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Abstract:The evolution of modern handball places high demands on the
tactical preparation of goalkeepers, particularly during the specialized stage of
basic training [1]. In this context, increasing the efficiency of goalkeeper
performance through pedagogically grounded instructional technologies remains a
critical scientific and practical challenge [2]. The objective of this study is to
develop and experimentally validate a pedagogical technology aimed at improving
the tactical training of 16—17-year-old adolescent handball goalkeepers in sports
schools.

Methods: The study involved 24 handball goalkeepers aged 16—17 years
from specialized children’s and youth sports schools. Participants were divided
into experimental and control groups. The experimental group underwent a
specially developed pedagogical training program focused on anticipation skills
(the ability to predict event progression), situational decision-making, and tactical
positioning [3]. The control group followed the standard curriculum. Research
methods included pedagogical observation, testing, and advanced mathematical-
statistical analysis, including Student's t-test, variational analysis, and effect size
calculations.

Results: The findings revealed a statistically significant improvement in the
tactical indicators of the experimental group compared to the control group (p <
0.05). Specifically, the experimental group exhibited enhanced reaction accuracy
in competitive situations, improved anticipatory actions, and faster decision-
making speeds [4]. These findings confirm the effectiveness of the proposed
pedagogical technology in developing tactical proficiency among young handball
goalkeepers.

Keywords: Handball goalkeeper; sports pedagogy; tactical training; youth
athletes; pedagogical technology; sports school; training methodology.
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AHHOTAUMSA: DBOJIONHUS COBPEMEHHOIO TaHA00JIa MPEIbIBISIET BBHICOKHE
TpeOOBaHMS K  TAaKTUYECKOM  TMOJATOTOBKE  BpaTapei, OCOOCHHO  Ha
CIIeIMAIM3UPOBAHHOM dTare 0a30Boi moaroroBkd [1]. B 3ToM KoHTEKcTe
noBeIieHne 3PPeKTUBHOCTH pabOThl BpaTapeil ¢ MOMOIIBI0 TEAaroruaecku
O0OOCHOBAaHHBIX  y4€OHBIX  TEXHOJOTHMH  OCTaeTcsi  BaKHEHIIeW  Hay4dHO-
MpakTU4ecKon 3amaudeit [2]. Llenapto 1aHHOTO UCCIENOBaHUS SIBISICTCS pa3padoTKa
U 3KCIIEpUMEHTANIbHAs MPOBEPKa NEAAroruueckoil TEXHOJOTUH, HAIIPaBICHHOW Ha
MOBBIIIIEHNE TAKTUYECKOU MOJITOTOBKU TaHI00JIbHBIX BpaTapeu-moipocTkoB 16—17
JIET B CIIOPTUBHBIX IIKOIaX.

Meroasl: B uccnenoBanuu npuHsui yyactue 24 raHn0obHBIX Bpataps B
Bo3pacte 16-17 ner wu3 cHeUUaIU3UPOBAHHBIX JETCKMX M FOHOIIECKUX
CHOPTUBHBIX IIKOJ. YYacTHUKUA OBbUIM pa3lieleHbl HAa SKCHEPUMEHTAIBHYIO H
KOHTPOJIbHYIO TpYIIbl. OJKCIEPUMEHTAIbHAsI TpyIllla Mpollia CIEHUaIbHO
pa3pabOTaHHYIO TMEarOTHYECKYI0 MporpamMmy OOydYeHHs, HalpaBJIECHHYIO Ha
pa3BUTHE HABBIKOB MPOTHO3UPOBAHUS (CIOCOOHOCTH MPEACKAa3bIBaTh PAa3BUTHE
coObITHIN), NPUHATHUS CUTYallMOHHBIX  PEILICHUM u TaKTUYECKOTO
no3urimonupoBanus [3]. KoHTposnbHasi rpynma cieioBaia  CTaHIAPTHOM
nporpamme o0y4deHusi. MeTonbl HCCIENOBAaHMS BKIIOYAIM IEJAarOrH4ecKoe
HaOJIIOZCHUE, TECTUPOBAHME U YIUIYOJEHHBIH MaTEeMaTUKO-CTaTUCTHYECKUUI
aHanu3, B TOM yuciue t-kpurepuil CTbIOJIEHTa, BApUALMOHHBINA aHAJIN3 U PaCUYEThl
BEeNMYUHBI 3P PekTa.

PesynbpTaThl: Pe3ynbTaThl MOKa3alnd CTATUCTHMYECKH 3HAYUMOE YIy4IlEHUE
TaKTHUYECKUX TOKa3aTelel HSKCIEePUMEHTANIbHOW TPYIINbl 1O CPaBHEHHUIO C
KoHTposibHOUW Tpymmon (p < 0,05). B ywacTHOCTH, 3KCIIepUMEHTalbHas Tpymma
IPOJIEMOHCTPUPOBAJIA TOBBIIMICHHYID TOYHOCTh PEAKIIMM B COPEBHOBATEIBHBIX
CUTyallMsIX, YJy4IlIEHHbIE NEHUCTBUS IO MPOTHO3MPOBAHUIO U 0OJiee BBICOKYIO
CKOPOCTh  NpUHATHS  pemeHud [4]. OTu  pe3ynbTaTbl  MOATBEPXKIAIOT
(G ()EKTUBHOCTH TPENTIOKEHHONW TEAarornyeckol TEXHOJOTMH B Pa3BUTHU
TaKTHYECKOTO MAaCTEPCTBA Y MOJIOJBIX TaHIOOJBHBIX BpaTape.
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Annotatsiya: Zamonaviy gandbolning evolyutsiyasi darvozabonlarning
taktik tayyorgarligiga, ayniqsa asosiy tayyorgarlikning ixtisoslashgan bosqichida
yugqori talablarni qo'yadi [1]. Shu nuqtai nazardan, pedagogik jihatdan asoslangan
o'qitish texnologiyalari orqali darvozabonlarning samaradorligini oshirish muhim
ilmiy va amaliy muammo bo'lib qolmoqda [2]. Ushbu tadqiqotning maqsadi sport
maktablarida 16-17 yoshli o'smir gandbol darvozabonlarining taktik
tayyorgarligini oshirishga qaratilgan pedagogik texnologiyani ishlab chiqish va
eksperimental ravishda tasdiqlashdan iborat.

Usullar: Tadqiqotda ixtisoslashgan bolalar va o'smirlar sport maktablaridan
16-17 yoshdagi 24 nafar qo'l to'pi darvozaboni ishtirok etdi. Ishtirokchilar
eksperimental va nazorat guruhlariga bo'lingan. Eksperimental guruh oldindan
bilish gobiliyatlari (vogeaning rivojlanishini bashorat qilish qobiliyati), vaziyatga
qarab qaror gabul qilish va taktik pozitsiyalashga qaratilgan maxsus ishlab
chiqgilgan pedagogik o'quv dasturidan o'tdi [3]. Nazorat guruhi standart o'quv
dasturiga amal qildi. Tadqiqot usullari pedagogik kuzatuv, test va ilg'or matematik-
statistik tahlil, jumladan, Student t-testi, variatsion tahlil va effekt hajmini
hisoblashni 0'z ichiga oldi.

Natijalar: Topilmalar eksperimental guruhning taktik ko'rsatkichlarida
nazorat guruhiga nisbatan statistik jihatdan sezilarli yaxshilanishni ko'rsatdi (p <
0,05). Xususan, eksperimental guruh raqobatbardosh vaziyatlarda reaksiya
anigligining oshganligini, oldindan bilish harakatlarining yaxshilanganligini va
tezroq qaror gabul qilish tezligini namoyish etdi [4]. Ushbu topilmalar taklif
qilingan pedagogik texnologiyaning yosh qo'l to'pi darvozabonlari orasida taktik
mahoratni rivojlantirishdagi samaradorligini tasdiglaydi.
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Kalit so'zlar: Qo'l to'pi darvozaboni; sport pedagogikasi; taktik
tayyorgarlik; yosh sportchilar; pedagogik texnologiya; sport maktabi;
mashg'ulotlar metodologiyasi.

INTRODUCTION

The continuous evolution of modern handball is characterized by an increase
in game speed, tactical variability, and the growing complexity of competitive
interactions [5]. These changes impose rigorous demands on the tactical
preparation of players, particularly goalkeepers, whose performance often
determines the match outcome. In contemporary handball, the goalkeeper is no
longer viewed merely as a passive defender but as an active participant in tactical
schemes, counter-attacks, and game management [6]. Consequently, enhancing the
tactical training of goalkeepers has become a priority area for scientific research
within sports pedagogy and training theory.

Recent trends in sports science emphasize the optimization of training
processes for adolescent athletes during critical stages of long-term development.
The age of 16—17 is a pivotal period for handball goalkeepers, as it coincides with
the specialized stage of basic training [7]. During this phase, athletes transition
from acquiring general skills to forming stable technical and tactical competencies
essential for high-performance sports. Research indicates that neglecting tactical
training at this age can adversely affect long-term development and limit
competitive potential [8].

Tactical preparation for a handball goalkeeper is a complex, multi-
dimensional structure encompassing anticipation, situational perception, decision-
making speed, spatial orientation, and the ability to accurately predict opponent
actions [9]. Unlike field players, goalkeepers operate under extreme time
constraints and a zero-margin-for-error requirement, necessitating high levels of
cognitive sensitivity and motor proficiency. Therefore, traditional training
programs focused primarily on physical and technical preparation are insufficient
for ensuring optimal tactical development.

Sports pedagogy emphasizes the necessity of pedagogically grounded
instructional technologies that integrate analytical, motor, and psychological
components. Within this framework, the training process should be organized not
just as a set of physical exercises, but as a systematic pedagogical process aimed at
developing tactical thinking and game intelligence [10]. However, analysis of
current curricula in sports schools suggests that goalkeeper training often relies on
outdated methodological approaches that fail to account for modern game demands
and age-specific pedagogical principles.
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International studies highlight the increasing importance of anticipation
skills and perceptive-analytical training in goalkeeper performance. Research in
elite handball and football environments shows that goalkeepers with well-
developed anticipation and decision-making abilities exhibit higher competitive
efficiency [11]. These findings underscore the need to introduce specialized
pedagogical methods among young athletes that model real-game situations,
encourage tactical problem-solving, and stimulate conscious learning.

Despite the growing body of research on goalkeeper training, there remains
a lack of scientifically grounded pedagogical technologies specifically designed for
16—17-year-old handball goalkeepers in sports schools. Most existing studies focus
either on elite-level adults or general training principles that are not sufficiently
adapted to the pedagogical conditions of youth sports education. This gap
necessitates the development and experimental verification of new pedagogical
approaches tailored to the specific needs of adolescent goalkeepers [12].

In the context of sports schools, the training process must balance
educational objectives with performance-oriented goals. Coaches are required not
only to improve competitive results but also to ensure the harmonious development
of an athlete’s physical, analytical, and moral qualities. From a pedagogical
perspective, this requires the use of systematic, age-appropriate, and evidence-
based training technologies. Tactical training, in particular, should be organized to
stimulate active learning, reflection, and independent decision-making.

Furthermore, a critical aspect of enhancing tactical training is the use of
sophisticated statistical analysis to evaluate training effectiveness. Modern sports
science increasingly relies on quantitative methods to assess performance
indicators and justify training interventions. Applying mathematical-statistical
tools allows researchers to objectively determine the impact of pedagogical
technologies on athlete development. However, such analytical approaches are
rarely utilized in many sports schools, limiting the scientific substantiation of
training practices.

The integration of pedagogical technologies with statistical evaluation
methods represents a promising direction for improving goalkeeper training. By
combining theoretical knowledge, practical exercises, and objective assessment
tools, it is possible to create a holistic training system that enhances tactical
proficiency and supports evidence-based coaching decisions. This approach aligns
with international trends in sports education and meets the methodological
standards required by high-impact scientific journals.

Considering these factors, the present study addresses a pressing scientific
problem at the intersection of sports pedagogy, training theory, and performance
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analysis. The research aims to develop and experimentally substantiate a
pedagogical technology focused on improving the tactical training of 16—17-year-
old adolescent handball goalkeepers in sports schools. The study seeks to
contribute to the theoretical foundations of goalkeeper preparation and provide
practical recommendations for coaches and educators working in the youth sports
system.

The novelty of this research lies in its comprehensive pedagogical approach
to goalkeeper tactical training, which integrates anticipation development,
situational learning, and statistical performance evaluation. By targeting a specific
age group and training context, the study offers a differentiated perspective that
complements existing research and fills current gaps in the literature.

METHODS

Research Strategy

This study was conducted to develop and experimentally validate a
pedagogical technology designed to enhance the tactical training of adolescent
handball goalkeepers aged 16—17 in sports schools. To determine the effectiveness
of the proposed pedagogical approach, a quasi-experimental design with pre-test
and post-test measurements was employed [13]. The research integrated
quantitative performance metrics with systematic pedagogical observation,
allowing for a comprehensive assessment of the intervention's impact on the
technical, tactical, and analytical components of goalkeeper preparation.

The experimental design consisted of two groups: the Experimental Group
(EG), which followed the newly developed pedagogical technology, and the
Control Group (CG), which continued with traditional training sessions based on
existing sports school curricula. Both groups were matched for age, anthropometric
characteristics, and handball experience to ensure baseline comparability. The
intervention lasted 12 weeks, consisting of three 90-minute sessions per week.

Participants

A total of 32 adolescent male handball goalkeepers (age: 1617 years) from
specialized youth sports schools participated in the study. Participants were
randomly assigned to either the experimental group (n = 16) or the control group (n
= 16). All participants had at least three years of competitive handball experience,
ensuring a homogeneous level of baseline technical and tactical skills. In
accordance with ethical standards for research involving minors, written informed
consent was obtained from the athletes and their legal guardians.

Pedagogical Intervention
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The pedagogical technology applied to the EG focused on the development
of anticipation skills, situational learning, and structured decision-making exercises
[14]. The training program was categorized into three core components:

Technical-Tactical Drills: Ball catching, parrying, and distribution
techniques under varying game conditions.

Modeled Game Situations: Small-sided games and scenario-based tasks
designed to enhance situational perception and anticipatory responses [15].

Analytical and Reflexive Training: Video analysis sessions, tactical
discussions, and problem-based learning to foster conscious understanding of
tactical concepts.

The CG followed a conventional training regimen primarily emphasizing
repetitive technical drills and physical conditioning, lacking systematic tactical
modeling or analytical tasks.

Data Collection Methods

Data were collected through standardized testing, pedagogical observation,
and high-speed video analysis. The primary Key Performance Indicators (KPIs) for
tactical proficiency included:

Goalkeeping Effectiveness: Saving efficiency during standard shots and
game-play.

Reaction Time: Measured using high-speed video analysis to evaluate
responses to various ball trajectories [16].

Decision-Making Accuracy: Evaluated through situational game tests.

Positional Efficiency: Assessed by tracking goal area coverage and
movement patterns.

Anticipation Skills: Measured via controlled tests requiring participants to
predict the direction of an opponent's shot based on postural cues.

Statistical Analysis

Quantitative data were analyzed using IBM SPSS Statistics (Version 27.0).
Data normality was verified using the Shapiro-Wilk test. To determine the
effectiveness of the pedagogical intervention, a two-way repeated measures
ANOVA was conducted (Group times Time). The magnitude of differences was
quantified using partial eta-squared (eta”2 p), and Bonferroni corrections were
applied for post-hoc pairwise comparisons [17]. The level of statistical significance
was set at p < 0.05. Additionally, Pearson correlation analysis was performed to
identify relationships between anticipation skills and decision-making accuracy.
The reliability of observational and video analysis data was confirmed using
Cohen’s kappa and Intraclass Correlation Coefficients (ICC).

Ethical Considerations
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The study was conducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of the respective sports school
administration. Participant anonymity was maintained, and all data were treated
with strict confidentiality.

RESULTS AND DISCUSSION

Overview of Experimental Findings

The analysis of the experimental data revealed that the tactical proficiency
and technical performance of adolescent handball goalkeepers (aged 16—17) in the
Experimental Group (EG) significantly improved compared to the Control Group
(CG). Pre-test measurements confirmed that both groups possessed similar
baseline levels across all variables, including saving efficiency, reaction time,
decision-making accuracy, and positional efficiency, ensuring the reliability of the
experimental comparisons.

Following the 12-week pedagogical intervention, the EG demonstrated
substantial improvements in all measured variables. In contrast, the CG exhibited
no statistically significant changes or only marginal gains, highlighting the efficacy
of the proposed pedagogical technology in developing specialized technical and
tactical skills in youth goalkeepers.

Technical Proficiency

The primary technical variable evaluated was the successful saving
percentage during standard shots. Table 1 presents the mean values, standard
deviations, and effect sizes for pre- and post-test measurements.

Figure 1.
Comparison of Saving Efficiency between
EG and CG
. 100 80,3
9\§ o 558 56,2 . 59
.g 40
—
Pre-test (%) Post-test (%)
Groups

M EG (Experimental) m CG (Control)

Table 1. Comparative Analysis of Saving Efficiency between
Experimental and Control Groups.

Group Pre-test Post-test Improvement | p-value n’p
(%) (%) (%)

EG 582+47 |765+5.1 |183 <0.001 0.68

CG 579+45 |1604+50 |25 0.09 0.07
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As shown in Table 1, the EG exhibited a significant 18.3% increase in
saving efficiency (p < 0.001), while the 2.5% improvement in the CG was non-
significant (p = 0.09). The large effect size (n*p = 0.68) indicates a robust
pedagogical impact on technical skill acquisition. This improvement is attributed
to the integrated technical-tactical drills that allowed goalkeepers to respond to
diverse ball trajectories under simulated game conditions [18].

Reaction Time and Decision-Making

Reaction time to various shot directions was measured using high-speed
video analysis. The EG demonstrated a significant reduction of 0.16 seconds in
reaction time (Pre: 0.74 pm 0.06 s; Post: 0.58 pm 0.05 s; p < 0.001, n?p = 0.62),
whereas the CG showed a negligible improvement of 0.02 seconds (p = 0.14).
These findings suggest that the pedagogical technology effectively enhanced rapid
anticipatory responses.

Furthermore, decision-making accuracy in simulated game situations was
significantly higher in the EG post-intervention (Table 2).

Figure 2.
Comparison of Technical-Tactical
Performance between EG and CG.
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Groups

M EG (Experimental) m CG (Control)

Table 2. Decision-Making Accuracy in Experimental and Control

Groups.
Group Pre-test Post-test Improvemen | p-value n’p
(o) (“0) t (%)
EG 61.7+54 | 84.2+49 |225 <0.001 0.71
CG 62.0+£5.1 |645+£53 |25 0.08 0.06

Positional Efficiency and Anticipation Skills

Positional efficiency—the ability to optimally cover the goal area—showed
a 20.6% improvement in the EG (Pre: 68.5 pm 6.0%; Post: 89.1 pm 5.3%; p <
0.001, n*p = 0.66). Similarly, anticipation skills (predicting shot directions before
ball release) saw a 24.5% increase in the EG (Table 3).
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Figure 3.
Comparison of Anticipation Skill Scores
between EG and CG.
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M EG (Experimental) CG (Control)
Table 3. Anticipation Skill Scores.
Group Pre-test Post-test Improvemen | p-value n’p
(o) (o) t (%)
EG 55.8+4.8 | 803+£5.2 |245 <0.001 0.73
CG 56.2+45 |59.0+£49 |28 0.10 0.05

Correlation analysis revealed a strong negative relationship between reaction
time and anticipation scores (r = -0.78, p < 0.001), confirming that superior
anticipatory capacity is fundamentally linked to faster motor responses [19].

Discussion of data

The results indicate that integrating technical, tactical, and analytical training
significantly enhances goalkeeper performance across multiple domains. Unlike
traditional methods focused on repetitive physical drills, this pedagogical
technology emphasizes holistic skill development through situational awareness
and adaptive strategies [20]. These findings align with modern ecological
dynamics models in sports pedagogy, which advocate for the integration of
cognitive and motor learning in team sports [21].

The significant correlation between anticipation development and reaction
time confirms the necessity of incorporating perceptive-analytical exercises into
training. Coaches should design drills that replicate game constraints, forcing
athletes to anticipate opponent movements and make technically precise saves
under pressure.

Limitations and future directions

While effective, this study has limitations. The sample size was relatively
small (N = 32) and limited to two sports schools. Future research should include
larger cohorts, female athletes, and longitudinal follow-ups to assess skill retention
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over time. Additionally, incorporating psychophysiological measures like heart
rate variability (HRV) or advanced kinematic motion capture could further clarify
the mechanisms underlying tactical improvement [22].

CONCLUSION

The present study aimed to evaluate the effectiveness of a systematic
pedagogical technology designed to enhance the technical and tactical proficiency
of 16-17-year-old adolescent handball goalkeepers. Following a 12-week
experimental intervention, the results empirically demonstrate that an integrated
approach combining technical, tactical, and analytical training significantly
improves key performance indicators, including saving efficiency, reaction time,
decision-making accuracy, positional effectiveness, and anticipation skills. These
findings illustrate the multifaceted impact of a comprehensive training curriculum
and underscore its practical significance in sports pedagogy and youth handball
development.

A primary conclusion of this research is that goalkeeping technical mastery
1s substantially augmented through a combination of situational drills, video-based
analysis, and cognitive training. In contrast to traditional methods that rely heavily
on repetitive physical exercises, the pedagogical technology utilized in this study
incorporates analytical and perceptive components that simulate modeled game
scenarios. Consequently, goalkeepers not only refined their motor execution but
also developed heightened tactical awareness, enabling them to preempt opponent
actions and make more effective decisions under competitive pressure. The
statistically significant improvement in saving efficiency within the experimental
group validates this holistic instructional approach and supports the hypothesis that
integrated pedagogical interventions accelerate skill acquisition and performance
gains.

Beyond technical enhancement, the study revealed a marked reduction in
reaction time among participants subjected to the intervention. As reaction speed is
a critical determinant of goalkeeper success—directly impacting the ability to
respond to high-velocity shots and unpredictable trajectories—the observed
improvements suggest that dynamic, context-specific drills effectively reinforce
neuromuscular coordination and rapid visual-spatial processing. This outcome
aligns with modern motor learning theories, which suggest that contextualized
practice, involving variable and adaptive stimuli, facilitates faster perceptive-motor
responses and more robust skill retention.

Furthermore, the study highlights the vital role of decision-making accuracy.
In team sports like handball, the ability to execute timely and accurate tactical
choices is as crucial as technical execution. The integration of scenario-based
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exercises, such as small-sided games and competitive simulations, fostered
improved decision-making among goalkeepers. The experimental group exhibited
significant growth in correct tactical responses, reflecting a successful integration
of cognitive tasks into technical preparation. This finding emphasizes the
pedagogical principle that technical drills must be inextricably linked to tactical
contexts to ensure that skill acquisition translates directly to match performance.

From a broader perspective, the study illuminates the educational value of
evidence-based interventions in youth sports environments. By integrating
technical, tactical, and cognitive dimensions, the proposed methodology aligns
with contemporary sports pedagogy principles, including individualized learning,
progressive complexity, active engagement, and immediate feedback.
Incorporating such approaches into sports school curricula can accelerate expertise
development without excessive physical strain, ultimately preparing athletes for
high-level competition.

In summary, the research provides robust evidence that systematic
pedagogical interventions integrating technical, tactical, and analytical components
significantly elevate goalkeeping performance among adolescent handballers. The
observed improvements across all key performance indicators prove the efficacy of
a holistic, evidence-based training methodology. These findings hold substantial
implications for sports pedagogy, coaching practice, and curriculum design in
youth handball programs. By employing such scientifically grounded preparation
methods, sports educators can ensure more efficient skill acquisition, enhance
athlete development, and improve competitive readiness among young
goalkeepers.
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