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Abstract
Introduction. The main purpose of this study was to evaluate the effect of a training programme aimed to enhance toe-to-
board consistency on footfall variability and performance in the long jump. Material and methods. The study involved 36 
male physical education students. The experimental group participated in a 12-week training programme, whereas the control 
group was limited to taking part in the classes held at university. All participants performed 6 long jump trials during two testing 
sessions. The kinematic parameters were assessed using the Optojump Next device and were further analysed to determine the 
variability of footfall placement during the approach run. Results. The analysis revealed a significant (p < 0.01) decrease in foot-
fall variability in the experimental group between the pre-test and post-test. After the completion of the training programme, 
the participants significantly (p < 0.05) improved their take-off accuracy. Additionally, they significantly (p < 0.05) increased 
their velocity in the last five steps before take-off and the effective distance of the jump (p < 0.001). Conclusions. The results of 
this study indicate that through specific training, it is possible to improve the consistency of the steps in the acceleration phase 
of the approach run in the long jump. Moreover, decreasing footfall variability helps achieve a more stable step pattern which 
may be beneficial for greater accuracy at the take-off board and makes it possible to increase step velocity at the final stage of 
the approach run.

Key words: athletics, constraints, stability, step pattern

Introduction

From the dynamical system perspective, we never exhibit 
the same movement patterns while searching for an optimal so-
lution to a given task. Therefore, every movement of the body 
leads to different changes in the movement outcome. Move-
ment variability is regarded as a variation in human motor be-
haviour across multiple repetitions of a task [1]. From the tra-
ditional motor learning perspective, movement variability is 
related to noise in the central nervous system which should be 
eliminated or removed [2]. In the dynamical approach, variabil-
ity is interpreted as a mechanism that allows for the stabilisation 
of action and adaptation to numerous constraints [3]. Recently, 
it has been considered as an essential element of the motor sys-
tem which promotes flexibility in adapting to perturbations [4].

In the motor learning process, movement variability can be 
viewed as searching for a stable and functional state of coordina-
tion [5]. It can also be a skill indicator, as the level of variability 
displayed by performers tends to change with experience. Many 
studies have reported differences between movement patterns 
depending on levels of expertise, and they have demonstrated 
that high-level performers show better consistency and stability 
of the action. Stergiou et al. [6] generally stated that increased 
movement variability indicates less cooperative behaviour, while 
decreased variability is a sign of more stable behaviour. An anal-
ysis of movement patterns in different sports and motor skills 
shows that movement variability decreases with task-specific 
practice, which can be observed among others when unskilled 
and skilled athletes are compared. This has been confirmed by 
studies of variability in many discrete sports actions, for exam-

ple in golf swings [7] and in basketball free-throws [8], where 
this has been attributed to a decrease in selected joint move-
ment variability with expertise. In contrast, some researchers 
suggest that despite years of practice, athletes are unable to pro-
duce invariant movement patterns [9, 10]. Others suggest that 
regardless of experience, athletes can display similar levels of 
variability, but experts can exploit this variability in a functional 
manner [11, 12]. However, there is still no clear evidence of how 
this variability changes as a result of the learning process.

This functional variability emerges in the long jump, where 
the performance of the approach run forces athletes to adapt 
their movement pattern to different constraints. It was previ-
ously well observed that either expert or novice long jumpers 
displayed an ascending-descending trend of step-to-step vari-
ability in relation to the take-off board [13, 14, 15]. For example, 
an analysis of intra-trial footfall variability showed that jumpers 
exhibit a two-phase strategy during the approach run [13]. In 
the first phase, the variability of footfall placement constantly 
increases (acceleration phase), while in the second phase, accu-
mulated variability systematically decreases (zeroing-in phase) 
until the take-off board is reached.

These last step adjustments during the approach run con-
stantly interact with different constraints and simultaneously 
reflect the search for an optimal solution that would allow the 
athlete to accurately hit the take-off board at the highest pos-
sible horizontal velocity. These regulations influence the per-
formance of the jump, which has been observed in the past [16]. 
For example, Starzak et al. [17] found that different environmen-
tal constraints lead to different patterns of step length adjust-
ments. Athletes who jump without the take-off board produce 
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a lower level of intra-trial variability and start to regulate their 
steps earlier in the approach run. This provides an opportunity 
to control movement better and results in higher footfall preci-
sion. Similarly, Theodorou et al. [18] claimed that stronger en-
vironmental stimuli allow athletes to regulate their steps earlier 
and that way focus on developing horizontal velocity and proper 
take-off technique. Some researchers underline the positive ef-
fect of enhancing jumpers’ interaction with the environment by 
introducing additional tools (i.e. coaching check marks) into 
the execution of the approach run. This seems to be beneficial 
for lowering footfall variability and for developing consistency 
in the step pattern [19]. Recently, it has been found that the use 
of extra external aids promotes better control of the approach 
run, and it can also be an effective way of decreasing footfall 
variability [20]. Therefore, it may result in better accuracy at 
the take-off board. Moreover, Makaruk et al. [21] found that 
lower levels of footfall variability during long and triple jump 
approach runs could lead to greater take-off accuracy and sig-
nificantly decrease the number of foul jumps.

A well-established movement pattern seems to be crucial in 
the long jump, where the proper execution of the approach run 
is one of the requirements of a successful jump. However, it is 
nearly impossible to maintain movement invariance through-
out the numerous repetitions, as athletes are influenced by sev-
eral constraints [9]. Nevertheless, some authors propose practi-
cal solutions which may improve the performance of the long 
jump approach run. Lundin and Berg [22] concluded that the 
primary goal is to start with improving the acceleration phase 
through performing repetitions in training using various forms 
of executing the approach run (i.e. approaching with and with-
out jumping). Others suggest focusing on developing an appro-
priate running rhythm which could help to improve perform-
ance by reducing approach run velocity [23]. For instance, they 
recommend placing mini-hurdles or different cues at selected 
distances, which could enable athletes to develop a step pattern 
and simultaneously increase running speed. Using such tools 
can be an effective way to establish a desirable step length by 
setting intentional distances between markers [24]. Another 
solution could be to make it possible for athletes to learn tran-
sition running by implementing check marks at varying dis-
tances which show points where the running speed needs to be 
changed. Based on the perception-action coupling mechanism, 
individuals would then be forced to control the step length and 
make constant adjustments to their locomotor pattern.

The above-mentioned findings indicate that the level of 
footfall placement variability during the execution of the long 
jump approach run depends on the continuous process of an 
athlete’s interaction with different constraints. On the other 
hand, developing a more stable step pattern and an appropriate 
running rhythm seems to be an essential element of an approach 
run training routine. Therefore, the purpose of this study was to 
investigate how footfall variability changes during the approach 
run following the implementation of a training programme 
aimed to enhance step stability and consistency in non-long 
jumpers. Moreover, we wanted to find out if these changes in 
movement variability can influence long jump performance.

Material and methods

Subjects
Thirty-six male students volunteered to participate in the 

study. All subjects were physical education students and were 
not experienced in any sport activity. They were moderately 

active because of the nature of their studies, which include a 
number of classes involving physical activity, such as courses in 
athletics, gymnastics, and team sports. Their only experience in 
the long jump was that they had completed a long jump course, 
so they were considered non-long jumpers. Participants were 
randomly assigned to either the experimental group (EXP, n = 
20) or the control group (CON, n = 16). Detailed characteris-
tics of the groups are presented in table 1. Subjects from both 
groups were asked to limit their activity to daily tasks and classes 
scheduled at university. Apart from that, subjects from the EXP 
group attended the training programme. All participants were 
informed about the purpose of the study and gave their writ-
ten informed consent. The study was approved by the University 
Ethics Committee.

Table 1. Characteristics of the experimental and control groups

EXP (n = 20) CON (n = 16)
Age [years] 20.9 ± 0.4 21.0 ± 0.5

Body height [m] 1.81 ± 0.04 1.79 ± 0.03

Body mass [kg] 72.7 ± 6.6 71.1 ± 7.1

EXP = experimental group; CON = control group.

Training protocol
Prior to the training programme, all the subjects form the 

EXP group performed a training session that included runs over 
wooden slats (1 m in length; 5 cm in width; 2 cm in height) to 
estimate the individual spacing between them. Afterward, they 
were divided into the two separate groups, according to the indi-
vidual distances used during the training session. The distance 
between the slats was 1.9 metres and 2 metres for the first and 
second group, respectively.

The experimental training programme consisted of 12 prac-
tice weeks, with 2 training sessions held per week. Each train-
ing session was preceded by a 15-minute dynamic warm-up. 
The warm-up routine included a 5-minute low-intensity run 
followed by basic stretching exercises which were aimed to im-
prove the suppleness of all major groups of muscles (i.e. lunge 
walks, sidewalks, butt kicks, and high knees) and completed 
with 30-metre submaximal runs. A detailed description of the 
training programme is presented in table 2. The distance of each 
of the running exercises was approximately similar to the dis-
tance of a participant’s approach runs. The training exercises are 
illustrated in figure 1.

Apparatus and measurements
The Optojump Next (Microgate, Italy) measurement sys-

tem was used to evaluate the kinematic parameters during the 
testing sessions. This device consists of two 1-metre-long units 
(one receiving unit and one transmitting unit) placed parallel 
with each other at a height of 3 mm above the floor. For the pur-
pose of this study, a 25-metre path arranged outside the lines 
along the runway was used. The Optojump Next provides ac-
curate information concerning step length and the position of 
the foot during the approach run. A pilot study was conducted 
to assess the reliability of the selected variables. The intra-class 
correlation coefficients were strong for all the parameters tested 
(ICCs = 0.90-0.96).

The pre-test session took place one week before the start 
of the experimental programme, and the post-test session was 
conducted within one week after the completion of the pro-
gramme. Every training session and both testing sessions took 
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place at an athletics indoor hall to ensure weather condition 
stability. Before the start of both testing sessions, the subjects 
performed an individual 15-minute dynamic warm-up. All par-
ticipants performed 6 long jump trials according to standard 
competition rules, except distance measurement. Every jump 
(including foul jumps) was measured from the toe of the jump-

ing foot to the nearest trace left by the subject in the sandpit in 
order to assess the effective distance of the jump. The breaks 
between each jump were approximately 7 to 9 minutes long 
[25]. The length of the approach run was different for each par-
ticipant and was in the range of 14 to 16 steps (23.9-27.3 m). All 
the subjects were asked to begin the run-up from the standing 

Table 2. Training programme of the experimental group

Exercises Loads (repetitions x distance)

Weeks 1-3
High knees over slats + transition to running (Slats in the first 10 m)
Acceleration runs (Fast – Slow – Fast)*

4 x 30 m (10 m + 20 m)
4 x 30 m (10 m – 10 m – 10 m)

Weeks 4-6
High knees over slats + transition to running (Slats in the first 10 m)
Acceleration runs (Fast – Slow – Fast)*

4 x 30 m (10 m + 20 m)
3 x 30 m (10 m – 10 m – 10 m)

Runs over slats 4 x 30 m (slats in the last 5 m)

Weeks 7-9
High knees over slats + transition to running (Slats in the first 10 m)
Acceleration runs (Fast – Slow – Fast)*

5 x 30 m (10 m + 20 m)
3 x 30 m (10 m – 10 m – 10 m)

Runs over slats 5 x 30 m (slats in the last 10 m)

Weeks 10-12
High knees over slats + transition to running (Slats in the first 10 m)
Acceleration runs (Fast – Slow – Fast)*
Runs over slats

5 x 30 m (10 m + 20 m)
3 x 30 m (10 m – 10 m – 10 m)
6 x 30 m (slats in the last 15 m)

* = check marks placed where pace was changed.

Figure 1. Illustrations of the exercises: A – Runs over slats; B – Acceleration runs (Fast – Slow – Fast)
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position and to keep the same number of steps of the approach 
run from the pre-test to the post-test session. For the purpose 
of the study, the final 10 steps (11 support phases) were used for 
further analysis. A total number of 235 jumps for the EXP group 
and 188 jumps for the CON group were included in the analysis.

Data analysis
Assessment of footfall placement variability and step velocity

Step velocity was calculated using the Optojump Next 
measurement system which determines the average velocity of a 
single step. This device defines velocity as the relation between 
two consecutive footfalls and the sum of the first contact time 
and the flight time.

The toe-to-board distance (TBD) is the horizontal distance 
between the toe of the subject’s support foot and the front edge 
of the take-off board. The method of measuring TBD used in 
the current study was previously used to evaluate the variability 
of footfall placement during the approach run in the long and 
triple jump [26].

In order to identify movement variability during the ap-
proach run, we used the position of the consecutive foot of each 
participant. The variability of footfall placement was deter-
mined by calculating the standard deviation (SD) of the toe-to-
board distance across trials.
Percentage distribution of step length adjustment

The percentage distribution of step length adjustment 
(ADJ%) was also calculated. According to Hay [15], the formula 
below makes it possible to determine the percentage of step ad-
justment between the final steps to total adjustments made by 
the subject during the approach run.

The formula is:

(SDi – SDi–1)
(SDmax – SDto)

ADJ% = × 100 % 	 (1)

where SD is the standard deviation of the toe-to-board dis-
tance, i is ith-last step (support phase), SDmax is the maximal 

standard deviation of the toe-to-board distance, and SDto is the 
standard deviation of the toe-to-board distance during take-off.

Statistical analysis
Before the analysis, normality and homogeneity assump-

tions were checked using the Shapiro-Wilk test. The general 
linear model (GLM) repeated measures test was employed to 
compare the following factors: Group (EXP – CON) x Time (pre-
test – post-test) x Steps (11 – 1). One-way ANOVA with repeat-
ed measures was used to compare the groups for the distance 
jumped, the accuracy of the take-off, and the maximum toe-to-
board values. In all cases, statistically significant results were 
further analysed using Tukey’s HSD post-hoc test. Statistical 
significance was set at p < 0.05. All the statistical calculations 
were made using Statistica 12.0 PL and Microsoft Excel 2010.

Results

Variability of footfall placement
Figure 2 and table 4 present the variability of footfall place-

ment during the last 10 steps of the approach run in both testing 
groups before and after the training programme. The analysis 
revealed a significant Group x Time x Steps interaction (F10,340 
= 2.57; p = 0.007). We also found a significant main effect of 
Group x Time (F10,190 = 4.20; p = 0.043) and effect of Group x 
Steps (F1,19 = 9.35; p = 0.0087). It was observed that the vari-
ability of footfall placement after the training programme in 
the EXP group was significantly (p < 0.01) lower than before the 
programme from the first step analysed until the last three steps 
before the take-off board.

Step velocity in the approach run
Figure 3 presents the velocity at a given support phase dur-

ing the last 10 steps of the approach run in both testing groups 
before and after the training programme. The analysis revealed 
a significant Group x Time x Steps interaction (F10,340 = 1.91; p 

TO = take-off; * = significantly different from pre-test to post-test in EXP group (p < 0.01).

Figure 2. Pre-test and post-test footfall variability during the last 11 support phases of the approach run for the experimental and control groups

CON – pre-test

CON – post-test

EXP – pre-test

EXP – post-test
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= 0.032). There were no significant effects of either Group x 
Steps (F10,190 = 0.32; p = 0.97) or Group x Time (F1,34 = 1.75; p = 
0.19). The post-hoc analysis showed that participants in the EXP 
group increased their step velocity in the last five support phases 
before the take-off board after the training programme.

Percentage distribution of step length
Figure 4 presents the percentage distribution of step length 

in the last 3 steps of the approach run in both testing groups 

before and after the training programme. There were no signifi-
cant effects for Group x Time (F1,34 = 1.78; p = 0.19), Group x Steps 
(F2,68 = 0.30; p = 0.74), or Group x Time x Steps (F2,68 = 0.20; p = 
0.82) interactions.

The analysis showed no significant (p > 0.05) differences 
in the proportions of step length during the last two steps. The 
subjects from the EXP group displayed mean values of 1.81 m 
and 1.85 m in the pre-test and 1.82 m and 1.81 m in the post-test 
for the penultimate and last step before take-off, respectively.

L = last step before take-off; * = significantly different from pre-test to post-test in EXP group (p < 0.01); # = significantly different from pre-test to post-test in EXP group (p < 0.05).

Figure 3. Pre-test and post-test horizontal velocity in the last 11 support phases of the approach run for the experimental and control groups

L = last step before take-off.

Figure 4. Pre-test and post-test percentage distribution of step length adjustment in the last 3 steps of the approach run for the experimental and 
control groups

CON – pre-test

CON – post-test

EXP – pre-test

EXP – post-test

CON – pre-test

CON – post-test

EXP – pre-test

EXP – post-test
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Distance jumped and accuracy at the take-off board
Table 3 shows the results for the distance jumped and accu-

racy at take-off as means (± SD) in the two groups. The results of 
ANOVA revealed a significant Group x Time interaction (F1,34 = 
11.14; p = 0.0071). The post-hoc analysis showed that subjects in 
the experimental group jumped significantly (p < 0.001) further 
after the training programme.

A significant Group x Time interaction for accuracy at take-
off (F2,28 = 7.33, p = 0.044) was found. The Tukey analysis re-
vealed that participants from the EXP group were more accurate 
compared to participants from the CON group. It was also found 
that subjects from the EXP group were significantly (p < 0.05) 
more accurate after the training programme.

As was the case in previous investigations [21, 26], the 
analysis of inter-trial footfall variability showed an ascending-
descending trend in both the EXP and CON groups (fig. 2). The 
amount of footfall variability for both groups after the first test-
ing session was close to that previously reported for non-long 
jumpers [14, 17]. Moreover, the maximum SD of the TBD did 
not change from pre-test to post-test and was observed at the 
6th and 5th support phases for the EXP and CON groups, respec-
tively. Participants from the EXP group significantly lowered 
their footfall variability in the first phase of the approach run. A 
significant decrease was also found in the maximum value of the 
SD of the toe-to-board distance (tab. 4). Such changes were not 
observed in the CON group. This may indicate that the train-
ing process had a positive impact on establishing a stable move-

Table 3. Pre-test and post-test mean values (± SD) for distance jumped and accuracy of take-off for the experimental and control groups

Group
Distance jumped [m] Accuracy of take-off [m]

Pre-test Post-test Pre-test Post-test

EXP (n = 20) 4.52 ± 0.56 4.72 ± 0.47* 0.15 ± 0.06 0.11 ± 0.06#¥

CON (n = 16) 4.65 ± 0.31 4.69 ± 0.34 0.14 ± 0.03 0.16 ± 0.04

CON = control group; EXP = experimental group; * = significantly different from pre-test (p < 0.001); # = significantly different from pre-test (p < 0.01); ¥ = significantly different from 
CON group (p < 0.01).

Maximum value of toe-to-board distance SD
Table 4 shows the maximum value of the SD of the toe-to-

board distance from pre-test to post-test in the EXP and CON 
groups. The analysis revealed a significant main effect for Group 
x Time (F1,34 = 6.85; p = 0.0132). The post-hoc analysis showed 
that the subjects from the EXP group significantly (p < 0.01) 
lowered the maximum value of the SD of the toe-board distance 
after the training programme.

Table 4. Pre-test and post-test maximum values of toe-to-board 
distance SD for the experimental and control groups

Group Maximum value of toe-to-board distance SD
Pre-test Post-test

EXP (n = 20) 71.6 54.5*

CON (n = 16) 65.7 67.0

CON = control group; EXP = experimental group;* = significantly different from pre-test 
(p < 0.01).

Discussion

The primary goal of this experiment was to investigate how 
a training programme focusing on increasing consistency in the 
step pattern would affect the variability of footfall placement 
during the approach run in the long jump. The secondary objec-
tive of the study was to evaluate whether changes in movement 
variability would influence the performance of the long jump. 
The results showed that movement variability determined using 
footfall variability during the approach run in the long jump did 
change with practice. Subjects from the EXP group significantly 
increased their footfall consistency in the acceleration phase of 
the approach run. However, significant differences were not ob-
served during the last three steps before take-off. Moreover, a 
significant improvement was observed in take-off accuracy as 
well as velocity during the final part of the approach run.

ment pattern during the acceleration phase. This assumption is 
supported by Seifert et al. [27] who noted that stability, which 
comes with experience, is a natural tendency of the movement 
system towards more economical behaviour. Probably, these 
changes also increased subjects’ adaptability to the perform-
ance of the approach run, so they were simultaneously able to 
produce more stable steps in the acceleration phase and remain 
flexible during the zeroing-in phase. Moreover, these changes 
are in line with previous findings which emphasise that the re-
duction in movement variability is related to an increase in ex-
pertise [6]. This may also indicate that participants achieved a 
more stable pattern of behaviour common for the second stage 
of the motor learning process [28]. According to this concept, 
at the first stage of learning, individuals attempt to establish 
an appropriate relationship among motor system components, 
while at the second stage, learners are able to control the process 
of movement coordination. This could have led to a reduction 
in footfall variability and resulted in higher consistency in the 
performance of the approach run.   In light of the present find-
ings, it seems that it is possible to decrease footfall variability 
in the acceleration phase of the approach run by implement-
ing the training protocol proposed in this study. Nevertheless, 
the last part of the approach run cannot be directly influenced: 
the participants from the EXP group spread their footfalls in the 
final three steps before the take-off board in a similar manner 
during both testing sessions. On the other hand, they produced 
lower, though not significantly, amounts of footfall variability. 
These findings are also supported by the percentage distribution 
of step length adjustment, where there was no significant differ-
ence between testing sessions for the two groups (fig. 4). How-
ever, a major part of the overall adjustments were made during 
the last three support phases before take-off.

The results discussed above prove that the participants in 
the EXP group moved within a dynamical system framework 
and had to confront performance constraints. This would indi-
cate that movement variability operates in a functional manner 
to enable the performance of action [9, 27]. Another explana-
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tion might be the fact that this is connected with the control 
mechanism which emerges in the final stage of the approach 
phase and which probably operated in the same way across the 
two testing sessions. This mechanism based on perception-ac-
tion coupling leads to a better interaction with the constraints 
of action in a dynamical system, and it occurs unless adjust-
ments are required [29]. Thus, in one way, the similar environ-
mental conditions in the two testing sessions could have re-
sulted in no significant differences in footfall variability in the 
last steps. On the other hand, a decrease in variability during 
the acceleration phase might have led to a lesser need to make 
large adjustments over the final steps. It could have also been 
beneficial for developing a more repeatable step pattern and, as 
a consequence, resulted in better take-off accuracy (tab. 3). This 
observation is consistent with Makaruk et al. [21] who stated 
that lower levels of footfall variability during the execution of 
the approach run could be linked to better accuracy at the take-
off board. Despite the lack of clear evidence of the influence of 
accuracy at the take-off board on the performance of the jump 
(i.e. jumping distance), we believe that reducing the number of 
foul jumps can increase the likelihood of better performance. 
For example, from a practical point of view, any valid attempts 
made by the participants of a jumping competition may result 
in them qualifying to the final round and determine their place 
in the competition.

The post-test results for approach run velocity also revealed 
differences in the EXP group (fig. 3). The participants sig-
nificantly increased their approach run velocity; however, this 
change was observed only during the final stage of the approach 
run (from 7.30-8.50 m/s for the pre-test to 7.41-8.66 m/s for 
the post-test from the 5th-to-last step). It must be highlighted 
that these findings could have been expected as the design of 
the experimental programme included exercises that could in-
fluence the participants’ speed capabilities. Interestingly, in the 
first phase of the run-up, the subjects did not significantly in-
crease their step velocity despite the improvement in step vari-
ability. Nevertheless, differences were observed in the final steps 
before take-off, when they displayed similar footfall variability 
as they did before the training was applied. We supposed that 
through the improvement in step precision they established a 
more repeatable set of movements. The possible explanation for 
this finding may be linked with the stabilisation of the spatial 
and temporal components (i.e. step length or step frequency) 
which must have a crucial influence on step velocity. This step 
consistency could provide a stable basis for increasing speed at 
the end of the approach run. Therefore, stabilisation in the loco-
motor pattern resulted in the fact that participants could focus 
on maintaining horizontal velocity and an appropriate running 
rhythm. Furthermore, these results are worth considering in 
light of the speed-accuracy trade-off [30]. With the significant 
improvement in the take-off velocity, participants from the EXP 
group were at the same time significantly more accurate at the 
take-off board.

Additionally, as we had expected, participants from the EXP 
group significantly improved the distance jumped (tab. 3). This 
result could be related to increased horizontal velocity at take-
off, as it strongly influences the jumping distance [31]. However, 
we suppose that this improvement in the jumping distance may 
be connected with an improvement in the locomotor pattern, 
which could have led to better take-off technique. Probably, it 
was also due to certain changes which occurred during the ex-
ecution of the last part of the approach run. The proportions of 
the penultimate to the last step demonstrated by participants 
from the EXP group differed, although not significantly, from 

pre-test to post-test. They changed the step proportions from 
the less favourable pattern of lengthening the last step to a more 
beneficial pattern of shortening the last step, which is com-
monly observable in the preparation for take-off in horizontal 
jumps. This could have improved the position of the centre of 
the mass and might have caused positive changes in the other 
crucial variables [31]. Future investigations should be focused 
on seeking relations between movement variability and crucial 
kinematics of the jump.

There are some limitations to this study. Firstly, the subjects 
were non-long jumpers without experience in long jump train-
ing, so it cannot be unequivocally concluded that similar chang-
es can be observed in athletes with a higher level of experience. 
Secondly, it is worth mentioning that the analysis did not in-
clude the initial 4-6 steps of the approach run. However, based 
on previous investigations [14, 25], we believe that an analysis 
of step variability during this part of the approach run would 
not significantly change the overall view the subjects’ regulation 
found in this study. Finally, the findings from this investigation 
should be interpreted cautiously, as the subjects were grouped 
together, and some effects on changing movement patterns 
could have been masked [32]. Future research should involve 
inter-individual analyses of movement variability during the ap-
proach run and its influence on crucial kinematic parameters 
which are required for a successful jump. Additionally, in light 
of the findings of some studies [33, 34], training routines should 
not only concern developing perfect regularity and a stereotype 
step pattern, but they should also enhance the adaptability of 
an athlete to the constraints of the action. Therefore, future re-
search should investigate the effect of training which focuses on 
increasing individual interactions with the dynamic environ-
ment in the process of learning how to perform the approach 
run.

Conclusions

The results of this study suggest that training targeted at 
improving step consistency and not only on developing a re-
peatable approach run makes it possible to establish more sta-
ble movement behaviour in the acceleration phase of the long 
jump. Moreover, the lack of differences in footfall variability in 
the final phase of the approach run emphasises the functional 
nature of movement variability within the dynamic environ-
ment. Finally, we found that decreased footfall variability dur-
ing the acceleration phase in the long jump approach run also 
has a positive effect on take-off accuracy and velocity during the 
final steps.
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