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m ^ In the horizontal jumps, speed in the hnal 
phase of the approach run undoubtedly hos a 
definite influence of the length of the jump. In 
the past, coaches have emphasised the acquire
ment of a standardised approach run of a prede
termined length, which would enable the juniper 
to achieve an optimum velocity, without the 
restraint of having to make adjustments to 
stride length or frequency. Observations of top 
class jumpers have shown, however, that this 
conception of the approach run as being a 
'closed skill', does not agree, at least in the final 
phase ofthe run-up, with what top class 
jumpers actually do. 

The object of the paper is to confirm that hori
zontal jumpers, in fact, modify their run-ups 
during the hnal phase, by means of visual, cog
nitive and proprioceptive information and that 
this process has a pronounced effect on the 
variability in the length of their jumps, ft * 
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1 Introduction 

The speed developed in the approach phase is 
considered to be a principal pre-condition of per
formance in the horizontal jumps. Many of the 
traininy methudologits specificdlly fur jumpers 
are based largely on this premise. The same can 
be said for talent selection procedures. Conse
quently, a substantial part of the training load 
undertaken by long jumpers of all ages and levels 
is aimed at increasing horizontal speed and motor 
abilities (fast strength, muscle elasticity), that 
contribute to this specific pre-condition, using, 
where appropriate, non-specific means. 

Practical field experiments and the results of 
some limited scientific research into gait regula
tion (Ltfi and THUMPSOM 1982; LAURFNT et al. 1985; 
HAY and KOH 1988), would lead us to conclude, 
however, that the relation between horizontal 
speed and jumping performance does not in itself 
provide the best, or at any rate the most discrim
inating, variable for a satisfactory prediction of 
the actual final length of the jump. This is con
firmed by the frequent use made by those work
ing in this field of thc expression maximum con
trolled or controllable speed. The latter is, in fact, 
said by coaches and the authors of the principal 
technical texts to be the true determinant of per
formance in this discipline, given the necessity, at 
the moment of take-off and during flight, to 
merge a series of complex voluntary actions with 
a very high horizontal speed. Although this opin
ion is widely shared, in the past attention has not 
always been focused closely enough on this 
problem, either in the research or with regard to 
the implicalions for teaching and for the training 
of the coaches themselves. 

The coefficients of correlation, reported In the 
literature, between the actual length of thejump 
and the horizontal speed recorded in the final 
phase of the approach (in general measured dur
ing the last 5-6 metres) tend to have very high 
values, especially if we consider the individual 
alhlete's best performance and include athletes 
of different levels in the population analysed in 
the calculation. 

1AAF quarlerlv New Studies in Athletics »no. 2-3/1996 127 



On the other hand, the values of the correla
tions decrease considerably - as might seem pre
dictable - when several jumps by the same ath
lete are analysed, groups with a similar perfor
mance level and horizontal speed are studied, 
and more sophisticated and appropriate statisti
cal techniques are used, as we hope will be the 
case in this study. 

That varying performance levels may exist in 
the same subject may seem like stating the obvi
ous. This is a concept, however, which has not 
been analysed in sufficient depth in field re
search, which usually devotes more attention to 
differences between the athletes or the perfor
mance levels than to those producing variations 
in the results obtained by the same athiete. 
Coaches and, in many cases, researchers too have 
attributed these differences to factors such as 
flight technique, take-off angle, or landing effi
ciency (to which HAV, for example, in his model of 
the 3-ph3se jump, attributed about 12% of the 
total length of jump, 1985). Even more frequent
ly, these differences have been attributed, in the 
scientific literature, to the reduction or loss of 
horizontal speed which occurs at the moment of 
contact with the board. This has been explained 
by the way In which the take-off is conditioned 
by the properties or characteristics of those ele
ments of the athlete's musculature that are 
specifically involved in the take-off action. It 
would, in any case, be difficult to assert that 
these muscle properties can undergo substantial 
changes in the course of one competition or of 
competitions taking place over a shorl time scale. 

Furthermore, this assertion does not take into 
due consideration the data already published by 
some researchers and confirmed, as we shall see. 
in this study, which often show marked reduc
lions and variations in horizontal speed and in 
time and length of flight in the last 4-5 touch
downs of the approach, rather than, as some au
thors claim, only from the second-last to the last. 

In some cases this has been attributed to ex
cessive faligue or an over-long approach, but this 
explanation does not appear at all convincing, 
when compared with other hypotheses which lay 
thc emphasis on factors of a cognitive nature and, 
particularly, on the treatment of visual informa
tion (processed in sequence with proprioreceptive 
information), while the athlete is moving at very 
high speed along the approach. 

The hypothesis sustained in this study is that 
variables such as muscle properties and simple 
final horizontal velocity, while they obviously 
have an infiuence on the ultimate outcome of the 
jump, are not enough in themselves to account 
for such differences in performance. These must, 
therefore, also be traced back to information-

related phenomena and to how, and how well, 
the athlete is able to process this information 
cognitively during the run-up to the take-off 
board. This also ties in with what every coach has 
noted, when trying to correct an athlete who has 
performed a no-jump or taken off before reach
ing the take-off board. In such cases, it is not 
sufficient to move thc starting point of the 
approach mechanically by a distance equal to the 
difference between the athlete's disallowed take
off and the end of the board, to be sure of ob
taining a surer or more precise "launch". Indeed, 
in some cases, not necessarily restricted to inex
perienced jumpers, this makes it more difficult 
for the athlete to "manage" the approach. 

It can thus be hypothesised that, although the 
approach in the long jump has in the past been 
defined principally as a closed motor skill, and 
many coaches continue to insist that i l be carried 
out in a uniform manner, what actually happens 
is that, during some of its phases, an intense cog
nitive processing of perceptive parameters, main
ly visual, occurs. 

Through training and competition, this cogni
tive treatment can be said to be structured into 
an approach management strategy. This cognitive 
strategy was described some years ago by LEE. 
THOMPSON and LISHMAN (1982). On the basis of a 

truly innovative, systematic study of three alh
letes, they affirmed that, after an initial phase 
based essentially on pre-programmed, automatic 
control, in the final part of the approach the 
jumpers utilise visual information to regulate the 
length of their stride. This hypothesis fits some of 
the claims advanced as part of the ecological 
paradigm of gait regulation (GIBSON 1979). 

MARAY and others later went on to analyse the 
triple jump from a similar point of view (1993), 
but many aspects, linked, for example, to speed 
control and frequency of movement, still remain 
to be explored. 

The particular hypothesis posited by LEE, THOMP
SON and LISHMAN is thai only the first part of the 
approach is pre-programmed (and therefore 
stereotyped and corresponding to the closed skills 
profile) and that the final part, as the athlete 
approaches lhe take-off board, is subject to cog
nitive processing and adjustment. As a conse
quence, according to these authors, the approach 
actually consists of a phase in which visual con
trol is limited and an adjustment phase, in which 
it plays a considerable part. Pursuing this line of 
investigation, HAY affirmed that the beginning of 
this phase of cognitive treattnent of the approach 
corresponds to the fifth-last touch-down (1988). 
albeit with variations, which can be identified 
using specific analysis and data-gathering tech
niques. 
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The objective of this project, then, is to provide 
further evidence of these cognitive approach 
management methods and of Iheir practical 
implications for the teaching of lhc long jump, 
with particular emphasis on the linkage between 
approach and take-off. The practical implications 
are of undoubted significance: particularly dur
ing competilions, most of the corrections sug
gested by coaches in this discipline arc focused 
on their athletes' methods of approach. It follows 
from this that a greaier understanding of the 
phenomena involved in this phase will greatly 
increase the effectiveness of such correciions. 

2 (y/lethodology 

Two different methods of investigation were 
used in this project: 
a) as a preliminary, a further analysis of data 

already gathered by other researchers (over 
150 athletes of each sex for a total of aboul 
470 long and triple jumps); 

b) a new, descriptive field analysis of the behav
iour during the approach of 16 athletes of 
both sexes and varying performance levels, 
who were studied using fi lm analysis and 
specific markers. The characteristics of the 
group analysed are shown in Table I 

Table 1: Characteristics of the athletes in 
study b 

Variables Minimum Maximum 

Age 17 24 
Periormance long jump 5.74m 7.08m 
Performance triple jump 1 Z.94m 16 04m 
Years of activity 4 17 

The jumps were analysed In relation to para
meters which included management of approach 
speed and length of stride, frequency of the dif
ferent jumps, the relation between horizontal 
speed and lenglh of stride, and the variations in 
width and length of the approach in the various 
trial runs, during the competition itself and the 
practices preceding i l . Only part of the data and 
subsequent processing procedures is, however, 
reported in this paper. 

With reference to the methodological choices 
on which this project is based, and the possibility 
that doubts might be raised regarding the small 
number of athleles studied, i l is probably a good 
idea to advance some considerations of a meth
odological character. 

Research in sport has generally concentrated 
on large sample populations and a small number 
of variables, analysed and processed, by prefer
ence, using correlational and multivariate tech
niques. We believe, however, that, to make real 
progress and provide sport-oriented research 

v«ith more scope for dialogue and with a greater 
practical impact on coaches, it is belter to work 
on large quantities of data and variables, gath
ered over time from just a few athletes (or even 
just one), using appropriate statistical techniques 
(eg. time series analysis). 

3 Results 

3.1 Study t 
The first slep was lo analyse, the wide range of 

existing scieniific literature dealing with the 
variability recorded in some performance para
meters in the long jump. These data were gath
ered from a wide variety of sources during major 
international competitions, such as the Olympic 
Games and World Championships. The range of 
sources may give rise to some doubts about the 
specific methods used to gather tbe data, through 
film analysis or by direct measurement of kine
matic parameters. A lotal of 470 jumps, per
formed by 165 athletes, were, in any case, ana
lysed, with reference lo the relations between 
horizontal speed and length of jump. The coeffi
cient of correlation between horizontal speed 
and jump measuremenl was r=0.90, calculated 
on the group as a whole and, therefore, exclud
ing considerations of sex or performance level. 

If. however, we consider only the higher level 
athletes (for example over 16 metres in the male 
triple, over 7.80 in the male long jump and over 6 
metres in the long jump), the correlation coeffi
cients fall considerably, to between r=0.58 in the 
male triple and r=0.62 in the male long. This is in 
keeping with HAY'S findings in 1986, in which a 
coefficient of correlalion belween speed at take
off and the result of the valid jump was calculat
ed at r=D.49 in top level female jumpers. 

This means that, in this analysis model, 25-
30% of the final performance of the jump can be 
said to result from horizontal speed, if we con
sider athletes of a similar performance level, for 
whom an increase in horizontal speed does not 
translate automatically into an increase in per
formance. 

The results become even more interesting, if 
we consider lhc analysis of the variations in dif
ferent jumps by the same athlete. In this paper 
we will focus only on the results of athletes per
forming a sufficiently high number of jumps for 
the correlalions to be calculated: for Mike Con
ley, for example, the coefficient of correlation 
between take-off speed and length of jump in 
the triple is equal to r= -0.75 - in other words, a 
negative correlation, which would seem to imply 
that, at least in the jumps under consideration, 
the greater the speed the shorter the jump. It 
should be said that Conley's speed at take-off is 
on average 10.45m/sec (d.s.=0.20). ranging from 
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a minimum of lO.lOm/sec to a maximum of 
10.78m/sec, with a variation coefficient equal to 
1.92%. The coefficients of variation for all the 
athletes with a sufficiently high number of jumps 
showed a considerable degree of variation. The 
correlation coefficients were generally higher for 
women than for men, albeit with a considerable 
range of variation (eg. Sakirkin r=0.39, Vokuhl r= 
-0.42). Overall, about 32o/o of the coefficients 
calculated had a negative value, and 54% had 
values which were not relevant for predictive 
purposes. 

The value of the correlation between length of 
jump, distance lost and speed of jump, which in 
the triple was evaluated as r^ -0.44, is also of 
Interest. It is clear that very few coaches consider 
competition performance to be purely a resull of 
horizontal speed developed during the approach, 
but these data seem to suppori the idea that the 
role of the control and regulation mechanisms 
are of particular importance to successful jumps. 
This leads us on to more detailed and specific 
analyses of single individuals, like those in study 
number 2. 

3.2 Study 2 

Since the data published in the literature does 
not provide a wide enough range of parameters 
to enable the starting hypothesis to be evaluated 
more accurately, an original study of horizontal 
jumpers was carried out. For this purpose, an 
analysis was made of the jumps of 16 male and 
female athletes, some of good national level and 
others of regional class. This variability did not 
reduce the value of the study, which was meant 
to be not so much a fully representative analysis 
as a means of gaining a better understanding of 
intra-individual variability. 

Two cameras, with a speed of 72 frames a sec
ond, were used to film 3 to 6 jumps, after which 
some parameters relating to the approach in 
both the penultimate and final phases were ana
lysed. In all, the individual behaviours of the 16 
athletes were analysed in great detail, allhough 
only some of these (6 for the long jump and 4 for 
the triple) will be analysed in this project. 

For each alhlete we recorded the total lengths 
of the approach and of the jump, as well as the 
disparities with respect to a marker placed 15 
metres from the lake-off board and, of course, 
the distance lost in centimetres wilh respect to 
the take-off board. The long jump group included 
bolh men and women. The latter were of a high
er slandard, since the results under consideration 
were obtained by alhletes with personal records 
ranging from 6.23 to 5.71 and jumps with effec
tive lengths of 6.12 to 5.51, including no-jumps, 
the actual length of which was also measured. 

For the female athletes, it is interesting to note 
that speed in the last 4 touch-downs of the ap
proach does not appear to be stable and that 
individual behaviours vai-y greatly. On average, it 
seems, in the sample we analysed, that maximum 
horizontal speed emerges three or four touch
downs before take-off, with the average and 
variability values given in Table 2. 

Table 2: Values of variability In the final 
touch-downs of the approach for 
the athletes In study 2 

Touch-down 

(ourth-lasl 
third-last 
second-last 
last 

Average 
speed 
Jm/sec] 

8.5 
8.55 
8.44 
7.99 

Standard 
deviation 

0,47 
0,48 
0.29 
0.5 

Coefficient 
of variation 

5.6% 
5.6% 
3.5% 
7.2% 

It is interesting to note thai a considerable 
degree of variability in speed values was found at 
the moment of take-off and al the third- and 
fourth-last touch-downs, while the values for the 
second-last touch-downs appear lo be more 
homogeneous, as can be seen from an analysis of 
Figure 1, where they are shown in graph form. 

Overall variability between the athletes in the 
study is fairly high and it is interesting to note 
that a higher correlation was found between 
actual length of jump and the speed of the third-
last touch-down (r=0.76), which would also 
appear to be statistically significant (p<0.01). This 
leads us to surmise that, in keeping with the ini
l ial hypothesis, the last two or three touch
downs are directed essentially at the preparation 
for the lake-off and that this produces consider
able reductions in speed, amounting in some 
cases to 12.2%. 

The data relaling to variations in length of 
stride and flighi were also analysed. These were 
calculated using the horizontal co-ordinates of 
the barycentre at take-off and the co-ordinates 
of the barycentre at the moment of impact. 
These data are shown, for both the women and 
the men in the study, in 7bb/es 3 and 4. These 
tables show clearly that there is less variability in 
the data relating to the last step, which, in this 
group of athletes, remains more homogeneous 
than the third- and fourth-last touch-downs, in 
which the greatest variability in length of step is 
recorded (cf. Figure 2). The frequency of stride 
data (not reported analytically here) show a slight 
reduction in the fourth- and third-last steps of 
the approach, while, in some subjects, the last 
step generally shows a considerable increase in 
frequency. 

For the Iriple jump, a supplementary measure
ment was introduced: the stability of the touch
downs in the central and final parts of the 3p-
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Figure 1: Variations In speed In the last 4 touch-downs -
female long jumpers (horizontal jumpers) 
Athletes ranging from 6.23 lo 5.71% variations 

proach, with particular reference to the hypothe
sis that the approach can be divided into a pre
programmed part and a final, visually processed, 
part. 

Figure 2 shows the standard deviations of four 
athletes in the last 6 steps of the approach lead
ing up to the take-off. These show quite clearly 
how the variability of the approach reaches par
ticularly high values in the sixth- and fifth-last 
touch-downs, and remains high afterwards. 

Unfortunately, a lack of data for 
touch-downs preceding the sixth-
last makes it difficult to evaluate 
the development of these strategic 
adjustment methods over the 
whole approach. On the basis of 
the available data, however, this 
adjustment seems quite obvious. 

4 Conclusions 

The results confirm thai high intra
individual variabil i ty in perfor
mance exists at all levels of techni
cal skill. This variability, however, 
manifests itself in very different 
forms from one subject to another 
and is associated wi th different 
methods of adjusting the approach 
run, in terms of length, speed man
agement and siride frequency, cor
responding to the inflow of differ
ent types of informalion Ihrough 
the sensory channels. In particular, 
it would seem that the athleles 

with the best performances seem to begin their 
cognitive processing of approach speed earlier, 
although there is a considerable degree of intra
individual variability here, also (very high coeffi
cients of variation in take-off precision). Informa
tion of a proprio-receptive as well as of a visual 
nature also seems relevant, given that the condi
tions of speed, strength etc, in which athletes of 
differeni performance levels operate are very dif
ferent. It appears, in particular, that the cognitive 

Tabie 3: 

Subject 

a 
b 
c 
d 
e 
f 
Minimum 
Maximum 
Mean 
Standard dev 
Cv 

Length of stride In the approach to the long jump [ 

5th last 

210 
212 
198 
211 
202 
174 

174 
212 

201.7 
14,4 

7.17% 

4th last 

227 
223 
207 
217 
183 
203 

183 
227 

210.0 
16-1 

7.66% 

3rd last 

222 
219 
200 
203 
206 
197 

197 
222 

207,8 
10.3 

4.96% 

2nd last last 

211 223 
220 220 
225 206 
208 218 
194 218 
205 223 

194 208 
225 223 

210.5 218.3 
11.0 5.5 

5.25% 2,54% 

=m] 

Length of Jump 

698 
691 
610 
708 
574 
584 

574 
708 

644.2 
61.4 

9,54% 

Mean 

218.6 
218,8 
207.6 
211.4 
200.6 
200.4 

200.4 
218,8 
209.5 

8.2 
3,93% 

Std dev 

7.6 
4.1 

10.6 
6.3 

13.1 
17.7 

4.1 
17.7 
9.9 
5 0 

Cv 

3.5% 
1.9% 
5.1% 
3.0% 
6.5% 
8.8% 

1.9% 
e.8% 
4.8% 
2.6% 

Table 4: 

Subject 

a 
b 
Q 

d 
e 
1 

Mlnimtim 
Maximum 
Mean 
Standard dev 
Cv 

Length of 

s th last 

85 
97 
83 
95 

105 
76 

76 
105 
90.2 
10.7 

11.8% 

light in a 

4th last 

113 
114 
103 
97 
85 

101 

85 
114 

102.2 
10.8 

105% 

iproach strides - long jump [cm] 

3rd last 

123 
101 
104 
94 

113 
92 

92 
123 

104,5 
11.8 

11.3% 

Znd last 

113 
94 

134 
97 
66 
97 

86 
134 

101.8 
18.5 

18.2% 

last 

86 
95 
83 
93 
92 

107 

83 
107 

92.7 
8.4 

9.0% 

Length of Jump 

698 
691 
610 
708 
574 
584 

574 
708 

S44.2 
61.4 
9 5% 

Mean 

104,0 
100.2 
101.4 
95.2 
36.2 
92.6 

92.6 
104,0 
98.3 

4.3 
4,4% 

Std dev 

174 
8.2 

20.9 
I.S 

12,3 
12.1 

1,8 
20.9 
12.1 
6,7 

Cw 

16.7% 
8.2% 

20.6% 
1.9% 

12.8% 
13.1% 

1.9% 
20.6% 
12,2% 
6,6% 
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Figure 2: Variations In regularity of approach In the last 6 touch-downs 

treatment depends not so much on individual 
performance levels as on the alhlete's own spe
cific characteristics, which should be analysed, 
using techniques and methodologies that focus 
more closely on inter-individual variations. 

These results seem to confirm that the teach
ing of the approach as a rigid and stable rhyth
mic structure, on the assumption that it is a 
closed skill, is not founded on observed data, that 
the motor programmes used throughout the 
approach are subjecl to strong parameterisation 
and adjustment and that the more highly skilled 
athletes are able to manage this perceptive 
aspect, based essentially on visual information, 
more effectively. This leads us lo suppose that 
visual feedback, in keeping with thc research car
ried out as part of the ecological and, in some 
cases, the proprioreceptive approach, is absolute
ly vital in the management of speed. One possi
ble consequence of this seems to be that the 
training of the approach speed should be closely 
targeted, as happens for example in situation 
sports, and that it should make use of suitable 
conditions of variability, to favour the most 
appropriate transition from approach to take-off. 
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