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Abstract Purpose: This study investigated the impact of a short-term perceptual training program using the Dynavision-D2 
device on dynamic three-point shooting accuracy and performance kinematics in semi-professional basketball players. Methods: 
Fifteen Semi-professional Basketball Players completed a three-week training program (three 30-minute sessions per week) 
alongside their regular practice. Pre- and post-training assessments measured shooting accuracy using the “90s dynamic three-
point shooting” test and analyzed kinematic variables (e.g., wrist extension and ball release angles) using Dartfish software. 
Results: Results revealed a significant improvement in the three-point shooting accuracy (p<.001, Cohen’s d=1.70), with post-
training accuracy increasing from 15.7% to 18.2%. Regression analysis indicated significant differences in kinematic variables: 
Wrist Extension Angle: p=0.004, R²=0.388, and Ball Release Angle: p=0.05, R²=0.161. However, no statistically significant 
effects were observed for knee flexion (p=0.710), hip flexion (p=0.418), shoulder flexion (p=0.629), elbow flexion (p=0.294), and 
wrist flexion (p=0.399). Conclusion: The Short-Term Dynavision-D2 Training Program significantly improved three-point shooting 
accuracy and key kinematic variables in basketball players. The findings support the integration of cognitive-motor training into 
sports routines, highlighting its potential to enhance athletic performance. 

Key words: cognitive training, motor skills, athletic performance, visual perception, neuromuscular coordination, movement 
analysis 

Introduction
 Optimal athletic performance is contingent upon the seamless integration of perceptual, cognitive, and motor 

skills, often triggered by rapidly changing visual cues during gameplay. According to Mann et al. (2007), perceptual-
cognitive skills involve identifying and processing cues to make quick, informed decisions under pressure. Clutch 
performance- ability to maintain accuracy under pressure is a distinguishing trait of skilled players (Klostermann 
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et al., 2020). Effective team decision-making, grounded in coordination and communication, also contributes to 
scoring by enabling players to anticipate actions and respond accordingly (Moeinirad et al., 2022; Sirnik et al., 2022; 
Huang & Liu, 2022). The integration of perception and motor action, especially maintaining visual focus on the 
basket, supports precise execution in dynamic environments (Klostermann et al., 2020). For example, the visual skill 
“quiet eye,” characterized by a final fixation on the target within a 3° visual angle for at least 100 milliseconds, has 
been shown to enhance shooting accuracy significantly (Vickers, 2007; Basevitch et al., 2020; Zhao & Zhao, 2023).

Previous literature lays emphasis on visual–perceptual abilities as equally important as biomechanical skills in 
dynamic sport environments. Basketball is a sport that demands rapid decision-making and strategic coordination 
game and, shooting stands out as one of the most complex and vital skill (Zhao & Zhao, 2023); As players 
must execute accurate shots in a forceful and often unpredictable environment, with the three-point shot being 
a common and strategic scoring method, typically performed after coordinated team efforts (Jin & Fan, 2023). 
Also, biomechanical research has linked several physical and technical factors, such as release angle, velocity, 
height, player fatigue, and positioning, to shooting performance (Sirnik et al.,2022); However, these do not fully 
account for shooting success, requiring the coordination with visual and perceptual skills for the shooting accuracy 
in basketball.  Recent studies address the crucial role of visual skills in enhancing shooting accuracy, underlining 
their importance in interpreting visual cues and adjusting motor responses accordingly (Moeinirad et al., 2022; 
Sirnik et al., 2022; Huang & Liu, 2022). Moreover, encompassing various components that support decision-making 
and execution, dynamic visual acuity enables players to maintain clear vision while in motion, allowing for precise 
motor responses. In addition, visual search behaviors and processing speed are equally essential, as players must 
rapidly interpret game cues—such as the positions and movements of teammates and opponents—to make timely 
decisions (Jin & Fan, 2023). Basevitch et al. (2020) have also confirmed that gaze behavior during shooting is 
particularly influential; focusing on a specific target improves scoring precision (Basevitch et al., 2020).

Coaches and researchers have integrated sports vision training programs, which have been shown to enhance 
athletes’ performance by improving eye–brain coordination, perception, and visual processing. In recent decades, 
advancements in vision training have introduced perceptual learning-based programs that target sport-specific 
visual skills, grounded in the understanding of the visual system’s structure and function (Appelbaum & Erickson, 
2018; Sirnik et al., 2022). One widely used tool in this field is the Dynavision D2, which has been validated as an 
effective device for training and assessing reaction time, visual awareness, and hand-eye coordination (Ong, 2020; 
Vater & Strasburger, 2021; Wells et al., 2014). Research by Vickers et al. (2019) reported that basketball players 
who maintained visual fixation on the ball during shooting despite defensive pressure achieved greater three-point 
shooting accuracy. Similarly, Mangine et al. (2014) found that visual tracking speed measured by the Dynavision D2 
positively correlated with key performance metrics in professional players: steals (r=0.77, p=.003), assists (r=0.78, 
p=.003), and assist-to-turnover ratio (r=0.78, p=.003). However, general reaction time did not show a significant 
correlation with performance, suggesting visual tracking is a more critical factor.

Most previous research studies have tested the effect of sports vision training on shooting accuracy in 
sedentary shooting environments and its correlation with overall player performance. The current study aimed to 
address this gap by examining the effects of an early-season sports vision training program on college basketball 
players, focusing on its impact on dynamic three-point shooting accuracy and performance kinematics. Specifically, 
the study investigated whether a short-term perceptual training program using the Dynavision D2 would improve 
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dynamic three-point shooting accuracy and associated kinematic variables. It was hypothesized that the short-term 
training program would significantly enhance players’ dynamic shooting accuracy.

Methods
Participants

Fifteen semi-professional basketball players from two local clubs were purposively selected for this study, 
based on coaches’ recommendations. All participants were university students competing in regional championships. 
Ethical approval was granted by Yarmouk University’s Institutional Review Board (IRB/2023/311), and the study 
complied with the Declaration of Helsinki (World Medical Association, 2013), ensuring participants’ rights, dignity, 
and well-being. Informed consent was obtained, with participants assured of confidentiality and the right to withdraw 
at any time. The study procedures were clearly explained, and all questions were addressed. Inclusion criteria 
required participants to be healthy, injury-free for at least six months, and without vision problems. Exclusion criteria 
included wearing glasses or lenses, having vision impairments, or experiencing sickness that could affect balance 
or visual focus. Additionally, participants were instructed to abstain from caffeine for at least five hours before 
testing, and this was confirmed verbally prior to the test sessions.

Experimental Design
Participants took part in three weeks (3 sessions (30 minutes each)/week). Dynavision-D2 suggested a training 

program alongside their regular team practice schedule but on different weekdays. The Dynavision-D2 suggested 
intervention was conducted using Dynavision™ D2 Visuomotor Assessment Device (D2; Dynavision International 
LLC, West Chester, OH). The Dynavision-D2 training program was developed using pre-programmed training and 
assessment of the Dynavision-D2 software and specific tests that included the T-scope, reaction time, Endurance, 
Proactive mode A, and the Reactive mode B, with a total training time of 30 minutes for each session. The proposed 
training program was built through researchers’ expertise recommendations and revision of previous literature and 
the basketball coach as presented in Table 1.

Table 1. Description of Dynavision-D2’s Suggested Training Program Used

Task # Training Model (Task) Training Duration (Minutes/Session)
1 T-scope - L hand 3
2 T-scope - R hand 3
3 Reaction @ 30% green 2
4 Reaction: Training Upper 2
5 Reaction time 1
6 Endurance 5
7 Proactive mode A 2
8 Reactive mode B 2

Total training time for each session 20 minutes
+ 2 minutes warm-up + 1-minute break between 

tasks

Procedures
The study intervention took place at the Peak Performance Center (PPC), which is located in the sports 

sciences department of Yarmouk University. The Dynavision-D2 suggested intervention took place during the 
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general conditioning training session of the university basketball training and had no focus on game skills training. 
All sessions were scheduled in the morning (10 am–12 pm).

At the initial training session, researchers gave the participants a standardized script and verbal instructions on 
the training protocol; all training task protocols followed the instructions and recommendations of the manufacturer 
protocols of Dynavision™ D2 Visuomotor Assessment Device (D2; Dynavision International LLC, West Chester, 
OH). Researchers then addressed all their questions to familiarize them with the Dynavision D2 device. Then, the 
participants were asked to stand comfortably with an upright posture and balance (flexed knees, lowering center 
of gravity) in front of the Dynavision D2 board. The board was adjusted to the participant’s height as instructed, the 
LCD screen was set approximately at the participant’s eye level, and the outer-most target buttons were within hand 
reach. To ensure the board position, participants completed a practice trial along with verbal instruction. Training 
room conditions were standardized as temperatures were kept between 24-26 degrees and monitored by air 
conditioners and thermostats. Testing room lighting was also standardized for all participants across all sessions. 
The description of Dynavision-D2’s suggested training program used is presented in Table 1, and practices were 
randomized.

Dynamic Three-Point Shoot Assessment
The accuracy of the dynamic three-point shoot was assessed using the widely used “90s dynamic three-point 

shooting” (Figure 1) assessment test protocol, which can be referred to (Zhang et al., 2023). In this assessment, 
participants are to shoot the 3-point shot from five marked positions around the three-point line as Pos1: Left Corner, 
Pos2: Left Wing, Pos3: Top of the Key, Pos4: Right Wing, Pos5: Right Corner. This setting is a real game scenario 
where players must reposition quickly to open shooting spots. The assessment is performed within 90 seconds. 
Furthermore, players have to stay dynamic between positions. Shooting accuracy is represented by calculating the 
percentage of shots made and the total points scored from all positions.

.
Note. The dynamic 90-second three-point shooting test (S3P60). R=rebounder; P=passer; S=shooter.

Figure 1. Dynamic 90-second three-point shooting test accuracy
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Kinematic Analysis
The selected kinematic variables of the three-point basketball shot were analyzed using Dartfish software 

(Dartfish v5.0.1.0; Dartfish, 2020). The measurement procedures followed previously established basketball 
shooting kinematic protocols (Alexander & Hayward-Ellis, 2016; Ammar et al., 2016; Cabarkapa et al., 2022; Kambič 
et al., 2022; Majed et al., 2012) and were conducted in accordance with the operational guidelines described in the 
Dartfish User Guide (Dartfish, 2020).

Prior to data collection, a two-dimensional (2D) direct linear transformation (DLT) calibration was performed 
for the video camera to ensure spatial accuracy in angle measurement. A calibration frame with known vertical 
and horizontal dimensions was positioned within the shooting area and recorded before each session to establish 
scaling and minimize parallax error. For the kinematic analysis, the performance of the 3-point shot from position 
(3) (Top of the Key) was selected for analysis due to the convenience of video recording, and the average of two 
shots was statistically analyzed as most of the players were able to achieve at least two successful 3-point shots. 
Otherwise, the successful 3-point shot was kinematically analyzed. The researcher ensured the player performed 
the shot naturally to capture realistic kinematic data. The recorded performance videos were then imported into 
the Dartfish software. Dartfish’s tracking and analysis tools were used following the software protocol to mark and 
analyze the key points. To calculate the selected Kinematic Variables of the 3-point basketball shoot, the following 
angles were defined as described in Table 2.

Table 2. Definitions of Kinematic Variables for the 3-Point Basketball Shot

Variable Definition
Shoulder Flexion Angle Angle between the trunk (torso) and the upper arm (humerus).
Elbow Flexion Angle Angle between the upper arm (humerus) and the forearm (radius/ulna)
Wrist Flexion/Extension Angle Angle between the forearm and the hand (metacarpals)
Hip Flexion Angle Angle between the trunk (torso) and the thigh (femur)
Knee Flexion Angle Angle between the thigh (femur) and the lower leg (tibia/fibula)
Wrist Extension Angle Angle of wrist extension during the shot

Ball Release Angle
Angle of the ball’s trajectory relative to the horizontal at the moment 
of release

The performance phases were defined in constant with previous literature as follows: Preparation Stage: 
This stage involves the setup and body positioning before the initiation of the shooting motion. During this phase, 
key kinematics include: Knee Flexion Angle, Hip Flexion Angle, Shoulder Flexion Angle, and Elbow Flexion Angle. 
Execution Stage; is the dynamic phase when the shooter initiates and completes the upward movement of the shot. 
In this stage, variables include: Knee Flexion Angle, Hip Flexion Angle, Shoulder Flexion Angle, Elbow Flexion 
Angle, and Wrist Extension Angle. Follow-Through Stage After the ball is released, continue the motion and help 
stabilize the shot. The primary kinematics are: Wrist Flexion Angle and Ball Release Angle.

Statistical Analysis
Statistical analyses included descriptive statistics (means and standard deviations) and paired-samples t-tests 

to evaluate pre–post differences in dynamic three-point shooting accuracy following the short-term Dynavision D2 
training program. Effect sizes for within-subjects comparisons were calculated as Cohen’s dx using the formula 
dx=t/√n. Simple linear regression analyses were conducted to examine the association between changes in 
kinematic variables (predictors: knee, hip, shoulder, elbow, and wrist joint angles, and ball-release angle) and 
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changes in shooting accuracy (outcome variable). The regression analyses served to elucidate which kinematic 
modifications most effectively accounted for enhancements in performance. Coefficients of determination (R²) were 
interpreted as the proportion of variance in shooting accuracy explained by each kinematic variable. All statistical 
analyses were executed utilizing IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY), with 
a level of statistical significance established at α=0.05.

Results
The study employed a paired samples t-test and regression analysis to evaluate the effectiveness of the 

Short-Term Dynavision-D2 Training Program on basketball players’ three-point dynamic shooting accuracy and 
kinematic variables. 

Shooting Accuracy Improvement:
A paired samples t-test revealed a statistically overall significant improvement in three-point shooting accuracy 

from pre-training to post-training with a large calculated effect size (d=1.61), indicating that the training program had 
a substantial impact on shooting accuracy. These results are shown in Table 3.

Table 3. Paired Samples t-Test Results for Pre-Training and Post-Training Accuracy

Variable M (Pre) SD (Pre) M (Post) SD (Post) t df p Cohen’s d
Accuracy (%) 15.7 2.16 18.2 2.10 6.23 14 <.001 1.61

Kinematic Performance Analysis:

Simple linear regressions were performed to define which kinematic variables best predicted improvements in 
shooting accuracy following the Dynavision-D2 intervention, key variables: Wrist Extension Angle, and Ball Release 
Angle. However, no statistically significant effects were observed for other kinematic assessed variables, results 
shown in Table 4.

Table 4. Regression Analysis of Kinematic Variables of 3-point Basketball Shooting Performance Pre and Post Training on the 
Short-Term Dynavision-D2 Training Program

Variable t β R² F p
Knee Flexion Angle -0.374 0.078 0.008 0.138 .710
Hip Flexion Angle -0.858 0.188 0.038 0.729 .418
Shoulder Flexion Angle 0.465 0.126 0.019 0.249 .629
Elbow Flexion Angle 1.08 0.247 0.066 1.157 .294
Wrist Extension Angle -3.353 0.626 0.388 10.946 .004*
Wrist Flexion Angle 0.863 0.199 0.040 0.746 .399
Ball Release Angle -2.856 0.401 0.161 8.158 .050*

Note. N=15. Significant p-values are indicated with an asterisk (*p<0.05).

Moreover, the results revealed that the Wrist Extension Angle accounted for 38.8% of the variance in 
performance improvements with a large effect size (f²=0.634). Ball Release Angle accounted for 16.1% of the 
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variance with a medium effect size (f²=0.192). The current results could highlight the role of athlete-specific kinematic 
adjustments during visual–perceptual training, suggesting that players who exhibited greater refinements in wrist 
extension and release mechanics achieved higher gains in shooting accuracy (see table 5 and figure 3). 

Table 5. Kinematic Variables of the 3-Point Shooting Basketball Performance Before and After Training on the Short-Term 
Dynavision-D2 Training Program

Stage 
of Performance

Condition Variable Min Max Mean SD

Preparation Post-Training Knee Flexion Angle 109.3° 116.2° 112.75° 1.99°
Hip Flexion Angle 161.1° 166.6° 163.85° 1.59°
Shoulder Flexion 

Angle
68.4° 77.1° 72.75° 2.51°

Elbow Flexion 
Angle

65.6° 75.4° 70.50° 2.83°

Pre-Training Knee Flexion Angle 91.5° 125° 108.25° 9.67°
Hip Flexion Angle 134.8° 140.2° 137.50° 1.56°
Shoulder Flexion 

Angle
56.23° 67.2° 61.72° 3.17°

Elbow Flexion 
Angle

42.9° 69.8° 56.35° 7.76°

Execution Post-Training Knee Flexion Angle 143.4° 162.6° 153.00° 5.54°
Hip Flexion Angle 175.2° 185.97° 180.59° 3.11°
Shoulder Flexion 

Angle
118.2° 120.8° 119.50° 0.75°

Elbow Flexion 
Angle

144.4° 161.83° 153.12° 5.03°

Wrist Extension 
Angle

133.6° 142.7° 138.15° 2.63°

Pre-Training Knee Flexion Angle 134.60° 152.85° 143.73° 5.27°
Hip Flexion Angle 175.70° 179.45° 177.58° 1.08°
Shoulder Flexion 

Angle
94.17° 115.80° 104.99° 6.25°

Elbow Flexion 
Angle

145.60° 154.23° 149.92° 2.49°

Wrist Extension 
Angle

135.77° 157.37° 146.57° 6.24°

Follow-Through Post-Training Wrist Flexion Angle 132.7° 148.5° 140.60° 4.56°
Ball Release Angle 52° 58.6° 55.30° 1.91°

Pre-Training Wrist Flexion Angle 126° 135.5° 130.75° 2.74°
Ball Release Angle 40.40° 53.40° 46.90° 3.75°

Note. Min=Minimum value; Max=Maximum value; SD=Standard Deviation. All data are representative as angles in degrees (°).
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Figure 3. Kinematic profile of joint angles during the shooting sequence pre- and post-training. Solid line represents pre-training, 
dashed line represents post-training. Shaded areas indicate SD range.

Discussion
This study examined the effect of a short-term perceptual training program using the Dynavision D2 on 

dynamic three-point shooting accuracy and related motor performance variables in semi-professional basketball 
players. The results confirm that short-term training with the Dynavision D2 enhanced dynamic shooting accuracy, 
which may be related to post-training modifications in key kinematic parameters such as release angle and wrist 
extension—that reflect improved coordination rather than static or universally optimal movement patterns. Literature 
has emphasized that task related kinematic adaptations are player-specific and may not follow the optimal model. 
The most effective shooting performance kinematics, such as ball release angle or wrist angles, depend on an 
athlete’s anthropometric characteristics, underlying technique, and situational context. Which highlights that 
improvement is better defined by consistency and adaptability rather than fixed numerical values (Cowin et al., 
2022; Ammar et al., 2025).

The current study results support the integration of cognitive-motor training tools like Dynavision-D2 into 
basketball routines to boost performance, aligning with prior research emphasizing the benefits of such training 
on athletic capabilities (Jin et al., 2020; Lu et al., 2020; Sirnik et al., 2022; Zhao et al., 2024). It is worth noting that 
researchers focused on a within-subjects design in integrating the Dynavision D2 assessments, allowing players to 
track their individual progress. However, the absence of a control group might limit the generalizability of the current 
study results. 
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A comparable study by Lucia et al. (2023) found that fifty-two semi-professional players who completed 
cognitive-motor training showed a 13% greater performance improvement than those undergoing standard training, 
particularly in decision-making and response execution. Similarly, this study observed a statistically significant 
improvement (p<0.05) in shooting accuracy after the Dynavision-D2 intervention. These findings suggest that the 
program enhanced key skills such as coordination, visuomotor integration, and decision-making under dynamic 
conditions. The training included modules focused on reaction time, endurance, and proactive/reactive responses, 
all of which likely contributed to the observed performance improvements, supporting the study’s hypothesis. 
By improving visual fixation, players can better plan and adjust motor actions in real-time, which is crucial during 
high-pressure situations in basketball (Blackwell et al., 2020; Wells et al., 2014). These findings align with Feldhacker 
et al. (2019), who demonstrated that Dynavision-D2 offers more effective proactive training than non-technological 
methods for collegiate softball athletes. Similarly, Aitcheson-Huehn et al. (2024) found that visual fixation before 
initiating motor actions significantly improved basketball shot accuracy. Their machine learning-based study, 
involving 12 players and 200 shots from six court locations, reported that fixation durations beyond 18% could 
enhance shooting success.

This study also supports earlier research linking superior shooting performance to strong perceptual and 
visual skills (Vickers et al., 2019; Ji, 2020; Uludağ et al., 2021; Huang & Liu, 2022). Enhanced visual perception 
contributes to improved shooting mechanics, including joint angles, smoother movements, and better upper-lower 
body coordination (Appelbaum & Erickson, 2018; Laby & Appelbaum, 2021; Lochhead et al., 2024). Current study 
linear-regression analysis revealed significant improvements in some shooting kinematics after the Dynavision-D2 
intervention: wrist extension angle (T=–3.353, p=0.004, R²=0.388) and ball release-angle (T=–2.856, p=0.05, 
R²=0.161), These regression findings indicate that players who developed more coordinated wrist and release 
mechanics achieved greater improvements in accuracy, suggesting that perceptual–motor training with the 
Dynavision D2 can be effectively integrated into coaching practice. It could also be important to interpret these 
biomechanical adaptations as distinctive performance adjustments rather than as references to an optimal fixed 
model. Merging from individual constraints, experience, and coordination tendencies.

 Comparable results were found by Lucia et al. (2024), who integrated cognitive training into physical 
sessions for professional and semi-professional basketball players, reporting improvements in sprint agility and 
motor preparation after just five weeks. Additionally, previous studies have shown that top scorers in free throws 
demonstrated superior proprioception, with strong correlations between wrist and elbow joint positions and shooting 
success (Oks et al., 2019; Sevrez & Bourdin, 2015). Zhen et al. (2015) also noted that during one-handed shooting, 
the ball is released when the legs are fully extended, and guidance is primarily controlled by the index finger, further 
confirming the importance of precise biomechanics. Similarly, França et al. (2022) used Dartfish-based kinematic 
analysis to emphasize the importance of shooting arm positioning, supporting the current study’s conclusions. 
In summary, the success of this short-term intervention can be attributed to the Dynavision-D2’s cognitive-motor 
skills (proactive/reactive) training. With its user-friendly interface and practical design, the Dynavision-D2 proves to 
be a valuable tool for basketball coaches aiming to improve player accuracy and reaction speed.
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Conclusion
In conclusion, the Short-Term Dynavision-D2 Training Program significantly enhances three-point shooting 

accuracy and some kinematic variables in basketball players. These findings provide compelling evidence for the 
integration of cognitive-motor training tools into basketball practice, paving the way for further research and practical 
applications in sports performance enhancement.

This study contributes to the literature on sports skill training by exploring the effect of electronic training 
devices on shooting accuracy in basketball. It advances understanding of the role of coordination, visuomotor skills, 
and decision-making in shooting performance, highlighting the potential of Dynavision-D2 as a tool to improve 
these abilities. The study also contributes to the field of physical education and sports coaching by demonstrating 
the effectiveness of this type of program in improving shooting accuracy and overall fitness levels. Practically, 
the current study provides evidence-based support for the use of Dynavision-D2 in basketball training programs. 
Basketball coaches and trainers can address these findings to incorporate this device into their off-season training 
regimens to enhance three point shooting accuracy. The simple setup and user-friendly interface of Dynavision-D2 
make it easily applicable in training environments, making it practical for a wide range of athletes. Despite its 
benefits, there are limitations of this study that should be acknowledged. The primary limitation is the relatively 
small sample size of 15 male basketball players and the absence of a separate control group, which may limit the 
generalizability of the results to a broader population. Additionally, the study was conducted over a relatively short 
time frame, spanning three weeks, which may not fully capture the long-term effects of the Dynavision-D2 program 
on player performance. Future research should examine the sustainability of these improvements over extended 
periods and across diverse athletic groups. 
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References
Abdelrasoul, E., Mahmoud, I., Stergiou, P., & Katz, L. (2015). The accuracy of a real-time sensor in an instrumented basketball. Procedia 

Engineering, 112, 202–206. https://doi.org/10.1016/j.proeng.2015.07.200
Aitcheson-Huehn, N., MacPherson, R., Panchuk, D., & Kiefer, A. W. (2024). Predicting basketball shot outcome from visuomotor control 

data using explainable machine learning. Journal of Sport & Exercise Psychology, 46(5), 293–300. https://doi.org/10.1123/
jsep.2024-0063

Alexander, M. J., & Hayward-Ellis, J. (2016). The effectiveness of the ShotLoc training tool on basketball free throw performance and 
technique. International Journal of Kinesiology & Sports Science, 4(2), 43–50. https://doi.org/10.7575/aiac.ijkss.v.4n.2p.43

Ammar, A., Chtourou, H., Abdelkarim, O., Parish, A., & Hökelmann, A. (2016). Free throw shot in basketball: Kinematic analysis of scored 
and missed shots during the learning process. Sport Sciences for Health, 12, 27–33. https://doi.org/10.1007/s11332-015-0250-0

Ammar, A., Salem, A., Simak, M., Horst, F., & Schöllhorn, W. (2025). Acute effects of motor learning models on technical efficiency in 
strength-coordination exercises: A comparative analysis of Olympic snatch biomechanics in beginners. Biology of Sport, 42(1), 
151–161. https://doi.org/10.5114/biolsport.2025.141662 

Appelbaum, L. G., & Erickson, G. (2018). Sports vision training: A review of the state-of-the-art in digital training techniques. International 
Review of Sport and Exercise Psychology, 11(1), 160–189. https://doi.org/10.1080/1750984X.2016.1266376



77Vol. 53, No. 1/2026

Perceptual Training and Three-Point Shooting in Basketball Players

Basevitch, I., Boiangin, N., Sáenz-Moncaleano, C., & Tenenbaum, G. (2020). Perceptual-cognitive processes in basketball—Individual 
and team aspects. In L. Laver et al. (Eds.), Basketball sports medicine and science (pp. 789–801). Springer. https://doi.
org/10.1007/978-3-662-61070-1_79

Blackwell, C., Cary, K., Holst, K., Mandle, K., Dryg, L., Clemens, S., Lemke, J. H., Castro, S., Hendricks, E., & Kelly, R. (2020). 
Dynavision normative data for healthy adults: Reaction test program. The American Journal of Occupational Therapy, 74(1), 
7401185060p1–7401185060p6. https://doi.org/10.5014/ajot.2020.036251

Cabarkapa, D., Fry, A. C., Cabarkapa, D. V., Myers, C. A., Jones, G. T., & Deane, M. A. (2022). Kinetic and kinematic characteristics 
of proficient and non-proficient 2-point and 3-point basketball shooters. Sports, 10(1), Article 2. https://doi.org/10.3390/
sports10010002

Cowin, J., Nimphius, S., Fell, J., Culhane, P., & Schmidt, M. (2022). A proposed framework to describe movement variability within 
sporting tasks: A scoping review. Sports Medicine-Open, 8(1), 85. https://doi.org/10.1186/s40798-022-00473-4

Dartfish. (2020, July 13). User guide for version 9–10 Classic. Dartfish Support Website. https://support.dartfish.tv/en/support/solutions/
articles/27000043181-user-guide

Feldhacker, D. R., Molitor, W. L., Athmann, A., Boell, M., Kaiser, A., Musch, A., & Willhite, L. (2019). Efficacy of high-performance vision 
training on improving the reaction time of collegiate softball athletes: A randomized trial. Journal of Sports Medicine and Allied 
Health Sciences, 4(3), Article 6. https://doi.org/10.25035/jsmahs.04.03.06

França, C., Gouveia, É. R., & Gomes, B. B. (2022). A kinematic analysis of the basketball shot performance: Impact of distance variation 
to the basket. Acta of Bioengineering and Biomechanics, 24(1). https://doi.org/10.37190/ABB-01995-2021-06

Huang, Y., & Liu, X. (2022). Methods on visual positioning based on basketball shooting direction standardization. Scientific 
Programming. https://doi.org/10.1155/2022/4862806

Ji, R. (2020). Research on basketball shooting action based on image feature extraction and machine learning. IEEE Access, 8, 
138743–138751. https://doi.org/10.1109/ACCESS.2020.3012456

Jin, P., Ge, Z., & Fan, T. (2023). Research on visual search behaviors of basketball players at different levels of sports expertise. 
Scientific Reports, 13, Article 1406. https://doi.org/10.1038/s41598-023-28754-2

Jin, P., Li, X., Ma, B., Guo, H., Zhang, Z., & Mao, L. (2020). Dynamic visual attention characteristics and their relationship to match 
performance in skilled basketball players. PeerJ, 8, e9803. https://doi.org/10.7717/peerj.9803

Kambič, T., Krašovec, F. S., Erčulj, F., & Štirn, I. (2022). Biomechanical adjustments of the basketball jump shot performed over 
differently high opponents. Journal of Human Kinetics, 83, 23–34. https://doi.org/10.2478/hukin-2022-0049

Klostermann, A., Vater, C., Kredel, R., & Hossner, E. J. (2020). Perception and action in sports: On the functionality of foveal and 
peripheral vision. Frontiers in Sports and Active Living, 1, Article 66. https://doi.org/10.3389/fspor.2019.00066

Laby, D. M., & Appelbaum, L. G. (2021). Vision and on-field performance: A critical review of visual assessment and training studies with 
athletes. Optometry and Vision Science, 98(7), 723–731. https://doi.org/10.1097/OPX.0000000000001729

Lochhead, L., Feng, J., Laby, D. M., & Appelbaum, L. G. (2024). Training vision in athletes to improve sports performance: A systematic 
review of the literature. International Review of Sport and Exercise Psychology. Advance online publication. https://doi.org/10.1
080/1750984X.2024.2437385

Lu, F. J., Gill, D. L., Lee, Y. C., Chiu, Y. H., Liu, S., & Liu, H. Y. (2020). Effects of visualized PETTLEP imagery on the basketball 3-point 
shot: A comparison of internal and external perspectives. Psychology of Sport and Exercise, 51, Article 101765. https://doi.
org/10.1016/j.psychsport.2020.101765

Lucia, S., Bianco, V., & Di Russo, F. (2023). Specific effect of a cognitive-motor dual-task training on sport performance and brain 
processing associated with decision-making in semi-elite basketball players. Psychology of Sport and Exercise, 64, Article 
102302. https://doi.org/10.1016/j.psychsport.2022.102302

Lucia, S., Digno, M., Madinabeitia, I., & Di Russo, F. (2024). Integration of cognitive-motor dual-task training in physical sessions 
of highly-skilled basketball players. Journal of Sports Sciences, 42(18), 1695–1705. https://doi.org/10.1080/02640414.2024.24
08191

Majed, A. A., Imran, A. K., & Tabor, A. B. (2012). The relationship between some ball variables and the accuracy of basketball free throw 
shooting. Al-Muthanna Journal of Physical Education Sciences, 1(1), 53–63.

Mangine, G. T., Hoffman, J. R., Wells, A. J., Gonzalez, A. M., Rogowski, J. P., Townsend, J. R., Jajtner, A. R., Beyer, K. S., Bohner, J. D.,  
Pruna, G. J., Fragala, M. S., & Stout, J. R. (2014). Visual tracking speed is related to basketball-specific measures 
of performance in NBA players. Journal of Strength and Conditioning Research, 28(9), 2406–2414. https://doi.org/10.1519/
JSC.0000000000000550



Mariam A. Abu-Alim, Fadi A. Fayad

78 Central European Journal of Sport Sciences and Medicine

Mann, D. T., Williams, A. M., Ward, P., & Janelle, C. M. (2007). Perceptual-cognitive expertise in sport: A meta-analysis. Journal of Sport 
& Exercise Psychology, 29(4), 457–478. https://doi.org/10.1123/jsep.29.4.457

Moeinirad, S., Abdoli, B., Farsi, A., et al. (2022). Training visual attention improves basketball three-point shot performance under 
pressure. Sport Sciences for Health, 18, 853–861. https://doi.org/10.1007/s11332-021-00866-0

Oks, A., Oks, A., Katashev, A., & Eizentals, P. (2019, May). Smart glove usage possibility for basketball training: Proof of concept. 
In Society. Integration. Education. Proceedings of the International Scientific Conference, 4, 235–244. https://doi.org/10.17770/
sie2019vol4.3991

Ong, N. C. (2020). The use of Dynavision in sport and exercise research: A review. International Journal of Sport and Exercise 
Psychology, 18(5), 561–580. https://doi.org/10.1080/1612197X.2018.1549582

Sevrez, V., & Bourdin, C. (2015). On the role of proprioception in making free throws in basketball. Research Quarterly for Exercise and 
Sport, 86(3), 274–280. https://doi.org/10.1080/02701367.2015.1012578

Sirnik, M., Erčulj, F., & Rošker, J. (2022). Research of visual attention in basketball shooting: A systematic review with meta-analysis. 
International Journal of Sports Science & Coaching, 17(5), 1195–1210. https://doi.org/10.1177/17479541221075740

Uludağ, S., Dorak, F., Vurgun, N., Yüzbaşioğlu, Y., & Ateş, E. (2021). Effects of 10 weeks of imagery and concentration training on visual 
focus and free-throw performance in basketball players. Journal of Physical Education and Sport, 21(4), 1761–1768. https://doi.
org/10.7752/jpes.2021.04223

Vater, C., & Strasburger, H. (2021). Topical review: The top five peripheral vision tools in sport. Optometry and Vision Science, 98(7), 
704–722. https://doi.org/10.1097/OPX.0000000000001732

Vickers, J. N. (2007). Perception, cognition, and decision training: The quiet eye in action. Human Kinetics.
Vickers, J. N., Causer, J., & Vanhooren, D. (2019). The role of quiet eye timing and location in the basketball three-point shot: A new 

research paradigm. Frontiers in Psychology, 10, Article 2424. https://doi.org/10.3389/fpsyg.2019.02424
Wells, A. J., Hoffman, J. R., Beyer, K. S., Jajtner, A. R., Gonzalez, A. M., Townsend, J. R., Mangine, G. T., Robinson, E., McCormack, W. P.,  

Fragala, M. S., & Stout, J. R. (2014). Reliability of the Dynavision™ D2 for assessing reaction time performance. Journal of Sports 
Science & Medicine, 13(1), 145–150.

Zhang, M., Miao, X., Rupčić, T., Sansone, P., Vencúrik, T., & Li, F. (2023). Determining the relationship between physical capacities, 
metabolic capacities, and dynamic three-point shooting accuracy in professional female basketball players. Applied Sciences, 
13(15), Article 8624. https://doi.org/10.3390/app13158624

Zhao, C., Li, S., & Zhao, X. (2023). Empirical study on visual attention characteristics of basketball players of different levels during 
free-throw shooting. PeerJ, 11, e16607. https://doi.org/10.7717/peerj.16607

Zhao, X., Zhao, C., Liu, N., & Li, S. (2024). Investigating the eye movement characteristics of basketball players executing 3-point shots 
at varied intensities and their correlation with shot accuracy. PeerJ, 12, e17634. https://doi.org/10.7717/peerj.17634

Zhen, L., Wang, L., & Hao, Z. (2015). A biomechanical analysis of basketball shooting. International Journal of Simulation: Systems, 
Science & Technology, 16(3B), 1.1–1.1. https://doi.org/10.5013/IJSSST.a.16.3B.01

Cite this article as: Abu-Alim, M. A., Fayad, F. A. (2026). The Impact of a Short-Term Perceptual Training Program on 
Performance Kinematics and Dynamic Three-Point Shooting Accuracy in Basketball Players. Central European Journal of Sport 
Sciences and Medicine, 1(53), 67–78. https://doi.org/10.18276/cej.2026.1-06

###

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

