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Abstract
Purpose. The present study assesses the extent to which delayed mechanical feedback affects technical and numerical 
long jump performance.
Methods. The participants were 45 first-grade students from the Department of Physical Education of Umm Al-Qura 
University. They were randomly divided into 3 equal groups. The first experimental group used delayed mechanical feedback, 
the second experimental group applied fast visual feedback, and the control group received oral explanation and guidance 
of a teacher. The delayed mechanical feedback condition lasted for 6 weeks. Each week included 2 units, each lasting for 
90 minutes.
Results. The educational programs had a significant main effect on technical and numerical long jump performance (p < 0.05), 
with a large effect size, as the percentage of improvement ranged 9.95–42.32%. Also, the differences across the 3 groups were 
statistically significant in terms of their technical and numerical performance (p < 0.05), favouring the mechanical feedback 
group, except for the difference between the fast visual feedback and the teacher guidance groups.
Conclusions. The delayed mechanical feedback program had a more significant positive effect on technical and numerical 
long jump performance than the other 2 programs.
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Introduction

The long jump is a track and field event and consti-
tutes a regular part of the modern Olympic Games. In 
this event, athletes use their power and skills to jump 
as far as they can [1]. When performing a long jump, 
the athlete transforms the horizontal velocity of their 
centre of gravity from the moment they jump to a verti-
cal velocity while minimizing losses in the speed they 
gained as they approached the jump line [2]. Teaching 
this mechanism requires an extensive understanding 
of its nature, principles, and requirements, as well as 
the proper application of its scientific bases. The per-
formance depends on a mechanical basis and a vital 
kinetic start of the whole body while maintaining 
a high speed and the sum forces that result from jump-
ing [3]. Also, the kinetic transfer should be fast and har-
monized with the jump [4]. In this way, the jumper’s 

centre of gravity is such that their speed becomes maxi-
mized during the jumping and takeoff phases [5].

As mentioned, the goal of a long jump event is to 
jump as far as the athlete can. A long jump trial in-
cludes 4 phases: approach (running), takeoff, flight, 
and landing. Some researchers have determined that 
the takeoff speed, takeoff angle, takeoff height, and 
aerodynamics are the 4 biomechanical parameters of 
the long jump that affect the f light distance [6, 7]. 
Meanwhile, Bridgett and Linthorne [8] label the bio-
mechanical principles of the long jump as the run-up, 
takeoff, flight, and landing phases. These principles 
underlie an athlete’s success in long jump competitions.

Many investigators believe that most of the top nu-
merical achievements in the long jump are due to excep-
tionally strong approaches and jumps [1, 9–11]. As 
such, most training programs focus on these 2 phases, 
as well as their connection to the takeoff phase. Bou-
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chouras et al. [12] refer to this as mechanical variables 
during performance. Researchers have conducted kine-
matic analyses to identify errors or weaknesses that 
need to be overcome, consequently raising athletes’ 
levels of achievement [13–15]. Other authors have iden-
tified kinematic principles that can be used to assess 
the development of performance in various aspects 
(sprint, angle of sprint, height of sprint point, height 
of landing, and height during the flight phase). These 
factors are affected during the jump as a mark of the 
athlete’s advancement and capacity to use the effort that 
influences the distance of achievement. However, this 
depends on the individual kinematic features and con-
ditions of each jumper under normal circumstances, 
which help athletes to achieve high scores [16, 17].

Contemporary long jump coaching methods include 
monitoring athletes during their performance and then 
suggesting actions for them to practise or reviewing 
slow-motion videos to analyse their movement while 
jumping [18–21]. For instance, Sethu [22] examined 
the effects of technique training with and without vis-
ual feedback on high jump performance. In the study, 
24 university students were chosen and divided into 
2 equal groups. The first group underwent technique 
training with visual feedback, while the second group 
received technique training without visual feedback; 
the training was performed 3 days a week for 6 weeks. 
The results revealed the outperformance of the tech-
nique training with visual feedback over the non-vis-
ual feedback one on the high jump. In another inves-
tigation, Durai [23] observed how visual feedback 
affected students’ volleyball skills among 15 university 
volleyball players. The participants underwent skill 
training 3 days a week for 6 weeks. The skills that were 
focused on included service, passing, and spike. One 
significant outcome was a considerable improvement 
in the volleyball skills due to the effect of the visual 
feedback. Meanwhile, Anantharaj and Durai [24] 
studied the effects of skill training with and without 
video feedback on long jump performance; 12 univer-
sity players participated in the skill training with video 
feedback, while 12 others underwent skill training 
without video feedback. The study implied that a sig-
nificant skill training improvement occurred in the 
group with the video feedback compared with the other 
group. Manikandan [25] examined the effect of video 
modelling combined with video feedback on long jump 
techniques. For that purpose, the participants who were 
chosen received skill training with video modelling 
combined with video feedback. There was a significant 
improvement of explosive power, long jump perfor-
mance, and long jump technique owing to the effect 

of skill training with video modelling and video feed-
back. So, feedback allows to consistently preserve a pre-
determined speed and therefore maintain the speci-
fied exercise intensity. This can result in a more effective 
execution of training goals and thereby boost training 
outcomes [26].

Still, not much is known about quantitative exter-
nal feedback, especially in a mechanical sense. There-
fore, the present study used mechanical feedback as 
an educational method to improve specific aspects of 
long jump performance. The study was also intended 
to compare the effectiveness of this method with that 
of other educational methods. The work is based on the 
principle that performance analysis is the primary 
means of reaching mechanical achievements by closely 
examining an athlete’s performance. This is thought 
to be because it is difficult to evaluate performance 
errors with a naked eye [27]. Equipping the teacher 
with mechanical information about kinetics can raise 
the efficiency of the educational process, as the learner 
can be encouraged to think about the effects of their 
kinetic mechanical performance [20]. This, in turn, 
provides the athlete with the motivation, guidance, 
and support needed to improve their performance.

Therefore, mechanical feedback is undoubtedly im-
portant. It offers the learner mechanical information 
about their technical performance and ways to im-
prove it through training. Continuously providing me-
chanical feedback helps an athlete to master their mus-
cular nervous action mechanisms and, thus, achieve 
a higher level of performance [28].

In light of the above discussion, it was hypothe-
sized that using delayed mechanical feedback would 
have a more substantial positive effect on athletes’ long 
jump performance than fast visual feedback or oral 
explanations and guidance from coaches.

Material and methods

Participants

The participants were 45 first-grade students from 
the Department of Physical Education of Umm Al-Qura 
University during the 2018/2019 academic year (age: 
19.28 ± 1.16 years, height: 174.66 ± 5.37 cm, body 
mass: 73.8 ± 6.25 kg, technical level: 62.66 ± 8.57 
mark, numerical level: 4.47 ± 0.5 m). The subjects 
were randomly divided into 3 equal groups. The first 
experimental group used delayed mechanical feed-
back, the second experimental group applied fast visual 
feedback, and the control group received oral explana-
tions and guidance from the teacher. All participants 
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were informed of the study design and protocol prior 
to the study commencement. None of them reported 
having any previous injuries. There were no significant 
differences between the groups in terms of the tech-
nical or numerical levels before the educational pro-
grams were implemented (p > 0.05).

Video camera

A Sony video camera (numerical camera 8DCR-
TRV820E) with a frequency of 50 frames per second 
was used. The camera was placed beside the approach 
path on the same side as the participant’s jumping 
leg, 10 m away from the jumping panel. The distance 
between the centre of the lens and the surface of the 
ground was 1.6 m. The camera was set up so that it 
captured the participants’ movements during the accel-
eration stage. Each participant was given 3 attempts; 
the best jump of each individual was analysed.

Biomechanical variables

The jumping and flight phases are crucial. There-
fore, the biomechanical variables were defined in ac-
cordance with their contribution to achieving each 
athlete’s typical distance. These biomechanical vari-
ables were maximum height during the flight phase, 
landing height (h1), takeoff height (h0), takeoff angle 
( 0), and takeoff velocity (V0) [15, 29–31]. These vari-
ables were used for mechanical feedback in the first 
experimental group in every teaching unit.

Technical level assessment

A technical level assessment form was designed; 
the included items referred to 4 technical phases 
(run-up, takeoff, flight, and landing). After modifica-
tions, the final version of the form comprised 22 state-
ments totalling 100 marks.

To verify the reliability of the form, the research-
ers applied and re-applied the test. In this procedure, 
the technical performance of 15 students not involved 
in the ultimate study was assessed with the use of 
the form. The best of 3 long jump trials for each indi-
vidual was evaluated technically by one referee. Af-
ter 3 days, the same experimental procedure was ap-
plied so that a second technical assessment could be 
made. The correlation between the results of the first 
and second assessments (r = 0.92;   0.05; n = 15) 
confirmed the reliability of the form. Also, the research-
ers evaluated the validity of 5 referees. The results 
approved the assessment items by a value ranging 
80–100%.

The proposed educational program

The researchers designed an educational program 
that aimed to improve the participants’ technical long 
jump performance. They reviewed relevant studies on 
track and field events in general and on long jumping 
in particular. In addition, the program was presented 
to a set of experts who were consulted with regard to 
the program principles concerning its reliability, the 
procedure for assessing its aims, and its suitability 
for the targeted group. The opinions and remarks of 
the experts were taken into consideration.

The program lasted for 6 weeks. Each week in-
cluded 2 units, each lasting for 90 minutes. The pro-
gram involved the following:

1. Determining the start and the end periods of 
the program.

2. Implementing the tests and assessments of tech-
nical and numerical performance to determine the 
athletes’ performance levels.

3. Dividing the educational units into the follow-
ing parts:

a) General and specific warm-ups, lasting for 25 
minutes. These were intended to promote physical and 
psychological preparation and blood circulation. They 
consisted of a set of simple entertaining and prelimi-
nary actions.

b) The main part, lasting for 50 minutes: 20 min-
utes to apply delayed mechanical feedback for the 
first group, fast visual feedback for the second group, 
and teacher guidance for the third group. The exer-
cises performed in the main part of the training unit 
developed the elasticity of the backbone and joints, 
the strength of the legs and back, the technical perfor-
mance of the essential acceleration phase, the approach-
ing speed, the takeoff force, the takeoff speed (using 
a typical angle), the maximum height of the flight phase, 
and the landing by extending the legs forward.

c) The cool-down phase, lasting for 15 minutes. It 
allowed the participants to reset their bodies to normal, 
relaxed conditions. This part involved a set of simple 
actions and exercises.

Data analysis

The statistical processing was performed with the 
Statistical Package for the Social Sciences (SPSS for 
Windows, version 22.0, IBM Corp., Armonk, NY, USA). 
The percentages were calculated. The analysis also 
involved means, standard deviations, skewness, the 
correlation coefficient, the paired sample t-test, one-way 
analysis of variance (ANOVA), and the least signifi-
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cant difference. Statistical significance was set at p < 
0.05. Practical differences were assessed by calculating 
Cohen’s d effect size (ES) [32, 33]. The magnitudes of 
the t-test results were labelled as follows [34]: 0.2–0.5 – 
small, 0.5–0.8 – moderate, > 0.8 – large. For the one-
way ANOVA, the labels were as follows: 0.01–0.06 – 
small, 0.06–0.14 – moderate, > 0.14 – large. The variables 
distribution normality was verified with the Kolmogo
rov-Smirnov test.

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the Ethics 
Committee of the Umm Al-Qura University (Ref. No. 
412; October 20, 2019).

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

The mean pre- and post-program technical and 
numerical levels of the experimental and control 
groups are included in Table 1. A significant main 

effect for the educational programs was found for the 
technical and numerical levels (p < 0.05). Large ES 
values were observed for differences in (i) the techni-
cal level between pre- and post-program assessments 
(mechanical, fast visual, and teacher guidance) 
(d: 8.237, 1.720, 1.410, respectively) and (ii) the numeri-
cal level between pre- and post-program assessments 
(mechanical, fast visual, and teacher guidance) (d: 5.913, 
4.895, 3.000, respectively), as the percentage of im-
provement ranged 9.95–42.32%.

The one-way ANOVA was employed to determine 
whether any of the 3 educational programs had a more 
robust effect than the others on the participants’ tech-
nical and numerical levels (Table 2). The ANOVA data 
included F-values of 6.25 for the technical level and 
14.81 for the numerical level. These values indicate 
that there was a significant difference between the 
3 educational programs (p < 0.05). Large ES values 
were found for differences in (i) the technical level (d = 
0.546) and (ii) the numerical level (d = 0.840).

The least significant difference test (Table 3) was 
utilized to gather more details about the significant 
differences described in Table 2. The values of mean 
differences revealed that the differences were statis-
tically significant among the 3 groups in terms of their 
technical and numerical levels (p < 0.05), favouring 
the mechanical feedback group, except for the differ-

Table 1. Technical and numerical long jump performance levels (mean ± standard deviation, t value,  
and percentage of improvement)

Variable Group Pre-program Post-program t p
Effect 
size

Magnitude
Improvement

(%)

Technical  
level
(mark)

Mechanical 60.66 ± 7.03 86.33 ± 6.93 15.95** < 0.001 8.237 Large 42.32
Fast visual 64.66 ± 7.18 75.33 ± 10.93 3.33** 0.005 1.720 Large 16.50
Teacher guidance 62.66 ± 10.99 73.66 ± 13.15 2.73* 0.016 1.410 Large 17.56

Numerical  
level
(m)

Mechanical 4.45 ± 0.41 5.86 ± 0.40 11.45** < 0.001 5.913 Large 31.69
Fast visual 4.55 ± 0.48 5.49 ± 0.57 9.48** < 0.001 4.895 Large 20.66
Teacher guidance 4.42 ± 0.60 4.86 ± 0.53 5.81** < 0.001 3.000 Large 9.95

Significant difference between pre- and post-program assessments in the groups: ** p < 0.01, * p < 0.05

Table 2. Results of the one-way analysis of variance of the study variables for the 3 groups in the post-program 
measurement

Variable Source of variance
Sum of 
squares

df Mean square F p
Effect 
size

Magnitude

Technical level (mark)
Between groups 1421.11 2 710.55

6.25* 0.004 0.546 LargeWithin groups 4770 42 113.57
Total 6191.11 44

Numerical level (m)
Between groups 7.67 2 3.83

14.81* < 0.001 0.840 LargeWithin groups 10.87 42 0.25
Total 18.54 44

Significant difference between groups: * p < 0.01
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ence between the fast visual feedback group and the 
teacher guidance and explanation group (p > 0.05). 
Moderate ES values were found for the differences 
between the mechanical feedback group’s and the fast 
visual feedback group’s technical levels (d = 0.757). 
A large ES was observed for the technical level differ-
ence between the mechanical feedback and the teacher 
guidance groups (d = 1.040). Large ES values were in-
dicated for the following numerical level differences: 
(i) between the mechanical feedback and the fast visual 
feedback groups (d = 0.812), (ii) between the mechani-
cal feedback and the teacher guidance groups (d = 
1.214), and (iii) between the fast visual feedback and 
the teacher guidance groups (d = 0.963).

Discussion

The educational programs had a significant main 
effect on technical and numerical long jump perfor-
mance (p < 0.05), with a large ES, as the percentage 
of improvement ranged 9.95–42.32%. Also, the differ-
ences across the 3 groups were statistically signifi-
cant in terms of their technical and numerical per-
formance (p < 0.05), favouring the mechanical feedback 
group, except for the difference between the fast visual 
feedback and the teacher guidance groups. All that can 
be interpreted to the jumper in the form of informa-
tion that turns out beneficial during the performance 
and can be developed during learning focused on the 
suitable mechanical variables of the performance. 
The continuous provision of this information can pro-
mote mastery of neuromuscular function mechanisms, 
thus leading to the excellent synchronization of per-
formance [35].

Tidow [36] concluded that continuously using as-
sessment processes via mechanical systems was es-
sential for ensuring that accurate scientific measure-
ments affected the progress of performance, whereby 

the assessment depended on direct measurements. 
Without this measurement, the assessment process 
would be impossible, and without the assessment, 
there would be no feedback. Without the feedback, 
there would be no information about the results, and 
without this information, performance would not im-
prove.

McCosker et al. [37] described the associations be-
tween the various aspects of competitive performance. 
Specifically, they noted that each jump should be con-
sidered part of a complex system of connected perfor-
mance events that lead to competitive outcomes. There-
fore, key indicators that refer to the desired performance 
should be used to simplify feedback data [38].

Statistically significant differences were also found 
between the pre- and post-program measurements 
within the fast visual feedback group. Providing feed-
back enables the learner to improve their performance 
through comparisons with a specific performance 
standard. This, in turn, helps them recognize how much 
they have progressed while identifying their weak-
nesses [20]. Bowtell et al. [39] implied that a learner’s 
awareness of their progress led to performance im-
provements, while an absence of this awareness could 
delay learning. Their study reveals that understanding 
one’s own results is a type of feedback that enables an 
athlete to progress in both the educational and tech-
nical sense. It has also been mentioned that present-
ing feedback to learners has a profound positive effect 
on them, and the importance of that increases in the 
beginners, who can learn kinematic skills faster as they 
continue training to achieve their desired results. This 
kind of feedback also boosts the learner’s motivation 
and guides focusing their energy on learning new in-
formation while enhancing and reinforcing previously 
acquired knowledge; eventually, their level of perfor-
mance is raised as a result of the improved educational 
skills [40–43].

Table 3. Results of the least significant difference test to identify the sources of differences in the technical  
and numerical levels of the 3 groups

Variable Group 1 Group 2
Mean difference 

(1–2)
p Effect size Magnitude

Technical level (mark)
Mechanical Fast visual 6.93 0.010** 0.757 Moderate

Teacher guidance 10.93 0.020* 1.040 Large
Fast visual Teacher guidance 13.15 0.670 – –

Numerical level (m)
Mechanical Fast visual 0.40 0.050* 0.812 Large

Teacher guidance 0.57 < 0.001** 1.214 Large
Fast visual Teacher guidance 0.53 0.010** 0.963 Large

Significant difference between groups: ** p < 0.01, * p < 0.05; ‘–’ stands for no significant difference



HUMAN MOVEMENT

U.CH. Hasan, E.E.S. Hasan, Effect of mechanical feedback on long jump

145
Human Movement, Vol. 23, No 4, 2022

Furthermore, there were statistically significant dif-
ferences between the pre- and post-program measure-
ments within the control group (oral interpretation 
and teacher guidance). Education reflects a mutual in-
teraction between the teacher and the learner, the goal 
of which is for the learner to acquire desired knowl-
edge and skills.

Statistically significant differences were observed 
among the 3 groups in terms of their technical and 
numerical performance levels, except for the difference 
between the technical performance of the fast visual 
feedback group and the control group. The researchers 
propose that feedback as such is a vital part of long 
jump athletes’ education about their performance. The 
type of feedback offered should depend on the kine-
matic principles that are fundamental to technical 
performance for all phases of a jump. This kind of feed-
back provides the learner with essential information 
regarding, for example, their performance efficiency 
during or after a competition (or at both points) [44]. 
Also, the information relayed to the learner can be 
strengthened, errors can be corrected, and misunder-
standings and misconceptions can be removed. This 
will enable the athlete to perform more confidently, 
thus encouraging them to increase their focus on 
reaching their goals [22].

If the teacher has a mechanical database that they 
can use to assess physical performance, they can con-
ceive the basic components of strong technical perfor-
mance. When the teacher is equipped with mechanical 
knowledge, it is easier for them to set useful objectives 
on the basis of the athlete’s actions [45, 46]. Mechanical 
analyses help practitioners to explore minute errors 
and determine how to fix them. The aim of analysing 
physical performance is to consider the various aspects 
of performance from a mechanical perspective because 
physical performance follows mechanical rules and 
principles [7, 47].

Schmidt et al. [48] consider feedback to be a cru-
cial factor in learning and enhancing athletes’ skills in 
many sports. In all its forms, the feedback that precedes, 
accompanies, and follows performance impacts on 
the learning process and boosts performance. Feed-
back continuously accompanies all steps of learning. 
Becerra Motta and Becker [49] showed that feedback 
related to mechanical variables raised overall athletic 
performance as well as several specific physical vari-
ables reflected in an athlete’s performance. Developing 
the mechanical variables can profit from educational 
programs to raise the technical level, which affects the 
numerical achievement level.

This study included some limitations, such as the 
restriction of the sample to one university. As it is known, 
2D analysis is the basis for evaluating activities and 
sports skills. However, one cannot claim that 2D analy-
sis can describe the whole body movement without 
losing some important characteristics in the long jump. 
Therefore, a sample from several universities needs to 
be included besides conducting more studies using 
other technologies, such as 3D analysis or a force plat-
form. In spite of that, this study, to our knowledge, is 
a pioneer in using the delayed mechanical feedback 
in the long jump. Thus, it offers useful information 
related to providing the learner or the trainee with 
mechanical feedback about the results of the move-
ment and its impact on increasing the educational 
process efficiency in terms of directing the learner’s 
efforts towards thinking about the outcome of their 
movement mechanical performance. This is a source 
of motivation, direction, and support to develop per-
formance that achieves the optimum technical and 
numerical level in the long jump competition.

Some practical implications may also arise from 
the study. One of them is the need for accurate feed-
back that depends on the technologies. This is in addi-
tion to the fact that the study included a longer edu-
cational intervention using the delayed mechanical 
feedback method rather than comparisons between 
2 short-term trials. Accordingly, we recommend the 
application of delayed mechanical feedback in teach-
ing the long jump race in particular, and field and 
track competitions in general, and the use of different 
types of feedback in similar studies in teaching field 
and track competitions. We also advise athletics train-
ers and teachers to adopt the necessary mechanical 
foundations and laws in the training and teaching 
process of athletes and students.

Conclusions

The educational program based on delayed mechani-
cal feedback improved long jump athletes’ technical 
and numerical performance to a significantly greater 
extent than the programs that employed fast visual 
feedback or teacher explanations and guidance. The 
positive effect of delayed technical feedback on tech-
nical and numerical long jump performance was 
stronger than that of fast visual feedback and a normal 
training program.
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