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ABSTRACT

This study examined the effect of cognitive–motor modelling-based teaching on the develop-
ment of situational awareness and tactical behavior accuracy in youth soccer players. Thirty 
male players aged 15–17 years were allocated to an experimental group (n = 15) or a control 
group (n = 15) using a quasi-experimental pre–post design. The experimental group complet-
ed an eight-week instructional program based on cognitive–motor modelling, while the con-
trol group followed a traditional training approach consisting of conventional technical and 
tactical drills without embedded cognitive–motor constraints. Situational awareness was 
assessed using an occlusion-based situational awareness test adapted from the temporal oc-
clusion framework described by Schumacher et al. (2024), and tactical behavior accuracy was 
evaluated through decision-making analysis in small-sided game situations. Data were col-
lected before and after the intervention and analyzed using parametric statistical tests. The 
experimental group showed significant improvements in situational awareness and tactical 
behavior accuracy (p < 0.001; very large effect sizes), whereas no significant changes were 
observed in the control group. The experimental group achieved improvements of 23.8% in 
situational awareness and 19.6% in tactical behavior accuracy, compared to only 5.6% and 
3.2% in the control group. These findings indicate that cognitive–motor modelling-based 
teaching is an effective instructional strategy for enhancing perceptual–cognitive and tac-
tical performance in youth soccer players. The study supports the integration of cognitively 
enriched training approaches into youth soccer development programs.
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INTRODUCTION

Soccer is one of the sports that requires a high degree of integration between physical, perceptual, 
and tactical abilities, as successful performance depends on the player’s ability to read the game 
situation, anticipate the direction of play, and make the most appropriate decision at critical 
moments. The literature has confirmed that expert players differ from less-experienced players in 
their ability to process information rapidly, attend to key cues, and distinguish complex movement 
patterns (Ward & Williams, 2003; Mann et al., 2007). Findings from research in sport perception 
indicate that the player’s ability to anticipate and analyze game situations is based on complex 
interactions between prior knowledge, speed of perception, and advanced mental representations 
of the situation (Savelsbergh et al., 2010; Savelsbergh et al., 2002).

Vaeyens et al. (2007) found that visual search skills form the basic foundation for identifying 
crucial elements of play and anticipating appropriate tactical solutions. Voss et al. (2010) found that 
expert players possess more well-organised cognitive schemas, which assist them in making better 
decisions under conditions of pressure. From a cognitive–motor perspective, three elements are 
central to the development of successful tactical behavior: mental representations, anticipation, and 
rapid situation assessment. Lex et al. (2015) found that the quality of mental representations of tactical 
situations is directly related to players’ decision-making accuracy. Ric et al. (2017) further explained 
that experience acquired from repeated engagement with game contexts improves anticipation and 
pattern discrimination abilities. Memmert and Furley (2021) argued that tactical creativity evolves 
from players’ ability to flexibly apply perceptual skills under changing conditions, and that high-level 
performers are efficient at visual search. Ehmann et al. (2022) highlighted that expert players more 
efficiently identify tactical elements most strongly related to play outcomes. Fransen et al. (2017) 
emphasised the need to capitalise on visual feedback in developing the spatiotemporal perception 
skills required when dribbling or passing under pressure, and targeted cognitive training has been 
shown to enhance anticipatory ability among youth players (Winkler, 2001).

Due to growing requirements in modern soccer, cognitive–motor modelling is among the 
most prominent contemporary teaching approaches, relying on the integration of visual stimuli 
with motor decisions within realistically simulated situations. Godbout (2022) found that such an 
approach increases the accuracy of anticipation and situation analysis, which is consistent with 
results by Ehmann et al. (2022) showing the effect of perceptual training on increasing information-
processing speed in youth players. Schumacher et al. (2024) found that cognitive–motor modelling 
improves situational awareness, with effects enhanced when accompanied by visual stimuli based 
on temporal occlusion or video analysis. Heilmann et al. (2024) found that dual cognitive–motor 
training enhances executive functions, specifically attention quality and cognitive flexibility, both 
of which are directly linked to tactical performance. Shi and Feng (2022) showed a relationship 
between cognitive development and enhanced motor control under pressure. Mao et al. (2024) 
demonstrated that reality-based soccer programs can rapidly enhance youth players’ cognitive 
abilities. Small-sided games have also been widely evidenced as promoting tactical behavior 
development and improvement.
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Despite this growing body of evidence, no study has examined the combined effect of an eight-
week cognitive–motor modelling-based program on both situational awareness and tactical 
behavior accuracy simultaneously within a single youth soccer intervention. The present study 
addresses this gap. Accordingly, the aim of this study was to investigate the effect of a cognitive–
motor modelling-based teaching program on the development of situational awareness and tactical 
behavior accuracy in male youth soccer players aged 15–17 years.

METHODS

The study employed a quasi-experimental design with two groups (experimental and control) using 
pre- and post-tests, in order to investigate the effect of cognitive–motor modelling-based teaching 
on the development of situational awareness and tactical behavior accuracy in youth soccer players.

1. Participants
Thirty male youth soccer players aged 15–17 years (mean age: 16.1 ± 0.7 years) were recruited from 
a regional youth soccer academy. All participants had a minimum of three years of organised soccer 
training experience and were training an average of four sessions per week at the time of the study. 
Inclusion criteria were: (a) active registration with the participating academy, (b) at least three 
years of competitive soccer experience, and (c) absence of any musculoskeletal injury at the time 
of recruitment. Players with significant training absences (>10%) during the intervention period 
were to be excluded, though no such cases arose. Written informed assent was obtained from all 
participants, and written informed consent was obtained from their parents or legal guardians 
prior to any data collection. The sample size was determined a priori to ensure sufficient statistical 
power. Based on previous research regarding cognitive–motor interventions in sports (Heilmann 
et al., 2024), a large effect size was anticipated. A power analysis was conducted using G*Power 
software (Version 3.1.9.7) for an independent samples t-test. The parameters were set with an alpha 
level of α = 0.05, a statistical power of β = 0.80, and a large effect size d = 0.80. The calculation 
indicated that a total sample of 26 participants (13 per group) would be required to detect significant 
differences. To account for potential attrition, a total of 30 players were recruited (15 per group), 
which was deemed adequate to test the study hypotheses with sufficient statistical rigor.

2. Instruments

a. Situational Awareness Test
An occlusion-based situational awareness test was used, based on the temporal occlusion 

framework described by Schumacher et al. (2024). The test consisted of 20 short video clips (8–12 
seconds each) depicting real match situations filmed from a broadcast-style perspective. Each clip 
was occluded at a tactically critical moment (e.g., just before a pass, shot, or positional decision), at 
which point participants were required to identify the most appropriate tactical response from four 
options presented on screen (forced-choice format). Scores were calculated as the total number of 
correct responses out of 20, then converted to a 0–100 scale to facilitate effect-size interpretation. 
Test–retest reliability for this instrument was r = 0.82.
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b. Tactical Decision-Making Test
Small-sided game situations (3 vs 3 and 5 vs 5) were used, video-recorded with tactical analysis 

cameras. Each participant’s behavior was coded across five tactical indicators by two trained 
independent observers: (1) positioning, (2) passing, (3) creating space, (4) pressing, and (5) defensive 
coverage. Each indicator was scored on a 0–2 scale (0 = incorrect, 1 = partially correct, 2 = correct), 
yielding a maximum Decision Accuracy Score (DAS) of 10 per incident. Scores were aggregated 
across a minimum of 15 coded incidents per participant per session. Inter-rater reliability between 
observers was established prior to the study using Cohen’s kappa (κ  =  0.83), indicating strong 
agreement. Test–retest reliability for the tactical test was r = 0.85.

3. Instructional Program (Intervention Program)
•	 Program duration: 8 weeks
•	 Number of sessions: 3 sessions per week
•	 Session duration: 70 minutes

Program Components
•	 Cognitive–Motor Modelling: viewing short visual models (10–15 seconds); immediate 

motor simulation following the model; analysis of individual and group situations.
•	 Visual Anticipation Training: temporal occlusion; tracking the ball and players; reading 

passing angles.
•	 Game Simulation: small-sided games (2 vs 2, 3 vs 3, and 5 vs 5) with spatial and temporal 

cognitive constraints.
•	 Dual-Task Cognitive–Motor Training: decision-making combined with movement speed; 

response to visual/auditory stimuli.

Program Characteristics
The cognitive–motor training program was designed to ensure a gradual increase in task difficulty, 
allowing participants to progressively adapt to higher cognitive and tactical demands. Throughout 
the program, perceptual processes and motor execution were integrated, ensuring that decision-
making, anticipation, and movement were trained simultaneously within realistic game-related 
contexts. Immediate feedback using video analysis was provided during training sessions to support 
reflection, error correction, and the development of situational awareness.

The overall structure of the cognitive–motor training program and its main components are 
illustrated in Figure 1.
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Figure 1. Structure and key characteristics of the cognitive–motor training program for youth soccer 
players, including progressive task difficulty, integration of perception and movement, and immediate 
video-based feedback.
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4. Control Group Training Protocol
The control group continued with their academy’s standard training program for the same 
8-week period (3 sessions per week, 70 minutes each). Sessions followed a conventional structure 
comprising: warm-up (10 minutes), technical drills focused on passing, ball control, and shooting 
(20 minutes), position-specific tactical exercises without cognitive–motor constraints (25 minutes), 
and cool-down (15 minutes). No video analysis, temporal occlusion tasks, or cognitive decision-
making exercises were incorporated. Both groups maintained the same total training volume, 
ensuring that any observed differences were attributable to program content rather than training 
load.

5. Implementation Procedures
The study was conducted in the following steps. First, a pre-test was administered to all participants 
to determine their baseline levels of situational awareness and tactical behavior accuracy. The players 
were then allocated to experimental and control groups using a quasi-experimental assignment 
procedure based on matched group equivalence. The cognitive–motor modelling-based program 
was completed by the experimental group for eight weeks, while the control group continued with 
the traditional method described above. To strengthen internal validity, extraneous factors such as 
nutrition, sleep, and external training load were monitored during the intervention period.

6. Ethical Approval
Ethical approval for this study was granted by the Research Ethics Committee (REC) of the College 
of Physical Education and Sports Sciences, University of Samarra (Approval Reference No. 10, 
approved on 26 November 2025). The study was conducted in accordance with the ethical principles 
of the Declaration of Helsinki and relevant institutional guidelines for research involving human 
participants. Written informed assent was obtained from all participants, and written informed 
consent was obtained from their parents or legal guardians before participation. Participation was 
voluntary, and all participants were informed of their right to withdraw from the study at any time 
without penalty.

7. Statistical Analysis
Descriptive statistics were calculated for all variables and are presented as mean ± standard 
deviation. The Shapiro–Wilk test was applied to verify the normality of the distributions. To examine 
between-group differences (experimental vs. control) in pre- and post-test scores, independent 
samples t-tests were used. Within-group changes from pre- to post-test were analyzed using paired 
samples t-tests for each group separately. Effect sizes for all significant comparisons were estimated 
using Cohen’s d and interpreted according to conventional thresholds (small, medium, large). The 
level of statistical significance was set at p ≤ 0.05 for all analyses.
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RESULTS

The Shapiro–Wilk test confirmed normal distribution for all variables (p  >  0.05), permitting 
parametric statistical analysis.

There were no statistically significant differences in the pre-test between the experimental and 
control groups for situational awareness (t = 0.29, p = 0.77) or tactical behavior accuracy (t = 0.36, 
p = 0.71), confirming baseline homogeneity between groups (Table 1).

Table 1. Means and standard deviations in the pre-test for both groups

Variable Experimental Group (n = 15) Control Group (n = 15) t-value p
Situational awareness (score) 41.20 ± 4.35 40.73 ± 4.11 0.29 0.77
Tactical behavior accuracy (score) 38.66 ± 3.92 38.13 ± 3.85 0.36 0.71

There was a significant difference between the pre- and post-tests of the experimental group for both situational 

awareness (t = 7.86, p < 0.001, d = 2.03) and tactical behavior accuracy (t = 8.14, p < 0.001, d = 2.10), with very large 

effect sizes for both variables (Table 2).

Table 2. Pre- and post-test scores for the experimental group 

Variable Pre-test Post-test t-value p Effect size (Cohen’s d)
Situational awareness 41.20 ± 4.35 51.03 ± 4.12 7.86 < 0.001 2.03 (very large)
Tactical behavior accuracy 38.66 ± 3.92 46.23 ± 3.51 8.14 < 0.001 2.10 (very large)

No statistically significant change was observed in the control group for either situational awareness (t  =  1.95, 

p = 0.07) or tactical behavior accuracy (t = 1.42, p = 0.17), with small to medium effect sizes (Table 3).

Table 3. Pre- and post-test scores for the control group 

Variable Pre-test Post-test t-value p Effect size
Situational awareness 40.73 ± 4.11 43.00 ± 4.09 1.95 0.07 0.50 (medium)
Tactical behavior accuracy 38.13 ± 3.85 39.40 ± 3.72 1.42 0.17 0.36 (small)

Post-test comparisons revealed significant differences in favor of the experimental group for both situational 

awareness (t = 5.61, p < 0.001) and tactical behavior accuracy (t = 5.50, p < 0.001), as shown in Table 4.

Table 4. Comparison of post-test scores between the two groups

Variable Experimental (n = 15) Control (n = 15) t-value p
Situational awareness 51.03 ± 4.12 43.00 ± 4.09 5.61 < 0.001
Tactical behavior accuracy 46.23 ± 3.51 39.40 ± 3.72 5.50 < 0.001

Figure  2 shows the percentage improvement for both variables, with the experimental group demonstrating 

substantially larger gains than the control group (Table 5).

Table 5. Percentage of improvement

Variable Experimental Control
Situational awareness +23.8% +5.6%
Tactical behavior accuracy +19.6% +3.2%
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Figure 2. Percentage improvement in situational awareness and tactical behavior accuracy: experimental 
vs. control group.

DISCUSSION

The results clearly show greater performance gains in the experimental group, whose training was 
based on cognitive–motor modelling. This is in line with contemporary frameworks proposing that 
an integrated perception-and-movement approach is a prerequisite for developing tactical abilities. 
Broadbent et al. (2015) explained how purposive perceptual exposure increases efficiency in both 
anticipation and situational processing, and that contextual programs providing environments 
close to real game situations enhance visual selection speed and information-processing accuracy. 
Ferreira-Ruiz et al. (2022) reported similarly significant improvements in situational awareness 
levels when tactical play was analyzed under realistic conditions. These findings accord with the 
perception-action approach, which holds that performance develops when the performer engages 
with real, representative situations (Araújo & Davids, 2016; Woods et al., 2020).

The experimental group also demonstrated substantially greater improvement in tactical 
behavior accuracy than the control group. Other studies support this finding by showing that 
constraint manipulation – through modification of player numbers or pitch dimensions – enhances 
decision-making quality during play (Praça et al., 2016; Travassos et al., 2014). Silva et al. (2015, 2016) 
indicated that tactical constraint modification improves team cooperation and role understanding. 
Vilar et al. (2014) found that pressured game situations and repeated interaction with such contexts 
develop more mature decision mechanisms. The results also show improvements in situational 
awareness and tactical behavior that may reflect the development of players’ mental representations, 
as supported by Shi et al. (2021), who found changes in neural connectivity following intensive 
perceptual training. Regular cognitive training has further been shown to enhance anticipatory 
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abilities (Paucar Uribe et al., 2025), consistent with the finding that psychophysiological factors are 
decisive in match-condition decision-making.

LIMITATIONS

Despite the positive findings of the present study, several limitations should be acknowledged. First, the 
sample size was relatively small and limited to male youth soccer players from a single training context, 
which may restrict the generalizability of the results to other age groups, competitive levels, or female 
athletes. Second, the intervention period was confined to eight weeks; therefore, the long-term retention 
of improvements in situational awareness and tactical behavior accuracy could not be examined. Third, 
although validated observational instruments were used, tactical behavior assessment inevitably involves 
a degree of subjectivity, which may influence scoring despite acceptable inter-rater reliability. Finally, 
the study focused primarily on cognitive–tactical outcomes, without directly measuring physical or 
physiological adaptations that may also interact with cognitive–motor development.

CONCLUSIONS

The findings clearly demonstrate that cognitive–motor modelling is an effective instructional 
approach that can significantly enhance the perceptual and tactical abilities of youth soccer 
players. Players in the experimental group displayed higher levels of situational awareness, were 
faster at reading game situations, analyzed spatiotemporal relationships with greater accuracy, and 
recognized play trajectories before they fully developed.

The experimental group also registered a substantial increase in tactical behavior accuracy 
compared to the control group. The use of visual–motor models and situational simulation, 
accompanied by immediate feedback, provided appropriate solutions to changing game situations 
at varying levels of tactical complexity.

The integration of perception practice and motor practice contributes to building a flexible and 
rapid cognitive system in players. This finding supports the view that traditional methods of soccer 
instruction may be insufficient to satisfy the demands of a modern game based on quick decisions, 
rapid information processing, and accurate motor responses under pressure. The cognitive–motor 
modelling-based approach presented here offers an advanced teaching model aligned with the 
nature of contemporary soccer through tactical and cognitive player development. These findings 
support the implementation of cognitive–motor modelling strategies within structured youth 
academy curricula to promote long-term tactical development.

RECOMMENDATIONS

•	 Broader Samples: Future research should include larger and more diverse samples, 
incorporating female athletes, different age categories, and varying competitive levels to 
enhance the generalizability of findings.
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•	 Longitudinal Designs: Studies with extended intervention and follow-up periods are 
recommended to examine the long-term effects and retention of cognitive–motor 
modelling-based teaching on tactical and cognitive performance.

•	 Multidimensional Assessment: Future investigations should integrate cognitive–tactical 
measures with physical, physiological, and biomechanical variables to provide a more 
comprehensive understanding of performance development.

•	 Objective Measurement Tools: The use of advanced tracking technologies, notational 
analysis systems, and automated performance indicators is encouraged to reduce 
subjectivity in tactical behavior assessment.

•	 Training Integration: Coaches and practitioners are advised to systematically incorporate 
cognitive–motor modelling strategies into regular training sessions, emphasizing 
representative and game-based learning tasks.

•	 Coach Education: Coach education programs should include structured modules on 
cognitive–motor learning principles to support effective implementation in youth 
development contexts.

•	 Cross-Sport Applications: Future studies may explore the effectiveness of cognitive–
motor modelling approaches in other team sports to assess transferability across different 
tactical environments.
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