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Abstract:

This study examined junior football players aged 12-14 years competing in
the U14 category of the National Football Championship during the 2024/2025
competitive season. The purpose of the research was to monitor changes in
reaction time following an eight-month structured training program focused on
agility-based exercises. Assessment protocols included both physical
variables (reaction speed and agility) and cognitive components (reaction time
and task accuracy). Simple reaction time and choice reaction time were
evaluated using the Cognitrom Assessment System (CAS++). Measurements
were conducted at two time points: before and after the training intervention.
Data analysis focused on mean reaction time, number of errors, omissions,
and reaction time stability. Statistically significant improvements were
observed between pre- and post-intervention assessments for both simple
reaction time ((19) = 9.509, p < .001, Cohen’s d = 1.94) and choice reaction
time (t(19) = 6.35, p <.001, Cohen’s d = 1.30). These findings are consistent
with existing literature indicating that reaction time in competitive athletes can
be enhanced through targeted training programs. The results suggest that
sustained, sport-specific training can significantly improve speed, agility, and
reaction time in junior football players, contributing to enhanced overall
performance.
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A long-term training program for young soccer players should focus on developing motor skills, adapting different
functional systems to effort and competition. It should also take into account the unique aspects of the game of
soccer. Even at a young age, soccer requires quick reactions to variable and unexpected situations, which trains
the child’s voluntary attention. During the game, the child focuses on the essential elements — the ball, the position
and movements of the opponent — ignoring external stimuli. In this age group (12-14 years), the emphasis is
particularly on learning the basic kicks: passing, shooting and dribbling (Fonseca et al., 2023, lhsan et al., 2022,
Ling et al., 2020).
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The peculiarities of the football game for 12-14 years old juniors

As a complicated psycho-pedagogical process, sports training aims to influence the complete personality and the
entire psycho-behavioral system, which occurs on the basis of biological, functional changes, in addition to the
physical development of athletes depending on their degree of motor skills. The reason for this is that the success
of performance can only be achieved by carefully examining the determinant components of performance capacity,
which has a complex structure combining biological, psychological and social aspects (Lee ef al., 2024, Marques
et al., 2013). After 10-12 years of consistent practice, it is known that young footballers begin to compete at a high
professional level. In other circumstances, the training period is reduced or increased due to the special qualities
of cultivating sports education in football (Prasetyo et al., 2019).

The structure and stages of long-term training for junior footballers must be based on solid principles and
compliance with the highest sporting standards, so as to fully utilize the natural abilities of the players and ensure
the achievement of the maximum level of performance at an optimal age for its manifestation.

It is important to emphasize the importance of coordination in the development of football players and the
requirements of football games, as well as to indicate what the basic coordination elements are and in what
situations they are used.

Performance capacity has multiple definitions found in the specialized literature, mainly being given by
biological parameters, health status and level of training. The priority factors in achieving high performance in the
game of football are presented as a combination of individual talent, the skills of each athlete, the collective value
of the team, training (including all training factors), individual and collective attitude as well as the social environment
(staff attitude, support from fans, media, etc.) but also financial structures.

Physical training represents ‘the performance of athletes especially in competitions and training, because
maintaining the sports form of players throughout the competitive period, especially for team sports is one of the
central problems in the athlete training system’ (Khasanah, and Hariyoko, 2023).

Speed and reaction time in football

The increase in sports performance has offered a different vision of speed and agility, which is why Franca et al.,
2022 introduced the term game speed.

Game speed is a ‘context-specific ability in which an athlete maximizes sports performance through the
application of a sport-specific movement with optimal speed, precision, efficiency, and control - both in anticipation
of and in response to major perceptual stimuli and the skill demands of the game’ (Buhas, 2015). This definition
implies a series of key elements that affect how we might build an effective game speed development program.

If these responses are not practiced and developed, the player will always risk being slow to respond to the
requiered task and therefore unable to maximize his performance, regardless of the innate speed of the capabilities.
In addition, the player's ability to react and respond depends on the ability to assume an efficient body position from
which to maximize the next movement.

Regarding modern training methods, the SAQ (Speed, Agility, Quickness) method stands out as one of the
most effective and validated in the specialized literature (Pearson, 2001; Polman et al., 2009).

1. Material and Methods

The research used two computerized psychological tests to assess the reaction time: the simple reaction time test
and the reaction time test in choices, implemented through the CAS (Cognitrom Assessment System) platform. The
simple reaction test measures the speed of basic sensorimotor processing. Procedurally, a single visual stimulus
appears on the screen, to which the participant must immediately respond by pressing a predetermined key.

The platform recorded reaction time (the interval between the appearance of the stimulus and the response),
response stability (the variation in the times obtained) and any omissions. The choice reaction test assesses the
speed and accuracy of decision-making under conditions of discrimination between multiple stimuli. In this test,
different stimuli (e.g., colors or geometric shapes) appear on the screen, each associated with a distinct key, and
the participant is instructed to select the appropriate response. The parameters analyzed included the average
reaction time, the number of errors (incorrect responses), omissions and performance stability. Both tests were
administered at two times: before and after the application of the exercise programs. This approach allowed for the
comparison of initial and final performances, in order to highlight the effects of the exercises on the processing
speed, attention and reaction capacity of the participants.
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Participants

The participants in this study were 20 junior football players, registered at a school sports club in the Oltenia area.
Their age ranged between 12-14 years, competing in the 2024/2025 competitive season in the U14 category within
the National Football Championship. The participants' guardians were informed about the protocol for conducting
the experiment and were informed about the method of testing motor capacity as well as the results recorded by
the athletes.

Procedure

The aim of the study is to track the evolution of reaction times, following a training program based on agility
exercises, based on the SAQ method for developing coordination capacities in speed training in junior footballers
(12-14 years old). The program was conducted over an 8-month period.

Both testing sessions (initial testing and final testing) were conducted under the same environmental and
organizational conditions, to ensure the comparability of the results. The tests applied targeted both physical
parameters (reaction speed, agility, lower limb strength, specific resistance) and cognitive components (reaction
time, accuracy in solving tasks).

Throughout the study, ethical principles in research were respected. Participants were informed in advance
about the purpose and conduct of the experiment, expressed their consent to participate, and the data obtained
were treated confidentially and used exclusively for scientific purposes. The data were subsequently compared
between the two evaluation stages, aiming to quantify the progress achieved.

Materials
Reaction time testing (via the CAS platform)

The research used two computerized psychological tests to assess reaction speed: the simple reaction test and
the choice reaction test, implemented through the CAS (Computerized Assessment System) platform. The simple
reaction test measures the speed of basic sensorimotor processing.

Procedurally, a single visual stimulus appears on the screen, to which the participant must immediately
respond by pressing a preset key. The platform recorded the reaction time (the interval between the appearance
of the stimulus and the response), the stability of the responses (the variation between the times obtained) and any
omissions.

The choice reaction test assesses the speed and accuracy of the decision under conditions of discrimination
between multiple stimuli. In this test, different stimuli (for example, colors or geometric shapes) appear on the
screen, each associated with a distinct key, and the participant is instructed to select the appropriate response.

The analyzed parameters included the average reaction time, the number of errors (incorrect answers),
omissions and the stability of performance. Both tests were administered at two times: before and after the
application of the exercise programs.

This approach allowed for the comparison of initial and final performances, in order to highlight the effects
of the exercises on the participants' processing speed, attention, and reaction capacity.

Data analysis

In order to organize the data and test the hypotheses, the statistical analysis program IBM.SPSS.25 (IBM Corp,
2016) was used.

2. Results

Analysis of the data obtained from the simple reaction test revealed a significant improvement in the participants'
performances after applying the exercise program. The mean initial reaction time (T1) was 420.2 ms (SD = 232.2),
while at the final test (T2) an average of 333.4 ms (SD = 199.9) was recorded.

The difference between the two assessment times was 86.87 ms, with a 95% confidence interval between
67.96 and 105.76 ms.

The paired-samples t-test confirmed the significant nature of this difference, t(19) = 9.509, p < .001,
indicating that the result was not due to chance. Also, the effect size calculated by Cohen’s d (d = 1.94) shows a
very large impact of the exercise program on reaction speed.
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Table 1. Simple reaction test results
Min Max EEN] Stdv ‘ Skew. Kurtos. t p Cohen
RT_simple_T1 249.0 1183. 4202 2322 1.94 3.945
RT_simple_T2 170.5 1005. 3334 199.85 2.05 4.699

9.509 .000 1.94

Source: Compiled by Authors.

In practical terms, these results suggest that the applied program led to a considerable acceleration of
response times, which reflects an improvement in sensorimotor processing and attentional capacity.

Although the data distributions showed some asymmetry (Skewness = 1.9; Kurtosis = 3.9), the consistency
of the differences and the magnitude of the effect provide robustness to the conclusion that the intervention had a
clear positive effect on the participants' performance on the simple reaction test.

Table 2. Results of the reaction test in choices

Min Max Mean Stdv ‘ Skew. Kurtos. t p Cohen
A 4214 39511 1276.1 73648 2175 7.017
RT in 6.349 .000 1.30
= 356.9 2858.  1008.2 577.53 1.723 3.818
choices_T2

Source: Compiled by Authors.

The analysis of reaction times in elections revealed a significant improvement after the application of the
exercise program.

At baseline (T1), reaction times ranged from 421.1 to 3951.1 ms, with a mean of 1276.1 ms (SD = 736.48).
The distribution showed positive skewness (Skew = 2.175) and a high flatness index (Kurtosis = 7.017), suggesting
the presence of extreme values and a high variability of performances.

At the final time point (T2), after the intervention, reaction times decreased, ranging from 356.9 to 2858 ms,
with a mean of 1008.2 ms (SD = 577.53). The distribution remained slightly positively skewed (Skew = 1.723) and
leptokurtic (Kurtosis = 3.818), but closer to normality compared to T1.

The paired-samples t-test showed a statistically significant difference between the two time points, #(19) =
6.35, p <.001, confirming the reduction in reaction times after the exercise program. The effect size, calculated by
Cohen’s d, was 1.30, corresponding to a very large effect.

3. Discussion

Regarding the CAS platform assessment (Cognitrom Assesment System), the analysis of the results obtained in
the simple reaction and choice reaction tests highlights a convergent trend: after applying the exercise program,
the participants' response times were significantly reduced in both experimental conditions. In the case of the simple
reaction, the reduction was approximately 87 ms, with a very large effect size (d = 1.94), indicating a substantial
acceleration of basic sensorimotor processing. In the choice reaction test, the difference between the two moments
was more pronounced, approximately 268 ms, accompanied by a decrease in interindividual variability and a more
balanced distribution of performances. This suggests that the exercise programs not only reduced the average
reaction time, but also uniformed the level of performance among the participants.

Conclusions and Further Research

The results obtained confirm the hypothesis that the Work Program applied to junior football players positively
influences simple reaction time and reaction time in choices. Thus, the applied exercises had a positive impact on
the reaction speed, both in simple situations and in contexts that involve choosing between several options. Overall,
it can be concluded that the implemented exercise program contributed significantly to the development of the
ability to react quickly and correctly, an essential aspect in activities that require prompt and precise responses to
external stimuli.

Football requires the management of a large number of short and repeated high-intensity actions, such as
shooting at goal, sprinting, jumping, acceleration and deceleration, often including changes of direction (COD),
crucial determinants of success or failure in the game and also good predictors of the level of performance of
players (Lockie et al., 2018). However, the specialized literature indicates that studies on the development of
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coordination are still insufficiently explored (Liakh and Vitkovskij, 2010), although it plays a determining role in the
efficiency of technical executions (Gu, 2021). The development of coordination abilities is closely linked to the
growth and maturation of children, and the stages of childhood, puberty and adolescence are favorable periods for
perfecting this ability (Burhaein et al., 2020; Gil et al., 2007).

The development of reaction time is also closely linked to the development mechanism of the human body,
thus (Kumar, 2017).

Also, according to Rosznay et al. (2021), to improve acceleration, it is not enough to introduce a single
exercise in training because it cannot constitute the main tool, and no single method is sufficient. It is necessary to
develop an integrated approach in which several methods can be combined to streamline the development of speed
and agility (Rumf et al., 2016).

Several authors in the literature (Papp et al., 2022) see the central nervous component as the ability to
coordinate and regulate subsequent movements of contraction-relaxation cycles.

Morphological indices are not the same in all sports, but are different. The most commonly used are
(Prasetyo et al., 2019), but reaction times remain among the most important of them.

Credit Authorship Contribution Statement:

Amalia-Raluca Stepan: write the contribution of the second author choosing the relevant actions, but not limited
to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing — original draft, Data curation,
Validation, Writing — review and editing, Visualization);

Caius-lonel Drula: write the contribution of the second author choosing the relevant actions, but not limited to
(Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing — original draft, Data curation,
Validation, Writing — review and editing, Visualization);

Sebnem Sarvan Cengiz: write the contribution of the second author choosing the relevant actions, but not limited
to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing — original draft, Data curation,
Validation, Writing — review and editing, Visualization);

Ratko Pavlovi¢: write the contribution of first author choosing the relevant actions, but not limited to
(Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing — original draft, Supervision,
Data curation, Validation, Writing — review and editing, Visualization);

Alexandru-Marian Cosma: write the contribution of the third author choosing the relevant actions, but not limited
to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing — original draft, Data curation,
Validation, Writing — review and editing, Visualization).

Declaration of Competing Interest: The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work reported in this paper.

Declaration of use of generative Al and Al-assisted technologies: The authors declare that they have not used/
or used generative Al and Al-assisted technologies in the writing process before submission, but only to improve
the language and readability of their paper and with the appropriate disclosure.

References
Buhas, S.D., (2015), Sports and Physical Education — Forms of Socialization, GeoSport for Society, 3(2), 53-60.
Burhaein, E., lbrahim, B.K., and Pavlovic, R. (2020). The relationship of limb muscle power, balance, and

coordination with instep shooting ability: A correlation study in under-18 football athletes. International Journal of
Human Movement and Sports Sciences, 8(5), 265 — 270. https://doi.org/10.13189/saj.2020.080515

Fonseca, R.T., Castro, J.B.P. de, Santos, A.O.B. dos, Lopes, G.C., Nunes, R. de A.M., and Vale, R.G. de S. (2023).
Soccer as a sport demands a series of situations where explosive strength is determinant. Refos, 39, 981-987.

Franga, C., Gouveia, E., Caldeira, R., Marques, A., Martins, J., Lopes, H., Henriques, R., et al. (2022). Speed and
Agility Predictors among Adolescent Male Football Players. International Journal of Environmental Research and
Public Health, 19 (5), 2856-2863.

Gil, S.M,, Gil, J., Ruiz, F., Irazusta, A., and Irazusta, J. (2007). Physiological and anthropometric characteristics of
young soccer players according to their playing position: Relevance for the selection process. The Journal of
Strength and Conditioning Research, 21(2), 438-445. https://doi.org/10.1519/r-19995.1.

18


https://doi.org/10.13189/saj.2020.080515
https://doi.org/10.1519/r-19995.1

Journal of Advanced Research in Sports: Interdisciplinary Approach Volume I, Issue 1(1), Spring 2026

Gu Haimin (2021). Strengthen coordination training to improve the football level of primary school students [J].
Basic Education Forum, 1(08), 103-104.

IBM Corp. Released (2016). IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.

Ihsan, N., Okilanda, A., Donie, Putra, D.D., Wanto, S., and Arisman. (2022). Practical Group Defense Exercise
Design in Football Game for 13-Year-Old Students. Physical Education Theory and Methodology, 22(2), 194-201.

Khasanah, R.N., and Hariyoko, H. (2023). Development of learning media for physical education, sports, and health
on basic football techniques based on articulate storyline application. Indonesian Journal of Research in Physical
Education, Sport, and Health (IJRPESH), 1(1), 8-14. Retrieved from
http:/journalfik.um.ac.id/index.phpl/ijrpesh/article/view/2

Kumar, R. (2017). Impact of physical education and sports in promoting social values among youth. The
International Journal of Indian Psychology, 4(2), 84-87.

Lee, Y.-S., Lee, D., Ahn, N.Y. (2024). SAQ training on sprint, change-of-direction speed, and agility in U-20 female
football players. PLoS ONE 19(3): €0299204. https://doi.org/10.1371/journal.pone.0299204

Liakh, V., and Vitkovskij, Z. (2010). Coordination training in football. Soviet Sport. (In Russian).

Ling, D.I., Cepeda, N.A., Marom, N., Jivanelli, B., and Marx, R.G. (2020). Injury prevention programmes with
plyometric and strengthening exercises improve on-field performance: a systematic review. Journal of ISAKOS,
5(1), 48-59. https://doi.org/10.1136/jisakos-2019-000385.

Lockie, R.G., Dawes, J.J., and Jones, M.T. (2018). Relationships between linear speed and lower-body power with
change-of-direction speed in national collegiate athletic association divisions | and Il women soccer athletes. Sports
(Basel) 6, 30. https://doi.org/10.3389/fphys.2023.1171636.

Marques, M.C., Pereira, A., Reis, |.G., and van den Tillaar, R. (2013). Does an in-season 6- week combined sprint
and jump training program improve strength-speed abilities and kicking performance in young soccer players?
Journal of Human Kinetics, 39, 157-166. https://doi.org/10.2478/hukin-2013-0078.

Papp, E.G., Cimpean, R., Cherhat, M.P., and Rus, V. (2022). The Benefits of Unified Football in Children with
Mental Disabilities. A Pilot Study. Romanian Journal of Physical Therapy/Revista Romana de Kinetoterapie, 28(48).

Pearson A. (2001). Speed, agility and quickness for soccer: SAQ soccer. A and C Black.

Polman R, Bloomfield J, Edwards A. (2009). Effects of SAQ training and small-sided games on neuromuscular
functioning in untrained subjects. Int J Sports Physiol Perform. 4(4), 494-505.

Prasetyo, A.B., Doewes, M., and Purnama, S.K. (2019). Development of football sports agility model in special
preparation stage. Journal of Education, Health and Sport, 9(6), 130-136.

Prasetyo, A.B.E., Doewes, M., and Purnama, S.K. (2019). Development of football sports agility model in special
preparation  stage.  Journal  of  Education,  Health and  Sport, 9(6), 130-  136.
http://dx.doi.org/10.5281/zenodo.3238209.

Rozsnyai, R.A. (2020). Imbunététirea performantei sportive prin dezvoltarea vitezei si a coordonarii la fotbalistii
juniori de 14-16 ani [Doctoral Thesis, UBB Cluj-Napoca, in Romanian]. REI.

Rumpf, M.C., Lockie, R.G., Cronin, J.B., Jalilvand, F. (2016). Effect of Different Sprint Training Methods on Sprint
Performance Over Various Distances: A Brief Review. J Strength Cond Res, 30(6), 1767-85.
http://dx.doi.org/10.1519/JSC.0000000000001245.

19


http://journalfik.um.ac.id/index.php/ijrpesh/article/view/2
https://doi.org/10.1371/journal.pone.0299204
https://doi.org/10.1136/jisakos-2019-000385
https://doi.org/10.3389/fphys.2023.1171636
https://doi.org/10.2478/hukin-2013-0078
http://dx.doi.org/10.5281/zenodo.3238209
http://dx.doi.org/10.1519/JSC.0000000000001245

	Introduction
	The peculiarities of the football game for 12-14 years old juniors
	Speed and reaction time in football
	3. Discussion
	Conclusions and Further Research
	Credit Authorship Contribution Statement:
	Amalia-Raluca Stepan: write the contribution of the second author choosing the relevant actions, but not limited to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing – original draft, Data curation, Validation, Writing...
	Caius-Ionel Drulă: write the contribution of the second author choosing the relevant actions, but not limited to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing – original draft, Data curation, Validation, Writing – ...
	Sebnem Sarvan Cengiz: write the contribution of the second author choosing the relevant actions, but not limited to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing – original draft, Data curation, Validation, Writing...
	Ratko Pavlović: write the contribution of first author choosing the relevant actions, but not limited to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing – original draft, Supervision, Data curation, Validation, Writi...
	Alexandru-Marian Cosma: write the contribution of the third author choosing the relevant actions, but not limited to (Conceptualization, Investigation, Methodology, Software, Formal analysis, Writing – original draft, Data curation, Validation, Writin...
	Declaration of Competing Interest: The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.
	Declaration of use of generative AI and AI-assisted technologies: The authors declare that they have not used/ or used generative AI and AI-assisted technologies in the writing process before submission, but only to improve the language and readabilit...
	References


