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Abstract

Jumping on a trampoline involves using its elastic surface for take-offs, the workouts aimed at obtaining com-
plex, usually rotational motion over the trampoline. The cognitive purpose of the paper is the knowledge about
the two phenomena: a) the effect of exercise on the rotating training simulator on increasing safety when per-
forming a somersault on a trampoline; b) the impact of academic knowledge of rotational motion mechanics,
extended by exercises on the rotating training simulator, on trampolining safety.

The sample comprised 72 female physical education students aged 20.5 +2.4 years. The participants were
randomly assigned to one of the two groups (with 36 participants each). Within a month the students were
taught how to perform a single forward somersault from a squatting position in different ways: group A, be-
fore training on a trampoline performed specific motor tasks (workouts) on the rotating training simulator;
group B, in turn, performed conventional workouts. After test somersault performance, all the students wrote
the test measuring their knowledge on motor safety during jumps on a trampoline. The evaluation was based
on “zero-one” criterion (a correct or an incorrect reply). The range of rating involves a continuum from O (no
correct reply) to 10 (all replies are correct).

In group B it was found that 25% committed a second-degree error, 42% committed a first-degree error and
33% correctly performed the landing. In group A and B, second-degree and first-degree errors were noted in
3% and 28% respectively, while in 69% the landing technique was correctly performed. The mean value ob-
tained in group A students was 7.19 while in group B the corresponding value was 5.25.

Faster learning of safety landing during forward squat somersault training, as compared with convention-
al methods, ensures a combination of the following elements of intellectual and motor nature, namely: the
knowledge of rotational motion mechanics and explanation of the rules while performing workouts on a ro-
tating training simulator.
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Healthy education / Pro-
health education - education
using approaches based

on taking advantage of the
student’s movements in
teaching subjects at different
levels of education. Its aim is
to prevent deterioration of the
student’s health state due to
the applied teaching methods,
minimizing movements. In
students, a limited mobility
may lead to neural disorders,
postural defects, body injuries,
vision disorders etc.

Extreme sport (EFPA) -
“extreme form of physical
activity are extreme sports,
often classified according to
the environment in which they
are performed (water, land,
air), extreme form of physical
recreation as well as gainful
activity or voluntary service,
and all varieties of physical
activity that meet at least one
classification criterion of the
feature associated either with
extreme risk of injury or death,
or extreme body burden with
high level of effort, or extreme
coordination difficulty” [8, p. 19].

Motor safety - is
consciousness of the person
undertaking to solve a motor
task or consciousness the
subject who has the right to
encourage and even enforce
from this person that would
perform the motor activity,
who is able to do it without
the risk of the loss of life,
injuries or other adverse
health effects [18].

Rotating training simulator
- as an apparatus that can
exercise three functions:
determining the moment

of inertia, improving motor
habits while performing
certain "rotation techniques”
in various sports disciplines,
simulating the effect of the
external force as the cause
of losing balance and falling
by a man who originally was
immobile (standing, sitting,
kneeling, etc.) [13].
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INTRODUCTION

Jumping on a trampoline involves using its elas-
tic surface for take-offs, the workouts aimed at
obtaining complex, usually rotational motion over
the trampoline. Due to high g-force values gener-
ated during exercising, a trampoline was used for
training astronauts and pilots so that they could
get used to the forces exerted on their bodies [1].
Exposure to g-forces may result in body injuries
due to committed errors. Scientific papers report
numerous dangerous accidents on a trampoline,
especially children’s accidents [2-7], therefore
this type of exercise is regarded as an extreme
form of physical activity (extreme sport). The
health and life risk scores for trampolining exceed
the documented mean values for other forms of
sports-related activities [8, 9]. The degree of risk
is also related to coordination problems during
workouts on a trampoline. This is the next crite-
rion of trampolining classification according to
the expected number of fatalities per accident
(EFPA) [10].

According to coaches and experienced com-
petitors [11], such movements as a somersault
(Figure 1) belong to the most dangerous rota-
tional movements, especially for beginners. A sin-
gle forward somersault from a squatting position
(Figures 1 and 2) is presented in biomechanics
textbooks 10.11 as an example of retained angu-
lar momentum:

lw = const

Here, the following correlation can be noted: by
reducing the distance between the user’s body
segments and the rotation axis, the moment of
body inertia (I) decreases and thus, the angular
velocity decreases with the increasing distance
between the body segments.

During workout performance, after bouncing, the
user has to change the moment of inertia (I) to
obtain the angular velocity value allowing safe
landing with the feet touching the surface.

While training rotational elements, athletes use
soft mattresses put up for safety purposes by
the trainer at the moment of landing, and special
rubber ropes to which they are attached [9]. It is
important for movement safety that the somer-
sault is adequately performed. This term means
that the landing must be stable and the force has
to be symmetrically distributed on each foot.

After performing a somersault, the take-off from
the trampoline for performing the next element
of the workout should be optimally vertical, so
that the user does not fly out, e.g. outside the
trampoline. In order to land safely on the feet, the
user should be able to intuitively assess to what
extent the reduction in the distance between cer-
tain body segments and the rotation axis affects
(changes) the angular velocity.

In the study presented in this paper, the rotat-
ing training simulator was used [12] to improve
the above mentioned intuitive assessment.
According to the principle of maintaining the
angular momentum, the device allows the user
to observe how angular velocity is affected by the
changes in inertia moment. At the same time, as
aresult of changes in its speed, it allows the user
to feel how his/her body reacts to changes in
accelerations. It has already been described how
the rotating training simulator works in terms of
determining the moment of inertia and supports
practicing various motor activities during rota-
tional motion and simulating falls resulting from
the exerted external force [13, 14]. The equip-
ment was also used for teaching rotating tech-
niques specific to aikido [15, 16].

The cognitive purpose of the paper is to pres-
ent the two phenomena, namely: a) the effect
of exercise on the rotating training simulator on
increasing safety when performing a somersault
on a trampoline; b) the impact of academic knowl-
edge of rotational motion mechanics, extended
by exercises on the rotating training simulator, on
trampolining safety.

MATERIAL AND METHODS

Participants

The sample comprised 72 female physical educa-
tion students aged 20.5 £2.4 years. The partici-
pants were randomly assigned to one of the two
groups (with 36 participants each).

Study design

The approaches to teaching forward
somersault technique from the squatting
position

Within a month the students were taught how
to perform a single forward somersault from
a squatting position in different ways: group
A, before training on a trampoline performed
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specific motor tasks (workouts) on the rotating
training simulator; group B, in turn, performed
conventional workouts. Prior to the training of
somersault performance (the students belonging
to both groups participated in the training), the
coaches presented basic obligatory safety mea-
sures that should be applied during jumps on
a trampoline, described in scientific literature [9].

Training in forward somersault performance
from the squatting position was carried out
by skilled coaches, experienced in jumps on
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a trampoline. The workout was performed on
two trampolines (Figure 1). The athletes per-
formed take offs on one trampoline and landed
on the other one which, for safety reasons, was
covered by a thick mattress. In order to increase
safety during workouts, the coach protected the
athlete, standing on the trampoline in an ade-
quate position (Figure 1: d, e). The students
performed take offs several times to achieve
a proper height, getting closer and closer, with
consecutive take offs, to the trampoline where
they landed after somersault performance.

’;-.
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By increasing the takeoff height, the athletes had
more time to rotate. Somersaults were assessed
based on the estimation of landing safety (and not
on performing somersaults according to the strictly
defined gymnastic pattern) while the recorded vid-
eos were used for the analysis. The rating was based
on Rotational Test evaluation criteria [17] adapted
to trampolining: the problems with maintaining sta-
bility during landing, resulting in an altered distance
between the feet when touching the surface, were
classified as first degree error; if the problems were
due to falling or hand support, the criteria of sec-
ond degree error would be met; the lack of first and
second degree errors (stable landing) indicated that
the somersault was correctly performed.

Approaches to knowledge acquisition and
specific motor experience

During the lectures, the participants from both
groups acquired the knowledge on the mechan-
ics of rotational motion according to the program
of biomechanics at physical education depart-
ments. Group A students were not only taught
by the coach how to perform somersaults; the
author of the paper also explained them how to
correct their errors, referring to the workouts on
the rotational training simulator.

The goal of the workouts on the training simu-
lator in group A students was to verify experi-
mentally the dynamics of the rotational motion.

Figure 1. Stages of forward squat somersault performance
on the trampoline.

This experiment, however, was not carried out
in a form of observation of body movement,
but it involved a direct student participation.
The students themselves took part in the rota-
tional motion and perceived the consequences of
changes in motion. During workout performance,
the rules of retaining angular momentum, such
as “the movement of each body segment gen-
erates acceleration in rotational motion”, were
explained. The students, exercising on the jump-
ing mat, through the changes in body segment
arrangement, assumed positions similar to those
noted during forward somersault performance
from the squatting position (Figure 1).

Group A students, assuming the position such
as that presented in Figure 2, and next, making
it a more upright, with their lower limbs spread,
perceived changes in g-forces. If, for safety rea-
sons, the stripes supporting the athlete were
added to the training simulator, it was possible
to move different body segments. Movements
on the jumping mat differed from the rotational
motion during somersault performance because
it was performed on a horizontal plane, demar-
cated by frame pads. However, when the partici-
pant placed her gravity center near the rotational
axis of the frame pad, changes in the distance
between the body segments and the rotation axis
more precisely imitated the G-forces exerted dur-
ing trampoline jumps.
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Figure 2. Using a rotational training simulator in the
training mode, preparing for forward squat somersault.

The workouts are based on the assumption that the
user, exercising under laboratory conditions (simpli-
fied motor simulation), learns how to accelerate or
delay a single rotation during forward somersault
performance from the squatting position.

Knowledge test

After test somersault performance, all the stu-
dents wrote the test measuring their knowledge
on motor safety during jumps on a trampo-
line (questions Q1-Q6) and rotational motion
mechanics (questions Q7-Q10). The first part
was not directly related to practical application
of this knowledge. The second part included such
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questions as: “What body movement is the best
to compromise the error during backward fall-
ing while landing and during forward falling?”
(in gymnasts’ language it means: what has to be
done when the somersault is “overperformed” or
“underperformed”.

The evaluation was based on “zero-one” criterion
(a correct or an incorrect reply). The range of rat-
ing involves a continuum from O (no correct reply)
to 10 (all replies are correct).

Statistical analysis

The analysis of the results was based on aspect
ratio (%). The significance of the between-group
proportions of correct answers in the knowl-
edge test was based on chi-square tests (which
questions made the differences statistically sig-
nificant) and Student’s-t test for independent
variables.

RESULTS

In group B it was found that 25% committed
a second-degree error, 42% committed a first-
degree error and 33% correctly performed the
landing. In group A and B, second-degree and
first-degree errors were noted in 3% and 28%
respectively, while in 69% the landing technique
was correctly performed (Table 1).

Statistically significant between-group differ-
ences were found only in answers to Q7, Q8, Q9
and Q10 questions which means that the differ-
ences were mainly affected by the questions con-
cerning rotational motion mechanics (Table 2).

The mean values obtained from the test of the
knowledge on biomechanics including motor
safety during trampoline jumps in group A stu-
dents was 7.194 £1.261 while in group B £1.052
the corresponding value was 5.25 (p<0.01).

Table 1. The motor values corresponding to the quality of landing after forward somersault performance from

a squatting position in groups A and B.

Number (percent) of errors in the groups

The type of error p
A B
second-degree 1(2.78%) 9(25%) 0.0064
first-degree 10(27.78%) 15 (41.67%) 0.2158
lack 25 (69.44%) 12(33.33%) 0.0022
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Table 2. The total number and percentage of correct answers (1) separately for each question of the knowledge
test and the probability p for the significance of the differences in proportions between the answers obtained from

groups A and B.

Number of errors in the groups

Percent of errors in the groups

Question p
A B A B
Q1 29 31 80.56 86.11 0.5271
Q2 19 18 52.78 50.00 0.8136
Q3 25 24 69.44 66.67 0.8005
Q4 26 26 72.22 72.22 1.0000
Q5 22 22 61.11 61.11 1.0000
Q6 26 24 72.22 66.67 0.6089
Q7 28 9 71.78 25.00 0.0000
Q8 29 12 80.56 33.33 0.0001
Q9 29 12 80.56 33.33 0.0001
Q10 26 1 72.22 30.56 0.0004
DISCUSSION

The results indicate that group A students com-
mitted the lowest number of errors during for-
ward somersault performance from the squatting
position. The additional workouts on the rotat-
ing training simulator proved effective. The bio-
mechanical knowledge extended this way turned
out to be a specific simulator, coding the changes
in acceleration during rotational movements so
as to lead to stable landing.

Unfinished somersaults may be due to hesi-
tation during rotational motion performance.
According to the author, the hesitation may be
due to the participant’s failure to get used to
acceleration achieved during rotational motion.
During workouts performed on the rotating train-
ing simulator, the students got used to acceler-
ations in rotational motion. Such accelerations
took place in a different plane than during jumps
on the trampoline, however, they turned out
completely safe for the participants. Therefore,
as confirmed by the results, the workouts on the
rotating training simulator increased the partici-
pants’ feeling of safety during repeated forward
squat somersaults.

The scores confirming the participants’ knowl-
edge on rotational movement mechanics also
turned out to be higher in group A. The rating
was significantly affected by the answers con-
cerning the practical application of the knowl-
edge on biomechanics in cases of acceleration

changes during rotational motion, aimed at safe
landing. The results confirm the author’s earlier
findings [16, 18-20] that understanding the rules
of mechanics may advance acquisition of knowl-
edge on motor activities involving rotation. This
aspect of understanding may be of particular
importance for future physical education teach-
ers as well as coaches teaching sports-related
techniques based on rotational motion [9]. This
is particularly important when teaching e.g.
gymnastic workouts involving highly dynamic
rotational movements. The knowledge of bio-
mechanics can help teaching more complicated
somersaults and favorably affect students’ safety.

The authors of textbooks on biomechanics
emphasize that the system based on mimicking
the master’s movements, without biomechani-
cal analysis is dominant in motor education. The
development of biomechanics, however [11], sug-
gests that the conceptions of such an approach to
motor ability teaching, referring to the learner’s
consciousness and understanding the performed
activities, is justifiable. This approach to teach-
ing is important for motor safety improvement,
understood according to its definition and from
the aspects of the learner and the teacher [18].

The results reported in this paper show that
understanding and taking advantage of mechan-
ics rules while learning how to perform somer-
saults on a trampoline, improved the correctness
of motor activity performance during landing.
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Similar effects involving improvement in motor
ability learning during rotational motion, thanks
to taking advantage of the aforementioned
knowledge, were obtained by the author during
aikido and shot put teaching [19]. As for teach-
ing aikido techniques, such effects were obtained
both in primary or secondary school children and
students [15, 16, 20, 21].

Based on his research results, the author suggests
introducing the term: “healthy education” (see
glossary). This term does not mean the same as
“pro-health education”, which deals with healthy
lifestyles rather than healthy education pro-
cess [22]. The education applied this way would
aim at activation of a maximal number of senses
in the process of teaching, not limited to vision
and hearing, most frequently activated in con-
temporary education.

Activation of the maximum number of senses
during learning is recommended in numerous
scientific papers [16, 19-21, 23]. The conception
of healthy education would be related to child’s
work ergonomics. According to the author, the
computer programs used nowadays may sup-
port education, however, in the case of experi-
mental subjects, they are not basic educational
tools. Stimulation for movement is essential for
children’s health. It limits the time of assum-
ing a seated position by a child, reducing, at the
same time, the development of postural malfor-
mations. Besides, movement would release, at
least for a moment, mental tension during learn-
ing. From the point of view of ergonomics, this
model of education would enable knowledge
acquisition by a pupil, requiring least effort and
sometimes spontaneous.

Based on the example of aikido [20], the author
argues that a child learns without even realiz-
ing it. Making the child learn consciously may
result in stress associated with traumatic expe-
rience at school. The author shows that a child
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can understand the rules of rotational movement
dynamics at the age of 7 to 9 years. Based on this
fact, the author concludes that such a form of
learning may be last for a long time.

Such healthy education” should, according to the
author, include learning physics, and specifically
one of its branches, namely mechanics, through
movement performance based on the knowl-
edge of biomechanics. In this case biomechanics
is a form of the so called “live mechanics” [16, 19]
with man participating in it instead of an inani-
mate object. Other branches of physics could be
presented in a similar, more attractive way, based
on biophysics [19]. Such kind of education may
also include teaching using EDUball balls [24, 25].
It involves using the elements of physical educa-
tion to teach such subjects as mathematics or
Polish language such as balls with letters and fig-
ures written on them. According to the authors
of the aforementioned method, such education
is facilitated by the pupil’s motor activity during
this type of classes.

CONCLUSIONS

Faster learning of safety landing during forward
squat somersault training, as compared with con-
ventional methods, ensures a combination of
the following elements of intellectual and motor
nature, namely: the knowledge of rotational motion
mechanics and explanation of the rules while per-
forming workouts on a rotating training simulator.

While using this equipment in training process
(teaching and improving) the learner receives
information how his or her body reacts to accel-
eration changes during rotational motion perfor-
mance. There is no direct evidence, however, that
during forward somersault training using a rotat-
ing training simulator it is possible to understand
the laws of biomechanics referring to rotational
motion with no academic knowledge of this issue.
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