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Evaluation of Physiological Testing Methods in Sport and Exercise.
Introduction.
Physiological testing in sport and health provides a foundation for assessing key performance metrics, evaluating injury risk, and informing evidence-based exercise programming (Fares et al., 2022; Dudley et al., 2023). Conducting physiological testing to analyse performance metrics provides insight into an individual’s current capacities and highlights areas requiring targeted performance optimisation (Beltz et al., 2016). 
When conducting physiological testing, the value is determined by the principles within the desired test. Validity, reliability, and standardization are the cornerstones of quality physiological testing (Atkinson and Nevill, 1998). Analysing and interpreting the results requires an understanding of the physiological mechanisms involved and knowledge to assess potential sources of correction and error within testing (Hopkins et al., 2009). Furthermore, collection of data correlates with the ability to critically evaluate the results and practically apply the data (McGuigan, 2017). 
This evaluation presents three miniature experiments to analyse different physiological functions within performance. Experiment one compared Wingate and Keiser power tests to assess a difference in peak power output (Bar-Or, 1987). Experiment two analyses sex-based differences in VO₂max during exercise (Joyner and Coyle, 2008). Experiment three analyses the relationship between broad jump and counter movement jump, to best predict 10m sprint time (Loturco et al., 2015). Altogether, these experiments highlight key areas of anaerobic power, aerobic capacity, and neuromuscular performance. 
Experimental Sections. 
Participants
Across all three of the experiments, the participants included remained from the same selection. The participants were recreationally trained University of Wales Trinity Saint David (UWTSD) students with a mean age of 20.3 ± 1.1 years. Prior to completion of testing, each participant completed an informed consent form and Physical Activity Readiness Questionnaire (PAR-Q) health screening. 



Experiment 1: Does peak power output differ between Wingate and Keiser power tests?
Objective
The objective of the experiment was to analyse whether peak power output (PPO) differentiates between a 30-second Wingate test and a Keiser leg press power test in recreationally trained university students.
Method
The university participants (n = 16) completed both a Wingate test and a Keiser leg press power assessment. Prior to testing, participants performed a standardized 5-minute RAMP warm-up. The Wingate test was conducted on Monark Ergomedic 894E (Monark Exercise AB, Vansbro, Sweden) using predetermined resistance, with all participants performing a 30-second maximal sprint. Peak power output (PPO), mean power output (MPO), Relative power (W·kg⁻¹), and fatigue index were recorded throughout testing. The Keiser A300 leg press (Keiser Corporation, Fresno, CA, USA) was set to 10-repetition mode, with the seat adjusted based on the participant’s knee angle being positioned at 90° using a goniometer. The participants would perform explosive repetitions until PPO stalled. The highest PPO value was taken for analysis. A paired-samples t-test was used to compare PPO between tests. Statistical analysis was performed using IBM SPSS statistics software.
Results
Mean PPO during the Wingate test (977.85 ± 276.60 W) was higher than during the Keiser test (901.88 ± 330.74 W). A paired sample t-test highlighted a statistically significant difference between tests, t(15) = 2.89, p = .011. The mean difference between conditions was 75.98. The effect size was moderate-to-large (Cohen’s d = 0.72).
Table 1 – PPO during Wingate and Keiser testing (mean ± SD, n = 16)
	Test
	Mean PO (W)
	SD (W)

	Wingate 
	977.85
	276.6

	Keiser
	901.88
	330.74








Figure 1 – PPO during Wingate and Keiser testing (mean ± SD, n = 16)
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Interpretation
The findings highlight that PPO was significantly greater during the Wingate test in comparison to the Keiser leg press test, indicating that the testing modality influences maximal power output.
Higher PPO observed during the Wingate test may be explained by its reliance on the ATP-PC system and glycolytic energy system contributions during maximal workload, allowing for instant high-power output (Bayles, 2023). 
The functionality of the testing modalities likely contributed to the observed discrepancies. The cyclical foundation of the Wingate test allows for momentum and higher pedalling cadence to enhance power output (Castañeda-Babarro, 2021). However, the Keiser leg press requires force production against resistance without assistance from momentum. 
The principle of specificity, as different testing modalities may emphasize distinct neuromuscular and biomechanical characteristics, resulting in variation in measured PPO (McGuigan, 2017). 
Reflection & Application
The primary limitation throughout the study was the small sample size. This will impact the ability to correlate findings to different populations such as athletes or the general population. Furthermore, familiarity with cycling mechanics or differences in muscle recruitment patterns between modalities may have influenced performance outcomes when performing the Wingate test (Bar-Or, 1987). The finding suggests that specific testing modalities around testing will produce varying results, highlighting the importance of sports specific testing when analysing within population groups such as elite athletes (McGuigan, 2017). 



Experiment 2: Do males and females differ in relative VO₂max (ml·kg⁻¹·min⁻¹)?
Objective
The objective of the experiment was to determine whether relative VO₂max (ml·kg⁻¹·min⁻¹) differs between male and female recreationally trained university students. 
Method
The university participants (n = 10) completed a maximal graded exercise test on a Wattbike ergometer (Wattbike Ltd, Nottingham, UK) to determine maximal aerobic capacity. Prior to testing, participants performed a standardized 5-minute RAMP warm-up. During testing, the wattage gradually increased 20 watts (W) from an initial starting wattage relative to the participant. The wattage increased every minute. Expired gasses were collected using a Douglas bag (Hans Rudolph Inc., Shawnee, KS, USA) when the participant signalled; they have one minute of maximal work left. The gasses were analysed using Servomex Gas Analyzer (Servomex Group Ltd, Crowborough, East Sussex, UK) and Dry Gas Meter to determine CO₂ levels, and VO₂max. Heart rate and rate of perceived exertion (RPE) were monitored throughout the duration of the testing. Differences between male and female participants were analysed. Statistical analysis was performed using IBM SPSS statistics software.
Results
Relative VO₂max was higher in the male participants (43.27 ± 7.05) in comparison to the female participants (36.18 ± 4.85). An independent samples t-test concluded that the difference was not statistically significant, t (8) = 1.74, p = .120. The mean difference in groups was 7.09. However, because there is no statistical significance, the effect size was large (Cohen’s d = 1.12).
Table 2 – Relative VO₂max (ml·kg⁻¹·min⁻¹) in males and females.
	Sex
	n
	Mean ± SD (ml·kg⁻¹·min⁻¹)

	Male
	6
	43.27 ± 7.05

	Female
	4
	36.18 ± 4.85










Figure 2 - Relative VO₂max (ml·kg⁻¹·min⁻¹) in males and females (n = 10).
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Interpretation
The data collected highlight that male participants had higher relative VO₂max compared to the female participants. The difference was not statistically significant, indicating that the difference in VO₂max between both male and female participants was not significantly different. However, the small sample size of the experiment suggests that the difference between sexes may be meaningful.
The difference in VO₂max levels between both males and females can be linked to a magnitude of variables, greater lean muscle mass in males, higher haemoglobin levels, and greater stroke volumes (Santisteban et al., 2022). These confounding variables have been shown to increase oxygen efficiency and utilization while performing maximal exercise (Diaz-Canestro et al., 2022).
Reflection & Application
The lack of statistical significance may be hindered by the subject sample size. This can affect statistical prevalence and the ability to highlight any unique differences between both groups. A recognized limitation of the experiment is participant of difference with experience and familiarity when cycling. This may have influenced the VO₂max levels achieved by experienced participants (Midgley et al., 2008). Acknowledging potential differences within sex-based VO₂max capabilities can assist practitioners in making informed, evidence-based decisions for endurance training programming amongst the elite competitors and recreational athletes for improved performance (Joyner and Coyle, 2008).
Experiment 3: Is broad jump distance more strongly related to 10 m sprint time than CMJ height?
Objective
The objective of this experiment was to compare the strength of association between 10m sprint time and broad jump distance and counter movement jump (CMJ) height, to determine which measure better reflects acceleration performance.
Method
The university participants (n = 15) completed a 10m sprint test, a standing broad jump, and a counter movement jump (CMJ). Prior to testing, participants performed a standardized 5-minute RAMP warm-up. 
Broad jump distance (cm) was recorded as the maximum horizontal distance achieved from a two-footed take-off. CMJ height (cm) was measured using a force platform (FP8 2003, HUR Oy, Finland), with participants keeping their hands on their hips to standardized technique. Sprint time (s) was measured using a Brower Timing System (Brower Timing Systems, Draper, UT, USA) and Apple iPad (Apple), with all participants starting just behind the timing systems' start point.  All participants had three attempts at each test, with the best result from each test being recorded. 
The primary variables analysed were broad jump distance (cm), and CMJ height (cm), and 10 m sprint time (s). Pearson correlation coefficients were calculated to determine the strength of association between sprint time and each jump measure. Participants had three attempts with the best score recorded as the result. Statistical analysis was performed using IBM SPSS statistics software.
Results
Pearson correlation analysis revealed a moderate negative correlation between broad jump distance and 10m sprint time (r = -0.546, p = 0.035), indicating that greater horizontal jump performance was associated with faster sprint performance. 
A strong negative correlation was observed between CMJ height and sprint time (r = -0.848, p < .001), demonstrating that greater vertical jump performance was strongly associated with faster sprint performance. 



Table 3 – Pearson correlations between 10 m sprint time and jump performance (n = 15)
	Variable Pair
	r Value 
	p Value 

	Sprint time (10m) vs Broad Jump  
	-0.546
	0.035

	Sprint time (10m) vs CMJ Height
	-0.848
	< .001





Figure 3 – Relationship between broad jump distance and 10 m sprint time (n = 15.
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Figure 4 – Relationship between CMJ height and 10 m sprint time (n = 15).
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Interpretation
The results collected suggest that CMJ height and broad jump distance were significantly associated with 10 m sprint time. CMJ height results highlighted a significant negative correlation with 10 m sprint time. This indicates that greater vertical jump performance and results were closely correlated to greater sprint performance.
The correlation between CMJ height and sprint performance could possibly explain the shared dependence on rapid force production and neuromuscular power (Cormie et al., 2011). Both movements require sufficiently high rates of force development and utilization of the stretch-shortening cycle, which is a fundamental variable in the initial acceleration phase of sprinting (Cormie et al, 2011).
Force production in the horizontal axis is often regarded as specific to sprint acceleration, however, the present findings indicate that vertical power may be involved in a significant role in early sprint performance within recreational and competitive populations (Loturco et al., 2015). 
The association observed for CMJ height could highlight the recreational training implications of the participants involved, whereas general lower body power output is more significantly involved in sprint performance than horizontal force.
Reflection & Application
The limitation of the study was the small sample size. Practically, however, these findings indicate that improving vertical jump height performance levels may have a positive impact on acceleration in sprint performance. When conducting the 10 m sprint test, the variations in sprint technique of participants may have influenced performance. The findings suggest that actively increasing lower-body power output will be a major variable in increasing short-distance sprinting performance (Cormie et al, 2011; Maulder, et al., 2006). 
Conclusion
The purpose of the experiments conducted is to underline the significance of physiological testing when evaluating performance metrics such as anaerobic power and aerobic capacity. The experiments performed demonstrated how different physiological variables are measured using unique testing procedures.
Experiment one demonstrated that PPO differed significantly between the Wingate test and the Keiser leg press power test. The data recorded highlights the significance of the specific test administered when analysing anaerobic PPO. Experiment two examined sex-related differences in VO₂max performance. The male participants presented greater levels of mean values. However, the difference was not statistically significant when it was analysed. This may have been influenced by the small subject size of the experiment. The findings align with current up-to-date evidence and literature in physiological differences within VO₂max levels when comparing sex-related comparisons. Experiment three highlighted a strong correlation between CMJ height and 10 m sprint performance. The evidence suggests that vertical power may be involved more significantly in short-duration acceleration performance. 
To conclude, the experiments conducted investigated the importance of selecting reliable testing protocols when assessing and evaluating physiological performance metrics. The completion of the chosen experiments has reinforced the understanding of the selection and application of specific physiological tests, conducting appropriate statistical analysis to reinforce correlations within specific performance applications. 
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