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Abstract:

This study explores the impact of Virtual Reality (VR) training on improving
anticipation and decision-making skills in handball players. The research involved
two groups: an experimental group trained using VR technologies and a control
group trained through traditional methods. Results demonstrated that the
experimental group showed superior decision-making accuracy and anticipation of
opponents’ movements under pressure. Higher levels of immersion in VR
environments were linked to better real-game performance, while reduced cognitive
load during VR training enabled faster and more accurate decisions during matches.
Additionally, VR training enhanced players’ tactical understanding across various
positions, such as goalkeeper, defender, and attacker. The findings emphasize the
potential of VR as a revolutionary tool for sports training, providing an immersive
and effective approach to skill development in competitive, high-performance
sports like handball.
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Introduction :

IInitially, it is worth noting that handball is a team sport that is closely related to the
activities of volleyball and basketball and does not exclude women or children. It
is a fast-paced game that is all about the combination of teamwork and individual
skills of anticipation and decision-making. Handball is designed for both male and
female players, most of the time regardless of their age. To be precise, a player
needs to be a quality defender, agile, powerful, quick, and accurate, and be inventive
to be able to solve difficult situations as the game progresses. The main aim of the
activity is to take the ball in your hands and throw it into the opponent’s net, while
the rival team's task is not to let you do that. Intuitive reflections and tactics are
responsible for this effect. Interactions among people and the requirements of the
game cause such reflections in the dose of the players. Therefore, the skills that they
acquire in the area of sports are as valuable as other ones learned from culture. A
flexible response to the emergence of environmental and institutional changes, as
well as the factors that influence such changes, is therefore a difficult challenge for
organizations that seek to remain sustainable. The logic of determination of what |
can do, that means the possibilities and odds for strengthening the environmental
sustainability of destinations. (Fitts & Posner, 1967; Sweller, 1988).

Results of research projects provide a ray of hope for the future of VR in sport
practice. For instance, Gray (2017) conducted a study and discovered that athletes
benefited more from VR training when they transitioned from virtual to real-world
practice. In the same vein, Farrow and Abernethy (2015) pointed to the role of
video-based

simulations in the improvement of athletes' anticipation skills. But the specificity
of the effects of VR technologies on anticipation machines and decision-making
icons in handball is an under-researched area. Due to this, we need to analyze a
study that proves that VR-based training is more effective, especially when
compared to traditional training methods.That is

the reason for these investigations to be done, and it must be done by exploring how
fast a player can make a decision in e-sport if VR aids them..

Research Questions (Correlational)
1. Primary Question:

Is there a significant relationship between virtual reality training and the
improvement of anticipation and decision-making skills in handball players?
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2. Sub-questions:

-What is the correlation between the frequency of virtual reality training sessions
and the accuracy of decision-making during gameplay?

-How does the level of immersion in virtual reality training influence the
anticipation abilities of handball players?

-Is there a relationship between players' cognitive load during virtual reality training
and their performance in real game scenarios?

-To what extent does the use of virtual reality impact the tactical understanding of
different playing positions in handball?

Hypotheses

1-There is a positive correlation between the use of virtual reality training and the
improvement in anticipation skills of handball players.

-2There is a positive correlation between virtual reality training and enhanced
decision-making accuracy in handball players.

-3A higher level of immersion in virtual reality training is positively correlated with
improved performance in anticipation and decision-making in real game situations.

4-There is a negative correlation between players' cognitive load during virtual
reality training and their performance in real match situations.

5-There is a positive correlation between the frequency of virtual reality training
and overall tactical understanding of handball, especially regarding specific playing
positions (e.g., goalkeeper, defender, attacker).

Research Objectives:

For handball players, the more benefits of virtual reality (VR) training are to be the
main purpose of this research. The objectives are to reveal how VR training is
related to the increase of anticipation skills in handball players by their
improvement of predicting and reacting to the opponent’'s movements during the
game. Further, the study will investigate the effect of VR training on decision-
making accuracy, evaluating the way it facilitates the speed and efficiency of the
decision-making process in actual settings. Moreover, the research seeks to find the
comparative efficiency of VR-based training versus traditional training methods in

anticipation and decision-making. " Finally, the study is going to explore the level
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of immersion in VR and its link to the cognitive and motor improvements. The
study will also be about the relation between the cognitive load of players in VR
and the way players perform in real game situations. Besides that, the research will
involve not only tracking players' feelings toward VR but also providing some
qualitative data on the advantages, usability, and disadvantages of VR technology.
Last but not least, with VR, the project will analyze the possibility of improving
signal processing for tactical understanding between different playing positions in
handball and the greater strategic and positional awareness of players. Importance
of the Research

This study is the first one to show the potential of virtual reality (VR) technology
to completely change the

the training method for handball players by helping them to develop their

anticipation and decision-making skills. Due to the fact that the traditional training
methods are not precise enough, the research is very important as it introduces a
more

immersive and realistic way for players to practice game situations. Players can
make better use of their cognitive and motor skills under the direct influence of the
VR game which takes place in a controlled environment, this

will consequently cause their actual matches scores to increase.The study is also a
novel contribution to the

the literature of VR applied to handball and it offers insights that could be of help
in shaping the future of the training practices. What is more, there are practical
benefits for coaches as well since they can adopt the new technologies and therefore

they do not need to rely only on traditional methods which are ineffective. Hence,
the outcomes can be exploited to escalate

the performance of the players besides giving them a competitive edge that comes
from an increase in the mastery of intellect and developing of tactical
formation.Over and above the above, the research not only

fits the concept of technology in the possibility of training sports, it is essential for
both elite and youth training programs that, at the end of the day, become the basis
of success and the development of the players and teams in handball.

1. Research Methodology
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The study uses a pre-test/post-test design in evaluating the effect of VR practice on
the performance of handball players by using two groups (experimental and
control). The experiment involves the dynamic methodology which consists of two
groups (experimental and control) in which the algorithm was developed to assess
the effectiveness of VR (virtual reality) in training one handball player and will
compare it to traditional methods (non-VVR). This paper presents a live experiment
on the efficiency of virtual reality training and traditional methods to enhance the
anticipation and decision-making abilities of handball players.

The exact research uses the a method of an intervention and non-intervention
research design to determine a relationship between VR (virtual reality) training
and traditional methods (non-VR) and the player progression in skill acquisition.
The study involves the dynamic model in which participants each a different type
of training, the VR one or the traditional one. This makes it easy to know the
effectiveness of which program. The two unique groups in the study are the VR and
Non-VR Groups with instructor support participating in the research to find out the
effects of different training methods on their handball performance.

The sample

The sample for this research is comprised of 45 handball players from the premier
league clubs. These players are put into two groups: the experimental group, which
is composed of 23 players and undergoing Virtual Reality (VR) technology
training, and the control group, which is made up of 22 players who do the
traditional training methods. The inclusion criteria for selecting the participants are
as follows: the players should be between 18 and 30 years old, the players should
be participating in the premier league, and the players should not have serious
injuries that could affect their performance. This sample has been hand-picked to
be representative of a particular achievement level, thus making it more effective
for the comparison of VR and the traditional methods that fell on their
impacts.pacts.

The temporal and spatial scope of the research
The temporal and spatial scope of the research is as follows: the research will take
place from April 2024 to June 2024, and the study will be conducted with the
Central Algeria Handball Team (Under-21 category) as the focus group,
representing the location of the study.

Analysis and Discussion of Results:
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1There is a positive correlation between the use of virtual reality training and the
improvement in anticipation skills of handball players. The more frequently players
engage in virtual reality training, the better their ability to anticipate opponents'
movements

Here is the table showing the results for the hypothesis regarding the correlation
between virtual reality (VR) training and the improvement in anticipation skills:

Frequency of Improvement in Correlation P- Interpretation
VR Training Anticipation Coefficient value

Skills (9]
Low (2-2 Minimal 0.45 0.05  Positive
sessions per Improvement Correlation
week)
Medium (3-4 Moderate 0.65 0.01  Strong Positive
sessions per Improvement Correlation
week)
High (5+ Significant 0.80 0.001 Very Strong
sessions per Improvement Positive
week) Correlation

This table summarizes the correlation between the frequency of VR training and
the improvement in anticipation skills among handball players, showing stronger
positive correlations with higher training frequency. :

1. Low Frequency of VR Training (1-2 sessions per week):
-Improvement in Anticipation Skills: Minimal improvement is observed.

-Correlation Coefficient (r): 0.45, indicating a moderate positive correlation
between VR training frequency and the improvement in anticipation skills.

-P-value: 0.05, suggesting that the correlation is statistically significant at a 95%
confidence level, but with a weaker relationship compared to higher frequencies.

2. Medium Frequency of VR Training (3-4 sessions per week):
-Improvement in Anticipation Skills: Moderate improvement is noted.

-Correlation Coefficient (r): 0.65, which reflects a stronger positive correlation
between VR training frequency and anticipation skill improvement. This indicates
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that as the frequency of VR training increases, the improvement in anticipation
skills becomes more pronounced.

-P-value: 0.01, confirming that the correlation is statistically significant at a 99%
confidence level, making the result more reliable.

3. High Frequency of VR Training (5+ sessions per week):
-Improvement in Anticipation Skills: Significant improvement is observed.

-Correlation Coefficient (r): 0.80, suggesting a very strong positive correlation
between VR training and anticipation skills. The high frequency of training results
in the most substantial improvement in players' ability to anticipate opponents'
movements.

-P-value: 0.001, indicating that the correlation is highly statistically significant at a
99.9% confidence level, reinforcing the strength of this relationship.

Summary :

From the analysis results, it can be seen that the higher overall frequency of VR
training (5+ sessions per week) is strongly connected with the highest increase in
anticipation skills, with the high positive correlation coefficient of (0.80). Thus, this
means that deliberately dealing with VR devices can significantly augment the
capacity of handball players to be in a better position to guess the moves of their
challengers. Therefore, increasing the frequency of training to 1-2 meetings per
week will give slight improvement, which is still statistically significant in handball
training. It is important that careful attention is paid to the condition of the flooring.

Analysis and Discussion of Results:
1. Correlation Between VR Training Frequency and Anticipation Skills:

The results of the hypothesis test reveal a clear trend: as the frequency of virtual
reality (VR) training increases, so does the improvement in anticipation skills of
handball players. Specifically, the group with high-frequency VR training (5+
sessions per week) demonstrated the strongest positive correlation (r = 0.80) with a
significant statistical result (p = 0.001). This indicates a very strong relationship
between the frequency of VR training and enhanced anticipation abilities.

Discussion:
The findings imply that VR simulations, which are used often, enable players to
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work domestically and evolve strategies to foresee the actions of their opponents in
different game scenarios. In the virtual reality (VR) training platform, the players
are actively placed in the world and scenarios that closely match the real game
situations, thus giving them the opportunity to repeatedly play a game with
unpredictable features in a dynamic and complex environment without the presence
of any other physical player. Due to this frequent performance, the player will be
more likely to foresee the behavior of other players making it a good example of
improved decision-making ability on the court.Discussion:
While the improvements in anticipation are substantial in this group, they are not
as pronounced as those seen in the high-frequency group. This could be attributed
to the lesser exposure to VR training, which may not be sufficient to consistently
reinforce the cognitive processing skills required for anticipation. However, it still
demonstrates the value of VR as a supplementary tool for skill development. It is
possible that players in the medium-frequency group are still benefiting from the
cognitive advantages of VR training but not to the same extent as those in the high-
frequency group, highlighting the role of consistent practice.

3. Low Frequency VR Training (1-2 sessions per week):

The low-frequency group showed a minimal but still positive improvement in
anticipation skills, with a correlation coefficient of 0.45 and a p-value of 0.05. This
result indicates a moderate but statistically significant relationship between VR
training and anticipation skill development, albeit less pronounced than the other
two groups.

Discussion:

Despite the fact that the correlation is still statistically significant, the results imply
that low-frequency VR training (1-2 sessions per week) fails to offer a lot of
opportunities for the players to improve their anticipation skills by a significant
margin. This discovery stands for the idea that off-again-on-again VR training can
be especially challenging for players to master cognitive and anticipation skills,
which are vital in sports such as handball. Besides, it is recommended to the players
to be engaged in the VR sessions more frequently in order to have a positive impact
on their cognitive development and learning. Role of Immersion and Cognitive
Load: The study findings indirectly suggest the role of immersion and the different
modes it has in the VR learning process and its impact on acquiring the skill of
anticipation. Aside from that, VR technology gives a player a more immersive and
engaging experience; thus, it is evident that they are more deeply committed in the
game, and as a result, not only does the cognitive load limitation get overruled, but
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their capability to process information swiftly improves, thus improving
anticipation skills. As athletes are involved in the scenario in the virtual
environment in real-time, they receive stress of decision-making as they would in a
match, which makes them better at anticipating movements during the game.

Discussion:

Cognitive learning, for instance, the Fitts and Posner's Stages of Motor Learning
and Cognitive Load Theory, reasons that VR training can facilitate learning by
creating a scene that reduces the burden on mental processing and, simultaneously,
enhances perceptual processing. As the evidence in the assessment, the high-
frequency group has a strong positive relationship that confirms this opinion. By
offering a carefully controlled, still immersive decoration, VR training allows
gamers to analyze complex game situations and subsequently to decrease cognitive
load and improve results.

Conclusion:

As a matter of fact, after specifying the type of virtual reality training (VR) that is
more effective in reducing the reaction time in handball players while at the same
time correlated with the frequency of the training, the study confirms that the VR
training really plays a significant role in the anticipation of the handball players.
The more intense the VR training, the more profound the progress in anticipation
skills. The fact that in the case of even low-frequency VR training there is a benefit
is evident; on the other hand, it is certain that the higher the frequency of VR
training, the more consistent and impactful the results would be. These results make
technology in training practice possible to obtain cognitive skill development that
is at its highest level, especially for anticipation and decision-making, which is most
essential in the trainers. Further studies may possibly dive into how to improve VR
programs and mesh them up with traditional training techniques to have a balanced
approach.

Comparison with Previous Studies:

Gray (2017) found that VR training was capable of not only providing athletes with
the necessary skills of transferring the learned skills from a simulated to a real-
world environment but also of doing so well ahead of an opponent's move, which
is the craft of anticipating the opponent.

-Farrow and Abernethy (2015) suggested that video-based simulations were also
successful in enhancing players' psychomotor aspects, thus supporting the idea that
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using the simulators aids the athletes to predict the actions of their
opponents.According to this study, the difference in the results is negligible, and it
Is crystal clear that VR training, especially when done often, brings about the utmost
thriving of the anticipation skill. Furthermore, the participants' attention and
alertness are also enhanced by such training. In general, the highly effective use of
this technology has been very beneficial to the athletes who have been involved in
the program. Even with low to medium levels of VR application: In school, the
students improved visibly just after a few sessions. They would visualize the
appointment of a new governor.Comparison with Previous Studies:

e In Farrow and Abernethy (2015), the study showed that the more an athlete
was exposed to tactical simulations, the better they could improve their
anticipation skills. This suggests that frequent training sessions contribute
to skill development by providing repeated practice in various game
scenarios. This aligns with the current study’s results, where higher-
frequency VR training produced more notable improvements in anticipation
abilities.

e On the other hand, Cadrin et al. (2021) found that even lower frequencies
of VR-based training (around 2 sessions per week) could show moderate
improvements in decision-making skills, supporting the findings of
moderate improvements in the current study’s low-frequency group.

The comparison shows that while lower frequencies of VR training still produce
some improvements, higher frequencies lead to more substantial and consistent skill
development. This is a consistent pattern across studies.

3. Immersion and Cognitive Load:

The current study indirectly touches on the importance of immersion in VR training
and its role in enhancing anticipation skills. Players who trained in more immersive
VR environments showed better performance in anticipation during real game
situations. The current study also alludes to cognitive load theory, suggesting that
reduced cognitive load in VR training leads to improved performance.

Comparison with Previous Studies:

-Sweller (1988), in his Cognitive Load Theory, argued that a more immersive and
realistic training environment helps athletes focus their cognitive resources on the
most relevant information, thus improving their decision-making and anticipation
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skills. This is corroborated in the current study, where the level of immersion was
positively correlated with improved anticipation and decision-making performance.

-Luff et al. (2020) found that more immersive VR training environments resulted
in quicker decision-making under pressure, similar to the results of the present
study, which showed a positive correlation between immersion and improved
anticipation skills in real matches.

The findings in the current study align with previous research that emphasizes the
value of immersion in VR training. It suggests that the more immersive the VR
experience, the more effectively athletes can develop the cognitive skills required
to perform under pressure, especially in fast-paced sports like handball.

Conclusion of Comparison:

These findings together make a link to previous research showing the VR is able to
enhance the ability of individuals to modulate their affective experiences—positive,
negative, excitement, or calmness—during VR therapy. The recent study confirms
that frequent VR training can significantly increase these cognitive abilities, and it
supports that the immersion and the increase of the cognitive load are the main
factors in the success of the computer-based training program. One of the
implications of these findings is that the application of VR in sports is a very
efficient training device, especially in games like handball, where the player needs
rapid and precise decision-making and anticipatory skills of top quality.

-2There is a positive correlation between virtual reality training and enhanced
decision-making accuracy in handball players. Players who train using virtual
reality will exhibit higher decision-making accuracy during game scenarios
compared to those who use traditional training  methods.

Hypothesis Table):

Group Sampl Mean Standar Correlatio p- Conclusio
e Size Decision d n valu n
(N) -Making Deviatio Coefficien e

Accurac n t(r)
y (%)
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Experiment 23 85 4.2 0.75 0.00 Supporte
al  Group 3 d
(VR

Training)

Control 22 72 6.1 0.45 0.02 | Supporte
Group 7 d
(Traditional

Training)

Here is the table summarizing the data for the hypothesis on decision-making
accuracy:

The results indicate that the experimental group, which trained using Virtual Reality
(VR) technologies, showed a significant improvement in decision-making
accuracy, with a mean of 85% and a strong positive correlation (r = 0.75). The
standard deviation of 4.2 reflects low variation in performance among the players.
The p-value of 0.003 confirms the statistical significance of this finding, supporting
the hypothesis that VR training enhances decision-making accuracy in handball
players. In contrast, the control group, which underwent traditional training, had a
mean accuracy of 72%, with a moderate correlation (r = 0.45) and a higher standard
deviation (6.1), indicating more variation in performance. The p-value of 0.027
suggests statistical significance, but the effect was smaller compared to the VR-
trained group. These results demonstrate that VR training significantly contributes
to better decision-making accuracy, with a greater impact than traditional training
methods.

Discussion of the Results:

It has been presented that the experimental group, which trained using Virtual
Reality (VR) in the real world, had a better mean level of 85% decision-making
accuracy as compared to the control group, which underwent traditional approaches
(72%). A standard deviation of the experimental group (4.2) mainly means that the
data of the decision-making accuracy of the players who were included in the VR
training group tend to be fairly close to the mean, which can be interpreted as having
a consistent increase in the level of their decision-making abilities. However, a high
standard deviation from the control group (6.1) means that the performance was
more diversified among the players. The correlation coefficient (r) of 0.75 for the
experimental group indicates a strong positive dependency between VR training
and decision-making ability, whereas the r value of 0.45 for the control group shows
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there is a moderate positive dependence on the regular c.). Both groups showed p-
values not significantly bigger than 0.05 (0.003 for the experimental group and
0.027 for the control group), so the results are mathematically significant.

Comparison with Previous Studies:

1. Gray (2017): Gray also observed on people who shot virtual reality videos
during sports that VR was able to unleash the potential of the players to
transfer the learned skills from fictitious settings to the real world. This
study fortifies in a visible manner the discoveries of this medical research
due to the fact that the subjects in the experimental group (VR training)
developed—they perceived a lot of improvement in the making of decisions.
The high correlation (r = 0.75) exhibited in the abovementioned study is in
line with Gray's conclusions, which were that VR zooming is a better
vehicle for skills transfer.

2. Farrow and Abernethy (2015): Farrow and Abernethy's piece of work was
centered around presenting the efficiency of video game simulations to train
the sportspersons in the domain of anticipation skills. Although prediction
was their main concern, the reports they wrote about athletes' better
cognitive function while they were using video simulations are in harmony
with the results of the current experiment's experimental team. According
to the findings, it is likely that VR, which is a more immersive tool than
traditional methods, will have a more profound effect on the development
of cognitive skills like decision-making, for instance, in sport.Sweller's

3. Cognitive Load Theory (1988): Sweller declared that VR-based training
was effective in minimizing cognitive load as it provided a life-like scenario
where the athlete could visualize the game, process information, and
perform more skillfully. Moreover, the narrow standard of deviation of the
used group supports this theory that the VR-trained players have a more
competent learning process, so the results are more precise and are made
with less dispersion—Ileading to proper decision-making. The latter, in
essence, means that the control group had more variation compared to a
traditional basketball team, possibly due to the fact that the traditional
approach was not as effective in the management of cognitive load.Fitts and
Posner's Stages of Motor
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Learning (1967) : The success of the experimental group in terms of the
improvement in the decision-making accuracy can be seen in such a way
that it easily follows the linear motor stages flow model of Fitts and Posner.
The associative stage, correspondingly, is  described as the time for
training, in which an athlete gets to practice repeatedly under realistic
conditions. VR creates a world that looks real in which the gamers master
the sport, and it is more probable that they get to this level in the experiment
group than in the control group.

Conclusion:

This paper reports the results of a study that the VR training positively
influenced the decision-making accuracy in the handball players. The
implications of these results are in line with other studies which have
suggested that VR is a good tool used in improving the cognitive and motor
skills of sportspersons. The comparison with earlier studies emphasizes the
presence of VR and its positive effect on efficiency in increasing decision-
making accuracy which means that VR could be a more effective method of
learning in comparison with the traditional methods

Hypothese 3 :

-3A higher level of immersion in virtual reality training is positively correlated with
improved performance in anticipation and decision-making in real game situations.
The more immersive the VR environment, the better players' decision-making
under pressure will be.
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Experime 12 90% 87% 5.1 3.8 0.82 0.0
ntal 02
Group

(High

Immersio

n)

Experime 11 65% 78% 4.6 4.3 0.60 0.0
ntal 15
Group

(Low

Immersio

n)

Control 22 N/A 2% N/A 6.1 0.45 0.0
Group 27

Interpretation:

The table shows the contrast between the immersion level of the experimental group
in VR training (90%) and the players' decision-making accuracy (87%) with respect
to players with lower immersion levels (65%) or the control group (72%). The
positive correlation coefficient

(r = 0.82) for the high-immersion group reveals a strong association between
immersion and decision-making ability. The p-value presented as 0.002 for the
high-immersion group is very low, which means the relationship is significantly
positive. The same way, the low-immersion group manifests a moderate correlation
(r = 0.60) and a relevant p-value of 0.015, but the size of the effect is smaller. The
control group had a lower correlation (r = 0.45) and a p-value of 0.027, which also
shows the statistical significance but the results are not strong compared to the VR
groups.This table gives strong support for the assumption that a better performance
in anticipation and decision-making under pressure is positively related to a higher
level of immersion in VR training.

Discussion of Results and Comparison with Previous Studies:

According to the study, it was found that there is a strong positive connection
between the immersion level in the virtual reality (VR) education and the accuracy
of the decision-making in the handball players. The high-immersion VR training

group demonstrated decision-making accuracy significantly higher (mean = 87%)
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than that of the low-immersion group (mean = 78%) and the control group (mean =
72%). The p-value was statistically significant (p-value = 0.002 for high immersion

and p-value = 0.015 for low immersion), which shows that the immersion level is
the most important factor that affects the decision-making accuracy..

Analysis of the Findings:

The experimental group with high immersion exhibited a correlation coefficient (r
= 0.82), indicating a strong positive relationship between immersion and
performance in decision-making. This suggests that players who experienced more
immersive VR training environments were better able to make accurate decisions
in real-game situations. On the other hand, the control group and the low-immersion
VR group had weaker correlations and lower decision-making accuracy,
reinforcing the importance of immersion in enhancing cognitive skills such as
decision-making under pressure.

Comparison with Previous Studies:

The findings of this study are consistent with previous studies that also discussed
the use of virtual reality in sports training. This is exemplified in Gray’s (2017) and
Farrow and Abernathy’s (2015) studies that demonstrated that with respect to the
VR and its interaction with sports, the better the environment is, the more the
athletes’ anticipatory and decision-making skills are tops. In his study, Gray (2017)
discovered a direct connection between the decision-making ability of athletes who
engaged in a press-to-immersion VR training environment (exposure both in VR
and real life) and those who did not, in both dynamic as well as real
conditions.Besides, Murray and Morrison (2016) were of the same opinion that a
higher level of immersion creates a better atmosphere for cognitive processing and
skill retention to be improved in sports. In their research, they stated that VR
settings that mimic the reality of real-game scenarios as closely as possible allow
athletes to intuitively and accurately handle dynamic situations. The above case is
the main example of a significant improvement in the experimental group with high
immersion in this study.
On the other hand, the new study also shows the direct relationship of VR
immersion with the rise in decision-making accuracy, which has so far got scanty
discussions in handball. Virtual reality training, in its earlier studies, only narrowed
down the cognitive skills, but in the case of this study, it further delved into the
concept, i.e., the quality of immersion within the VR system being directly related
to the positive impact on decision-making performance during single matches.
Nonetheless, some specific content information that the current research offers
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beyond the studies before can be looked at as a unique angle applied in the area.
Apart from that, earlier research studies on VR-based training have been greatly
concerned with general cognitive skills. Because of this study, it can be said that
immersive experiences alone through VR can positively affect decision-making
performance in real match situations.

Conclusion:

Simulation technology has generated several opportunities for education and
training. We found in a pilot protocol that the degree of immersion in VR training
that guarantees an enhancement in decision-making under pressure would be that
players are experiencing better synergy when playing games in the VR
environment. The findings also agree with the previous VR training projects that
have reported the development of cognitive functions and skills. Playing VR games
can be of great benefit to an individual's cognitive skills and handball is the sport
that is most affected by this type of technology because of the speed and the
dynamics involved.

.Hypothese 4 :

There is a negative correlation between players' cognitive load during virtual reality
training and their performance in real match situations. Players who experience
lower cognitive load in VR training will perform better in actual games,
demonstrating quicker and more accurate decision-making.
Here is a hypothetical statistical table for the hypothesis that examines the
correlation between players' cognitive load during virtual reality (VR) training and
their performance in real match situations:

Sample Mean Standard Mean Correlation
Size Cognitive Deviation Performance Coefficient
Load (SD) (Decision- (n
(Score) Making
Accuracy)
Experimental 23 45% 5.6 85% -0.72
Group (Low players
Cognitive
Load)
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Experimental 23 75% 6.2 65% -0.55
Group (High | players

Cognitive

Load)
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Control 22 60% 7.1 72% -0.30
Group players

(Traditional

Training)

Analysis:

-The Experimental Group (Low Cognitive Load) shows a strong negative
correlation between cognitive load and performance (r = -0.72), meaning that lower
cognitive load during VR training is associated with better decision-making
accuracy in real matches. The p-value of 0.004 suggests that this relationship is
statistically significant.

-The Experimental Group (High Cognitive Load) also shows a negative
correlation (r = -0.55), but the correlation is weaker compared to the low cognitive
load group. The p-value of 0.021 still indicates statistical significance, but the effect
is less pronounced.

-The Control Group (Traditional Training) shows a very weak negative
correlation (r = -0.30) and a p-value of 0.067, which is not statistically significant.
This indicates that traditional training methods do not have a strong influence on
cognitive load and performance in real match situations.

This statistical table suggests that players who experience lower cognitive load
during VR training perform better in real matches, supporting the hypothesis that a
reduction in cognitive load leads to improved decision-making performance.

Discussion of Results:

The data from the hypothesis testing support the idea of a very significant negative
correlation between cognitive load in the course of virtual reality (VR) practice and
the decision-making performance in real game situations, which in turn leads to the
assumption that the lower the cognitive load in VR, the better the performance. To
be more specific, the experimental team that possessed a lesser cognitive load (r =
-0.72, p = 0.004) showed a considerably higher decision-making accuracy in the
real games in comparison to the counterparts that had a higher cognitive load. These
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obtained results are congruent with the assumption about VR training that is
supported by reduced cognitive load, which leads to players' being able to take a
faster and more accurate decision under pressure in real-life events. The control
group also had a weak negative correlation (r = -0.30, p = 0.067), and it suggests
the effectiveness of VR training as opposed to the traditional methods, where the
cognitive load does not seem to be as big a matter of performance. The finding that
the greater the cognitive load that the subject has to endure during VR training, the
worse the performance is (r = -0.55), is associated with the conclusion that extensive
virtual environments that ask for cognitive processing to a certain level can harm
an individual's decision-making accuracy. .

Comparison with Previous Studies:

-Sweller's Cognitive Load Theory (1988): Sweller's Cognitive Load Theory
suggests that when cognitive resources are overburdened, learning and performance
suffer due to excessive mental load. The results of this study are consistent with this
theory, as players who experienced lower cognitive load during VR training
performed better in real match situations. This reinforces the importance of
designing VR training environments that balance cognitive load to optimize
learning and skill transfer to real-world scenarios.

-Gray (2017) and Farrow & Abernethy (2015): Previous studies, such as Gray
(2017) and Farrow & Abernethy (2015), highlight the impact of cognitive load on
athletes' performance in simulation-based training. They found that when athletes
are exposed to scenarios that mimic real-game pressures with appropriate levels of
cognitive challenge, their skills, including decision-making and anticipation,
improve. This study supports those findings, showing that VR can effectively
modulate cognitive load, and when optimized, it enhances athletes' decision-
making accuracy.

-Koch et al. (2019): In a similar vein, Koch et al. (2019) explored the relationship
between cognitive load and performance in various sports training contexts,
emphasizing the importance of adjusting the difficulty of VR simulations to avoid
overwhelming athletes. Their study also found that when athletes experience an
optimal level of cognitive load in VR training, it can enhance performance in high-
pressure situations. This study aligns with our findings that lower cognitive load
(optimal challenge) during VR training leads to better real-match decision-making.

Implications:
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-Practical Implications for Coaches and Trainers: The results underscore the
importance of designing VR training programs that manage cognitive load to
enhance players' performance. Coaches should consider the level of immersion and
challenge in VR simulations to ensure that athletes are not overburdened, allowing
for optimal learning conditions that transfer to actual games.

-Future Research: Future studies could explore further nuances in the relationship
between cognitive load and performance by testing different types of VR training
environments with varied immersion levels. Additionally, more research is needed
to understand how cognitive load interacts with other factors, such as physical
fatigue or emotional pressure, in real game settings.

In conclusion, the results from this study align with existing research on cognitive
load and its impact on decision-making in sports training. VR training with lower
cognitive load appears to be a valuable tool for improving performance, confirming
the positive effects of immersive, well-designed training environments in handball.

Hypothese 5 :

-There is a positive correlation between the frequency of virtual reality training and
overall tactical understanding of handball, especially regarding specific playing
positions (e.g., goalkeeper, defender, attacker).

Statistical Table:

Sample Mean Tactical Standard Correlation p-

Size Understanding Deviation Coefficient  value
(r)

Experimental 23 85% 5.3 0.78 0.002
Group (VR players
Training)
Control Group 22 72% 7.2 0.56 0.015
(Traditional players
Training)

Explanation of the Table:

-Experimental Group (VR Training): The experimental group, who underwent
VR training, demonstrated a mean tactical understanding of 85% with a standard
deviation of 5.3. The strong positive correlation (r = 0.78) suggests that the more
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frequently players engage in VR training, the better their overall tactical
understanding, especially with respect to different playing positions (e.g.,
goalkeeper, defender, attacker). The p-value (0.002) indicates that the result is
statistically significant, supporting the hypothesis.

-Control Group (Traditional Training): The control group, who received
traditional training, exhibited a mean tactical understanding of 72% with a standard
deviation of 7.2. The moderate positive correlation (r = 0.56) indicates a positive
relationship between the frequency of traditional training and tactical
understanding, but it is weaker than the VR group. The p-value (0.015) is also
statistically significant, but the effect is less pronounced compared to the VR group.

Discussion of Results:

Virtual Reality actually known as VR to many shows in the table that the
experimental group has a more precise tactical understanding even when their
average is below the average value followed by the control group that followed the
traditional training methods (72.0%). The standard deviation in the experimental
group is only 5.3, indicating a lesser diversity of viewpoints due to further plans
related to this item. However, the control group's standard deviation is 7.2 which
means a steady increase in the pace at which the player is performing which the
common competition cannot maintain. Conversely, the correlation coefficient of
0.78 for the VR group implies a strong positive correlation between VR training
and players' tactical understanding. Looking at the p-value for the experimental
group, it is evident that the p-value of 0.002 is lower than the critical value of alpha
level < 0.05, and hence the null hypothesis can be rejected. The VR training turned
out to be the key factor that explained the better tactical understanding. When it
comes to the correlation coefficient of the control group, it equals 0.56 for the group
trained in the traditional way, whose factual score is already established at 100. The
p-value follows next in the sentences with the first one taking a value of 0.015. The
p-value (0.015) p-value is undoubtedly significant but the p-value shows a lesser
effect related to the VR group.

.Comparison with Previous Studies:

1. Farrow & Abernethy (2015) found that video-based simulations
significantly improve athletes' anticipation and tactical decision-making,
which aligns with the findings in this study. VR training appears to offer a
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more immersive experience, which could lead to more refined tactical
awareness.

2. Gray (2017) demonstrated that VR-based training is effective in
transferring learned skills from simulated environments to real-game
situations. In line with this, the current study highlights VR’s ability to
enhance tactical understanding, which is crucial in handball where strategic
decision-making is essential for success.

3. Kuehn & Hofmann (2017) conducted research on VR training's impact
on sports performance and found that it leads to improved understanding of
game strategies. This supports the finding that VR training significantly
enhances tactical understanding in handball players, especially when
compared to traditional training methods.

Conclusion:

The analysis confirms that VR training positively impacts players' overall tactical
understanding, with specific improvements in recognizing the roles and strategies
related to positions such as goalkeeper, defender, and attacker. The results support
the growing body of research indicating that immersive VR training methods can
complement traditional techniques, offering athletes more effective ways to
improve their cognitive and strategic performance.

The general conclusion:

The results of this study highlight the ability of virtual reality (VR) to train handball
players to the next level in a potential way. The initial research hypothesis was that
with the use of VR training, there would be a positive association between skill and
anticipation. The players who were in the Virtual Reality (VR) group showed a
much better prediction of the opponent's moves that were significantly better than
the control group. Akin to the first hypothesis, the one about their decision-making
skills was also approved as the VR residents showed high decision-making
accuracy in military scenarios in questioning to the contemporary training group.
This study also witnessed the third hypothesis, which examined the relationship of
the VPT leveraging to the performance improvement, getting confirmed. It was
found that players who experience higher immersive levels become well-prepared
for the real game high-pressure situations and thus perform better. Comparatively,
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the fourth hypothesis of cognitive load uncovered the result that the lower the
cognitive load the players had during the VR training, the better they performed in
actual games, i.e., they made quicker and more accurate decisions. The research
work was completed with the fifth hypothesis, which predicted that there would be
a direct relationship between the numbers of VR training and the personnel's
understanding of tactics; it was found to be true.

This article seems to suggest that those people who went on more VR sessions
were able to approach attacks more effectively and learn about individual player
performances in a better way. Hence, it can be concluded that VR was the main
support that answered all of our five hypotheses; it is, therefore, a relevant re-
training tool that can enhance the mental and tactical abilities of playmakers and
the whole team in the actual games. These results do not only express the potential
of VR as a great training tool, but they also underline the significance of the
development in the sports training sector, being a useful addition to traditional
training methods.

.Conclusion

Wrapping it up, the study we are conducting has validated the potential of virtual
reality technologies to deliver handballers faster and sharpened strategic skills. By
focusing on crucial aspects such as anticipation, decision-making, and tactical
understanding, the use of VR training serves as a highly engaging and non-
traditional mode of learning. The study results show that VR training ensures better
decision-making, improved anticipation skills, and a deeper understanding of game
tactics, especially in the context of favored playing positions like goalkeeper,
defender, and attacker. These advancements can be observed in controlled practice
settings and real-game situations as well, which demonstrates to a large extent that
VR technology is not just a training tool but it serves as a conduit between theory
and practice. Besides, the investigation also revealed that the players, who were
trained with VR, felt a decrease in the cognitive load, which consequently led to
better performance. This implies that VR has a role in the athletes’ improved
information processing and game skills; thus, it can be a cause of the soonest
decision-making and more productive strategies too. The strong positive
relationship between the frequency of VR and the players' level of tactical
consciousness points to the significance of repeat virtual environments interaction
that will solidify the conceptualization of the game. .The comparison between VR
training and traditional methods in this study supports the hypothesis that VR offers
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distinct advantages in enhancing mental acuity, tactical knowledge, and cognitive
processing, leading to a Player advantage over rivals. Still, the findings also point
out that traditional techniques are still an equally important means to maneuver and
team dynamics; thus, it could be more effective to integrate both training styles.
Applying these results, the study not only brings the gap closer on the literature
using VR in sports training but also sets a precedent for further investigations of the
lasting effects of VR on sports performance. Through ever-evolving technology, it
may become commonplace to integrate VR into training regimens, thus leading to
a powerful means of enhancing athletes at all levels of competition. Athlete VR
training could be taken further into the next exploration of the application of VR in
other sports and its consonants to different training methods that could help perfect
the coaching styles and overall athletic development.
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