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Abstract: The article presents the description and use of an apparatus designed to test and
improve the reaction speed of students in order to accurately quantify the cognitive
performance and motor reactions of high school students. This experimental study includes
different traditional and modern methods of analysis and control such as: test method, video
method, observation method, experiment method, assistive devices method, etc. The present
research includes a series of tests that allow the evaluation of reaction speed, adapting to the
level of each subject. The tests applied were for the dexter hand, the non-dexter hand and
simultaneously for both upper segments. We observed an improvement in reaction speed in
the experimental group. The apparatus used in the tests can also be used as a specific means
for the development of reaction speed in secondary school students. The overall conclusion
is that the introduction of interactive and accessible technologies in the educational
environment can have a positive impact on pupils' performance, especially in terms of
reaction speed and coordination. The study provides a solid basis for extending the research
to larger groups and a variety of educational contexts.
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1. Introduction

Physical education has a very important role in the development of stu-
dents. In secondary school education, the discipline of Physical Education continues
to play a key role in sensitizing students to the importance of regular physical exer-
cise for cultivating an active and healthy lifestyle. In the current context of modern
education, the development of students' cognitive and motor skills is gaining increas-
ing importance, especially in terms of preparing them for the increasingly dynamic
demands of society.

According to, Carstea, G. [1]( p.52-66) speed is defined as, "the ability of the
human organism to perform motor acts or actions, with the whole body or only with
certain segments of it in the shortest possible time, with maximum rapidity, depend-
ing on the existing conditions".

Reaction speed is one of the essential components of motor skills and plays
a significant role in school, sport and everyday activities. In this sense, the identifica-
tion and application of effective methods for the assessment and improvement of this
ability become a priority in the instructional-educational process. [2] ( p. 68-72)

A basic characteristic that influences the ability of human performance in a variety of
activities, from everyday tasks to complex activities such as driving, playing sports or
social interactions, is reaction speed. The ability to react promptly and accurately to
stimuli is often associated with an individual's level of agility and efficiency in dealing
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with various situations and demands". A prompt reaction speed is of benefit to every
person but especially in athletes it is essential to improve this motor quality. Atan, T.,
Akyol, P. [3] (, p.74). Some authors consider that there is a major difference between
reflex and reaction speed. Whereas the reflex act is not conditioned by a reaction and
action of the central nervous system, while the reaction speed is conditioned a lot by
the plasticity of the cerebral cortex, to a certain extent relying on already experienced
situations as well as on attention.

Complicated situations often arise in volleyball, especially in relation to the
movement of the ball and the players. Even if these moments are hard to anticipate,
speed can help players learn to anticipate what their opponents, teammates and the
ball will do. Good reaction speed is useful in sport and beyond. It is also called latent
motor reaction time. Carstea, G. [1] (p.17).
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Fig.1 Different communication pathways in reflex and reaction speed - (Microgate)

Attention is at the basis of all cognitive functions according to Hagovska, M.
& 1., Nagyova, [4] ( p. 133-142). In order to have a very good reaction speed, attention
must be focused on the opponent's actions, ball movement and game situations.

Hand-eye coordination plays a very important role in volleyball as well as in
other sports. As the game is played at high speed, the player needs to see the ball,
anticipate its trajectory and react immediately. In order to achieve this, an efficient
hand-eye coordination is needed, according to Menevse, A. [5]( p. 114-118).

2. Materials and methods
2.1. Working hypotesis

We started from the idea that the use of an assistive device in lessons, using
balls in testing and developing reaction speed, approximating the conditions in bilat-
eral play will lead to improved reaction speed.

The aim of this study was to assess the reaction speed of students to a visual
stimulus using a specialized testing device. The research aims to highlight the reac-
tion speed of students with both the dominant and non-dominant arm.

2.2. Participants

The experiment included 30 ninth graders from Filadelfia High School. Their
ages ranged from 14 to 15. Students were randomly selected from those who ex-
pressed a willingness to participate. Both boys and girls were included, with no
known physical conditions affecting their ability to respond. Pupils were also not in-
formed in advance about the exact timing of the test to ensure spontaneity of reaction
speed.
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2.3. Organization of the research

The article emphasizes the use of an innovative equipment, a device designed
to test and improve the reaction speed of students. It has been designed not only as a
simple means of assessment, but also as an interactive educational device, which can
be easily integrated into classroom activities or physical education and sport classes.
The main purpose of this device is to obtain objective and accurate data on pupils'
reaction time, while at the same time offering the possibility to improve this motor
skill through different specific exercises.

A very important thing to keep in mind is that the reaction speed is not iden-
tical in all body segments.

The research presented in this paper is based on an experimental study,
which involved the application of a set of tailored tests for both the dominant and
non-dominant hand, as well as for both upper segments simultaneously. By using
complementary methods such as: test method, observation method, video method.
Also, in order to have a series of results as accurate as possible, we also used the
method of repetitions, alternative [6] (p. 61).
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Fig. 2 Visual representation of the hypothetical stages of a reaction time task and the association
of each stage with diffusion model parameters. after Emily Willoughby

The form of manifestation we want to develop is reaction speed. Reaction speed
is the most important form of speed in volleyball because it helps players respond quickly
to changes that occur during the game. This, according to some authors such as [7](p. 226),
[8] (2024, p. 3-5) [9] (p.14) is composed of:

e Simple reaction speed - when there is only one stimulus and only one possible re-
sponse.

e Complex reaction speed - found when there are multiple stimuli and/or multiple re-
sponse options.

The upper limbs have a faster reaction speed because they have a more direct con-
nection to the brain via the CNS (Central Nervous System). Because there is a shorter con-
nection, the signal can be transmitted more quickly and automatically a faster reaction.
Another detail may be that the upper limbs are involved in different daily activities that
require a quick response (grasping a glass, forks, etc). Muscle size also plays an important
role in reaction speed. Large muscles may be involved in accomplishing a fine motor skill,
but small muscles are the main contributors to the goal of that skill according to [10] (p. 2-
14). That is why we chose to test the reaction speed in the upper segments.

To test the reaction speed, a device was invented and adapted to the needs of the
students in order to obtain objective results.
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This apparatus is based on the principle of the ruler test but reinterpreted. The
apparatus is placed on the basketball hoop. A plank is placed on the basket and two strings
come down from the plank and are passed through two pulleys. The ropes are graduated
in centimeters and at the end of the ropes are two volleyballs that come down when the
teacher lets go of the rope. The student stands in front of the teacher with arm(s) extended
forward at level 0 having their fist semi clenched, and the string must pass through their
fist. The moment the teacher releases the string, the ball comes down and the pupil must
clench his fist.

The reaction speed is measured from the moment the teacher releases the string
and the pupil squeezes it by tracing the distance in centimeters from the 0 level of the
string.

Students were tested with both left and right hands. Each student performed 3
tests on each limb. Testing was also performed with both upper limbs simultaneously and
the data were correlated as this is a new method of measuring reaction speed with the
ruler test.

3. Results

The testing of students with the RESPONSE device can be observed in figures 3
and 4, with the balls being dropped from the same height, the testing conditions being
similar.

In both the initial left-handed and right-handed tests, the results of the two groups,
control and experiment, were close in terms of values as can be seen in Figures 5 and 6.
One thing that caught our attention and that is the results obtained by the subjects were
better on the non-clumsy segment, symbolizing that increased attention led to reduced
reaction time, being the non-clumsy hand.

Fig. 4 Testing two-handed reaction

Fig. 3 Testing one-handed reaction
speed with the RESPONSE device

speed with RESPONSE

Following the experiment, in the final tests, we obtained lower values in the ex-
perimental group on the right hand of 18.40 cm and in the control group 21.80, and in the
left hand of 15.40 in the experimental group and 19.00 in the control group. We can see that
in both tests the better values were in the left hand, possibly as a concentration of attention
on this segment, which is usually less used.
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Initial testing with right hand - RESPONSE
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Fig. 5 Representation of the results from the initial hand dexterity test

Initial testing with left hand- RESPONSE
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Fig. 6 Representation of the results from the initial testing of the clumsy hand

Final testing with right hand - RESPONSE
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Fig. 7 Representation of the results of the final dexter hand test
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Final testing with left hand - RESPONSE
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Fig. 8 Representation of the results of the final test on the clumsy hand

The differences I have mentioned are not only between individuals, but also
between segments of the same body, significant being the distance between the Cen-
tral Nervous System and the targeted segment, as well as the quality of analysis or
the speed at which the white myelin, myelin, transmits the nerve impulse. [11]

Unilateral stimulus
B [Initial testing with both hands [ Final testing with both hands

experiment

withess

0 25 50 75 100

Fig. 9 Representation of the errors of the initial and final test with unilateral stimulus

In the testing we conducted with subjects having only a stimulus on one
string, while the other was inactive, we noticed something extremely interesting. The
tested subjects acted with both hands even though the stimulus was only for one
segment, which we considered to be an error. Figure 9 illustrates in percentages how
many errors there were in the two tests with both groups.

4. Discussion

Reaction speed is extremely important for both competitive athletes and peo-
ple in general because of the implications it can have in everyday life [12] (p.3). The
differences that often occur between members of a team mean that positions of vary-
ing importance in attack or defense are occupied. When unforeseen situations arise,
it is certainly important to have the best possible reaction speed in order to make
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timely decisions per time unit [13], [14]. In addition to performance sports, we are
also referring to military activities or driving or other more or less ordinary situations.

0
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&

Fig. 10 Batak reaction speed test machine [15]

The differences that this device, see Fig. 10, compared to standardized tests,
such as the ruler test, are that the tested athlete analyzes the trajectory of a ball, of a
familiar object with which he is used to interact and which he follows even during
the game, which brings the test closer to his own experiences, causing the subject to
have a pre-programmed reaction, certainly useful in the subsequent training process.

Some devices are known that test the execution speed of the elan [16] combined
with high-speed cameras to capture subtle mechanisms that influence the vault off
the vault, such as short contact time caused by high execution speed. The need for
electronic devices is obvious for the realization of modern apparatus in order to ob-
tain additional data, otherwise impossible to harvest without their help.

The apparatus in Fig. 10, which causes the upper limbs to move in different
planes to press a switch that turns on randomly controlled by a microprocessor
system. What is interesting to note is that this apparatus not only tests reaction speed,
as it involves moving segments through skeletal muscles, but also execution speed,
and dissociating these two becomes extremely difficult to do. The RESPONSE
apparatus designed by us and presented at the beginning of the study stands out in
addition to accurately determining the reaction speed following a simple motor
gesture such as closing the fist when the stimulus occurs, but it can also be included
in the sphere of those apparatuses that have a regulatory role due to the fact that
when the graded string grasp was operated with both hands, if the stimulus was
unilateral and the execution was aimed at grasping both strings, the value was
declared error and the subject was stimulated to channel his attention dissociatively
to give a correct response.

Further studies on human subjects using the RESPONSE machine may shed
new light on brain activity when stimulating the central nervous system, as well as
when deciding to make a fist or perform other imposed tasks.

5. Conclusion

The device we designed validated its efficiency by correlating it with the ruler
test which obtained values of 11 cm in the left hand and 13 ¢cm in the right hand, and
at first glance we were a bit disappointed. When we analyzed the data, however, we
noticed that the same inter-segmental difference was maintained as in the test with
the device we designed - Response, with a better time obtained by the upper clumsy
segment. At the same time, because the volleyball, which weighs 260g -280g, was
attached to the end of the string, its acceleration was higher than that of the plastic
ruler, which explains the results and validates our test.
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10.

11.

12.

The values obtained by the two groups in the final test unequivocally illustrate,
as we can see in the graphs in Figures 8 and 9, that the use of the Response apparatus
in the preparation of the experimental group contributed to lower values of their
reaction times. It is hoped that the realization of the electronic version of this
apparatus will facilitate its widespread use both in educational establishments and
in the framework of sports clubs and associations.

6. Patents
Following the tests and the results obtained, we considered it appropriate to
obtain protection for the presented device, for which reason we addressed to the

Romanian State Office for Inventions and Trademarks an application for a patent
with the number: 00111/2025.
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