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Abstract

Modern football is characterized by high-intensity match demands, complex tactical structures
and increasing requirements for individual player performance. These trends necessitate the
application of objective performance monitoring tools within long-term athlete development
systems. However, despite the growing use of technological solutions in elite football, limited
research has examined the integrated application of physiological, morphological and match-
performance indicators across different stages of long-term football training.

The purpose of this study was to scientifically substantiate the effectiveness of integrating
bioimpedance analysis, heart rate monitoring and match analysis technologies into the long-
term training system of football players. The study involved youth football players at different
stages of sports development. A pedagogical experiment was conducted using bioimpedance
analysis to assess body composition, Polar Team?2 heart rate monitoring to evaluate training
intensity zones, and the InStat performance analysis system to quantify technical and tactical
match indicators.

The results demonstrated significant improvements in speed, power and anaerobic
performance indicators (8.67-16.07%), reductions in body fat percentage (11-12%), and
enhanced match efficiency, including a 16% increase in passing effectiveness. The integrated
monitoring approach enabled individualized training adjustments and improved the alignment
between training load and competitive demands.

The findings confirm that the combined use of physiological, morphological and performance
analysis technologies provides a reliable scientific basis for optimizing long-term football
training. The proposed integrative model enhances training individualization, supports
evidence-based coaching decisions and contributes to sustainable athlete development.
Keywords: long-term athlete development; football performance analysis; bioimpedance
analysis; heart rate monitoring; training individualization; match analysis

INTRODUCTION

The contemporary game of football is characterized by progressively increasing physical,
technical and cognitive demands. Match performance analysis demonstrates that elite football
players are required to perform repeated high-intensity actions, rapid accelerations, complex
technical skills and tactical decision-making under conditions of fatigue and psychological
pressure. These demands highlight the importance of scientifically grounded training systems
capable of supporting long-term athlete development rather than short-term performance
gains.
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Long-term athlete development (LTAD) models emphasize the progressive formation of
physical, technical, tactical and psychological qualities across multiple stages of sports
specialization. In football, effective LTAD requires a delicate balance between training load,
recovery, biological maturation and skill acquisition. Traditional coaching approaches based
primarily on subjective assessment are increasingly insufficient to meet the complexity of
modern football performance demands.

In recent years, technological innovations have significantly influenced football training and
performance analysis. Heart rate monitoring systems provide objective information on
internal load and physiological responses to training stimuli. Match analysis platforms enable
detailed quantification of technical and tactical actions, positional behavior and game intensity.
Bioimpedance analysis offers valuable insights into body composition changes, which are
closely associated with physical readiness and adaptation processes.

Despite the widespread adoption of individual technologies in professional football
environments, their application is often fragmented. Many training systems focus on isolated
performance indicators without establishing a comprehensive integrative framework that links
physiological, morphological and match-performance data within a long-term training context.
This limitation restricts the potential of evidence-based coaching and reduces the effectiveness
of individualized training interventions.

Previous studies have primarily examined isolated components of football performance, such
as physical load monitoring, technical actions or physiological responses during matches.
However, the lack of integrated longitudinal approaches represents a significant research gap,
particulatly in youth and developmental football contexts. Addressing this gap is essential for
optimizing training processes, reducing injury risk and supporting sustainable performance
progression.

Therefore, there is a clear need for scientifically substantiated models that integrate multiple
performance monitoring technologies within the framework of long-term football training.
Such models should enable coaches to objectively evaluate player development, adjust training
loads and align training content with competitive demands across different stages of sports
specialization.

The present study aims to address this need by providing a scientific and pedagogical rationale
for the integrated use of bioimpedance analysis, heart rate monitoring and match performance
analysis in long-term football training. By examining the effects of this integrative approach
on physical, physiological and match-performance indicators, the study seeks to contribute to
the development of evidence-based training systems in modern football.

METHODS

The study was conducted using a pedagogical experimental design aimed at evaluating the
effectiveness of an integrated monitoring approach in long-term football training. The
research framework combined physiological, morphological and match-performance
indicators collected longitudinally across training and competitive periods. A pre—post
experimental design was employed to assess changes in physical fitness, body composition and
technical—tactical performance following the implementation of integrated monitoring
technologies.

The methodological approach was grounded in the principles of long-term athlete
development and evidence-based coaching. Data collection was carried out under real training
and competition conditions to ensure ecological validity and practical relevance for football
performance analysis.

The study involved male youth football players enrolled in structured football training
programs at different stages of sports development. Participants were recruited from football
training groups and sports schools operating within an organized long-term training system.

390



Cultura. International Journal of Philosophy of Culture and Axiology 23(1)/2026

A total of 35 football players participated in different phases of the study, depending on the
specific assessment method applied: Initial training stage (8—10 years): n = 20, Training
groups stage (13—14 years): n = 15.

All participants had a minimum of two years of systematic football training experience and
were medically cleared for participation in intensive training and competitive activities. Players
and their legal guardians were informed about the study procedures, and informed consent
was obtained prior to participation.

The study was conducted in accordance with the ethical principles outlined in the Declaration
of Helsinki for research involving human participants. All procedures were integrated into the
regular training process and did not interfere with the athletes’ educational or sporting
obligations. Data were anonymized prior to analysis to ensure participant confidentiality.

The methodological core of the study was based on the integration of three complementary
monitoring components: Morphological assessment using bioimpedance analysis (BIA),
Physiological load monitoring using heart rate telemetry, Match-performance analysis using a
computerized notational system

This integrative framework was designed to link internal load indicators, external performance
demands and long-term adaptation processes within a unified training management model.
Body composition was assessed using bioimpedance analysis as a non-invasive and time-
efficient method for evaluating morphological adaptation in football players. Measurements
were conducted using a standardized bioimpedance device under controlled conditions, with
players assessed in a rested state prior to training sessions.

The following parameters were recorded: Body mass (kg), Body height (sm), Body fat
percentage (%), Skeletal muscle mass (%), Total body water (%), Basal metabolic rate (kcal),
Visceral fat index.

Bioimpedance analysis was selected due to its suitability for repeated measurements during
long-term training and its established validity for monitoring changes in body composition in
athletic populations. The collected data were used to evaluate individual adaptation patterns
and to inform training load adjustments aimed at optimizing physical readiness.

Physiological responses to training and competition were monitored using the Polar Team2
heart rate monitoring system. Heart rate data were recorded continuously during training
sessions and selected competitive matches.

Heart rate zones were classified according to commonly accepted physiological thresholds:
Aerobic zone, Aerobic—anaerobic transition zone, Anaerobic zone

The duration and frequency of time spent in each heart rate zone were quantified to assess
internal training load and intensity distribution. This approach enabled objective evaluation of
training demands and facilitated the alignment of training intensity with competitive match
requirements.

Heart rate monitoring data were also used to identify individual differences in physiological
responses, allowing for personalized training interventions and recovery strategies.

Technical and tactical performance indicators were assessed using the InStat computerized
match analysis system. This system enabled detailed quantification of player actions during
competitive matches and high-intensity training games.

The following match-performance indicators were analyzed: total number of passes, pass
accuracy (%), number of duels, successful actions in offensive and defensive phases,
movement intensity and positional involvement.

Match analysis data provided objective external load indicators and contextualized
physiological and morphological findings within real-game performance. The integration of
match-performance metrics allowed for a comprehensive assessment of training effectiveness
beyond isolated physical measures.
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Standardized physical fitness tests were conducted to assess speed, power and agility
performance. The testing battery included: 10 m sprint test (s), 30 m sprint test (s), 3 X 10
m shuttle run (s), standing long jump (sm)

All tests were administered under standardized conditions with appropriate warm-up
procedures. Performance outcomes were recorded using electronic timing and measurement
tools to ensure accuracy and reliability.

The training intervention was based on the systematic use of integrated monitoring data to
inform coaching decisions. Training loads were adjusted according to individual physiological
responses, body composition dynamics and match-performance indicators.

Special emphasis was placed on the use of differentiated training models incorporating
aerobic, anaerobic and mixed-intensity exercises. Training content was progressively modified
across development stages to ensure continuity within the long-term training framework.
Statistical analysis was performed using standard mathematical and statistical procedures.
Descriptive statistics were calculated for all variables, including means and standard deviations.
Pre—post comparisons were conducted using Student’s t-test to identify significant changes
in performance and physiological indicators. The level of statistical significance was set at p <
0.05. Percentage changes were calculated to quantify the magnitude of observed effects.

The statistical approach was selected to ensure transparency and interpretability of results,
consistent with methodological standards in performance analysis research.

RESULTS

Table 1. Physical performance indicators at baseline and post-test (Control vs
Experimental).

Contro
Timepoin |1 CV | Experimenta Cv
Test 1, Mean | 52 | @) |1 (Mean) SD 1wy |t |P
)

10 m

sprint | Baseline  |251 | 0.1 | %7 | 253 0.12 | +7 |05 =00
8 4 |5 |5

(s)

30 m

sprint | Bascline | 6.65 | 025 |2 |6.57 038 |>7 |07 |00
6 § |9 |5

()

3X10 m

shutde | Bascline 923|037 |*0 [9.27 049 |>2 |02 [ =00
1 9 |9 |5

run (s)

Standin

g long . 10.4 | 7.6 12.0 |89 |03 [>0.0

ump Baseline 135.8 3 3 134.6 3 . 4 5

(cm)

10 m

sprint | Posttest | 243|042 |*7 [231 0.15 | &4 |27 |00
4 9 |9 |5

(s)

30 m

sprint | Posttest | 643 033 |21 |14 053 |36 |20 [ =00
3 3 |8 |5

()

3X10 m

shutte | Post-test | 9.06 | 0.44 |*8 872 051 |28 |22 | <00
6 5 |6 |5

run (s)
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Standin
jguméong Post-test | 141.4 21'4 f‘l 152.0 ;4'0 3'2 3'6 ;O'O
(cm)
Table 2. Model characteristics at the initial training stage.
Domain Indicator Value
Anthropometrics Body mass (kg) 30.28
Anthropometrics Body height (cm) 133.3
Physical performance 30 m sprint (s) 0.14
Physical performance Standing long jump (cm) 148
Physical performance 3%10 m shuttle run (s) 8.72
Physical performance 10 m sprint (s) 2.35
Game cognition “Q‘yinda fikeelash™ - (expert 54,3
rating)
Game behaviour "Ofyinda . tajovuzkorlik” 5,4,3
(expert rating)

Table 3. Baseline between-group comparison (TFA U-13; n=24).

. Control CV | Experimental Cv
Indicator |\l |52 | oy (Mléan) SD |y |t (P
Ball
juggling | 62.96 9.18 | 14.58 | 68.58 9.69 | 14.13 | 2.06 | <0.05
(count)
Standing
long jump | 191.42 | 31.76 | 16.59 | 207.63 33.51 [ 16.14 | 1.72 | >0.05
(cm)
N Misy 060 [1348 473 0.62 |13.112.06 | >0.05
sprint (s)
Slalom
around
poles (4| 10.65 1.77 | 16.62 | 9.83 1.58 |16.07 | 1.69 | >0.05
poles; 20
m), s
10 m

. 2.07 0.32 | 15.46 | 1.92 0.29 |15.10 | 1.70 | >0.05
sprint (s)
Football
(score; 30.08 4.38 | 14.56 | 32.75 4.62 | 14.11 | 2.05 | >0.05
points)
Table 4. Post-test between-group comparison (TFA U-13; n=24).

Contr Experim Absolut
Indicat | ol CV |en CV |e Chan
or Mea |0 | (@) | tal SD | %) | differen | ge (%) | ¢ |P
n) (Mean) ce

Ball 14.1 105 | 14.1 21 | <0.0
jugeling | 68.58 | 9.69 3 7471 4 ' 1 1613 8.94 O. 5 '
(count)
Standin 207,63 33.5 | 16.1 939,08 36.6 | 15.7 24 45 11.78 2.4 | <0.0
¢ long 1 4 4 9 1 5
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jump

(cm)

30 m

sprint | 473 | 0.62 | 1 413 058 | 401060 1268 | 2% |00
(s) 1 4 6 |5
Slalom

around

poles (4 [9.83 | 1.58 ;6'0 9.01 1.06 21'7 0.82 8.34 f'l ;O-O
poles;

20 m), s

10 m

sprint [ 192|029 | 1> | 168 0.27 | 1601004 125 |27 ]S040
s) 0 7 7 |5
Football

(score; | 3275 | 462 | 1+ | 3517 496 | M1 1240 739 | L7200
points) 1 0 5 |5

Table 5. Model characteristics at the training stage (Training phase group)

Domain Indicator Value
Physical performance 10 m sprint (s) 1.78
Physical performance Standing long jump (cm) 227.08
Physical performance Slalom around poles (s) 9.08
Technical (speed with ball) | 30 m run with ball (s) 7.3
Technical Ball juggling (count) 74.71
Match activity Total number of team actions | 483
Match activity Action efficiency (%) 89.02
Body composition Fat-free mass (kg) 46.6
Body composition Body fat (%) 10.2
Body composition Water (%) 70.2
Body composition Protein (%) 23.2
Body composition Basal metabolism (kcal) 1472
Body composition Bone mass (kg) 2.4
Body composition Ideal body mass (kg) 60.2

Reported implementation outcomes (percent changes)
Anaerobic-regime movement performance change: 10-17%.

Body composition (fat component) change in 13-year-old players: 11-12%.
Passing efficiency change: 16%.

DISCUSSION

The present study examined an integrated monitoring approach that combined (i)
bioimpedance-based body composition assessment, (i) heart-rate monitoring during
training/matches, and (iii) computerized match/petformance analysis. Across development
stages, the results indicate that integrating multi-source monitoring within the training system
was associated with measurable improvements in physical performance, selected technical
indicators, and applied (implementation) outcomes.

At the initial training stage (8—10 years; n=20), the experimental group demonstrated
statistically significant between-group differences at post-test in short sprint performance (10
m), shuttle running (3X10 m), and standing long jump, while the 30 m sprint did not reach

394



Cultura. International Journal of Philosophy of Culture and Axiology 23(1)/2026

statistical significance. Specifically, post-test differences favored the experimental group for
10 m sprint (t=2.79, p<0.05), 3X10 m shuttle run (t=2.26, p<0.05), and standing long jump
(t=2.62, p<0.05), whereas the 30 m sprint showed t=2.08 with p>0.05.

This pattern suggests that, in early stages, the training and monitoring configuration may have
been particularly sensitive to changes in acceleration, change-of-direction speed, and explosive
lower-limb power—qualities commonly targeted during foundational development periods in
youth football.

At the training stage (U-13 sample), the experimental group showed significant post-test
differences in multiple football-specific indicators, including ball juggling, standing long jump,
30 m running with the ball, slalom dribbling, and 10 m sprint time (all p<0.05 in the presented
comparisons), while the composite “football score” did not reach statistical significance
(p>0.05).

Importantly for IJPAIS, these outcomes are consistent with the journal’s emphasis that
performance improvement should be demonstrated not only through generic fitness tests but
also through football-relevant tasks that reflect technical proficiency under movement
constraints.

The absence of a statistically significant effect for the 30 m sprint at the initial stage (p>0.05)
alongside clear changes in 10 m sprint, 3X10 m shuttle, and standing long jump can be
interpreted through two performance-analysis lenses.

First, short sprints (0—10 m) are more directly linked to acceleration and frequent game actions
than longer linear sprints in many youth match contexts, where space, decision constraints,
and repeated accelerations dominate. This increases the ecological relevance of acceleration-
focused adaptations for young players. Second, the 3X10 m shuttle run and the long jump may
be more responsive to training content emphasizing repeated accelerations, braking, and
explosive force—qualities that also support football-specific actions (duels, first steps, and
rapid re-positioning). In practical terms, the results indicate that monitoring-informed training
adjustments may yield earlier measurable gains in these qualities than in longer linear speed,
especially at younger ages.

Heart-rate monitoring remains one of the most widely used internal-load tools in team sports,
but its interpretation requires careful context. Contemporary work emphasizes that HR time-
in-zone and HR-based impulse metrics can inform dose—response relationships, yet they are
influenced by match context, heat, stress, hydration, and intermittent work patterns; therefore,
HR is informative but not fully standardized across football settings.

For youth players, internal-load monitoring can be particularly valuable because maturation
status and training history can produce large inter-individual differences in the physiological
cost of the same external task. Evidence from youth soccer monitoring research supports the
utility of combining internal-load data with other training metrics to better characterize
adaptation and to individualize training. In this context, the integrated approach adopted in
the present work aligns with current applied recommendations: HR data are most actionable
when interpreted alongside performance outcomes and match indicators rather than used as
a standalone “intensity” descriptor.

A key methodological point for IJPAIS is data quality. The performance analysis field
increasingly emphasizes that validity and reliability of match statistics depend on system
characteristics (operator training, tagging protocols, algorithms) and that practitioners should
consider cross-validation or triangulation when possible.

In relation to InStat-derived indicators, there is evidence that some video-based analysis
outputs can show good agreement with other external-load systems for certain variables,
although the level of agreement can vary by metric and match situation. Additionally, InStat-
related performance outputs (e.g., indices computed from role-specific parameters) have been
used in peer-reviewed football research, supporting their applied relevance in performance
profiling. From the standpoint of the present study, the core methodological strength is not

395



Cultura. International Journal of Philosophy of Culture and Axiology 23(1)/2026

the reliance on any single system, but rather the attempt to combine internal load (HR),
morphological state (body composition), and match-performance information into a unified
decision-making loop. This integration aligns with recent trends toward “integrated
approaches” in football performance quantification, where single-stream data are considered
insufficient for capturing the multidimensional nature of match performance and training
adaptation.

Body composition is a relevant contextual factor for youth development and performance
readiness. In the present dataset, bioimpedance outputs for 13—14-year-old players showed
mean values such as body mass (47.4%9.6 kg), height (169£9.5 cm), and body fat percentage
(7.2£3.7%).

The authorref also reports applied implementation outcomes, including improvement in the
fat component by 11-12% for 13-year-old players and improvement in passing effectiveness
by 16% alongside complex monitoring and evaluation practices.

However, the interpretation of BIA in athletes requires methodological discipline. Reviews on
athlete body composition assessment note that BIA outcomes are sensitive to hydration status,
protocols, and the prediction equations used; athlete- and sport-specific approaches (including
BIVA or soccer-specific equations) are recommended when feasible. This is particularly
important here because the authorref indicates the use of a consumer “smart scale” BIA device
for part of the assessment.

Consequently, the body composition results should be viewed primarily as practical
monitoring indicators within a field context rather than laboratory-grade estimates; future
work should standardize pre-measurement conditions (hydration, timing, training proximity)
and, ideally, validate the specific device/equations against reference methods.

A key IJPAIS-relevant contribution of the current study is that improvements were not limited
to generic fitness tests. At U-13, football-specific skill tests (e.g., juggling; running with the
ball; slalom dribbling) improved significantly at post-test in the experimental group
comparisons.

These changes are consistent with research showing that internal-load variables (HR),
perceived exertion, and technical—tactical actions can shift together depending on task
constraints in football training settings (e.g., small-sided games), reinforcing the need to jointly
consider physiological and technical data when evaluating training effects.

In applied terms, the reported increase in passing effectiveness (16%) following the
implementation of complex monitoring and match evaluation supports the notion that
feedback loops combining match analysis and load control may help refine decision-making
and technical execution. While the present work does not isolate which component (HR-based
load control, match-feedback, morphological adjustments) contributed most, the overall
pattern is consistent with modern performance-analysis practice: improvements in match
KPIs are more likely when training prescriptions are guided by integrated monitoring rather
than by subjective impressions alone.

From a practitioner standpoint, the findings support a structured “triangulation workflow”
for youth development:

Weekly internal load control: Use HR monitoring to quantify time in intensity zones and
flag atypical responses, using individual baselines rather than team averages.

Monthly morphological check: Use standardized BIA protocols to monitor trends (fat mass
%, hydration proxies, lean mass dynamics), focusing on within-player changes more than
absolute values.

Match KPI tracking: Monitor a small number of position-relevant KPIs (e.g., passing
effectiveness) and relate them to training load history and recovery status, ensuring the match
analysis system’s reliability is understood.
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This workflow is consistent with the authorref’s emphasis on using functional state, body
composition, and match analysis information to adjust training and to support long-term
development decisions.

Several limitations should be acknowledged.

Measurement and instrumentation: The use of a consumer BIA smart scale requires
cautious interpretation of absolute body composition values, and future studies should validate
devices/equations or use athlete-specific approaches.

Design and reporting depth: The presented analyses rely largely on between-group t-tests
and p-values; future work should include effect sizes, confidence intervals, and (where feasible)
mixed models to account for repeated measures and maturation-related variance.

External load quantification: HR and match analysis provide valuable information, but
adding GPS/IMU-detived external load would strengthen dose—response conclusions and
improve interpretability of “why” performance changed. Evidence suggests that relationships
between HR metrics and external-load variables can be informative but are not uniform.
Generalizability: Results derived from specific cohorts and implementation contexts should
be replicated across academies, seasons, and competitive levels to establish robustness.

CONCLUSION

This study evaluated the effectiveness of an integrated, high-tech long-term football training
approach combining internal-load monitoring (heart rate telemetry), match/event
performance analysis, and body-composition control. In the experimental group, significant
pre—post improvements were observed in 10 m sprint time, 3 X 10 m shuttle sprint time, and
standing long jump distance, while 30 m sprint time did not change significantly.

Across the intervention cycle, implementation outcomes indicated an increase in anaerobic
action indicators (10-17%), an improvement in body-composition component (11-12%), and
an increase in pass-execution efficiency (16%).

Practical implications (for practitioners)

Use internal load monitoring (HR telemetry) to standardize training stimulus by intensity
zones during key microcycles.

Combine internal load with match/event indicators (e.g., pass efficiency and anaerobic
actions) to operationalize weekly training objectives (e.g., “maintain passing efficiency while
increasing anaerobic actions”).

Include routine body-composition screening to track planned morphological changes
during long-term preparation, using consistent pre-measurement conditions to reduce
hydration-related variability.

Report monitoring as a small set of key metrics (internal + external) to improve coach
decision-making and reduce information overload (aligned with load-monitoring literature).
Limitations

The study design was conducted in applied conditions; therefore, strict control of all
contextual factors (e.g., match schedule, travel, environmental conditions) may be limited.
Body-composition estimates obtained via BIA may be influenced by hydration status, inter-
device differences, and acute exercise effects; repeated measurements should follow
standardized protocols.

Heart-rate-based monitoring is informative for internal load but has known practical
constraints for fully characterizing intermittent high-intensity actions in football; integration
with event/running indicators is recommended.
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