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Experiment Portfolio
Introduction
During this portfolio 3 different experiments were carried out by UWTSD students to discover physiological components of human performance, such as aerobic capacity, anaerobic capacity and also neuromuscular speed/strength qualities. All data were carried out as a collaborative experiment, but all analysis was done privately.
The importance of physiological testing in sport, is pivotal during data collection to help athletes understand their fitness capacity by identifying their strengths, weaknesses and recovery need (Bishop et al, 2018). Physiological testing also enables coaches to optimise the athletes’ training load by monitoring internal and external responses to exercise, this then ensures training is appropriately targeted while improving the performance outcomes over time.(Impellizzeri, 2019). Testing can also help identify biomechanical or physiological risk factors that can contribute to injury, understanding these mechanisms can allow sports therapists to implement preventative strategies (Bahr, 2005)
For experiment 1, which was a 3 second PP (Peak power) on the Wattbike Pro (Wattbike Ltd, Nottingham, UK), followed by using the Keiser Keiser A300 Leg Press on the 10R mode (Keiser Corporation, Fresno, CA, USA) after 5 minutes of active rest. This test was also used to test maximal power through the lower limbs. Following another bout of 5 minute rest, the participants performed a windgate test using the Monark bike (Monark Exercise AB, Vansbro, Sweden). One minute post windgate, a 3 second PP was performed on the Wattbike. Then repeated on minute, 4,7,10.
During experiment 2 the participants completed a low‑intensity warm‑up on the Wattbike Pro (Wattbike Ltd, Nottingham, UK), allowing time to familiarise. The test began at a low workload and increased progressively by adjusting power output. The power output and time was selected individually based on age, sex, activity history and current fitness. The test continued until exhaustion, or if cadence dropped by 10 rpm below the participant’s preferred cadence. At least 30 seconds of expired air was collected at the final workload. After stopping, resistance is reduced and the participant completes a five‑minute low‑intensity cool‑down.
Experiment 3 included 7 mini tests. The tests were Bodyweight using Seca Weighing Scale (Seca GmbH & Co. KG, Hamburg, Germany), Keiser PP using the Keiser A300 leg press on 10R mode (Keiser Corporation, Fresno, CA, USA) , 10m sprint using brower timing systems (Brower Timing Systems, Draper, UT, USA), Counter movement Jump (CMJ) height and CMJ PP using FP8 2003 force platform (HUR, 0y, Kokkola, Finland), Leg-back dyno and also broad jump. All of these tests were performed 3 times to ensure reliability during the results.


Question one - 
Is there a link between higher power output at VO₂max and VO₂ max(ML/KG/Min)? (relative to watts/kg)

Method
To measure VO₂ max the equipment that was used was – The polar H10 heart rate monitor (hrm) (Polar Electro Oy, Kempele, Finland),  Sercomex miniHF 5200 gas analyser (Servomex Group Ltd, Crowborough, East Sussex, UK), Harvard DGM1 dry gas meter (Harvard Apparatus, Holliston, MA, USA), Hans rudolph 2700 series 2-way valve mouth piece (Hans Rudolph Inc., Shawnee, KS, USA) , 100L Douglas bag with 2100 series 3-way stopcock (Hans Rudolph Inc., Shawnee, KS, USA) and also wattbike AtomX (Wattbike Ltd, Nottingham, UK). After prepping the douglas bag, the experiment started from the participant cycling at a relatively low power output, then intensity was raised by using the wattage on the bike – the increment was chosen relevant to participant fitness (e.g 20 watts every minute). The test was over when the participant was unable to perform any longer due to fatigue (participant used an rpe scale and gave a signal when they were on their final interval). At least 30 of air was collected during the last interval. Then the douglas bag was analysed for gas concentration by analysing %O₂ and %CO₂, over a timed 60-second period, during which 1.8L of air was removed. The gas values were recorded in the final 15 seconds. Post sampling, the total bag volume was measured using the vacuum system. Then VO₂ max was able to worked out. During this experiment, I was a participant.

Results 
Table 1
 [image: ]
Table 1 shows the subjects VO₂ max (ML/KG/Min) and also their W/Kg at their final interval.

Table 2
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Table 2 shows a strong relationship between VO₂ max and W/Kg using spss software (IBM Corp., 2022).

Table 3
[image: ]Table 3 shows the descriptive statistics of the overall shape, spread and tendency of the two variables. 
Both tables 2 and 3 shows that the dataset is suitable for analysis. From this it reveals a strong relationship between aerobic capacity and relative power/weight ratio. The data from table 2 and 3 show VO₂ max (mean 39.75 ± 6.998 ml·kg⁻¹·min⁻¹, range 32–54) and watts/kg (mean 3.43 ± 0.677, range 2–5) are continuous data and approximately normally distributed, with only the mild positive skewness for VO₂ max.  These justify that there is a Pearson correlation. The analysis produced a strong positive association (r = 0.795, p = 0.003). This indicates that higher w/kg is closely linked with higher VO₂ max during this sample.

Interpretation
During a peer reviewed study by John A.Hawlet and Timothy D. Noakes (1992), showed a strong physiological link between VO₂ max and power output. In their study of trained cyclislists, peak power output during incremental cycling test was strongly correlated with VO₂ max (r = 0.94). This relationship happens due as higher VO₂ max allows greater oxygen delivery to muscle, which increases mitochondrial aerobic ATP production which enables higher force generation during maximal cycling.  Knechtle et al (2013) found that declines in VO₂ max with age were accompanied by reductions in maximal cycling power output – this was due to the reduction in oxygen delivery limits the mitochondrial ATP production, lowering the force generated.


Limitations
This experiment was limited due to its sample size, and different bike/researcher. Participants used different rpe, different motivations, cycling experience and environmental conditions which could’ve all had an influence on results.


Question 2 - 
Do stronger athletes (leg–back dynamometer) also show higher Keiser peak power?
Method
For this experiment, participants used the keiser A300 leg press (Keiser Corporation, Fresno, CA, USA), on 10r mode. To use this, participants were told to set the seat so that their knees was at an angle of 90 degrees, then they held buttons on the side until the 10R test showed up, participants were asked to perform a leg press as hard as they could until the power plateaued. Once the power dropped, the highest power was recorded. For the leg dynamometer, participants used the Takei T.K.K. 5402 Back & Leg Dynamometer (digital) (Takei Scientific Instruments Co., Ltd., Niigata, Japan). The protocol for this was to attach the chain to the mid shaft of the femur, grip the bar, and drive through as hard as they could.
During this experiment I was a participant.

Results
Table 4
[image: ]
Table 1 shows the results of both Keiser PP and Leg dynomometer (measured in kg)
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Figure 1
Figure 1 shows a positive correlation on a scatterplot graph indicating a link between Keiser PP and Leg back dynamometer.

Table 5
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Table 5 shows the significantly strong relationship between Leg Back Dynomometer and keiser PP.

Table 6
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Table 6 shows the descriptive statistics of the overall shape, spread and tendency of the two variables.
The tables and the scatterplot all show that the dataset is suitable for correlation analysis. Peak power (mean 746.49 ± 310.74 W, range 398.8–1450) and leg dynamometer strength (mean 136.54 ± 55.45 kg, range 77–285.5) are both variables and display only mild positive skewness, which indicates normality. These characteristics help support the use of a Pearson correlation. The correlation table demonstrates a very strong/positive correlation between the leg dynamometer and Keiser PP (r = 0.935, p < 0.001). The regression line in the scatterplot visually supports this finding.
Interpretation
Maximal isometric strength has been shown to correlate with lower-body PP due to its influence on neuromuscular and mechanical factors. Research shows a strong relationship between isometric squat force and anaerobic PP (r = 0.776) (Vural et al, 2023). Maximal voluntary isometric torque of lower-limb muscular system has been shown to predict PP during sprint cycling (Kordi, et al 2017). Greater isometric strength enhances to recruitment of motor units, rate of force development, and force transmission through stiffer tendons, allowing high power production during movement (Kubo et al, 2001).
Limitations
The experiment was limited by the small sample size of 14 participants, technique variation and equipment calibration may also have affected accuracy.

Question 3 -
Does higher body mass lead to higher absolute peak power (CMJ) but similar or lower power relative to body mass (W/kg)?
Method
During this experiment, participants started by following a RAMP warm-up to reduce the risk of any injury. Following this the researcher made sure to zero the FP8 2003 force platform (HUR Oy, Kokkola, Finland) to ensure the weight of participants was measures correctly, this would’ve also helped with calibration of PP. Participants were asked to step onto the platform while it measured their weight, then following a countdown participants stood upright with feet shoulder width apart with weight distributed evenly – hands were on hips to remove any arm-swing contribution. For the jump execution, participants performed a slight squat movement then vertically jump as fast and as high as possible without pausing at the bottom of movement. This was performed 3 times to get the greatest PP. 


Results
Table 7
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Table 7 shows the distribution, spread, and shape of the 3 CMJ variables — weight, absolute peak power (CMJPP), and relative power (W/kg)

Table 8
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Table 8 shows the descriptive statistics of the overall shape, spread and tendency of the two variables.
These findings show that body mass has an influence on CMJ performance differently depending on whether power is in absolute or relative to body weight. The strong correlation between weight and absolute PP ( r =.810, p < .001) indicates that heavier individuals produce greater total power during the CMJ. However, the non-significant correlation between weight and w/kg (r = .453, p = .090) shows that this increase in power does not gain a performance advantage once body mass is included (r = .886, p < .001) suggests that neuromuscular power output, rather than body size, is the primary usage of W/kg.

Interpretation
Body mass can influence CMJ performance differently depending on whether power is expressed as absolute output or relative to body mass (W/Kg). Heavier individuals typically produce higher absolute PP due to larger body size is associated with increased muscle mass and greater potential for force production during the concentric phase of the CMJ (Markovic et al, 2014). Higher muscle cross-sectional area allows higher ground reaction forces to be generated which then increases the total mechanical power output. However – when power is expressed relative to body mass, this advantage is reduced as the CMJ requires the athlete to accelerate their own body mass during the ‘take-off’ (Cormie et al, 2009). As a result of this, increased body mass can also offset the benefits of having higher absolute force production. Relative power is then more strongly influenced by the neuromuscular characteristics such as rate of force development, impulse generation and motor unit recruitment – which then determine how rapidly force can be applied during explosive movements (Cormie et al, 2009). Therefore – CMJ performance reflects both mechanical and neuromuscular determinants of power production.
Limitations
Limitations of the CMJ test can be linked to things such as small changes in foot placement, balance and the depth of the squat. All of these can alter the force-time characteristics and PP output. Participants factors such inconsistent technique, fatigue and motivation all have an influence on jump performance. 

Conclussion
During these 3 experiments there wasn’t much consistency regarding which order the 7 mini tests were performed. This could’ve led to fatigue setting in for whichever tests were performed towards the end - this might’ve had an effect on questions 2 and 3. Question 1 was as reliable as it could have been for a small experiment performed in a lecture. Questions 1 and 2 were answered as a positive corelation, while question 3 had some indecisive answers.
Elite performance athletes may use these questions to help boost their performance – such as elite cyclists while climbing mountains and every w/kg counts. Or track cyclists may look at the second question while creating a strength and conditioning program to help perform as highly as possible when sprinting. 
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