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RELATIONSHIPS BETWEEN HORIZONTAL VELOCITY VARIABLES AND JUMP
PERFORMANCE IN THE TRIPLE JUMP

BAYRAKTAR Isik!

Abstract

Aim. The aim of this study was to determine relationships between triple jump phases and velocity variables
in Turkish athletes.

Methods. The research group was composed of 38 Turkish male triple jumpers. The findings were obtained
during the official competitions. All trials of the athletes were recorded by two camcorders. The photocells
which are used to determine running times of athletes have been established 1m, 6m and 11m distance from the
take-off board. Velocities for 11m-6m section (V1), 6m-1m section (V2), total 10m (V10) and difference
between V2 and V1 (V2-V1) were calculated for each jump. The official jump distances were recorded. Best
performance of the athletes were analysed by the two dimensional analysis software. The official distance, actual
distance, distance lost at take-off, hop distance, step distance, jump distance, hop percentage, jump percentage
and step percentage, step length and velocity variables, contact time variables were measured and calculated.
General characteristics of the participants were presented as means and standard deviations (+SD). Pearson
correlation coefficients (r) were used to express the relationships between parameters. Linear regression analysis
was used to find coefficients of determination (r2) for the relationships.

Results. It was found relationships between horizontal velocity variables and jumping distance. A strong
correlation is between V10 and official distance (r=0.88, p<0.05, r*=0.78). It was established a linear regression
model to explain this relation[Predictive distance=(1.822*V10)-1.952]. Furthermore the technical effectiveness
score can calculated with the measured distance divided by predictive distance during the competition or
technical training.

Conclusion. This study has demonstrated that the approach velocity is highly related to jumping performance
in triple jump. It can be suggested that the speed ability should be priority testing in talent identification in triple
jump. In addition, the effectiveness score which is explained in this study can use by the athletic coaches to

assess of their athletes' technical level.
Keywords:triple jump, hop, step, jump, velocity

Introduction

The triple jump is one of the jumping events in
track and fields, and requires high levels of physical
preparation and technical ability. It is technically
divided into the approach run and three consecutive
jumps which are named hop, step and jump.

The optimal distribution among hop, step and
jump phases is set as an important affecting fact
according to the triple jump performance. The hop-
step-jump is indicated as a percentage of the triple
jumps whole distance. The distances in its phases
which are to do were known as the percentage of
these phases. The ratio of this percentage is the
ratio of these three phases and it is used as a
measure for the distribution of the triple jump
performance. The triple jump techniques were
divided in three phases according to their hop-step-
jump proportions: (a) Hop dominant technique: The
hop rate is at least 2% bigger than the other step
percentages; (b) Jump dominant technique: The
jump rate is at least 2% bigger than the other step

percentages; (c) The balanced technique: The rate
between hop and jump is less than 2% (Hay, 1999).

Similar to long jump the approach run velocity
is determining the jumping performance in triple
jump.In addition to that the lost velocity during the
three times performed jump action is effecting the
jumping success. Hay and Miller (1985)found out
that in the jump supporting phase 6%, in the
support phase of step and jump loss of velocity is
doubled. In the triple jump analyse of the Olympic
Games in Athens 1996 it was found out, that almost
the half of the male athletes using the hop dominant
technique, and that those who used the balanced
and jump dominant technique were as successful as
those who used the hop dominant technique (Hay,
1999).

In a study investigating the competition
performance of elite athletes (actual distance=
17.39 m), the speed for the approach run of the last
10 m(V10) were measured as a mean value of 10.10
m/s, the values of jump phases ratio mean 37:30:33
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(hop:step:jump, hop  dominant  technique),
supporting time was 0.120, 0.150 and 0.170 s (hop,
step and jump, respectively)(Hommel, 2009). In
another study it was found out for (actual
distance=17.46 m), that the athletes have a
meanvelocity value of 10.18 m/s in their last step,
their jump phases rate mean values were
36.0:29.9:34.1 (hop:step:jump, balanced technique),
their supporting time was 0.130, 0.170 and 0.190 s
(hop, step and jump, respectively)(Woo and Kim,
2011). Donley (1991) has declared that most male
triple jumpers had horizontal velocity between
10.04 and 10.46 m/s.

It was found out that there is an important
relation between triple jump performance and the
values of the approach run velocity. For instance,
Moura et al.(2005) found moderate correlation
between approach velocity and performance
(r=0.58, p<0.02). Fukashiro et al. (1981)have also
declared that there was significant relationship
between total jump distance and the velocity of run-
up (r=0.68, p<0.01). Furthermore Fukashiro&
Miyashita (1983)has revealed a strong significantly
correlation between two component which are the
approach velocity and jump distance (r=0.91,
p<0.001). Whereas these studies which have found
moderate or strong relationships between velocity
and distance, Hutt (1988) has reported that the
statistical correlation between final approach
velocity and triple jump performance is not as
significant.

Even so, most of the studies shown that the
approach velocity was found highly correlated with
the jumping distance (Liu, Mao and Yu, 2015;
Niessen et al. 2004; Panoutsakopoulos et al. 2016;
Panoutsakopoulos and Kollias, 2008; Perttunen et
al. 2000; Yongkui Zhang, 2013). The jump phases
of triple jump are affected not only horizontal
velocity values, but also loss in the horizontal
velocity (Fukashiro et al. 1981; Liu, Mao and Yu,
2015).

It seems that biomechanical analyses are crucial
applications in developing and understanding
technical level of athlete by serious quantitative
information to evaluate the performance of athletes
(Eissa, 2014) in according to individually (Yu,
1999). Therefore the researches should be apply to
on target athletes. The purpose of this study was to
determine relationships between horizontal velocity
variables and jumping distance variables in Turkish
male triple jumpers.

Methods

The research group was composed of 38
Turkish male triple jumpers who were 19,4+2,8
years old. The findings were obtained during the
official competitions which were in the calendar of

Turkish  Athletic Federation, and with the
permission of the federation.

All trials of the athletes in the research group
were recorded by two camcorders at 100 fps
(Panasonic HC-w850). The first camera was placed
perpendicular to the take-off board and covered the
last step of approach and the hop. The second
camera also was placed perpendicular to the
runway, and covered from the step to landing area
in the sand. The photocells which are used to
determine running times of athletes have been
established 1m, 6m and 11m distance from the
take-off  board  (SmartSpeed,  FusionSport,
Australia). Velocities for 11m-6m section (V1),
6m-1m section (V2), total 10m (V10) and
difference between V2 and V1 (V2-V1) were
calculated for each jump. The official jump
distances were recorded. Best performances of the
athletes were analysed by the two dimensional
analysis software (Tracker, v4.90-95). The official
distance, actual distance, distance lost at take-off,
hop distance, step distance, jump distance, hop
percentage, jump percentage and step percentage,
step length and velocity variables, contact time
variables were measured and calculated according
to the method of Hay (1999) and Hay & Miller
(1985).

General characteristics of the participants were
presented as means and standard deviations (£SD).
Pearson correlation coefficients (r) were used to
express the relationships between parameters.
Interpretation of correlation coefficients was as
follows: r< 0.49 weak relationship; 0.50 <r < 0.74
moderate relationship; and r> 0.75 strong
relationship  (Portney and Watkins 2015).
Linearregression analysis was wused to find
coefficients of determination () for the
relationships. For the statistical procedure IBM-
SPSS 20.0 pocket program was applied and
statistical significance was set at p<0.05.

Shapiro-Wilk test was applied in order to test of
normality for the wvariables, therefore it was
observed that the research group has shown normal
distribution (p>0.05).

Results

The triple jump kinematic variables of the
athletes are presented in Table 1. The research
group has 14.78 m mean value of actual distance
for triple jump. The distance lost mean value of the
athletes is 0.08 m. Their last step (LS) length is
2.24+0.18 m and velocity of the last step is 10.39
m/s. The athletes have demonstrated mostly the hop
dominated technique (66%). Few athletes’
technique is jump dominated (%5) and the rest on
have balanced technique (11 athletes). As for the
change velocity percentage, it was observed that
horizontal velocity have decreased up to 26%
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except last step velocity.The durations of support
phases are progressively increase from hop to jump

phase (0.140, 0.170 and 0.190 s; hop, step and
jump, respectively).

Table 2. The triple jump kinematic variables (mean + SD) of the research group (n=38)

Variables Mean sSD
Distance Official [?istance 14,70 0,83

m) Af:tual Distance 14,78 0,82
Distance lost 0,08 0,06

Vi1 9,14 0,44

V2 9,10 0,47

. V10 9,14 0,40
Veloc(lrt%//s\)/alues VLS 10,39 0.66
Vhop 8,51 0,50

Vstep 7,78 0,59

Vjump 5,56 0,52

. Hop 5,49 0,36

Jump Pha(srfs Distance Step 4.37 0.34
Jump 4,92 0,49

. Hop 37,2 1,9

Jump Ptz(z;j)es Ratio Step 206 17
Jump 33,2 2,4

V2-V1 -0,4 5,2

Change Velocity VlossLS 13,5 8,2
Percentage VlossHop -17,2 6,6
(%) VlossStep -8,5 6,2
VlossJump -26,8 6,0

Hop CT 0,140 ,010

S“ppOEtS)PhaseS Step CT 0,170 020
Jump CT 0,190 ,020

Table 3. The relationships between velocity variables with jump distances

Approach Run Velaocities Jump Phases Velocities Vloss

V1 V2 V10 VLS Vhop Vstep Vjump V2-V1
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (%)
Official D. r 760  .79" .88™ 457 63" 48” .03 .08
(m) p .00 .00 .00 .01 .00 .00 .90 .64
Actual D. r .77 77 .88 45 .62 A7 .06 .06
(m) p .00 .00 .00 .01 .00 .00 .81 12
LostD. r -04 -27 =17 -.06 -13 -.07 .29 -25
(m) p .83 A1 31 72 .45 .66 24 14

The relationships between horizontal velocity
variables with jump distances were given in Table
3. It was found that there are strong relationships
among the variables of approach run velocities (V1,
V6 and V10) and official distance, also with actual
distance (from r=0.76, to r=0.88; p<0.05). The
moderate relations were observed between hop
phase velocity with official distance (r=0.63) and

actual distance (r=0.63). It was not found any
relationship the lost distance with horizontal
velocity variables. Triple jump phases which are
hop, step and jump distance have positive moderate
and weak correlations with horizontal velocity
values (Table 4). There is a statistically significant
strong relation between jump phase’s ratios and the
velocity of jump phase (r=0.80, p<0.05).
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Table 4. The relationships between velocity variables with variables of the jump phase’s ratios
Approach Run Velocities Jump Phases Velocities Vloss
V1 V2 V10 VLS Vhop Vstep Vjump V2-V1
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (%)
Hop r 53 427 55" 367 517 13 -.09 -.07
(m) p .00 .01 .00 .03 .00 43 72 .66
Step r .54 457 54" 33 41 .16 -42 -.06
(m) p .00 .00 .00 .05 .01 .34 .08 12
Jump r .52 67 68 .23 .38 58" 69 .20
(m) p .00 .00 .00 .18 .02 .00 .00 .23
Hop r -15 -31 -24 -.03 -.02 -347 -28 -17
(%) p .37 .06 14 .85 .90 .03 .25 .32
Step r .02 -12 -.08 .05 -.03 -.23 -62° -.16
(%) p .90 .48 .61 .76 .84 .16 .01 .35
Jump ro 11 33 .26 -.01 .04 45" 80 24
(%) p .53 .04 A2 .94 .79 .00 .00 A4
Table 5. The relationships between velocity variables with contact time (CT) of the jump phase ratios
Approach Run Velocities Jump Phases Velocities Vloss
V1 V2 V10 VLS Vhop Vstep Vjump V2-V1
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (%)
Hop CT r -08 -.28 -19 -12 -17 -32 -.24 -21
(s) p .65 .09 27 49 31 .05 .33 .20
Step CT r .02 -20 -.06 -.06 -17 -56 -37 -22
(s) p 91 .23 .70 75 .32 .00 13 .18
JumpCT r .01 -.16 -.03 -.05 -10 -33 -.03 -18
(s) p .96 .33 .85 .79 57 .04 91 .29

The relationships between horizontal velocity
variables and contact time of jump phases were
demonstrated in Table 5. According to these values
that there are negative and moderate relation
between the velocity of step phase and step contact
time (r=-0.56, p<0.05). It means that the velocity of
step phase decreased when jump contact time

increased. Similar direction, but weak relationships
were observed between step phase velocity with
hop contact time and jump contact time (r=0.32,
0.33, hop and jump, respectively). The jump
contact time has a weak and positive relation
(r=0.33) with step phase ratio, too (Table 6).

Table 6. The relationships between support phases variables with jump distances

Official Actual Lost

. ) . Hop Step Jump Hop Step Jump
Pl Praes PREEm o m o m e ) o)
HopCT r  -22 -21 18 15 0L -25 04 21 -18
() p .18 21 29 36 .96 14 8 .20 27
StepCT 1 -06 ~05 18 0609 L1914 I8 i
() p 71 76 29 74 59 25 41 .28 14
umpCT 1 -07 -08 ~.09 00 18 -2 10 33 .31
() p_ .66 .63 57 100 .28 11 57 .04 .06

Linear regression model of run-up velocity
and the jump distance

With the last 10 meters of approach velocity
(V10) as the independent variables, and distance of

triple jump performance (official distance) as the
dependent variables, establish the regression model
(Table 7).
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Table 7. Fitting results of regression model
R R’ Adjusted R Std. Error of the Estimate
0,88 0,78 0,77 0,40

Table 8. Significance test results of regression model
Sum of Mean

Squares Square F P
Regression 19,702 1 19,702 125,774 ,000
Residual 5,639 36 ,157
Total 25,341 37

Table 9. Significant test results of regression coefficients
Unstandardized Coefficients Standardized Coefficients

B Std. Error Beta t P
(Constant)  -1,952 1,486 - -1,314 ,019
V10 1,822 ,162 ,882 11,215 ,000

predictive variable coefficient (B=1,822) significant
test shows that the approach velocity is a significant
predictor (p<0.01) (Table9.). According to the
regression analyse finding the equation for the
triple jump distance prediction is as:

Predictive Jump Distance= Y

Velocity of last 10 meters (V10) = X

Y = (1.822X) - 1,952

At the end of the simple linear regression
analyse to predict the effect of the triple jumpers
approach run velocity on the jump distance, it was
found out that there is an important correlation
(r=0.88, r*=0.78) and it was found out that the
velocity of the approach run is a predictor for the
jumping distance (F(1-3=125,774, p<0.05)(Table
8.). The approach run velocity is explaining 78% of
the jumping distance. The regression equation main
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Figure 1. The relationship between the approach run-up velocity which is V10 (11-1 m) and official triple jump
distance (r=0.88, p<0.05; r’=0.78)

Discussion

The horizontal velocity is a crucial component
in the triple jump performance. The finding was
reported most of the studies which were examined
on relationship between approach velocity triple
jump performance(Fukashiro et al. 1981; Liu, Mao
and Yu, 2015; Niessen et al. 2004;

Panoutsakopoulos et al. 2016; Panoutsakopoulos
and Kollias, 2008; Perttunen et al. 2000; Yongkui
Zhang, 2013). The present study has found a similar
relation between official jump distance and last ten
meters of run-up velocity (r=0.88, p<0.05). The
approach velocity mean values are over 10 m/s for
elite triple jumpers who has jumped over 17
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meters(Donley, 1991; Hommel, 2009; Miller and
Hay, 1986; Woo and Kim, 2011), more than 1m/s
faster from Turkish triple jumpers (V10=9.14+0.4
m/s).

It is known that the horizontal velocity
decreased during the jump phases, because of the
consecutive three take-off. The changes velocity are
6% for the hop phase, and more than twice that
much during each of succeeding phases(Hay and
Miller 1985). It means that the changes velocityare
range from -6.0% to -13.6%. Miller and Hay (1986)
have reported the values from -6.8% to -17.8% in
order to the relative changes in horizontal velocity
during the jump phases. The current study has
found the relative change velocity values between -
8.5% and -26.8%. The increasing in the changes of
horizontal velocity would affect all jump phases
which named hop, step and jump as the study of
Liu et al. (2015). Whereas it was not found any
relationship between the changes velocity and other
variables in the current study.

As for the contact time of the phases are 0.140,
0.170 and 0.190 s for hop, step and jump,
respectively according to the findings of this study.
Hay & Miller (1985) has noticed that the contact
time of the hop-step-jump phases are 0.132, 0.169
and 0.188 s, respectively.Fukashiro et al.,(1981)
reported that the contact time values are 0.120 s for
hop, 0.150 s for step and 0.160s for jump phase. In
another study it was found 0.135, 0.168 and 0.185 s
for hop, step and jump contact time, respectively
(Miller and Hay 1986). The contact time values of
jump phases was identified 0.134 s (hop), 0.161 s
(step) and 0.190 s (jump) byPanoutsakopoulos et
al.(2016). They have also found negatively
relationships between actual distance and contact
time values for hop and step (r=-0.64/-0.62, p<0.05,
respectively). Whereas to this findings, it was not
observed any relationship between jump distance
and contact time values in the present study.
However, it was found that there is a weak positive
relation between step distance ratio and jump
contact time (r=0.33, p<0.05). Additionally, the
velocity of step phase has weak and moderate
negative correlations with contact time of hop-step-
jump phases in this study. This findings have
emphasized that the contact time of the jump phases
are a significant component of triple jump in
according to the previous studies
(Panoutsakopoulos et al. 2016; Panoutsakopoulos
and Kollias, 2008). Because there are an advantage
of the shorter contact times to achieve better
jumping distance for athlete.

The one of the prominent finding of this
research is a relationship between the last 10 m
velocity of approach run and official distance
(r=0.88, p<0.05). Previous studies have shown a
similar relation between this variables. For instance,

Zhang (2013) has observed strong correlation
(r=0.84, p<0.05) among the performance and run-
up speed in triple jump. Fukashiro and Miyashita
(1983) has found a similar relation between the
horizontal velocity and the jumping distance
(r=0.91, p<0.001).Further Fukashiro et al. (1981)
reported that there is a moderate correlation about
this issue (r=0.68, p<0.01).

According to the regression model of this study
that the determination coefficient (r’) is 0.78. It may
be stated that 78% of the jumping performance
variation can be explained by horizontal velocity of
approach (V10). For the other 12 % it needs other
variables to clarify the wvariation of jump
performance for male triple jumpers.Many
studieshave found a similar determination
coefficient in their regression model. Liu et al.
(2015) noticed that the horizontal velocity of
approach explained 94% of the actual distance in
triple jump. Zhang (2013) was found 0.707 for
determination coefficient.

Practical Application:The run-up velocity of
last 10 m (V10) is calculated during the competition
or technical training. According to the equation
below, the predictive jump distance is found for a
male triple jumper.

Predictive Jump Distance = (1.822*V10) -
1,952

Then, the measured jump distance value is
divided by the predictive jump distance value.
Thus, a technical effectiveness score is obtained
from this dividing for an athlete.

Technical effectiveness score = Measured
Distance / Predictive Distance

If the score is less than 1, it means that the
technical effectiveness of athlete is low level. If the
score is more than 1, the athlete’s technical
effectiveness is high level.

Conclusions

This study has demonstrated that the approach
velocity is highly related to jumping performance in
triple jump. It was observed that this correlation is
more important than other performance component
in Turkish male triple jumpers. Even if the
literature has explained the many component of the
jumping performance. It can be suggested that the
speed ability should be priority testing in talent
identification in triple jump. In addition, the
effectiveness score which is explained in this study
can use by the athletic coaches to assess of their
athletes' technical level.

Acknowledgments

Thank you to all of subjects who participated in
this study.

101



Ovidius University Annals, Series Physical Education and Sport /SCIENCE, MOVEMENT AND HEALTH
Vol. XVII ISSUE 2, 2017 Romania
The journal is indexed in: Ebsco, SPORTDiscus, INDEX COPERNICUS JOURNAL MASTER LIST,
DOAJDIRECTORY OF OPEN ACCES JOURNALS, Caby, Gale Cengace Learning, Cabell’s Directories

qun S

e E.F:i: s

I‘#
-

References

Abeer E, 2014, ‘Biomechanical Evaluation of the
Phases of the Triple Jump Take-Off in a Top
Female Athlete’. Journal of Human Kinetics
40(1): 29-35.

Fukashiro SY, limoto HK, and Miyashita M, 1981,
‘A Biomechanical Study of the Triple Jump’.
Med Sci Sports Exerc 13(4): 233-37.
http://www.ncbi.nlm.nih.gov/entrez/query.fcg
i?cmd=Retrieve&db=PubMed&dopt=Citation
&list_uids=7278568.

Fukashiro S, and Miyashita M, 1983, ‘An
Estimation of the Velocities of Three Take-
off Phases in 18-M Triple Jump.” Medicine
and science in sports and exercise 15: 309-
12.

Hay JG, 1999, “‘Effort Distribution and Performance
of Olympic Triple Jumpers’. Journal of
Applied Biomechanics 15(1): 36-51.

Hay JG, Miller JA, 1985, ‘Techniques Used in
Triple Jump’. International Journal of Sport
Biomechanics 1: 185-96.

Hommel H, 2009, Triple Jump (Final Report) -
Scientific Research Project Biomechanical
Analyses at the IAAF World CH in Athletics
- Berlin 2009. Darmstadt.
https://www.iaaf.org/development/research.

Hutt E, 1988. “Model Technique Analysis Sheet for
the Horizontal Jumps: Part Il. The Triple
Jump’. New Studies in Athletics 4(3): 63-66.

Liu H, Dewei M, Bing Y,. 2015, ‘Effect of
Approach Run Velocity on the Optimal
Performance of the Triple Jump’. Journal of
Sport and Health Science 4(4): 347-
52.http://dx.doi.org/10.1016/j.jshs.2015.07.00
1.

Milaji D, 1991, ‘Speed, Technique and Statistics in
the Women’s Triple Jump’. New Studies in
Athletics 6(3): 35-41.Miller J, Hay JG, 1986,
‘Kinematics of a World Record and Other
World-Class Performances in the Triple
Jump’. International Journal of Sport
Biomechanics 2: 272-88.

Moura NA, Fernandes T, Jodo PB, 2005,

‘Approach Speed and Performance in the
Horizontal Jumps: What Do Brazilian
Athletes Do?’ New studies in athletics 20(3):
43.

Niessen M, et al. 2004, “Time Management and
Velocity Profiles in Elite Triple Jumping’. In
Proceedings of the 9th Annual Congress of
the European College of Sport Science,
Clermont-Ferrand 03rd--06th July,.

Panoutsakopoulos V, et al. 2016, ‘Gender
Differences in Triple Jump Phase Ratios and
Arm Swing Motion of International Level
Athletes’. Acta Gymnica 46(4): 174-83.
http://gymnica.upol.cz/doi/10.5507/ag.2016.0
16.html.

Panoutsakopoulos V, Iraklis K, 2008, ‘Essential
Parameters in  Female Triple Jump
Technique’. New Studies in Athletics 23(4):
53-61.

Perttunen J, Heikki K, Paavo VK, Heinonen A,
2000, ‘Biomechanical Loading in the Triple
Jump’. Journal of Sports Sciences 18(5):
363-70.
http://www.tandfonline.com/doi/abs/10.1080/
026404100402421.

Portney LG, Mary PW, 2015,Foundations of
Clinical Research. Applications to Practice.
3rd ed. Philadelphia: F. A. Davis Company.

Woo SY, Yong WK, 2011,Triple Jump
Biomechanics Research Report from the
IAAF World Championships Daegu-2011.
Deagu. http://www.jaaf.or.jp/t-
f/pdf/Daegu2011.pdf.

Yongkui Z, 2013. ‘Statistical Analysis of Triple
Jump’s Dynamics and Its Grey Forecasting
Model of Result’. BioTechnology: An Indian
Journal 8(9): 1222-27.

Yu B, 1999, ‘Biomechanical Studies on Triple
Jump Techniques: Theoretical Considerations
and Applications’. In Scientific Proceedings
of the XVII International Symposium on
Biomechanics in Sports, Edith Cowan
University, Perth, Australia, 17-26.

102



