 90 0.49 0.10 687 14.1 25 0.60 0.08 89.6 11.7 75 0.55 0.09 793 148
Note: Jump ratio (%) was calculated from the maximum jump height of each subject for each jump type.
(m) Total (m)
0.8 OH
0.8
0.6 0.6
0.4 0.4
0.2 0.2
0 0
Serve Spike Block Serve Set Spike Block
(m) MB (m) S
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0 0
Serve Spike Block Serve Set Spike Block

Figure 1. Jump height for each jump type and jump height for each jump type for each position.

for both (SJ: F(2, 83) = 97.190, p < 0.001, n* = 0. 701); BJ: F(2, 187) = 14.737, p
< 0.001, n* = 0.137). Multiple comparison tests showed that for SJ, S and OH
were significantly higher than MB (p < 0.001, respectively), and for B], S (p <
0.001) and OH (p = 0.001) were significantly higher than MB. An unpaired t-test
for SP] showed that MB was significantly higher than OH (#(179) = 2.374, p =

0.019, d=0.360).

Figure 1 shows the jump height for each jump type and the jump height for
each jump type at each position. Analysis of variance for jump height for each
jump type showed a significant main effect for jump type (F (3, 554) = 49.786, p
< 0.001, n* = 0.213). Multiple comparison tests showed that SPJ, B, SJ, and TJ
had the highest values, in order. Analysis of variance for jump height by jump
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type for each position showed a significant main effect (for jump type) for MB
and S (MB: F(2, 196) = 97.190, p < 0.001, > = 0.587; S: F (2, 137) = 44. 043, p<
0.001, n* = 0.392). The results of multiple comparison tests showed that for the
MB position, SPJ, BJ, and S] were higher (p < 0.001 each). For the S position, SJ
and BJ were significantly higher than TJ (p < 0.001 each). There was no signifi-
cant main effect for OH (F (2, 216) = 1.239, p=0.292, n* = 0.012).

Jump height ratios calculated from the maximum jump height of each subject
for each jump type were MB 80.6% + 9.5%, S 88.1% + 7.6%, and OH 76.9% *
15.9% for SJ, S 65.8% + 17.2% for TJ, MB 82.9% + 13.4% and OH 71.5% + 17.6%
for SPJ, and MB 68.7% *+14.1%, S 89.6% + 11.7%, and OH 79.3% +14.8% for BJ]
(Table 3).

The total number of jumps by position was OH 219 times, MB 199 times, and
S 140 times. The total number of jumps by position was 219 times for OH, 199
times for MB, and 140 times for S. The number of jumps per player was 73 times
for OH, 99.5 times for MB, and 140 times for S. The number of jumps per set
was 12.7 - 16.3 times for OH, 18.5 - 23.0 times for MB, and 23 - 32 times for S in
the 25-point match, and 14.7 times for OH, 15.5 times for MB, and 19 times for
S in the 15-point match.

Table 4 shows the maximum reach and vertical jump height before the start
of the mock game and after each set. Analysis of variance showed that there was
no significant main effect on jump height per set for either maximum reach or
vertical jump height (maximum reach: F (5, 25) = 2.597, p = 0.050, n°p = 0.342;
S F (5, (5, 25) = 2.436, p=0.063, n’p = 0.328).

4. Discussion

With respect to jump height per set for each jump type, although second set val-
ues were significantly higher than the third set for BJ, there was no significant
difference for SJ, TJ, and SPJ. This is similar to findings by Lima et al. (2019) as
opposed to conflicting findings by Wnorowski et al. (2013) that jump height
tended to decrease as more sets were played. This discrepancy may be related to
jump height adjustments made by individual players, as noted by Lima et al.
(2019). That is, the number of rallies and other circumstances of the match also
affect jump height since players need to align their jump height for tosses, spikes,

blocks, and other plays than the serve in alignment with their teammates and

Table 4. Maximum reach and vertical jump height before the start of the mock game and
after each set.

Pre 151 2nd 3rd 4th 5th p rllp
Highest spike M 314 312 313 311 3.11 3.10
0.050  0.342
touch (m) SD 0.1 0.09 009 009 007 0.07
Vertical M 070 070 0.69 069 0.69 0.68
i 0.063  0.328
jump (m) SD 0.05 0.04 0.05 0.06 005 0.04
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opponents. Jump height ratios calculated from the maximum jump height of
each subject for each jump type showed that individual jump heights ranged
from 76.9% to 88.1% for SJ and 68.7% to 89.6% for BJ. In other words, for each
type of jump, players jumped at about 65% to 90% of their maximum jump
height and did not always jump at their maximum output.

With respect to jump height per position for each jump type, S and OH were
significantly higher than MB for SJ and BJ, similar to results reported by Lima et
al. (2019). One explanation for why MB was lower than other positions for SJ
and BJ is finger reach. Finger reach was 218 cm for S, 230.3 + 2.5 cm for OH,
and 240.5 + 4.9 cm for MB, with MB being the highest. Higher finger reach
makes it possible to perform appropriate jumps using less power (Lima et al.,
2019). In contrast to previous findings that OH was significantly higher than MB
for SPJ (Lima et al., 2019), this study found that MB was significantly higher
than OH. Likewise, jump height ratios against maximum jump height of 71.5%
for OH and 82.9% for MB show that MB was higher. One factor behind this may
be that the tempo of the toss for OH and MB is different. While OH can
self-adjust jumps against the received ball, since the toss is delivered after the
jump for MB, MB tends to require both greater jump height and effort.

With respect to jump height for each jump type, the highest values occurred
in order of SPJ, B], §], and TJ. In volleyball, plays near the net are critical and
require a high jump height (Kurokawa, 2000; Lima et al., 2019). These results,
therefore, were as predicted since SPJ and BJ are both plays that happen close to
the net. Results were consistent with the above as well for jump height for each
position.

Differences in the number of jumps were examined for each position and its
role. In previous studies of top players and top youth players, the number of
jumps per set was about 12 - 23 times for OH, 18 - 27 times for MB, and 18 - 32
times for S, with S having the highest number of jumps (Esper, 2003; Lima et al.,
2019; Okano & Tanigawa, 2016; Sheppard & Gabbett, 2009). Our findings were
similar, with 12.7 to 16.3 times for OH, 15.5 to 23.0 times for MB, and 19 to 32
times for S. Considering that use of the jump set increases with higher setter
ability and team level (Palao & Martinez, 2013), we can assume that skill level
has an influence on the number of jumps that occur in a game, and that results
may differ among elementary and junior/senior high school players. Clarifying
the number of jumps in games and practices could contribute to the evaluation
of individualized training loads (Lima et al., 2019) as well as individual load
management for injury prevention (Benson et al., 2020; Skazalski et al., 2018a).

There was no significant difference in maximum reach and vertical jump
height before the start of the mock game and after each set. In contrast, a study
of jump height continuity by Muramoto et al. (1983) found that there was a sig-
nificant decrease in jump height between the first and last of 100 jumps. Another
study found with respect to vertical jump endurance that jump height decreases
with increased number of jumps and workload (Ichigi, 1982). Further, it has
been reported that there is a strong tendency in groups with low athletic ability
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for jump height to decrease consistently as the number of jumps increase, while
such tendency is weaker, and a certain level of jump height can be sustained in
groups with moderate athletic ability (Ishide, 1990). In this study, the average
number of jumps was 79.6 times per player throughout the five sets, that is, less
than the number of jumps reported in the previous studies that found decreases
in jump height. In addition to the moderate skill level of the subjects in this
study, the fact that jump height did not decrease may be therefore also explained
in part by the more limited number of jumps. The lack of any decrease in max-
imum output after the game may have been the result of adjustments made by
the players to maintain performance during the game, which in volleyball is
characterized by a mixture of instantaneous and endurance elements.

The purpose of this study was to clarify jump height and number of jumps
during a mock game using VERT for college men volleyball players. Results in-
dicate that the characteristics of jump height and number of jumps during
games are similar between top players and amateur players. Further, this study
verified the usefulness of VERT Coach for measuring data in the field, although
additional validation with a wider scope of subjects will be required to accumu-

late more detailed knowledge for practical applications.

5. Conclusion

The purpose of this study was to use VERT to determine jump height and the
number of jumps during a mock college men’s volleyball game. Results were as
follows.

1) There was no significant difference in jump height between sets for SJ, TJ,
and SPJ. For SJ and BJ, S and OH were significantly higher than MB. For each
jump type, approximately 65 to 90% of jumps were at maximum height, sug-
gesting that players did not always perform at maximum output. These results
matched the findings of Lima et al. (2019).

2) The number of jumps per set was 12.7 - 16.3 times for OH, 18.5 - 23 times
for MB, and 23 - 32 times for S. These results matched findings in previous stu-
dies (Esper, 2003; Lima et al., 2019; Okano & Tanigawa, 2016; Sheppard & Gab-
bett, 2009).

3) There was no drop in maximum reach or vertical jump height at the end of
the sets.

Findings suggest that the characteristics of jump height and number of jumps
during a game are similar between top players and amateurs. Although addi-
tional verification with a wider range of subjects will be necessary considering
that the number of jumps during a game may depend on skill level, the findings

of this study will be useful in coaching amateur players.
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