Analysing the Standing Vertical Jump


Abstract
This study investigated how vertical jump mechanics change with effort by comparing low and high jumps using motion analysis. A single participant performed jumps at two intensities, and trunk and knee angles were measured using Dartfish software. Results showed that the high jump involved greater joint movement and force generation, particularly through deeper knee and trunk flexion. These findings support the idea that the body adjusts its movement strategy based on jump height

Introduction
The standing vertical jump is a common test used in sports and exercise science to measure how powerful the lower body is, especially in explosive movements. It’s important in many sports, particularly those that involve sprinting, jumping, or quick direction changes (Zahalka et al., 2021). Although the jump may seem simple, it requires good coordination between muscles and joints to do it well and safely. Understanding how people jump can be useful in many ways. You could study jumping to improve performance, prevent injuries, and understand how the body moves. One way to study jumping is to compare jumps from different heights or with different levels of effort. This can help show how the body changes its movement depending on how high it needs to go.
This study looks at how the technique of a vertical jump changes when performed at two different effort levels submaximal and maximal. By examining these differences, we can learn how an athlete’s movement is affected by the height of jump and effort. In the study, I have used a motion analysis software that was used to analyse a jump at two different intensities. The jumps were broken down, looking closely at how the joints and muscles worked, what kinds of muscle contractions occurred, how much motion happened at each joint, and how the body moved. The main aim was to find out the difference between effort levels and to use these insights to improve technique, boost power, and spot any risky movement patterns that could lead to injury. 
I believe the body's movement will be different between low and high vertical jumps, with the high jump needing more force, deeper joint bending, and longer time in the air.

Methods
This experiment was carried out indoors in a safe, open space with a flat, non-slip floor. I recorded one person performing two different types of jumps: one at a low height and one at a higher height. The person jumping was a young male with no injuries or health issues. The aim was to compare how their body moved in each jump, focusing on joint angles and time in the air.
To study the body’s movement, I used the Dartfish app to capture a clear side view. The jumper performed two or three low jumps and two or three high jumps. I chose the clearest video from each group to analyse.  This software allowed me to measure the angles of the trunk and the knee during take-off, time in the air and landing in both types of jumps. I recorded the data in a table and created graphs to show the differences between the two jump heights.

Results
This section presents the data collected from the analysis of the low and high vertical jumps. Key measurements included the angles of the trunk and knee during the whole jump. The results are shown in the graphs to highlight the differences in body movement between the two jump heights. These comparisons help to show how the body adjusts its position and movement depending on the intensity of the jump.

Figure 1 - The trunk during the execution of the low-height jump
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Figure 2 - The trunk during the execution of the higher-height jump
[image: ]

Figure 3 - The knee during the execution of the low-height jump
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Figure 4 - The knee during the execution of the higher-height jump
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Figure 5 – Comparing the trunk during the execution of the low and higher height jump
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Figure 6 - Comparing the Knee during the execution of the low and higher height jump
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Discussion

The results of this project showed clear differences between the low and high jumps. As you can see by the graphs one of the biggest differences was the time spent in the air, as expected, the person stayed in the air longer during the high jump compared to the low jump. This makes sense because jumping higher requires more force, which gives the body more upward movement and results in a longer flight time.
There is a clear difference between the low and high jumps, as illustrated in Graphs 1 and 2. In the low jump (Graph 1), the trunk angle remains relatively stable throughout the movement, indicating a more controlled and less forceful effort. In contrast, the higher jump (Graph 2) shows a much greater change in trunk angle, reflecting a larger range of motion and suggesting that more power was produced during take-off. Specifically, in the low jump, the trunk angle shifts from 177.8° at 1.0 seconds to 164.4° at 1.2 seconds—a relatively small change. However, in the high jump, the trunk angle moves from 174.1° at 0.9 seconds to 96.2° at 1.1 seconds, showing a much more dramatic adjustment. These values support the observation that the low jump was more consistent and controlled, while the high jump required greater movement and explosive force. 
Graphs 3 and 4 reveal noticeable differences in knee angle dynamics between the low and high jumps. In the high jump (Graph 4), the knee angle increases more rapidly and reaches a higher peak within a shorter time frame. For example, at 0.8 seconds the angle is 124.4°, and by 0.9 seconds it rises sharply to 172.4°. In contrast, the low jump (Graph 3) shows a slower increase, with the angle moving from 119.2° at 0.8 seconds to 179° at 1.0 second. This steeper and faster rise in Graph 4 suggests a more forceful knee extension, likely resulting from greater knee flexion in the preparation phase. This pattern may reflect a more effective storage and release of elastic energy, contributing to a more explosive take-off and higher jump. Additionally, Graph 4 shows a rapid drop in knee angle following the peak, falling from 172.1° at 0.9 seconds to 112.1° at 1.0 seconds. This suggests a quick and forceful landing phase. On the other hand, Graph 3 displays a more gradual decline—from 179° at 1.0 second to 144.5° at 1.4 seconds—indicating a longer duration at peak extension. This may reflect a more controlled and less intense jump, with reduced loading and landing forces.
Graphs 5 and 6 were added to clearly compare low and high jumps. Showing them side by side makes it easier to spot key differences in how the body moves during each jump. This visual format helps us better understand how the body reacts to different jump intensities. The graphs support the findings by reinforcing the numerical data and strengthening the overall analysis. They help improve understanding of complex information, making it easier to interpret, and can also reveal trends over time. (CLRN, 2024)
Conclusion
This investigation clearly showed that the body adapts its mechanics based on the height of a jump. As expected, the higher jump required more force to achieve greater height, which was reflected in the increased range of motion in both the trunk and knee joints. The participant demonstrated deeper knee and trunk flexion during the preparation phase of the high jump, likely to generate more power during take-off and to better absorb impact upon landing. 
Although the results supported our initial hypothesis, the study had some limitations. Only one participant was tested in a controlled indoor setting. Future studies could include a larger sample size and more precise motion tracking tools. Nonetheless, this project effectively highlights how jump mechanics change with intensity.
Refference List
CLRN (2024). Why are graphs useful when interpreting data? - California Learning Resource Network. California Learning Resource Network. Accessed on the 29th of April.
Harato, K., Morishige, Y., Niki, Y., Kobayashi, S. and Nagura, T. (2021). Fatigue and recovery have different effects on knee biomechanics of drop vertical jump between female collegiate and recreational athletes. Journal of Orthopaedic Surgery and Research, 16(1). doi:https://doi.org/10.1186/s13018-021-02893-6 Accessed on the 29th of April.
Tong, Z., Zhai, F., Xu, H., Chen, W. and Cui, J. (2021). Variable Heights Influence Lower Extremity Biomechanics and Reactive Strength Index during Drop Jump: An Experimental Study of Male High Jumpers. Journal of Healthcare Engineering, 2021, pp.1–7. doi:https://doi.org/10.1155/2021/5185758 Accessed on the 29th of April.
Trent Hargens (2021). Acsm’s Resources For The Personal Trainer. Editorial: New York: Wolters Kluwer Medical. Accessed on the 29th of April.
Zahalka, F., Maly, T., Ford, K., Sugimoto, D., Mala, L., Hank, M. and Bujnovsky, D. (2021). Vertical Jump Performance: Relevance For Competition Success In Elite Soccer. Medicine & Science in Sports & Exercise, 53(8S), pp.48–48. doi:https://doi.org/10.1249/01.mss.0000759644.82994.50 Accessed on the 29th of April.
















image5.png
knee

‘knee'

02 03 04 05 06 07 08 09 1
time

1112 13 14 15 16 17 18





image4.png
knee

‘knee'

02 03 04 05 06 07 08 09

1112 13 14 15 16 17 18





image2.png
tnk

‘trunk’

02 03 04 05 06 07 08 03 1 11 12 13 14 15 16 17 18
time





image6.png
Comparing the trunk during the execution
20

150
10
5

02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18
time.

—lowjump  —higherjump




image7.png
Comparing the Knee during the execution

150

10

02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18
time.

—lowjump  —highiump.




image3.png
tnk

'trunk’

02 03 04 05 06 07 08 09 1

11

12 13

1415

15 17

18





