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ABSTRACT

Background: Visio-spatial intelligence (VSI) skills, including abilities such as spatial awareness, visual processing, and
motor coordination, are crucial for athletic performance, particularly in combat sports such as boxing. Amateur boxers
require efficient visio-spatial skills (VSS) to quickly process visual information, track opponents” movements, and execute
precise techniques. However, the extent to which amateur boxing experience enhances VSS remains unclear. This study
compared the VSI skills of amateur boxers to those of non-athletes.

Methods: This cross-sectional, observational study recruited amateur boxers and non-athletes in the King Cetshwayo
District, KwaZulu-Natal, Republic of South Africa. Participants, aged 18 to 27 years, underwent a detailed optometric
screening and VSS tests, including accommodation facility, saccadic eye movements, speed of recognition, hand-eye
coordination, peripheral awareness, and visual memory.

Results: The study included 90 participants, consisting of 45 amateur boxers (28 [62%] men aged 18 to 25 years and 17 [38%)]
women aged 18 to 27 years) and 45 non-athletes (29 [64%] men aged 18 to 26 years and 16 [36%] women aged 18 to 27 years).
The mean (standard deviation) age of the boxers was 20.7 (2.2) years, whereas the mean age of the non-athletes was 21.9
(2.4) years (P < 0.05). Amateur boxers were superior in VSS, with marked advantages in accommodation facility, saccadic
eye movement, speed of recognition, peripheral awareness, and hand-eye coordination (all P < 0.001). However, no
significant difference was found in visual memory (P > 0.05). The greatest difference was observed in speed of recognition
(88% higher in boxers), and the least difference was observed in visual memory (4% higher in boxers).

Conclusions: VSS differ between amateur boxers and non-athletes, indicating the importance of these skills for athletic
performance. These findings emphasize the potential advantages of boxing training in enhancing VSS, which could impact
athletic training and performance-enhancement strategies. This underscores the value of integrating visio-spatial training
into athletic programs. The observed superiority of boxers in specific VSS areas has broad implications for theories of sports
vision, the selection of appropriate tests, and the development of sport-specific VSS testing protocols. Further longitudinal
studies with larger sample sizes are required to verify these findings and assess changes in these skills over time.
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Visio-spatial intelligence skills in non-athletes versus amateur boxers
—_ m e e
INTRODUCTION

Vision is essential for human actions, aiding in interpreting situations, selecting responses, and executing action plans
[1]. In sports, particularly those requiring precise movements such as hitting a baseball or executing a bicycle kick, vision
provides critical spatial and temporal cues for optimal performance [2-4]. Beyond its sensory function, vision is essential
in planning an effective response to stimuli [5].

Combat sports such as boxing, karate, tackwondo, and judo demand swift adaptation and response to an
opponent’s brisk movements, necessitating intense coordination and rapid decision-making for a competitive edge [6].
Success in these sports relies not only on physical attributes such as strength and speed, but also on the ability to
anticipate and make split-second judgments [6]. For instance, boxing heavily relies on visual processing, spatial
awareness, and coordinated motor skills for quick assessments and precise counterattacks [7]. Boxers must maintain
constant vigilance, reacting swiftly to close-range movements and relying heavily on visual cues from opponents [8].

Visio-spatial Intelligence (VSI) skills are crucial in boxing, enabling athletes to process visual information, judge
distances, understand spatial relationships, and coordinate movements effectively [8]. Visio-spatial skills (VSS) involve
interpreting the physical world, recognizing objects, and understanding their spatial connections [9]. Despite the
acknowledged importance of VSS in boxing [8], research gaps persist, particularly in understanding the specific VSS
crucial for success in the sport. Although research has explored vision in boxing, primarily examining the effects of
boxing on eye health and the prevalence of eye injuries among boxers, a significant knowledge gap exists regarding the
VSI skills of amateur boxers [10-14].

Therefore, this study aimed to address this gap by comparing the VSI skills of amateur boxers and non-athletes,

contributing valuable insights into the role of vision in combat sports performance.

METHODS

This cross-sectional, observational study compared VSI skills between amateur boxers and non-athletes from the King
Cetshwayo District in KwaZulu-Natal, Republic of South Africa (RSA), recruiting eligible individuals between March
2024 and May 2024. The Institutional Review Board of the University of Zululand approved this study (UZ-REC 0691-
008 PGM 2023/89). The study adhered to the principles outlined in the Declaration of Helsinki. Written informed consent
was obtained from all participants.

A sample size calculation using Python and the StatsModels Library was conducted with a significance level of
0.05, an effect size of 0.6, and a statistical power of 0.8. These parameters were chosen to ensure robustness in detecting
meaningful differences between groups, aligning with standard practices in statistical testing [15].

The study included amateur boxers with a minimum of 6 months of boxing training experience. Non-athletes were
defined as individuals who had not participated in regular sports training for at least one year [16]. Participants were
required to have normal vision or correction to 20/20 or better. Individuals with a history of neurological disorders or
uncorrectable visual impairments were excluded. Those with prior experience in VSS testing and individuals who had
exercised within 48 h before the testing sessions were also excluded.

All participants underwent a general optometric screening using Spectrum Eyecare software (Version 6.0.0, Digital
Optometry, RSA, Republic of South Africa) to evaluate their visual abilities and ascertain their eligibility for the study.
All included individuals underwent a detailed examination to verify the healthy status of ocular structures, as outlined
elsewhere [17].

Visual acuity: The assessment measured the eyes’ ability to resolve detail, with the standard for normal vision
defined as 6/6 (meters) or 20/20 (feet) [18]. In this study, the Spectrum Eyecare software was calibrated for a room length
of 3 m with optimal screen size and resolution to ensure precise testing conditions. Participants sat 3 m away from a
screen displaying rows of letters of different sizes. Starting with the largest letters, they continued to smaller sizes until
an error was noted. The results were then analyzed by an optometrist.

VSS test battery: The study used standardized testing procedures to minimize dietary influences and
physical/psychological effects, scheduling sessions on weekday mornings between 07:00 and 12:00 h [16, 19].
Participants were tested in a quiet, well-lit room, after a 9 — 12 h fast [16, 19]. Each participant completed two trials, with
the highest score recorded. The study used a battery of VSS tests to evaluate and compare the visual skills of amateur
boxers and non-athletes, including accommodation facility, saccadic eye movements, speed of recognition, hand-eye

coordination, peripheral awareness, and visual memory [16, 19, 20].
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Accommodation facility: This indicates the eyes” ability to adjust focus between distant and near objects and was

evaluated using the Hart Near Far Rock Test [4, 16, 20, 21]. The Hart Chart (Bernell Corp., Mishawaka, IN, USA) was
placed on a wall at eye level 3 m away, while participants held another chart at arm’s length [16, 19, 21]. They read the
first letter of the first line from each chart in sequence for 30 s, with errors recorded [16, 19, 21, 22]. Final scores were
determined by deducting errors from the total score [22].

Saccadic eye movements: The rapid, voluntary shifts of the eyes between fixation points were assessed using
saccadic eye movement charts [16, 19, 23]. Participants stood 3 m away from a wall on which two charts were positioned,
each with vertically arranged letters and spaced 1 m apart [16, 19, 22, 24]. Participants verbally identified the first letter
from the left chart and quickly shifted their gaze to the right chart to identify its first letter, continuing this sequence for
30 s while keeping their heads stationary [16, 19, 22, 24]. The number of errors and total number of letters read were
recorded [24]. Final scores were determined by deducting errors from the total score [22].

Speed of recognition: The ability to quickly recognize and respond to visual stimuli was assessed using the Evasion
program on Batak Pro (Quotronics Limited, Horley, Surrey, United Kingdom) [16, 19, 22, 24, 25]. Participants stood in
front of the Batak Pro device, which consists of randomly illuminated targets arranged in a grid [25]. During the test,
100 targets lit up randomly for 1 s each while a countdown from 100 to 0 was displayed on the timer [25]. Participants
had to swiftly and accurately strike lit targets, avoiding penalties for hitting incorrect or flashing targets [25]. Scores
ranged from 0 to 100 points [19, 22].

Hand-eye coordination: The ability to perform tasks by synchronizing the eyes and hands was assessed using the
Tennis Ball Wall Test [16, 19, 26]. Participants stood 2 m away from a wall with a marked target area. They alternated
throwing a tennis ball at the target with one hand and catching it with the other hand for 30 s [16, 24, 26]. Both hands
were evaluated for accuracy and coordination [16, 22, 24, 26]. Scores ranged from 0 to 60 catches.

Peripheral awareness: The ability to detect and react to stimuli appearing randomly across a broad visual field was
evaluated using the Accumulator program on Batak Pro [16, 19, 22, 24, 25]. Random targets appeared on the Batak Pro
screen and remained lit until the participant struck them [25]. Each session lasted 60 s [22, 25], and scores ranged from 0
to 80 points.

Visual memory: The ability to retain and recall visual information was assessed using the Flash Memory program
on Batak Pro [16, 19, 22, 24, 25]. During the test, six random targets were illuminated for a user-selected display time of
0.5 s after a “double beep” prompt [25]. Participants aimed to strike these targets in any order within five target frames
[22, 25]. Scores ranged from 0 to 54 [19].

Scoring: Scores for accommodation facility and saccadic eye movements reflected the number of correctly read
letters, with deductions for errors [22]. Hand-eye coordination scores were based on successful catches [16, 19, 22, 24,
25]. The Batak Pro automatically recorded scores for speed of recognition, peripheral awareness, and visual memory
[22].

The Statistical Package for the Social Sciences (SPSS) for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the data. The Shapiro-Wilk test was used to assess normality of data distribution. The study employed
quantitative research techniques and pre-existing VSS evaluations. Data are summarized using descriptive statistics
such as mean, standard deviation (SD), median, interquartile range (IQR), minimum, maximum, and percentage
differences. Because the dependent variables were continuous and non-normally distributed, the Mann—-Whitney U test,
which compares ranks between groups instead of means, was used to compare the two independent amateur boxer and
non-athlete groups. A rank-ordered analysis, which involves ranking the data to corroborate the Mann-Whitney U test

results and determine superior VSS empirically, was also conducted. Statistical significance was set at P < 0.05.

RESULTS

The study included 90 participants, aged 18 to 27 years (57 [63%] men aged 18 to 26 years and 33 [37%] women aged 18
to 27 years). The study was composed of two groups: 45 amateur boxers (28 [62%] men aged 18 to 25 years and 17 [38%)]
women aged 18 to 27 years) and 45 non-athletes (29 [64%] men aged 18 to 26 years and 16 [36%] women aged 18 to 27
years). The mean (SD) age of the boxers was 20.7 (2.2) years, whereas the mean (SD) age of the non-athletes was 21.9
(24) years (P =0.012). Table 1 summarizes the participants” demographic data.

Amateur boxers outperformed non-athletes in several VSI skills, including accommodation facility, saccadic eye
movement, speed of recognition, peripheral awareness, and hand-eye coordination (all P < 0.001). However, there was

no discernible difference in visual memory between the two groups (P > 0.05) (Table 2).
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Table 1. Demographic characteristics of the amateur boxers and non-athletes

Variable Amateur boxers (n = 45) Non-athletes (n = 45)
Men Women P-value Men Women P-value

Age (y), Mean + SD 209+2.1 20423 0.392 223+22 21.3+25 0.151

Sex, n (%) 28 (62) 17 (38) 0.017 29 (64) 16 (36) 0.007

Abbreviations: y, years; SD, standard deviation; n, number of participants. Note: P-values < 0.05 is shown in bold.

Table 2. Comparison of visio-spatial skills of amateur boxers and non-athletes

VSS Amateur boxers (n = 45) Non-athletes (n = 45) Difference = P-value
Median (IQR) (Range) Median (IQR) (Range) (%)

Accommodation facility 34 (5.0) (26 to 44) 28 (4.5) (18 to 33) 18 <0.001
Saccadic eye movement 58 (14.0) (37 to 82) 33 (6.0) (16 to 40) 43 <0.001
Speed of recognition 58 (21.0) (12 to 93) 13 (10.5) (0 to 27) 88 <0.001
Peripheral awareness 66 (9.5) (50 to 78) 56 (5.0) (48 to 66) 15 <0.001
Hand-eye coordination 24 (6.5) (12 to 33) 21(5.5) (6 to 26) 12 <0.001
Visual memory 44 (7.5) (34 to 52) 46 (8.0) (31 to 53) 4 0.393

Abbreviations: VSS, visio-spatial skills; n, number of participants; %, percentage; IQR, Interquartile range; Range, range is
expressed as minimum to maximum. Note: P-values < 0.05 are shown in bold.

The skills were ranked according to the percentage difference in performance between boxers and non-athletes,
highlighting the most significant differences. Speed of recognition had the greatest gap (88%), followed by saccadic eye
movement (43%), accommodation facility (18%), peripheral awareness (15%), and hand-eye coordination (12%). Visual
memory had the least difference at 4% (Table 2).

DISCUSSION

This study investigated the differences in VSI skills between amateur boxers and non-athletes using a comprehensive
battery of VSS tests, and amateur boxers demonstrated superior VSS compared to non-athletes across several
measures.

First, our amateur boxers exhibited a notable 18% advantage in accommodation facility, consistent with the
findings of Millard et al. [16] and Mathe et al. [19], in which athletes generally excelled in this skill. However,
contrasting results from Omar et al. [4] suggest occasional superiority among non-athletes in accommodation.
Furthermore, our amateur boxers showed a remarkable 43% advantage in saccadic eye movements. This finding aligns
with previous observations by Millard et al. [16], Mathe et al. [19], Lenoir et al. [27], Ahmad Rudin & Sharipan [28],
and Vicente et al. [29], underscoring that athletes typically exhibit faster eye movements than non-athletes. Conversely,
Nascimento et al. [30] found no discernible differences between skeet shooters and non-athletes in this regard.

Concerning speed of recognition, amateur boxers in our study outperformed non-athletes by a substantial 88%.
This enhancement is supported by research on rugby players [16] and in the findings of Mathe et al. [19], highlighting
athletes’ faster recognition abilities. However, as noted by Nascimento et al. [30], such advantages may not universally
apply across all sports disciplines. Additionally, amateur boxers in our study displayed a significant 15% advantage
over non-athletes in peripheral awareness. Similar enhancements in peripheral awareness have been noted by Millard
et al. [16], Mathe et al. [19], and Muinos [31], indicating a consistent trend of heightened awareness among athletes.
Nonetheless, Nascimento et al. [30] found no significant disparity in peripheral awareness between skeet shooters and
non-athletes.

Our amateur boxers exhibited a 12% advantage over non-athletes in hand-eye coordination. This finding is
supported by research from Millard et al. [16], Mathe et al. [19], and Nascimento et al. [30], which showed consistently
superior coordination skills among athletes. These skills are honed through repetitive sports practices, contributing to
athletes’ proficiency despite varying results in other visio-spatial tests [19, 30, 32-35].

Interestingly, there was no significant difference in visual memory between amateur boxers and non-athletes.
This finding aligns with studies by Millard et al. [16] and Mathe et al. [19], which similarly reported comparable visual
memory capacities between athletes and non-athletes. In contrast, Nascimento et al. [30] found enhanced visual
memory among skeet shooters, indicating variability across different sports disciplines [30].

Boxers, accustomed to swiftly shifting focus between opponent movements and their own positioning, have
enhanced accommodation skills compared to that of non-athletes [36]. Their frequent need to track fast opponent

movements contributes to superior saccadic eye movement capabilities [37]. The dynamic nature of boxing demands
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rapid recognition skills for split-second decisions during bouts [38, 39], bolstered by physiological factors such as high

maximal oxygen consumption levels that support quick recovery and sustained performance [40]. Additionally,
boxers’ enhanced anaerobic capacity facilitates the explosive movements and rapid reactions that are crucial in
matches [40]. Boxers’ heightened peripheral awareness reflects their constant monitoring of surroundings and
opponents, aiding in anticipating attacks beyond their direct line of sight [41]. In contrast, the dynamic and
unpredictable nature of boxing may prioritize quick reactions over long-term visual memory of patterns, potentially
explaining the lack of significant difference in visual memory between boxers and non-athletes [42]. Soccer players
had shorter premotor times during visual reaction tasks, both central and peripheral, compared to nonathletes [43].
This indicates that athletes respond more quickly to stimuli presented in central and peripheral positions [43].

Our study hypothesized and confirmed that amateur boxers exhibit superior VSS compared to non-athletes. This
highlights the substantial role of boxing training in enhancing the essential visual skills crucial for athletic performance.
The study emphasizes the need to incorporate visio-spatial training into athletic programs to optimize performance,
focusing on areas such as accommodation facility, saccadic eye movements, speed of recognition, peripheral
awareness, and hand-eye coordination. The current study demonstrates several significant strengths. The study
utilized a comprehensive battery of VSS tests to thoroughly assess the skills of amateur boxers. The findings reveal
significant enhancements in these skills among amateur boxers, supported by statistically significant differences across
multiple measures. References to previous research enhance credibility and contextualize the findings within the
academic landscape, underscoring the critical role of VSS in sports performance, particularly in boxing. While
providing valuable insights, the study featured limitations such as a small sample size and a focus only on amateur
boxers and non-athletes, which may limit generalizability. Further research should consider larger and more diverse
populations, including professional boxers and athletes from other sports, to better understand VSS across different
athletic conditions. Longitudinal studies would be beneficial in tracking developmental trends of VSS over time. The
application of artificial intelligence (AI) in sports training could further enhance skills by providing personalized
training programs and real-time feedback [44]. Additionally, Al can offer instant analysis and feedback during training
sessions, helping athletes make immediate adjustments to their technique [45-47]. Therefore, advanced technologies
such as eye-tracking and Al-driven analysis could provide more accurate assessments and help to optimize

individualized training protocols.

CONCLUSIONS

This study revealed significant disparities in VSI skills between amateur boxers and non-athletes. Regular boxing
training correlated with superior performance in speed of recognition, saccadic eye movements, accommodation
facility, hand-eye coordination, and peripheral awareness. These findings suggest that the rigorous visual and physical
demands of boxing are likely to contribute to these specific cognitive enhancements. In clinical practice, insights from
this study could inform the development of targeted rehabilitation programs for individuals with visio-spatial
impairments, employing training methods akin to those used in boxing. However, the efficacy of this approach should
be verified by further clinical trials. From a research perspective, this study emphasizes the importance of investigating
sport-specific cognitive training to enhance VSS. Overall, structured physical training, such as boxing, has the potential
to significantly improve cognitive functions related to VSI, with implications for both sports performance and clinical
interventions. Further longitudinal studies with larger sample sizes are required to verify these findings and to assess

changes in these skills over time.
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