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Physiological Testing Portfolio
Introduction
Physiological testing forms the foundation of evidence-informed practice within sport and exercise science. Objective assessment of aerobic capacity, anaerobic power, and neuromuscular performance allows practitioners to profile individual strengths and limitations, prescribe targeted training interventions, and monitor adaptation over time (American College of Sports Medicine, 2021; Hopkins, 2000). Beyond performance, cardiorespiratory fitness is strongly associated with morbidity and mortality risk, reinforcing the broader health relevance of rigorous physiological assessment (Kodama et al., 2009; Lang et al., 2024).
However, physiological testing must be interpreted critically. Laboratory measures reflect both true physiological capacity and inherent biological and measurement variability (Atkinson and Nevill, 1998; Hopkins, 2000). Therefore, valid interpretation requires not only understanding of underlying physiology, but also awareness of reliability, ecological validity, and task specificity.
This portfolio analyses three mini experiments conducted during the module: (1) anaerobic power and fatigue assessment using peak cycling power and the Wingate test; (2) maximal aerobic capacity determination via incremental VO₂max testing; and (3) neuromuscular performance assessment using sprint, jump, and strength measures. Together, these experiments provide insight into the integrated physiological determinants of performance.

Method Summary
Data were collected across three laboratory-based experiments assessing anaerobic, aerobic, and neuromuscular performance. Participants were recreationally active university students who completed all tests under standardised laboratory conditions. Warm-ups were controlled and equipment calibrated in accordance with manufacturer and ACSM guidelines to minimise systematic measurement error.
Anaerobic performance was assessed using maximal cycling efforts on Wattbike and Keiser ergometers, alongside a 30-second Wingate Anaerobic Test. Aerobic capacity was determined using an incremental graded exercise test with breath-by-breath gas analysis. Neuromuscular performance was assessed through 10 m sprint time, countermovement jump (CMJ), broad jump, and leg-back dynamometry. The best performance from repeated trials was retained where appropriate.
Following data collection, datasets were screened for plausibility and missing values. Descriptive statistics are reported as mean ± SD. Relationships between variables were examined using Pearson’s correlation coefficient (r), with α = 0.05. While correlations identify linear associations, they do not establish causality, and findings should be interpreted within the constraints of sample size and cross-sectional design.

Experiment 1: Anaerobic Power and Fatigue
Method summary, aim and protocol
The aim of this experiment was to quantify anaerobic performance using peak power output (PPO) measures and the 30 s Wingate Anaerobic Test. Peak power primarily reflects ATP–PCr system contribution and maximal motor unit recruitment, whereas mean power and fatigue index provide insight into glycolytic contribution and metabolic fatigue development (Inbar, Bar-Or and Skinner, 1996; McArdle, Katch and Katch, 2015). Resistance during the Wingate test was scaled relative to body mass to standardise load across participants.

Personal role
I assisted with ergometer setup, ensured consistent seat positioning and resistance prescription, recorded outputs, and provided standardised verbal encouragement. This emphasised the importance of protocol consistency and maximal voluntary effort in obtaining valid high-intensity performance data.

Results
Descriptive statistics are presented in Table 1, and correlations in Table 2. Very strong relationships were observed between Wingate PPO and both Keiser and Wattbike peak power outputs (r = 0.955 and 0.943 respectively), suggesting high construct similarity across devices. The mean power drop (~62%) reflected substantial fatigue across the 30 s effort.
Interpretation
The strong inter-device correlations indicate that maximal cycling power represents a stable neuromuscular quality despite mechanical differences between ergometers. Peak power is heavily dependent on phosphocreatine availability and rapid motor unit recruitment, particularly of type II fibres (McArdle, Katch and Katch, 2015).
The pronounced fatigue index reflects rapid phosphocreatine depletion, accumulation of inorganic phosphate and hydrogen ions, and reduced excitation–contraction efficiency (Bogdanis et al., 1995). However, the Wingate test represents a fixed-load laboratory model and may not fully replicate sport-specific power demands. Therefore, while valid for assessing anaerobic capacity, its ecological validity for dynamic sporting contexts should be interpreted cautiously.

Reflection, limitations and application
Performance during maximal anaerobic testing is highly sensitive to motivation, resistance prescription, and familiarisation. In addition, correlation between devices does not confirm measurement agreement (Atkinson and Nevill, 1998). Practically, PPO and mean power remain valuable for profiling sprint athletes and monitoring adaptation to high intensity training, but should ideally be interpreted alongside repeated measures to account for biological variability.

Table 1. Descriptive statistics for anaerobic performance (n = 16)
	Variable
	Mean ± SD
	N

	Wattbike PPO (W)
	1020.50 ± 223.89
	16

	Keiser Peak Power (W)*
	826.75 ± 336.29
	21

	Wingate PPO (W)
	977.85 ± 276.60
	16

	Wingate Mean Power (W)
	600.48 ± 164.51
	16

	Power Drop (%)
	61.91 ± 5.48
	16


Table 2. Correlations between anaerobic power measures
	Comparison
	r
	N
	p

	Wingate PPO vs Keiser Peak Power
	0.955
	16
	<0.001

	Wingate PPO vs Wattbike PPO
	0.943
	16
	<0.001

	Wingate Mean Power vs Wingate PPO
	0.862
	16
	<0.001

	Power Drop (%) vs Wingate PPO
	0.493
	16
	0.052




Figure 1. Relationship between Wingate PPO and Keiser peak power [image: ]
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Experiment 2: Aerobic Capacity (VO₂max)
Method summary, aim and protocol
The aim was to determine maximal aerobic capacity using an incremental graded exercise test with breath-by-breath gas analysis. VO₂max represents the maximal rate of oxygen uptake during whole-body exercise and reflects integrated cardiovascular and muscular oxidative capacity (Bassett and Howley, 2000). Exercise intensity increased progressively until volitional exhaustion, with VO₂, VCO₂, RER, heart rate, and RPE recorded throughout.

Personal role
I assisted with metabolic system calibration, ensured appropriate mask fit, recorded heart rate and RPE, and monitored termination criteria in line with ACSM safety guidelines. This highlighted the technical and ethical considerations inherent in maximal testing.

Results
Descriptive statistics are presented in Table 3. Significant variability was observed in relative VO₂max values. A strong positive association was identified between relative VO₂max and power at VO₂max (r = 0.743). RER values exceeding 1.10 and high RPE scores supported near-maximal effort (Howley, Bassett and Welch, 1995; Borg, 1982).

Interpretation
VO₂max is primarily limited by maximal cardiac output and oxygen delivery, while peripheral adaptations influence oxygen extraction and utilisation (Bassett and Howley, 2000; Åstrand et al., 2003). The observed association between relative VO₂max and maximal power output indicates that individuals with superior oxygen transport capacity achieved higher workloads.
However, VO₂max alone does not fully predict endurance performance. Exercise economy and lactate threshold also contribute substantially, particularly among trained individuals. Additionally, VO₂ plateau criteria are not universally observed, reinforcing the need for multiple verification indicators (Midgley et al., 2007; Edvardsen et al., 2014).


Reflection, limitations and application
VO₂max testing is resource-intensive and influenced by motivation, modality familiarity, and local muscular fatigue. Differences between treadmill and cycle protocols may yield slightly different values due to muscle mass involvement. Despite these limitations, cardiorespiratory fitness remains a powerful predictor of
long-term health outcomes (Kodama et al., 2009; Lang et al., 2024), supporting its central role in both performance and clinical assessment.

Table 3. Descriptive statistics for aerobic capacity variables
	Variable
	Mean ± SD
	N

	VO₂max (L·min⁻¹)
	3.14 ± 0.91
	11

	VO₂max (ml·kg⁻¹·min⁻¹)
	40.43 ± 6.99
	10

	Power at VO₂max (W)
	271.92 ± 76.96
	13

	RERmax
	1.16 ± 0.08
	12

	Peak Heart Rate (bpm)
	184.08 ± 17.71
	13




Table 4. Correlations for aerobic performance
	Comparison
	r
	N
	p

	Relative VO₂max vs Absolute VO₂max
	0.749
	10
	0.013

	Relative VO₂max vs Power at VO₂max
	0.743
	10
	0.014

	Absolute VO₂max vs Power at VO₂max
	0.959
	11
	<0.001

	Relative VO₂max vs RER
	0.651
	10
	0.042



Figure 2. Relationship between relative VO₂max and power at VO₂max [image: ]

Experiment 3: Neuromuscular Performance
Method summary, aim and protocol
This experiment assessed acceleration, explosive power, and maximal strength using 10 m sprint time, CMJ, broad jump, and leg-back dynamometry (Cormie, McGuigan and Newton, 2011; Suchomel, Nimphius and Stone, 2016). These tests provide field-based indices of force production, rate of force development (RFD), and stretch–shortening cycle efficiency. Participants completed a standardised warm-up prior to maximal trials.
Personal role
I assisted with sprint timing and jump data recording, ensuring start protocol consistency and adequate recovery between trials to optimise reliability (McMahon et al., 2017).
Results
Descriptive statistics are presented in Table 5. Significant negative correlations were observed between 10 m sprint time and CMJ height (r = −0.848), Keiser peak power (r = −0.733), and leg-back dynamometry (r = −0.746). Keiser peak power and CMJ peak power demonstrated an extremely strong positive association (r = 0.965).
Interpretation
Acceleration performance depends on the capacity to generate high horizontal ground reaction forces within brief contact times (Suchomel, Nimphius and Stone, 2016). The strong negative correlations observed indicate that greater maximal strength and explosive power are associated with faster sprint performance.
CMJ performance reflects efficient utilisation of the stretch–shortening cycle, where elastic energy storage and neuromuscular potentiation enhance concentric force production (Cormie, McGuigan and Newton, 2011). However, emerging evidence suggests that horizontal force orientation may be more predictive of sprint acceleration than vertical jump height alone (Jiménez-Reyes et al., 2018). Thus, CMJ height may act as a proxy for general power rather than a direct measure of sprint-specific mechanics.
Reflection, limitations and application
Field-based assessments are practical and ecologically valid but sensitive to measurement error (Atkinson and Nevill, 1998; Marković et al., 2004). Sprint timing reliability depends on consistent start procedures, and CMJ performance may vary with technique. Despite these limitations, these tests provide meaningful insight into neuromuscular capacity and are widely used to guide strength and power training interventions.

Table 5. Descriptive statistics for neuromuscular performance tests
	Variable
	Mean ± SD
	N

	10 m Sprint (s)
	1.96 ± 0.20
	13

	CMJ Height (cm)
	31.07 ± 10.27
	13

	CMJ Peak Power (W)
	3366.74 ± 1185.69
	13

	Leg-Back Dynamometry (kg)
	138.19 ± 57.36
	13

	Broad Jump (cm)
	194.31 ± 43.61
	13



Table 6. Correlations between strength/power and sprint performance
	Comparison
	r
	N
	p

	CMJ Height vs 10 m Sprint Time
	-0.857
	13
	<0.001

	CMJ Peak Power vs 10 m Sprint Time
	-0.799
	13
	0.001

	Leg-Back Dynamometry vs 10 m Sprint Time
	-0.753
	13
	0.003

	Broad Jump vs 10 m Sprint Time
	-0.553
	13
	0.050

	CMJ Height vs CMJ Peak Power
	0.960
	13
	<0.001



Figure 3. Relationship between CMJ height and 10 m sprint time [image: ]

Conclusion
The three mini-experiments collectively illustrate that human performance capacity emerges from the integrated interaction of energetic, neuromuscular, and cardiovascular systems rather than isolated physiological attributes. Each experiment provided insight into a different physiological determinant of performance while also highlighting how these systems interact during real-world exercise. The anaerobic assessment demonstrated that maximal power output and fatigue resistance are shaped by rapid phosphagen availability, glycolytic contribution, and neuromuscular recruitment patterns. In contrast, the VO₂max experiment highlighted substantial inter-individual differences in oxygen transport and utilisation capacity, reinforcing the central role of cardiovascular function in both endurance performance and long-term health. Meanwhile, the neuromuscular testing emphasised the importance of maximal force production, rate of force development, and stretch–shortening cycle efficiency in short-duration acceleration tasks. When considered together, these findings demonstrate that athletic performance cannot be explained by a single physiological measure, but instead reflects the coordinated contribution of multiple systems.
Importantly, these experiments also highlight the methodological limitations inherent in physiological testing. Laboratory assessments provide controlled and reliable indices of physiological capacity, yet they inevitably simplify the complex and dynamic nature of sporting performance. For example, the Wingate test represents a fixed-load model of anaerobic performance, while VO₂max testing isolates maximal aerobic power but does not account for determinants such as exercise economy or lactate threshold. Similarly, field-based neuromuscular tests provide practical indicators of strength and power but may not fully capture sport-specific technical or biomechanical demands. Consequently, meaningful performance profiling requires the integration of multiple complementary assessments rather than reliance on a single metric.
From a learning perspective, completing these experiments has significantly improved my ability to design, conduct, and interpret physiological testing. Through participating in data collection, analysing statistical outputs, and critically evaluating the findings, I developed a stronger understanding of how methodological choices, measurement error, and participant effort can influence results. This process reinforced the importance of combining robust data collection with critical interpretation when applying physiological testing in both performance and health settings.
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Appendix A: Statistical Notes
Descriptive statistics are reported as mean ± SD. Pearson’s correlation coefficient (r) was used to assess linear relationships between variables with α = 0.05.
Appendix B: Data Sources
Raw datasets were collected during laboratory practical sessions and compiled into group spreadsheets for individual analysis.
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