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ABSTRACT

The article presents the results of research on the application of a physical exercise programme to improve the underwater orientation of military divers.
The research was carried out on a group of 120 soldiers, some of whom (the study group) underwent additional training for 3 months. During the
underwater straight-line swimming test in poor visibility conditions, the test group achieved statistically significantly better results than the control group. The
test consisted in measuring the angle of deviation of the diver's route from the given straight line.
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INTRODUCTION

Correct spatial orientation underwater is
important both for the diver and his or her safety and for
their ability to perform a combat task. This is shown by
the experience of the diver's combat operations during
World War II [1,2].

In order to achieve the goal stealthily, the diver
has to swim in conditions of limited visibility hundreds or
even thousands of metres under water. Orientation is
facilitated by a precise depth gauge, compass and a map
of the shape of the body of water and possible obstacles.
The diver may rely on a depth gauge, while the sketch
map may be inaccurate and the compass unreliable [3].

The spatial orientation of a human being is
based on the alignment of a complex set of factors
determining his or her movement-positioning construct
[4,5,6,7,8], which in the case of underwater swimming is
disturbed by weightlessness, as well as, to a lesser extent,
visibility conditions and density of the ambient
environment. The sense of direction is the result of all
these factors. However, this skill is individually
differentiated, and at the same time it can be developed
through appropriate training [4,9,10,11].

The spatial orientation of a human being on land
is achieved by a construct, applied and improved
throughout one' s life. A completely different situation is
experienced by a person in a state of weightlessness and
during their stay under water. While moving under water,
a diver first of all changes the position of the body from
vertical to horizontal, thus confusing his or her normal
construct of spatial awareness. They can make use of the
organ of sight, but to a very limited extent [12], especially
in our latitudes or at night. The kinaesthetic sensations
change underwater, as by balancing the diver's body
weight he or she obtains a simulated state of
weightlessness, allowing him or her to float freely at
a certain depth. These factors, together with the specifics
of the underwater environment, make it difficult for the
diver to maintain the chosen direction of movement.

Bearing in mind the importance of proper
directional swimming by divers in the army for the
performance of combat tasks, there are few and
fragmented reports of this in the literature. [3,13,14].

Therefore, research has been undertaken in
order to obtain our own experience in this field, which
could form the basis for optimising the model of diver
training.

MATERIAL AND METHODS

The research involved 120 scuba-diving soldiers.
The age of the respondents ranged from 19-23 years. All
the soldiers were qualified to this specialty by the Military
Maritime Medical Commission and they met the health
requirements for candidates for military scuba divers.
Naturally, all the subjects were able to swim. They were
divided into 2 groups:

I - experimental - consisting of 80 scuba divers,
with whom during the 3-month programme an additional
proprietary programme of physical exercises was carried
out;

Il - control - consisting of 40 divers, who
underwent only a 3-month training programme. They

were excluded from the specialist physical exercise
programme.

The proprietary physical exercise programme
was aimed at improving the activities of the scuba divers'
balance system, motor coordination during the
performance of specific activities, and most of all, the
development of spatial imagination under the conditions
of a load on the balance system. These exercises,
systematically carried out during daily and physical
education activities, developed a new, dynamic spatial-
motor construct in the divers, allowing them to find their
direction more effectively, even when the body position
has changed.

After a 3-month programme-training period
(group II), a test of underwater directional swimming was
carried out with divers from both groups.

Directional swimming under water took place in
an isolated sea area of 130x130 m and an average depth
of 3m [15].

The water temperature during the test was 10 -
18 °C. Sea state during the test was between 0 - 1 on the
Beaufort scale. Smooth, sandy bottom, steep banks,
formed by piers and wooden poles. Visibility in the water
during the test was between 0.5 and 2.5 m, depending on
water transparency [15]. The diver's field of vision was
limited by the diving mask. The test was performed on
a cloudy day, without sunlight. The diver was equipped
with typical lightweight equipment, a depth gauge and
a colour float on the line. The equipment did not include
a compass. Prior to descending under water, an
examination was carried out for diseases and diving
injuries (mainly of the ears), and the diver checked the
patency of their otosalpinx by performing the Valsalva
manoeuvre.
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Fig. 1 Body of water for directional swimming tests by divers: A — starting point, B — destination point.

The diver's task was to swim from point A to the
point B (Figure 1). The distance from point A to point B
was 100 m, the recommended depth was 2 m. The diver,
after  entering the water and  performing
a controlled immersion, raised their head above the
surface of the water and at point A assessed the visual
direction to point B, then submerged, descended to
a depth of 2 m and at this depth swam in the previously
chosen direction, i.e. to point B. The diver's path was
marked on the water by a colour buoy, fixed on a rope to
the weight belt, and a trace created by bubbles of exhaled
air. This route was marked on a sketch. In the case where
the diver was swimming in a circle and was unable to
maintain the direction of swimming in a straight line, the
test was discontinued. In the case of significant deviation

from the designated direction of swimming, the test was
terminated after 50 m. During the test, the divers were
recommended to maintain normal swimming pace
without establishing time regimes. The diver repeated the
directional swimming test under water 2 - 3 times.

RESULTS

The obtained results of the study of directional
swimming under water of 80 divers from group [ and 40
divers from group II were statistically analysed using the
Student's "t" test and are presented in Table 1.

Tab. 1

Summary of the results of the underwater directional swimming test of group | and Il divers at a distance of 100 m.

Group Deviation in degrees
To the left To the right
Ix 25.94 12.872
d 13.825 12.872
1% 52.63 53.10
d 21.562 16.392

% - arithmetic mean, d - standard deviation.
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The differences in the results achieved by the
divers who had completed the additional training
programme’s special physical exercises and by the divers
not performing these exercises are statistically significant
(p<0.01). They confirm the adopted assumption about the
possibility of influencing the results achieved in
directional underwater swimming training by conducting
special physical exercises.

The idea of "adaptive training” for the
adaptation of movement in specific conditions has been
known for a long time, but despite numerous attempts, to
this day this issue has not been satisfactorily resolved. It
has been found that people who are professionally
involved in physical activity requiring sudden head
movements or precise balance, e.g. acrobats, skaters,
dancers, gymnasts, are less susceptible to kinetosis than
individuals from other professional groups.

Systematic performance of adequate exercise
during a month reduced vestibular reactions in 37% of
respondents [16]. The combination of these exercises
with swinging on a parallel swing improved these results
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in 65%, while the use of the Barany's chair and the swing
improved these results in as many as 75% of the
respondents [17]. These observations confirm the results
of the studies presented, and indicate the expediency of
introducing suitably targeted physical exercises to
optimise the diver's underwater directional swimming
training programme in the various conditions created by
combat tasks.

CONCLUSIONS

1. Special physical exercises to improve spatial
orientation in difficult conditions improve the
diver's performance in directional underwater
swimming.

2. The implementation of special physical
exercises in the diver's training programme
could contribute to raising the level of their
combat training.
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