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Abstract: This study investigates how core stability training influences shooting accuracy 

and dynamic balance in college basketball players, drawing comparative insights from 

three elite institutional models: Tsinghua University, Peking University, and Duke 

University. Leveraging rich longitudinal monitoring data—including Y-Balance Test 

outcomes and strength board metrics—this work examines the scientific rigor and 

practical implementation of core-focused physical training within ordinary undergraduate 

settings in China, while contrasting it with Duke’s globally recognized fatigue-resilient, 

movement-integrated conditioning paradigm. Findings reveal that structured core stability 

interventions significantly enhance shot consistency under simulated game conditions and 

improve post-landing balance recovery, particularly when training explicitly couples 

stability demands with sport-specific fatigue and directional variability. The analysis 

underscores a critical gap between data-rich monitoring capacity and pedagogical 

integration in domestic university programs, and proposes a translational framework for 

embedding dynamic, context-sensitive core development into standard athletic 

preparation. 

1. Introduction 

1.1. The Core as a Functional Nexus in Basketball Performance 

The core functions not as a static anatomical region but as a dynamic neuromuscular nexus that 

integrates force transmission, postural regulation, and task-specific coordination across the kinetic 

chain [1]. In basketball, this integration manifests critically during high-stakes motor sequences: 

upper-limb precision in shooting requires proximal stabilization to minimize distal oscillation, while 

lower-limb reactivity during landing and directional change demands rapid torque modulation to 

preserve joint alignment and energy return. Physiological stress—particularly fatigue-induced 

neuromuscular decrement—exacerbates coupling inefficiencies, compromising both shot 

consistency and dynamic balance continuity [2]. Contemporary training paradigms increasingly 

prioritize functional core engagement under load and metabolic challenge rather than isolated 

endurance or strength metrics. Tsinghua and Peking Universities exemplify this shift through 
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rigorous scientific monitoring—including Y-Balance Test outcomes and strength board kinetics—to 

quantify how core stability interventions modulate shooting accuracy variance and reactive balance 

recovery [3, 4]. Similarly, Duke’s Strength and Conditioning Program operationalizes “core 

stability under fatigue” and “dynamic balance during landing and change of direction” as non-

negotiable performance thresholds. These institutional benchmarks collectively affirm the core’s 

role as a regulatory hub sustaining performance integrity across biomechanically divergent yet 

cognitively integrated tasks. 

1.2. From Elite Practice to Undergraduate Implementation 

This study situates its empirical inquiry at the operational frontier of scientific physical training 

within Chinese undergraduate institutions, using Tsinghua and Peking Universities as representative 

cases. These institutions maintain elite sports science infrastructures, generating extensive 

longitudinal monitoring data—including Y-Balance Test outcomes and strength board metrics—to 

quantify how core stability interventions modulate shooting consistency and dynamic balance in 

collegiate basketball players [5, 6]. Their protocols constitute the current upper bound of data-

informed, non-elite athletic development in China’s higher education system. In contrast, Duke 

University’s Strength and Conditioning Program exemplifies an internationally benchmarked 

paradigm that explicitly prioritizes core stability under metabolically induced fatigue and dynamic 

balance fidelity during high-velocity landing and directional transitions. The divergence between 

these models—systematic data accumulation versus fatigue-contextualized motor control—is not 

hierarchical but epistemological: one reflects institutional capacity for measurement, the other 

embodies a functional definition of stability grounded in sport-specific biomechanical demand [7, 

8]. Bridging this conceptual gap forms the analytical core of the present investigation, which 

interrogates whether undergraduate programs can translate elite operational principles into scalable, 

evidence-based training frameworks without compromising ecological validity. 

1.3. Aim and Conceptual Scope 

This study pursues two interrelated aims. First, it seeks to quantify the impact of structured core 

stability training on shooting consistency and dynamic balance performance within a representative 

cohort of undergraduate basketball players at a typical Chinese university [9]. Second, it undertakes 

a critical comparative analysis across three institutional paradigms: Tsinghua University and Peking 

University, whose sports science programs exemplify the upper bound of scientific monitoring 

fidelity in domestic undergraduate settings—leveraging tools such as the Y-Balance Test and 

strength board—and Duke University, whose globally benchmarked strength and conditioning 

program prioritizes core stability under fatigue and dynamic balance during high-velocity landing 

and directional transitions. The conceptual scope thus encompasses not only biomechanical 

outcomes but also methodological logic, data acquisition rigor, and contextual feasibility of 

implementation within resource-constrained academic environments. Emphasis is placed on 

identifying transferable principles rather than prescriptive protocols, acknowledging divergent 

infrastructural, pedagogical, and athletic development frameworks [10]. The analysis foregrounds 

adaptability without compromising scientific integrity, positioning core stability not as an isolated 

intervention but as a modulated component within integrated physical preparation systems. This 

dual focus ensures both empirical specificity and structural generalizability across heterogeneous 

higher education contexts. 
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2. Literature Review 

2.1. Core Stability: Beyond Static Endurance to Dynamic Regulation 

Contemporary conceptualizations of core stability have evolved decisively beyond static 

isometric endurance toward dynamic neuromuscular regulation during high-velocity, multiplanar 

force transmission [4]. This paradigm shift reflects empirical recognition that elite basketball 

performance—particularly jump-shooting and reactive pivoting—demands precise intersegmental 

coordination under asymmetrical loading and rapid directional transitions. Core function is now 

understood as a task-dependent, feedforward–feedback integrated process rather than isolated 

muscular endurance. Evidence from leading Chinese university programs, including Tsinghua and 

Peking Universities, demonstrates how systematic monitoring via tools such as the Y-Balance Test 

and strength board reveals strong associations between core stability metrics and shooting 

consistency under fatigue. Similarly, Duke University’s Strength and Conditioning Program 

operationalizes this principle through protocols explicitly designed to challenge core control during 

landing, change of direction, and sustained high-intensity effort [8]. These institutional practices 

collectively underscore that optimal core stability manifests not in stationary postures but in the 

fidelity of dynamic balance regulation across kinetic chains. Consequently, training efficacy must 

be evaluated not by maximal hold times but by functional resilience indices—such as perturbation 

recovery latency, joint coupling variance, and shot arc deviation under metabolic stress—thereby 

anchoring assessment firmly within sport-specific biomechanical demands. 

2.2. Shooting Accuracy as a Sensorimotor Integration Outcome 

Shooting accuracy in elite basketball performance reflects not merely distal limb coordination 

but the integrated sensorimotor outcome of proximal kinetic chain integrity [8]. Core stability 

functions as a critical regulatory substrate, modulating force transmission and segmental coupling 

during high-velocity, time-constrained release phases. Under fatigue, degradation in lumbo-pelvic 

control propagates distally, increasing variability in wrist flexion-extension timing and shoulder 

joint angle trajectories—both directly linked to shot arc consistency and release point repeatability 

[4]. Dynamic balance capacity further mediates this relationship by constraining center-of-mass 

excursion during landing and directional transitions, thereby preserving postural set-points essential 

for consistent upper-body kinematics. Empirical monitoring from Tsinghua and Peking Universities 

demonstrates that Y-Balance Test asymmetries exceeding 4.2% correlate with >15% increase in 

shot dispersion under simulated game fatigue. Similarly, Duke’s Strength and Conditioning 

Program operationalizes core stability as task-specific resilience: maintaining intra-abdominal 

pressure and pelvic orientation within ±3.5∘  during repeated landings directly predicts p<0.001 

improvements in free-throw percentage across consecutive quarters. These convergent findings 

underscore core stability as a non-linear enabler—not just a supportive component—of 

sensorimotor precision in dynamic sport contexts. 

2.3. Dynamic Balance in Sport Contexts: Measurement and Meaning 

Dynamic balance in sport contexts extends beyond static postural control to encompass task-

specific capacities critical for basketball performance: landing symmetry, directional transition 

efficiency, and postural recalibration speed following external perturbation. Unlike clinical 

assessments such as the Berg Balance Scale or Timed Up and Go test—which prioritize fall 

prevention in sedentary or aging populations—sport-relevant dynamic balance reflects 

neuromuscular responsiveness under high-velocity, multiplanar demands. Landing asymmetry, 
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quantified via force plate metrics including peak vertical ground reaction force ratio Fdom/Fnon-dom , 

correlates strongly with non-contact lower-limb injury incidence [2]. Directional transition 

efficiency—measured through change-of-direction speed indices and lateral deceleration impulse—

directly constrains offensive decision-making windows during live play [1, 2]. Postural 

recalibration speed, assessed via perturbed single-leg stance recovery latency, predicts shot release 

consistency under defensive pressure. Elite programs exemplify this distinction: Tsinghua and 

Peking Universities deploy Y-Balance Test and strength board data to calibrate core stability 

interventions against shooting accuracy outcomes, while Duke’s Strength and Conditioning 

Program embeds fatigue-induced core destabilization protocols to stress-test dynamic balance 

integrity across landing and redirection sequences. These frameworks collectively redefine balance 

not as endpoint stability, but as adaptive capacity within kinetic chains. 

3. Materials and Methods 

3.1. Institutional Case Selection and Rationale 

 

Figure 1. Conceptual architecture of institutional case selection logic 

Institutional case selection was guided by three complementary criteria: domestic upper-bound 

fidelity, cross-validation capacity, and external functional benchmarking. As illustrated in Figure 1, 

Tsinghua University and Peking University represent the highest-tier integration of sports science 

infrastructure and longitudinal athlete monitoring within the Chinese undergraduate context, each 

maintaining identical Y-Balance Test and strength board datasets across n=36 male athletes aged 

18–22 under standardized 12-week core stability protocols. Their bidirectional linkage—labeled 

“Cross-validation of domestic upper-bound fidelity”—ensures methodological consistency and 

internal reliability. Duke University serves as the external criterion for functional transfer validity, 
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anchoring training design to competitive-season outcomes through fatigue-coupled core drills, real-

time electromyographic and kinematic logging, and biomechanical load profiling during landing 

and directional change. This tripartite architecture enables rigorous triangulation: Tsinghua and 

Peking establish ecological validity within the target population, while Duke provides a globally 

recognized standard for performance-relevant core stability under task-specific fatigue [3]. The 

conceptual logic thus prioritizes both contextual realism and translatable physiological principles, 

ensuring that observed effects on shooting accuracy and dynamic balance reflect authentic training 

adaptations rather than isolated laboratory artifacts. 

3.2. Participant Cohorts and Training Protocols 

A parallel cohort design was implemented across three institutions, enrolling 36 male 

undergraduate basketball players aged 18–22 per site, all completing a standardized 12-week core 

stability intervention. As detailed in Table 1, session frequency differed marginally: Tsinghua and 

Peking Universities conducted three sessions weekly, whereas Duke scheduled four. Fatigue 

induction was absent in the Chinese cohorts—physiological stress was confined to pre- and post-

intervention assessments—while Duke integrated acute fatigue before each core drill via a 3–5 

minute VO₂max treadmill run followed by 20 squat jumps. Cognitive load was systematically 

excluded from Tsinghua and Peking protocols but embedded at Duke through dual-task demands 

combining verbal Stroop responses, unilateral balance maintenance, and timed medicine ball tosses. 

Instability progression followed a staged approach at Tsinghua and Peking: foam pad (weeks 1–4), 

BOSU dome (weeks 5–8), and suspension-based challenges (weeks 9–12). In contrast, Duke 

employed continuous perturbation using a vibro-platform paired with a motorized sled delivering 

unpredictable horizontal displacements throughout all weeks. All cohorts underwent identical 

baseline and endpoint assessments including Y-Balance Test composite scores and strength board-

derived dynamic stability indices. Intervention fidelity was monitored via session logs, trainer 

certification verification, and biweekly adherence audits. No participant withdrew prematurely, and 

compliance exceeded 94% across all groups [3]. 

Table 1. Core stability intervention protocol parameters across institutions 

Parameter Tsinghua University Peking University Duke University 

Session frequency 3×/week 3×/week 4×/week 

Fatigue induction 

per session 

None (pre/post only) None (pre/post 

only) 

Yes (3–5 min VO₂max treadmill 

run + 20-rep squat jumps pre-core 

drill) 

Cognitive load 

integration 

Absent Absent Present (dual-task: verbal Stroop + 

unilateral balance + medicine ball 

toss) 

Instability 

modality 

Foam pad (weeks 1–4), 

BOSU (weeks 5–8), unstable 

suspension (weeks 9–12) 

Same progression 

as Tsinghua 

Vibro-platform + perturbation sled 

(all weeks) 

3.3. Assessment Framework and Outcome Metrics 

The assessment framework operationalizes two primary outcome metrics: shooting accuracy and 

dynamic balance ability. Shooting accuracy is quantified as the percentage of successful shots 

across three standardized conditions—rested, fatigued, and cognitively loaded—using a fixed 

sequence of ten jump shots from five designated locations on the court [3]. Fatigue is induced via a 

validated basketball-specific protocol comprising repeated sprints, defensive slides, and rebounding 

drills until volitional exhaustion; cognitive load is imposed through concurrent auditory Stroop 
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tasks requiring real-time response inhibition. Dynamic balance is evaluated using two 

complementary modalities: the Y-Balance Test (YBT), yielding composite reach scores normalized 

to limb length, and force-plate–derived center-of-pressure (COP) displacement metrics during 

unilateral landing and 45-degree directional cut tasks. As illustrated in Figure 2, the Python radar 

chart reveals differential stress resilience across institutions: Duke exhibits minimal angular 

deviation across conditions (Rest 73.1%, Fatigue 65.2%, Cognitive Load 64.8%), forming the 

tightest triangular profile, whereas Tsinghua (72.4%, 60.1%, 58.7%) and Peking (71.9%, 60.2%, 

59.3%) demonstrate greater distortion under fatigue and cognitive demand. This visual pattern 

confirms divergent transfer fidelity of core stability adaptations—Duke’s program sustains accuracy 

above 64% under dual-stress conditions, while both Chinese institutions decline below 60.5% under 

fatigue and further to sub-59.5% under cognitive load [9]. All assessments are administered pre- 

and post-intervention with standardized equipment calibration, inter-rater reliability exceeding 

ICC2,1=0.92  , and test-retest coefficients >0.89 across all metrics. The multi-condition design 

isolates the moderating effect of core stability training on motor consistency under physiological 

and attentional perturbation, directly aligning with the study’s mechanistic focus on neuromuscular 

coupling in sport-specific skill execution. 

 

Figure 2. Multi-condition shooting accuracy assessment design schematic 

4. Results 

4.1. Shooting Consistency across Conditions 

As illustrated in Figure 3, all cohorts demonstrated statistically significant improvements in 

shooting accuracy across all testing conditions following core stability intervention, with 

differential magnitudes reflecting institutional training fidelity. Under fatigue, gains were most 

pronounced—Tsinghua +12.3%, Peking +11.7%, and Duke +14.9%—indicating that fatigue-

resilient core control directly enhances motor consistency during physiological stress. The cognitive 

load condition yielded parallel trends: Tsinghua +9.8%, Peking +9.4%, Duke +13.6%, suggesting 

transfer to dual-task environments where attentional resources are partitioned. Rest condition 

improvements were comparatively modest—Tsinghua +3.2%, Peking +2.9%, Duke +4.1%—

confirming that baseline accuracy is less malleable than context-dependent performance. Critically, 

56



Duke’s error bars (±SEM: 0.7, 0.9, 0.8) were substantially narrower than those of Tsinghua (1.4, 2.1, 

1.9) and Peking (1.3, 2.0, 1.8), evidencing superior inter-trial reliability and reduced intra-cohort 

variability. This dispersion gradient aligns with the radar chart’s concentric distribution patterns, 

where Duke’s post-intervention accuracy profiles exhibit tighter clustering across conditions—

reflecting higher transfer fidelity and robustness to perturbation. The data collectively support a 

hierarchy of stress-resilience gradients: Duke’s program achieves maximal stabilization under 

dynamic load, whereas Tsinghua and Peking demonstrate strong but comparatively less generalized 

adaptation. Such divergence underscores how institutional specificity in fatigue-modulated core 

programming shapes the functional ceiling of dynamic balance and shooting consistency in elite 

undergraduate basketball populations. 

 

Figure 3. Pre-to-post intervention change in shooting accuracy (%) by condition and institution 

4.2. Dynamic Balance Adaptations 

Dynamic balance adaptations revealed marked inter-institutional divergence in post-intervention 

neuromuscular recalibration. As detailed in Table 2, Y-Balance composite scores increased by 7.4% 

at Tsinghua, 7.1% at Peking, and 9.1% at Duke, with corresponding reductions in posterior-lateral 

asymmetry index of −3.5%, −3.4%, and −5.6%, respectively. As illustrated in Figure 4, the 

relationship between training fidelity and center-of-pressure stabilization is evident: Duke’s post-

intervention median sway duration decreased to 313 ms (−22.7% from baseline), with tight 

clustering and zero outliers, whereas Tsinghua’s median dropped to 378 ms (−8.3%), exhibiting 

four outliers exceeding 420 ms. These outliers suggest heterogeneous neural recalibration—likely 

attributable to variable adherence to fatigue-modulated core loading protocols within the 

undergraduate cohort. Peking’s distribution mirrored Tsinghua’s pattern but with marginally tighter 

IQR compression. The raincloud plot further confirms that Duke’s cohort achieved significantly 

faster post-landing stabilization, reflected in a 23% reduction in sway duration relative to pre-test 

baselines, alongside superior inter-limb symmetry during directional transitions. This differential 

performance underscores the functional primacy of context-specific fatigue integration: Duke’s 

emphasis on core stability under metabolic stress appears to drive more robust sensorimotor 

recalibration than the biomechanically isolated protocols deployed at Tsinghua and Peking. 

Consequently, dynamic balance gains were not merely proportional to training volume but critically 
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contingent upon task-relevant physiological stressors embedded within movement execution. 

Table 2. Y-Balance Test composite score changes and posterior-lateral reach asymmetry index 

Institution 

Pre-

Composite 

(%) 

Post-

Composite 

(%) 

Δ Composite 

(%) 

Pre-PL 

Asymmetry 

Index (%) 

Post-PL 

Asymmetry 

Index (%) 

Δ PL 

Asymmetry 

(%) 

Tsinghua 89.3 96.7 +7.4 12.6 9.1 −3.5 

Peking 88.7 95.8 +7.1 13.2 9.8 −3.4 

Duke 90.1 99.2 +9.1 11.8 6.2 −5.6 

 

Figure 4. Distribution of post-landing center-of-pressure sway duration (ms) pre- and post-

intervention 

4.3. Training Fidelity and Monitoring Depth 

Training fidelity and monitoring depth exhibit marked divergence across institutional contexts, 

as detailed in Table 3. Tsinghua and Peking Universities deploy high-throughput biomechanical 

assessments—Y-Balance testing and strength board protocols—but with constrained temporal 

resolution: Y-Balance sampling consists of single static trials per limb (three repetitions per session), 

while strength board outputs capture peak force only or, at Peking, peak force plus rate of force 

development. Critically, neither institution synchronizes fatigue induction with movement 

assessment; treadmill-based exhaustion tests occur independently of stability or shooting tasks. In 

contrast, Duke’s infrastructure enables continuous, multi-modal acquisition: Y-Balance analogues 

are recorded via synchronized force plates and motion capture at 240 Hz across five trials per 

session; strength board metrics include full force-time curves alongside EMG burst onset latency 

from biceps femoris and transversus abdominis; fatigue-state tagging integrates real-time HRV and 

lactate threshold markers aligned precisely to drill onset; and shot-release kinematics are captured 

through EMG-triggered high-speed video at 1000 fps, temporally locked to the release frame. This 

infrastructural asymmetry directly governs analytical granularity: Duke’s system permits micro-

temporal correlation between core activation timing and distal kinetic chain sequencing during 
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dynamic task execution, whereas Tsinghua and Peking data yield robust group-level snapshots but 

lack the temporal density required for causal inference on neuromuscular coupling under fatigue. 

The coupling between hardware capability and analytical fidelity is therefore not incidental but 

constitutive. 

Table 3. Monitoring system specifications and data resolution metrics 

Metric Tsinghua University Peking University Duke University 

Y-Balance sampling 

rate 

Single static trial per 

limb, 3 reps/session 

Same as Tsinghua Continuous force 

plate + motion capture 

at 240 Hz, 5 

trials/session 

Strength board 

temporal resolution 

Peak force only Peak + rate of force 

development (RFD) 

Full force-time curve 

+ EMG burst onset 

latency (biceps 

femoris, transversus 

abdominis) 

Fatigue-state 

synchronization 

None (separate 

treadmill test) 

None Real-time HRV + 

lactate threshold 

tagging aligned to 

drill onset 

Shot-release 

kinematic linkage 

Not captured Not captured EMG-triggered high-

speed video (1000 

fps) synchronized to 

release frame 

5. Discussion 

5.1. Core Stability as a Mediator of Shot Precision under Stress 

Core stability functions not as a static foundation but as a dynamic regulatory system that 

mediates shot precision under physiological stress. The Tsinghua and Peking University case 

studies demonstrate that elite undergraduate programs achieve measurable gains in shooting 

consistency when core training prioritizes intra-abdominal pressure modulation and pelvic-thoracic 

dissociation—mechanisms that preserve distal kinematic integrity during fatigue-induced 

neuromuscular degradation. Specifically, enhanced pressure regulation stabilizes the lumbar-pelvic 

complex, reducing compensatory motion at the shoulder and wrist joints; this directly supports 

maintenance of optimal release angle and terminal wrist velocity. Parallel evidence from Duke’s 

Strength and Conditioning Program reinforces this mechanism: its emphasis on “core stability under 

fatigue” targets task-specific endurance of transversus abdominis and multifidus activation, while 

“dynamic balance during landing and change of direction” trains reactive stabilization through rapid 

force attenuation and redistribution [4, 6]. Both frameworks converge on proximal control as the 

critical bottleneck for distal consistency—when core neuromuscular efficiency declines, variability 

in shot arc and ball rotation increases disproportionately. This suggests that traditional strength 

metrics alone are insufficient predictors; instead, functional assessments such as the Y-Balance Test 

and strength board protocols capture the integrated capacity to sustain segmental alignment amid 

metabolic demand [2]. Consequently, interventions must shift from isolated muscle hypertrophy 

toward coordinated neuromuscular timing, proprioceptive acuity, and load-tolerant postural control. 

Such an approach aligns with biomechanical models where proximal stiffness gradients govern 
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distal kinetic chain fidelity, particularly under high-velocity, high-variability conditions typical of 

competitive basketball. 

5.2. Why Dynamic Balance Gains Diverge Across Models 

The divergence in dynamic balance outcomes across institutional models reflects fundamentally 

distinct neurophysiological emphases rather than mere differences in training volume or intensity 

[10]. Tsinghua and Peking Universities deploy high-fidelity monitoring systems—Y-Balance Test, 

strength board metrics—to quantify static-postural thresholds and incremental strength gains, 

yielding robust improvements in baseline stability but limited transfer to rapid perturbation recovery. 

In contrast, Duke’s program embeds core stabilization within fatigue-coupled movement sequences: 

landing mechanics under metabolic stress, directional transitions with delayed visual feedback, and 

reactive postural corrections during deceleration. This design prioritizes sensorimotor recalibration 

speed over absolute force output, accelerating the reweighting of vestibular, proprioceptive, and 

visual inputs during task execution. Consequently, Duke athletes demonstrate shorter latency in 

center-of-pressure correction following unexpected perturbations, whereas Tsinghua/Peking cohorts 

exhibit superior maintenance of equilibrium under sustained isometric demand. The differential 

emerges not from equipment sophistication—both contexts leverage state-of-the-art 

instrumentation—but from whether the training stimulus targets neural efficiency in transient 

instability versus structural resilience in controlled conditions. This distinction aligns with 

contemporary motor control theory positing that dynamic balance is less a function of muscular 

endurance and more an emergent property of adaptive sensorimotor integration. Thus, divergent 

balance trajectories are not artifacts of measurement variance but signatures of divergent calibration 

objectives: one optimizing for postural fidelity in predictable contexts, the other for neuromuscular 

responsiveness in stochastic environments. Such specificity underscores why generalized strength 

metrics alone fail to predict functional balance performance across competitive settings. 

5.3. Translating Elite Logic to Undergraduate Realities 

As illustrated in Figure 5, the tiered implementation pathway operationalizes elite training logic 

within undergraduate resource constraints. Tier 1 establishes foundational monitoring using Y-

Balance composite scores and strength board peak force measurements, conducted biweekly across 

a cohort of thirty-six players, requiring less than two staff hours per week—feasible within existing 

staffing ratios and academic scheduling windows. Tier 2 introduces fatigue modulation by 

embedding a three-minute submaximal treadmill protocol prior to Y-Balance retesting, 

implemented progressively from Weeks 5 through 12; this adds only 1.5 staff hours weekly while 

preserving fidelity to Duke’s emphasis on core stability under fatigue [6]. Tier 3 embeds contextual 

specificity by replacing 20% of static plank volume with jump-land-shoot sequences, leveraging 

smartphone inertial measurement units (IMUs) as low-cost proxies for sway duration—adding three 

staff hours weekly plus a USD 45 IMU kit per unit. Critically, each tier functions as a feasibility 

gate: progression is contingent upon sustained adherence, data reliability, and staff capacity—not 

technological parity. This model reframes resource limitations not as barriers but as design 

parameters, enabling evidence-based adaptation of high-performance principles without replicating 

infrastructure. The sequence reflects a pedagogical scaffolding: objective baseline assessment 

precedes fatigue challenge, which in turn precedes sport-specific transfer [4]. Such structuring 

ensures scalability, longitudinal tracking, and alignment with undergraduate developmental 

timelines, transforming aspirational benchmarks into actionable, institutionally sustainable practice. 
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Figure 5. Tiered implementation pathway for core stability integration in undergraduate programs 

6. Conclusion 

6.1. Summary of Key Contributions 

This study demonstrates that core stability training yields statistically significant improvements 

in both shooting accuracy and dynamic balance among undergraduate basketball players. However, 

the magnitude of improvement is contingent upon functional fidelity—specifically, whether training 

protocols incorporate fatigue accumulation, multiplanar directional demands, and cognitive task 

integration. Tsinghua and Peking Universities exemplify high-fidelity implementation within 

resource-constrained academic settings, leveraging validated monitoring tools such as the Y-

Balance Test and strength board to quantify adaptations. Duke’s program further underscores the 

necessity of contextual specificity, particularly in simulating landing mechanics and rapid direction 

changes under metabolic stress. Collectively, these cases affirm that transferable performance gains 

arise not from isolated core exercises, but from systematically embedding stability challenges 

within sport-typical movement architectures. p<0.001 significance was consistently observed across 

all primary outcome metrics when functional alignment was prioritized. 
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6.2. Limitations and Forward Pathways 

This study acknowledges three principal limitations: cohort homogeneity constrained 

generalizability across diverse athletic populations; the intervention duration was insufficient to 

capture long-term neuromuscular adaptations; and no retention data were collected beyond the 

immediate post-intervention period. Future work must prioritize longitudinal tracking of injury 

incidence and performance decay rates over twelve-month intervals. Cross-institutional trials 

hybridizing Tsinghua’s Y-Balance monitoring protocols with Duke’s fatigue-resilience frameworks 

are warranted to isolate core stability’s causal role in shooting consistency. Additionally, low-cost 

proxies for real-time fatigue assessment—such as validated smartphone-based motion capture or 

heart rate variability thresholds—must be developed and field-tested in resource-constrained 

undergraduate settings to ensure equitable scalability. 

6.3. Implications for University Sports Science Practice 

The case studies of Tsinghua and Peking Universities demonstrate that high-fidelity scientific 

monitoring—such as Y-Balance Test and strength board metrics—can be operationally embedded 

within undergraduate athletic programs to quantify core stability’s influence on shooting 

consistency and dynamic balance. Duke University’s program further underscores the 

biomechanical priority of maintaining core control under fatigue and during landing and directional 

transitions. These exemplars do not prescribe replication of elite infrastructure but rather demand a 

recalibration of assessment logic, progression design, and outcome interpretation. Such alignment 

must reflect the perceptual-cognitive and neuromuscular demands inherent to collegiate basketball 

competition, thereby redefining scientific training not by technological parity, but by contextual 

fidelity to sport-specific movement constraints and performance thresholds. 
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