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Performance, emotional regulation during training. Drawing upon contemporary theories in sport psychology and
Sport. cognitive engagement, the research emphasizes how AR-based feedback systems can enhance self-
efficacy, intrinsic motivation, and the sense of achievement among athletes. Preliminary observations
reveal that AR environments promote a stronger sense of presence and goal orientation, reducing
performance anxiety and mental fatigue. The findings suggest that augmented reality not only improves
physical performance but also contributes to psychological well-being and mental resilience, offering new
perspectives for coaches, psychologists, and researchers seeking to integrate technology-driven
approaches into sports practice and performance enhancement.

1. INTRODUCTION

The intersection between sport, technology, and psychology has become one of the most dynamic fields of modern research,
where the human body meets digital intelligence in pursuit of enhanced performance. Among the emerging technologies reshaping
athletic training, augmented reality (AR) occupies a central position, offering athletes a hybrid space where physical effort is
intertwined with digital feedback. By merging real and virtual environments, AR not only changes the way athletes train and receive
information but also transforms the psychological experience of effort, focus, and motivation (Bideau, Kulpa, & Craig, 2022;
Neumann & Moffitt, 2023). This technological revolution represents a shift from traditional coaching strategies based largely on
observation, repetition, and verbal correction toward interactive and personalized systems capable of delivering real-time,
immersive feedback that stimulates cognitive and emotional engagement.

In traditional sport psychology, performance optimization has relied on mental skills such as visualization, goal setting, and
self-regulation (Weinberg & Gould, 2019).

These approaches emphasize the importance of mental imagery and reflective practice but often lack immediate perceptual
reinforcement. Augmented reality bridges this gap by allowing athletes to see and interact with their performance in real time,
creating a heightened sense of presence and agency (Wulf & Lewthwaite, 2016; Zimmerman, 2000). For instance, AR can project
motion trajectories, correct body alignment, and display biometric data directly in an athlete’s field of vision, offering a continuous
and adaptive form of feedback that enhances motor learning and intrinsic motivation (Najami & Ghannam, 2025).

Such integration of visual and sensory information has the potential to strengthen focus, reduce anxiety, and facilitate entry
into optimal psychological states known as “flow” (Csikszentmihalyi, 1990; Jackson & Csikszentmihalyi, 1999).

From a psychological perspective, AR provides a context in which athletes can internalize goals and experience a more
autonomous sense of progress. According to the Self-Determination Theory, motivation thrives when individuals perceive
autonomy, competence, and relatedness (Deci & Ryan, 2000; Ryan & Deci, 2017).

AR environments can nurture these needs by allowing users to control their learning pace, visualize their progress, and interact
with engaging, gamified elements that reinforce commitment and self-belief. Yet, while the benefits appear promising, scholars
have also highlighted potential cognitive and emotional risks. Overstimulation, dependency on visual cues, or excessive focus on
technological interfaces may increase mental fatigue and disrupt natural attentional rhythms (Schunk & Zimmerman, 2012).
Therefore, the psychological implications of AR in sports training require balanced investigation acknowledging both its capacity
to elevate mental performance and its possible limitations.

Recent studies have begun to explore how AR affects motivation, concentration, and emotional regulation, though most
research remains preliminary and focused on physiological outcomes rather than psychological mechanisms (Richlan, Weil3,
Kastner, & Braid, 2023; Ozturk, Canikli Temel, Agrali Ermis, Serin, & Toros, 2025). Investigations into combat sports and tennis,
for instance, suggest that AR-based visual feedback can enhance technical precision, perceived competence, and engagement
(Sultan Idris, Al-Mahdi, & Yassin, 2024; Najami & Ghannam, 2025). Furthermore, experimental work in mindfulness and AR
environments indicates that immersive interactions can strengthen focus and emotional balance, leading to improved performance
and well-being (Chen et al., 2024). These results echo the foundational insights of sport psychology, which emphasize the
integration of body, mind, and environment as key determinants of optimal performance (Maclntyre & Moran, 2019; Locke &
Latham, 2002).
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At a theoretical level, the incorporation of AR into sports can be seen as a natural extension of established frameworks such
as Flow Theory (Csikszentmihalyi, 1990), the OPTIMAL Theory of Motor Learning (Wulf & Lewthwaite, 2016), and the Goal-
Setting Theory (Locke & Latham, 2002). These models collectively highlight the importance of motivation, feedback, and perceived
competence in sustaining effort and improving skill acquisition.

In practice, AR technologies operationalize these principles by providing immediate sensory information and emotionally
engaging challenges that simulate real competition scenarios while maintaining a controlled and adaptive environment.

The capacity of AR to transform training into an interactive psychological journey not only enhances performance but also
supports emotional resilience, stress management, and self-awareness qualities essential to long-term athlete development
(Raedeke & Smith, 2001; Weinberg & Gould, 2019).

However, as AR becomes increasingly embedded in professional and amateur sports, researchers must consider its broader
psychological and ethical dimensions. Immersive training may alter how athletes perceive reality, measure success, and cope
with failure. The shift toward digital mediation could reshape the athlete—coach relationship, influencing communication patterns
and emotional connection (Suriawan, 2024).

Consequently, understanding the psychological impact of augmented reality is not merely about measuring performance
improvements but about grasping how human motivation, cognition, and emotion evolve within technologically enhanced
environments. By integrating perspectives from sport psychology, cognitive science, and human—computer interaction, this paper
aims to explore the mental mechanisms through which AR influences athletes’ motivation, focus, and well-being (Fridhi, A., &
Frihida, A. 2019).

The central argument is that augmented reality, when thoughtfully applied, can serve as a psychological catalyst that amplifies
intrinsic motivation, self-efficacy, and flow while reducing performance anxiety and cognitive overload. Nevertheless, these
benefits depend on the balance between technological assistance and self-regulated learning (Ryan & Deci, 2017; Schunk &
Zimmerman, 2012). This study contributes to an emerging field of inquiry that redefines the athlete not only as a physical performer
but as an adaptive, technology-augmented learner navigating between the tangible and the virtual.

The findings have implications for coaches, sport psychologists, and technologists seeking to design evidence-based systems
that harmonize technological precision with human psychological complexity. Ultimately, the integration of augmented reality into
sports training marks a profound evolution of human performance one that intertwines digital innovation with the enduring quest
for mental strength, balance, and mastery.

2. LITERATURE REVIEW

Recent empirical studies have increasingly explored how augmented reality (AR) technologies influence the psychological and
behavioral dimensions of sport. Scholars have observed that AR, by blending digital overlays with physical environments, creates
immersive contexts that enhance learning, motivation, and performance (Kittel, Lindsay, Le Noury, & Wilkins, 2024).

Their systematic review on extended reality (XR) technologies revealed that AR can significantly improve perceptual-cognitive
skills such as anticipation, focus, and decision-making in athletes, though long-term psychological outcomes remain
underexplored. In a similar vein, Ozturk, Canikli Temel, Ermis, Toros, and Serin (2025) found that immersive AR and VR
interventions improve not only athletic performance but also psychological recovery and intrinsic motivation, suggesting that
technological immersion can serve as a psychological support tool during physical training and rehabilitation.

Parallel findings have emerged in physical education research, where AR has been shown to enhance motivation and
engagement among learners. Ridwan, Aswanda, Sumarno, Ahmedov, and Pranoto (2025) demonstrated that integrating AR into
physical education lessons increases students’ motivation and persistence by transforming abstract exercises into interactive and
visually stimulating experiences. Similarly, Liang, Zhang, and Guo (2023) showed that beginner runners using AR-based training
platforms reported greater enjoyment, better knowledge retention, and higher levels of positive learning behavior, linking AR
exposure to both cognitive and emotional benefits. This motivational potential is also reflected in game-based learning
environments, where Omarov, Azhibekova, and Batyrkhan (2024) observed that AR gamification strategies in sports education
lead to significant gains in motivation and participation compared to traditional pedagogies Fridhi, A., & Bali, N. (2021).

Beyond training and education, the influence of AR extends into the domain of sports spectatorship and fan engagement. Ahn
and Ko (2025) found that AR in sports broadcasting impacts spectators’ emotions, attention, and behavioral responses, with
engagement levels depending strongly on individual psychological involvement.

This highlights that the cognitive and affective mechanisms activated by ARsuch as immersion, flow, and sensory stimulation
may also operate in active athletes during competition or practice. The integration of AR in sport thus appears to reshape not only
physical skill acquisition but also the psychological experience of sport itself( Bali, N., Fridhi, A., & Hassen, Z. 2022).

A growing line of research explores AR’s role in rehabilitation and injury prevention, areas where the psychological dimension
confidence, anxiety reduction, and adherence to recovery programs is particularly relevant. Soltanabadi, Minoonejad, Bayattork,
and Seyedahmadi (2023) conducted a scoping review showing that AR-assisted rehabilitation after anterior cruciate ligament
(ACL) injuries not only enhances biomechanical recovery but also strengthens psychological readiness and self-efficacy. This
aligns with broader evidence suggesting that immersive feedback environments may help athletes regain trust in their bodies after
injury. Similarly, Weerasinghe et al. (2022) found that adaptive AR guidance systems, when tailored to user performance, can
sustain engagement and self-regulation two key psychological mechanisms underlying successful rehabilitation (Fridhi, A., Laribi,
R., & Bali, N. N. 2023).

The motivational affordances of AR are also evident in studies examining visualization and feedback design. Geurts, Warson,
and Rovelo Ruiz (2024) emphasized that real-time, data-driven visualizations whether in AR or VR enhance athletes’ motivation,
especially when visual feedback is linked directly to personal performance data.

They argue that visual and interactive feedback fosters a deeper sense of agency and goal orientation, leading to improved
psychological engagement. Complementarily, Zuo, Wenling, and Xuemei (2024) reviewed a decade of research and concluded
that AR applications generally promote intrinsic motivation and emotional involvement across educational and sport domains,
though outcomes depend heavily on interface design and contextual relevance.

In addition to cognitive and motivational outcomes, studies also indicate potential benefits of AR for emotional well-being. For
instance, research on basketball students undergoing immersive training revealed improvements in mood regulation and stress
reduction compared with traditional training programs (Frontiers in Psychology, 2024).

These findings suggest that AR may support athletes not only in achieving better physical performance but also in cultivating
greater psychological resilience and mental health stability.
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Despite these promising results, the literature highlights several research gaps. Most investigations remain short-term, with
limited exploration of long-lasting psychological effects once the novelty of AR wears off (Kittel et al., 2024; Zuo et al., 2024).
Emotional regulation, attention dynamics, and cognitive load in AR contexts are often measured inconsistently or through self-
report instruments alone, without triangulation from physiological or behavioral data (Weerasinghe et al., 2022). Moreover, current
studies disproportionately focus on educational or rehabilitation settings, leaving competitive and elite sport environments
relatively underexplored (Omarov et al., 2024; Ahn & Ko, 2025).

Taken together, these studies reveal that AR offers not only an innovative technological layer to sport but also a transformative
psychological tool. It has the potential to enhance intrinsic motivation, focus, self-efficacy, and emotional balance, yet its
integration demands careful consideration of athletes’ cognitive limits and emotional readiness. Future research should thus adopt
longitudinal and multidimensional designs combining quantitative and qualitative data to fully understand how AR reshapes the
psychological foundations of sport, from learning and training to competition and recovery (HARRATH, Z., & FRIDHI, A. 2025).

3. METHODOLOGY

This research adopted a mixed-methods approach, combining quantitative and qualitative analyses to investigate the
psychological effects of augmented reality (AR) applications in sports training and performance. The methodology was designed
to ensure both empirical rigor and human-centered understanding of how athletes perceive, experience, and respond to AR-
enhanced environments.

The study was conducted over a period of six months (January—June 2025) across three sports training centers in Saudi
Arabia, involving a total of 120 participants (68 male and 52 female athletes) from various disciplines including football, athletics,
and swimming. Participants’ ages ranged from 18 to 35 years, with a mean age of 26.4 years (SD = 4.8).

The quantitative component of the study used pre- and post-intervention measurements based on the Sport Motivation Scale-
Il (Pelletier et al., 2013) and the State-Trait Anxiety Inventory (Spielberger, 1983) to assess changes in motivation and anxiety
levels. A control group (n = 60) trained without AR, while the experimental group (n = 60) used AR-based interactive simulations
through Microsoft HoloLens 2 and mobile AR applications developed for training enhancement. Statistical analysis was performed
using SPSS v.29, applying descriptive statistics, paired sample t-tests, and ANOVA to determine significant differences between
groups. The level of statistical significance was set at p < 0.05. Results showed that AR-based training led to an average 18.7%
increase in motivation scores and a 24.3% reduction in anxiety levels compared to traditional training.

For the qualitative dimension, semi-structured interviews were conducted with 20 participants (10 male, 10 female) to gain
insights into their psychological experiences, perceived engagement, and mental focus during AR-enhanced sessions. The
interviews, each lasting approximately 40 minutes, were transcribed and analyzed using thematic analysis (Braun & Clarke, 2021).

The qualitative data revealed that athletes perceived AR as a psychologically empowering tool, enhancing focus and reducing
cognitive fatigue. Additionally, 76% of respondents indicated that AR increased their sense of “presence” and real-time feedback,
leading to better emotional regulation during high-intensity performance (Zhang et al., 2024).

Ethical approval for this study was obtained from the Ethics Committee of the Saudi Sports Science Research Institute,
following the principles of the Declaration of Helsinki (World Medical Association, 2013).

Informed consent was obtained from all participants. Data were anonymized, and confidentiality was strictly maintained
throughout the study.

The methodological triangulation between statistical analysis and thematic interpretation provided a comprehensive
understanding of the psychological dynamics triggered by AR in sports.

The reliability of the measurement tools was verified through Cronbach’s alpha (a = 0.89) for motivation and (a = 0.91) for anxiety,
confirming strong internal consistency. The integration of quantitative statistics with qualitative insights supports a holistic view of
how AR influences athletes’ psychological well-being, motivation, and performance in modern sports environments.

4. RESULTS AND DISCUSSION

The results of this study clearly demonstrate that the integration of augmented reality (AR) in sports training has a profound
influence on both psychological well-being and athletic performance. Quantitative analyses revealed that athletes participating in
AR-based training sessions experienced a significant increase in motivation by 18.7% and a reduction in anxiety by 24.3%,
compared to those undergoing conventional training. As presented in Figure 1, the comparative data illustrate the evolution of
motivation and anxiety levels before and after the intervention. The experimental group (M = 25.3, SD = 4.4) displayed markedly
higher motivation scores than the control group (M = 21.3, SD = 4.9), with statistical significance at p < 0.05. Likewise, anxiety
levels decreased notably among AR participants, suggesting that immersive digital feedback mechanisms have a stabilizing
psychological effect.

Beyond numerical data, Figure 2 visually captures an athlete immersed in an AR-enhanced environment, wearing smart
glasses that project virtual cues, movement pathways, and real-time performance data.

This dynamic illustration represents how AR transforms traditional physical training into a multi-sensory cognitive experience,
allowing athletes to engage their focus, self-regulation, and mental imagery simultaneously. Participants reported that such
immersive feedback systems fostered a sense of flow and psychological empowerment, reinforcing confidence and reducing
stress during demanding physical tasks (Fridhi, A., Bali, N., Rebai, N., & Kouki, R. 2020).

Qualitative analyses supported these findings. Approximately 76% of participants described feeling more mentally engaged
and emotionally stable when using AR tools. Many noted that the combination of visual and auditory feedback provided by AR
helped them maintain attention and manage performance-related anxiety.

These insights align with self-determination theory (Deci & Ryan, 2000), emphasizing how competence, autonomy, and
relatedness can be enhanced through interactive digital experiences. Moreover, athletes highlighted the importance of immediate
corrective feedback, which improved their perception of control and facilitated positive emotional regulation two central constructs
in sport psychology (Cotterill, 2021; Wulf & Lewthwaite, 2016).

The results also revealed a strong connection between AR immersion and goal-oriented focus. When athletes visualized their
performance metrics overlaid on real environments, they reported higher levels of intrinsic motivation and reduced cognitive
fatigue.

This corroborates findings by Zhang, Li, and Xu (2024), who identified that AR environments increase attentional engagement
and resilience through interactive visual stimulation. From a psychological perspective, AR appears to bridge the gap between
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mental training and physical execution, offering a holistic training experience that combines sensory immersion, emotional
awareness, and performance optimization.

As shown collectively in Figure 1 and Figure 2, AR not only provides quantitative improvements in motivation and anxiety
reduction but also cultivates a deeper psychological connection between the athlete and the training process.

The use of interactive feedback, virtual visualization, and immersive presence allows for a synergistic enhancement of both
mental and physical capabilities. Consequently, AR-based interventions emerge as a transformative tool in modern sport
psychology reshaping the athlete’s cognitive, emotional, and behavioral responses to training stimuli and fostering sustainable
performance development (Fridhi, A., & Bali, N. 2022).
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v python program of figure.01:
import cv2
import cvZ.aruco as aruco
import numpy as np
from OpenGL.GL import
from OpenGL.GLU import
from OpenGL.GLUT import
--- Parameétres caméra ---
Cap = cv2.VideoCapture (D)
camera_matrix = np.array([[800, 0, 320],

[0, 800, 240,

[0, 0, 1]], dtype=np. Float32)
dist_coeffs = np.zeros((5,1)) # Suppression des
distorsions
# --- Détection Aruco ---
aruco_dict =
aruco.Dictionary_get(aruco.DICT_6X6_250)
parameters = aruco.DetectorParameters_create()
# --- Fonctions OpenGL ---
def draw cube ():

glBegin (GL_QUADS)

# Cube simple

glColor3f (1.0,0) # rouge
glVertex3f (-0.5, -0.5,0.5)
glVertex3f (0.5, -0.5,0.5)
glVertex3f (0.5,0.5,0.5)
glVertex3f (-0.5,0.5,0.5)
glEnd ()
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def render_scene():
glClear(GL_COLOR_BUFFER_BIT
GL_DEPTH_BUFFER_BIT)
glLoadIdentity()
gluLookAt(0,0,5,0,0,0,0,1,0)
draw_cube()
glutSwapBuffers()
# --- Boucle principale ---
while True:
ret, frame = cap.read()
if not ret:
break
gray =
cv2.COLOR_BGR2GRAY)
corners, ids, rejected = aruco.detectMarkers(gray,
aruco_dict, parameters=parameters)
if ids is not None:
for corner in corners:

IVecs, tvecs,
=aruco.estimatePoseSingleMarkers(corner,  0.05,
camera_matrix, dist_coeffs)

cvZ.drawFrameAxes(frame, camera_matrix,
dist_coeffs, rvecs, tvecs, 0.05)

cv2.imshow('AR Tracker', frame)
if cv2.waitKey(1) & 0xFF == ord('q'):
break
cap.release()
cv2.destroyAllWindows ()

cv2.cvtColor(frame,

Figure 1. Comparative Analysis of Motivation and Anxiety Levelsr Before and After AR-Based Sports Training.
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v python program of figure.02: matches = bf.match(des1, des2)
import cv2 matches = sorted (matches, key=lambda x:
import numpy as np x.distance)
# --- Chargement des images --- if len(matches) = 10:
target_img = cvZ.imread('targei_marker.jpg’, 0) stc_pts = np. float32([kpl|m.queryldx].pt
ar_object = cvZ.imread (‘ar_objectpng', form in matches]).reshape(-1.1,2)
cv2. IMREAD_UNCHANGED) dst_pts = np. float32([kp2[m.trainldx].pt form
orb = cv2.0RB_create (500) in matches]).reshape(-1,1,2)
kpl, desl = orb.detectAndCompute(target_img, M, mask = cv2 findHomography(src_pts,
None) dst_pts, cv2. RANSAC,5.0)
bf = cv2 BFMatcher(cv2.NORM_HAMMING, h,w = target_img.shape
crossCheck=True) pts -
# --- Variables AR --- np.float32([[0,0],[0,h],[w,h],|[w,0]]).reshape(-1,1.2)
ar_position = (50, 50) dst = cv2.perspectiveTransform(pts, M)
f# --- Fonction interaction utilisateur --- Frame = cv2.polylines(frame, [np.int32(dst)],
def mouse_event(event, x, y, flags, param): True, (255,0,0),3)
global ar_position # --- Superposition AR ---
if event == cv2. EVENT_LBUTTONDOWN: X, V = ar_position
ar_position = (x, y) h_obj. w_obj, c_obj = ar_object.shape
alpha_s = ar_object|:, :, 3] / 255.0
cv2.namedWindow ('AR Interaction’) alpha_l = 1.0 - alpha_s
cv2 setMouseCallback (AR Interaction’, for ¢ in range (0,3):
mouse_event) frame([y:y+h_obj, x:x+w_obj, c] = (alpha_s *
cap = cv2.VideoCapture (D) ar_object[:, :, c¢] + alpha_l * frame[y:y+h_obj,
while True: x:x+w_obj, c])
ret, frame = cap.read() cv2.imshow('AR Interaction’, frame)
if not ret: if evZ waitKey(1) & 0xFF == ord(q’):
break break
gray_frame = cv2.cviColor(frame, cap.release()
cv2,COLOR_BGRZGRAY) cv2.destroyAllWindows()
kp2, des2 = orb.detectAndCompute(gray_frame,
None)

Comparative Analysis of Motivation and Anxiety Levels
Before and After AR-Based Sports Training

I Pre-intervenstior
40 B Postintervention
30
]
p
°§ 20
10
0
Motivation Anxiety Control Experimental

Control Experimental

Figure 2. Immersive AR Environment and Athlete Engagement During Training Sessions.

5. CONCLUSION

This study highlights the transformative potential of augmented reality (AR) in shaping not only athletic performance but also
the psychological landscape of sports training. By integrating immersive digital feedback into physical practice, AR fosters a
unique interaction between the athlete’s cognitive, emotional, and motor systems, promoting intrinsic motivation, self-efficacy, and
psychological resilience. The findings demonstrate that AR-based interventions can significantly enhance motivation while
reducing anxiety, confirming that immersive technologies serve as both performance enhancers and mental well-being facilitators.
As illustrated in the results, athletes report heightened focus, reduced cognitive fatigue, and a stronger sense of presence,
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suggesting that AR creates an environment where mental engagement and physical execution are seamlessly connected. Beyond
immediate performance gains, this research underscores the broader psychological implications of AR in sport. By providing real-
time, contextually relevant feedback, AR empowers athletes to take an active role in their learning and training processes,
supporting autonomy and reinforcing goal-directed behavior. These effects align with Self-Determination Theory and principles of
optimal motor learning, emphasizing that technology-enhanced training can cultivate long-term psychological skills such as
emotional regulation, attentional control, and flow experiences. Importantly, qualitative insights reveal that athletes perceive AR
not merely as a tool but as a psychologically enriching experience, capable of transforming traditional training routines into
interactive, engaging, and mentally stimulating journeys. The study also points to practical and theoretical avenues for future
research. Coaches and sport psychologists may consider AR as a complement to conventional training, particularly in designing
individualized feedback systems that address both physical and mental performance. Further longitudinal studies are
recommended to examine the sustainability of these psychological benefits and the potential for AR to enhance resilience under
high-pressure competitive conditions. Additionally, exploring AR applications across diverse sports disciplines and age groups
could deepen understanding of its generalizability and limitations, ensuring that technology integration remains both effective and
ethically responsible.

In conclusion, augmented reality represents a powerful bridge between digital innovation and human psychological
development, reshaping how athletes perceive, engage with, and excel in their sport. By harmonizing immersive technology with
established psychological principles, AR opens new frontiers for enhancing performance, motivation, and well-being, ultimately
redefining the athlete as a cognitively, emaotionally, and technologically empowered performer. These insights highlight the need
for thoughtful, evidence-based implementation of AR in sports training, ensuring that technology enhances not replaces the
nuanced psychological processes essential for human growth and peak performance.
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