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ABSTRACT 

Background: Mental flow and reflex efficiency are essential for peak performance in high-speed sports 

such as boxing and badminton. Muscle memory, developed through repetitive training, may support the 

automaticity required to access flow states and reduce reaction latency. 

Objective: To examine the impact of an integrated muscle memory and cognitive training program on 

reflex response and mental flow state in university-level boxing and badminton athletes. 

Methods: A total of 30 athletes (mean age 24.2 ± 1.69 years) participated in an 8-week intervention 

combining sport-specific movement repetition, visualization, mindfulness meditation, and reaction time 

drills. Flow state was assessed using the Flow State Scale (FSS), and reflex performance was measured 

using the Ruler Drop Test (RDT). Paired-sample t-tests and confidence intervals were computed using 

SPSS v25. 

Results: Post-intervention RDT scores significantly improved (mean difference: 2.29 ms; 95% CI: 2.10–

2.48; p = 0.000), while FSS scores showed a marked increase (mean difference: –2.40; 95% CI: –2.52 to –

2.27; p = 0.000), confirming enhanced flow and reflex efficiency. 

Conclusion: Muscle memory training comprising targeted reaction time drills, mindfulness techniques, 

and sport-specific reflex exercises effectively enhanced both reflex response and mental flow states in 

university level boxing and badminton athletes. 
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Introduction 

The phenomenon of mental flow commonly referred to by 

athletes as being “in the zone,” represents a psychological 

state characterized by deep focus, intrinsic motivation, and 

automaticity of action, often accompanied by peak 

physical performance. This optimal state, wherein 

conscious effort gives way to fluid and instinctive 

execution, is particularly valuable in high-speed, reactive 

sports such as boxing and badminton. In these disciplines, 

milliseconds can determine outcomes, and reflexes honed 

through consistent neuromuscular training can mean the 

difference between success and failure (1). Scientific 

inquiry into this flow state has increasingly focused on its 

underlying mechanisms and potential for deliberate 

cultivation, with particular interest in the intersection of 

mental immersion, reflex performance, and muscle 
memory training. The historical roots of flow trace back to 

philosophical notions of harmony between mind and body, 

but its empirical foundation was laid by the pioneering 

work of Mihaly Csikszentmihalyi, who first 

conceptualized flow as a state of optimal experience 

defined by focused attention, clear goals, and the merging 

of action and awareness. His research posited that 

individuals immersed in goal-directed activities could 

experience intrinsic satisfaction and effortless 

performance elements that are often cited by elite athletes 

describing moments of peak execution (2). 

Memory training in boxing and badminton athletes 

focuses primarily on developing procedural memory, 

particularly through repetitive, high-quality motor pattern 

reinforcement that leads to automatic execution of 

complex skills. In both sports, rapid decision-making and 

reflexive responses are critical under time pressure and 

fatigue. By embedding consistent drills, cue recognition 

tasks, and motor sequencing routines into training, athletes 

can encode movement patterns deeply into the 

neuromuscular system a phenomenon often referred to as 

muscle memory (3). In boxing, this translates to instinctive 

guard adjustments, counterpunches, and footwork 

responses to an opponent’s moves, while in badminton, it 

supports anticipatory shot placement, rapid direction 

changes, and fine-tuned racket control. 

In the context of elite sports, achieving flow is both highly 

desirable and notoriously elusive. The unpredictable and 

dynamic nature of competitive environments presents 

challenges to consistently accessing this state. However, 

recent advances in sport psychology have explored 

whether flow can be trained or facilitated, particularly by 

embedding structured mental and physical routines within 

practice regimens (4-5). For instance, muscle memory 

defined as the unconscious retention of motor patterns 

through repeated practice has emerged as a critical enabler 

of flow, as it reduces the cognitive load during 

performance and allows athletes to respond reflexively 

under pressure (6). When technical execution becomes 

automatic, cognitive resources can be reallocated toward 

environmental awareness and strategic adaptation, both 

essential in fast paced sports such as boxing and 

badminton (7). Consequently, this review aims to examine 

how deliberate muscle memory training protocols can 

enhance both reflex responsiveness and the likelihood of 

entering flow states. 

Existing literature has begun to converge on the idea that 

mental flow and neuromuscular conditioning are not 

isolated domains but are reciprocally reinforcing (8). The 

neurological underpinnings of flow have been explored 

through studies examining dopaminergic activity, 

prefrontal cortex downregulation, and altered functional 

connectivity, suggesting that flow may correspond with a 

distinct and trainable brain state (8-9). Simultaneously, 

muscle memory training has been investigated using 

electromyography and functional imaging techniques, 

revealing that consistent, high-quality motor repetition can 

result in long-term changes in motor cortex efficiency and 

procedural memory consolidation (10-11). 

Despite increasing recognition of the critical role that both 

psychological immersion (flow) and neuromuscular 

conditioning play in athletic performance, few empirical 

studies have examined how structured muscle memory 

training may serve as a bridge between these domains. 

Particularly in reactive and high-speed sports like boxing 

and badminton, where split-second decision-making and 

reflexes are vital, there remains a lack of integrated, 

evidence-based training protocols designed to 

simultaneously enhance reflexive motor responses and 

mental flow states. Addressing this gap, the present study 

aimed to investigate whether targeted muscle memory 

training could significantly improve reaction time and 

facilitate the psychological conditions necessary for 

entering flow among competitive university-level boxing 

and badminton athletes. 

Materials and Methods 

This study was conducted at the gymnasium complex of 

the University of Lahore, utilizing the boxing and 
badminton training facilities which were adequately 

equipped with essential resources, including boxing rings, 
training mats, shuttlecock courts, reflex measurement 

tools, and controlled ambient lighting and noise levels to 

simulate competitive environments. The study design was 

experimental in nature and focused on evaluating the 

effectiveness of targeted muscle memory training in 

enhancing mental flow states and reflex performance in 

university level boxing and badminton athletes. The 

research was conducted under the guidance of certified 

coaches and licensed sports psychologists specializing in 

applied performance psychology, ensuring that both the 

technical and cognitive aspects of the intervention were 

scientifically and ethically implemented. 
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A purposive sampling strategy was employed to recruit a 

total of 30 participants (15 boxers and 15 badminton 

players), based on predefined inclusion criteria such as 

prior competitive experience, regular training schedules, 

and absence of neurological or musculoskeletal disorders. 

All participants provided written informed consent after 

being briefed about the study protocol, and the study was 

reviewed and approved by the Institutional Review Board 

of the University of Lahore. 

Participants underwent an initial pre-assessment phase 

where baseline data on reflex response time, psychological 

state, and subjective performance confidence were 

recorded. Reflex performance was measured using the 

Ruler Drop Test (RDT) (13) and computerized reaction 

time protocols, while psychological parameters were 

assessed through the standardized Flow State Scale (FSS) 

(14), which evaluates nine dimensions of flow experience 

including challenge-skill balance, sense of control, and 

time transformation. Additional questionnaires were used 

to assess perceived self-confidence and self-efficacy, both 

of which are relevant to flow state induction. 

The intervention phase lasted eight weeks and consisted of 

structured, sport-specific muscle memory and cognitive 

flow induction sessions. Athletes engaged in a 

combination of mental visualization, mindfulness 

meditation, focused attention drills, reaction time training, 

and repetitive task-specific movement routines designed 

to automate key motor patterns. In boxing, exercises 

focused on automated defense offense reflex transitions 

and stimulus driven counter punching, while in 

badminton, drills emphasized anticipatory shuttle 

response, footwork automation, and visual tracking 

coordination. These sessions were integrated into the 

participants’ existing training regimes under close 

supervision to ensure standardization across sessions. 

Training was informed by theoretical constructs such as 

the Flow State Model and the Optimal Performance 

Framework, which were applied to structure tasks that 

matched athlete skill levels with progressive challenges, 

creating conditions favorable for entering a flow state. 

Post-intervention assessments mirrored the pre-

intervention phase and were conducted in a blinded 

manner to reduce assessor bias. 

Quantitative data were analyzed using SPSS version 25. 

Descriptive statistics were computed to summarize 

baseline characteristics. Paired-sample t-tests were used to 

compare pre- and post-intervention results for both reflex 

performance metrics and psychological scale scores. 

Statistical significance was determined at a threshold of p 

< 0.05. Qualitative data from athlete reflections and coach 

observations were also thematically analyzed to 

contextualize quantitative findings and provide insight 

into experiential aspects of training outcomes. 

Results 

The study assessed the impact of muscle memory training 

interventions on both reflex performance and mental flow 

states in boxing and badminton athletes over an 8-week 

training period. A total of 30 athletes participated in the 

study. The results are presented in a structured manner 

through tabulated summaries and corresponding 

interpretations. Table 1 provides baseline demographic 

and anthropometric data for all participants. The athletes 

had a mean age of 24.20 years with moderate variability 

in height, weight, and BMI. 

Table 1: Descriptive Statistics of Participants 

Variable Mean Std. Deviation Minimum Maximum 

Age (years) 24.20 1.69 21.00 28.00 

Height (cm) 174.43 8.73 155.00 198.00 

Weight (kg) 65.53 10.64 51.00 90.00 

BMI (kg/m²) 21.56 3.07 14.30 30.40 

 
Following Descriptive statistics revealed improvements in 

both reflex response and flow state following the 

intervention. For the Ruler Drop Test (RDT), the mean 

pre-intervention reaction time was 22.44 ms (SD = 4.25; 

SEM = 0.78), which decreased to 20.15 ms post-

intervention (SD = 4.16; SEM = 0.76), based on a sample 

size of 30 participants. For the Flow State Scale (FSS), the 

mean score increased from 1.86 pre-intervention (SD = 

0.15; SEM = 0.03) to 4.25 post-intervention (SD = 0.27; 

SEM = 0.05), also across 30 participants. 

Table 2: Pre- and Post-Intervention Scores for Reaction Time (Ruler Drop Test-RDT) and Flow State (FSS) 

Variable Mean Standard Deviation Standard Error Mean N 

RDT Pre (ms) 22.44 4.25 0.78 30 

RDT Post (ms) 20.15 4.16 0.76 30 

FSS Pre (Score) 1.86 0.15 0.03 30 

FSS Post (Score) 4.25 0.27 0.05 30 



Ali A, et al. J. Mod. Health Rehab. Sci. 2025;2(2)  

 

 
4 

ISSN Number: 3079-0727 (Print) 3079-0735 (Online) 

 

Table 3: Summary of Paired T-Test Results for RDT 
and FSS 

Variable 
Mean 

Difference 
t-value p-value 

RDT (Pre–

Post) 
2.29 ms 24.65 0.000  

FSS (Pre–

Post) 
–2.40 –39.42 0.000  

The paired t-tests showed a significant reduction in 

reaction times (p < 0.001) and a substantial increase in 

Flow State Scale scores (p < 0.001) post-intervention. The 

non-crossing confidence intervals and high t-values 

confirm the effectiveness of the training. These findings 
suggest that the combined muscle memory and 

psychological training significantly enhanced both reflex 

performance and the athletes’ ability to enter a flow state. 

In summary, the results demonstrate that targeted muscle 

memory and flow-induction training significantly 

enhanced both reflex responsiveness and psychological 

flow states in boxing and badminton athletes. The findings 

support the integration of structured psychophysical 

training interventions in performance optimization 

programs for high-speed reactive sports. 

Discussion 

The current study evaluated the effectiveness of 

integrating targeted muscle memory training and mental 

flow state induction techniques to enhance both reflexive 

performance and psychological readiness in boxing and 

badminton athletes. Rooted in Csikszentmihalyi’s 

conceptualization of flow as a state of optimal experience 

arising from the alignment of challenge and skill (2), the 

findings of this study support the notion that such a state 

can be facilitated through structured interventions 

combining mindfulness, mental imagery, and 

neuromuscular conditioning. A significant reduction in 

reaction time (from 22.44 ms to 20.15 ms) and a marked 

improvement in Flow State Scale (FSS) scores (from 1.86 

to 4.25) following the intervention suggest that the 
combination of cognitive and physical training 

methodologies yielded both psychomotor and 

psychological benefits in the athletes examined. 

These outcomes align with previous research showing that 

mindfulness-based cognitive training can improve 

attentional control and reduce performance variability 

under pressure. Doron et al. demonstrated that elite 

athletes undergoing mindfulness-based interventions 

showed improvements in both sustained attention and 

performance under competitive stress (14). Similarly, 

Beilock and Gray emphasized that skill acquisition 

leading to motor automaticity not only decreases cognitive 
load but also supports smoother entry into flow states, 

particularly in fast-paced, high-pressure environments like 

boxing and badminton. The present study’s findings 

corroborate this link, as the muscle memory-oriented 

routines including reaction drills and repetitive task 

training appeared to prime participants for reduced 

conscious interference and quicker decision making (15).  

The statistical strength of the results, such as the extremely 

high t-values observed (t = 24.653 for reaction time, t = -

39.417 for FSS score), affirmed that the post-intervention 

changes were not only statistically significant but also 

practically meaningful. These enhancements suggest the 

utility of flow-inducing and reflex-enhancing training as a 

viable addition to traditional athletic programs. Despite 

the observed group-level improvements, the weak 

negative correlation between pre- and post-test FSS scores 

(r = -0.222, p = 0.238) suggests inter-individual variability 

in responsiveness to psychological components of the 

training. This highlights a key limitation: baseline 

psychological disposition, openness to mindfulness, and 

previous exposure to mental skills training may influence 

the efficacy of such interventions. This observation 

resonates with Ruiz et al., who emphasized the importance 

of tailoring mental skills training to individual 

psychological profiles, including motivational orientation, 

anxiety thresholds, and attentional focus (16). 

A notable strength of the study was its integrative 

methodology, combining quantitative neuromotor 

assessment tools such as the Ruler Drop Test with 

validated psychological scales, providing a holistic view 

of performance enhancement. The inclusion of both 

boxing and badminton athletes enabled the examination of 

the intervention across two sports with differing physical 

demands but shared reliance on reflexes and flow states. 

However, the study also had several limitations. The 

sample size, although sufficient for initial analysis, limits 

generalizability, particularly across different age groups, 

levels of competition, and sports disciplines. The 

relatively short intervention duration (eight weeks) also 

restricted the ability to assess long-term retention or 

habituation to the induced flow state. Moreover, the 

absence of a control group precludes definitive causal 

attribution, although the within-subject design helped 

control for individual differences. 

In future research, larger randomized controlled trials 
should be conducted to validate these findings and explore 

the longitudinal sustainability of training-induced flow 

and reflex enhancements. Additionally, 

neurophysiological metrics such as EEG or fMRI could 

provide deeper insight into brain activation patterns 

associated with flow and muscle memory. It would also be 

valuable to stratify participants based on psychological 

readiness or baseline flow propensity to examine whether 

training benefits are amplified in more receptive 

individuals. Despite these limitations, the present study 

provides compelling evidence that the strategic integration 

of mental and neuromotor training can significantly 
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enhance both reflex performance and the ability to access 

optimal psychological states in sport. 

Conclusion 

This study demonstrated that integrated muscle memory 

training comprising targeted reaction time drills, 

mindfulness techniques, and sport specific reflex exercises 

effectively enhanced both reflex response and mental flow 

states in university level boxing and badminton athletes. 

These findings not only support the inclusion of such 

interventions in elite sports training programs but also 

carry broader implications for human health by promoting 

cognitive control, emotional regulation, and neuromotor 

agility qualities beneficial in rehabilitation, active aging, 

and preventive wellness strategies in general healthcare 

settings. 
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