IMMC 2026 Problem F (Greater China, Winter) (English &jf4& %<8
(For Teams of Junior Secondary School Only)

Halteres: Ancient Greek biohacking in modern school

The standing long jump is a part of both
standard high school physical education classes
all over the world and of the Olympic Games in
Ancient Greece. Yet, the Greek way to do the
jump was notably different: they used
additional paired weights (so-called “halteres”)
held in hands and moved in a special pattern.
Counterintuitively, this did increase the length
of the jump!

In the recent 20 years, there was a number of
scientific  publications investigating and
explaining this phenomenon such as research by
Huang et al. (2005), Filush (2012), and Tai et
al. (2021). A good “pop-science” summary is in | :
the video by YouTube channel “The Action Lab™:
https:// www.youtube.com/watch?v=M72wHrPDBKQ

(Image 1 from the British Museum, Asset Number 100399001.)
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. . . . (Image 2 from the Internet.)
In short, the weights permit to accumulate additional energy during the

propulsive stage of the jump due to a longer propulsion. Some works (e.g. Filush, 2012) considered
the Greek technique of releasing the halteres in the end stages of the jump. Many works analysed
fine biomechanical aspects of the phenomenon and used sophisticated measuring devices. Huang et
al. (2005) determined the optimal weight of the halteres to be 8% of the body weight of the person.

The experiments in these works were done either on university students of 21-26 years old or with
fixed weights. For junior high school students, the optimal weight may be quite different — due to
different biomechanics of the still developing body.


https://www.youtube.com/watch?v=M72wHrPDBKQ

Tasks

Design and run the required data-collection procedure on volunteering junior high school

students — let them familiarise themselves with the halteres technique and measure their
standing long jump distances without any additional objects and with halteres of different
weights (which can be standard dumbbells or any other convenient objects). Measure the
required parameters of the jumpers (weight, height, age, sex, and other parameters that you
consider to be important). In the resulting report, describe your logic behind the choice of
measurement procedure and the choice of parameters to be measured. Give a good

description of the collected data. Take into account the following:

a. Test only the jump techniques without releasing the halteres — both for safety
reasons and to reduce the variability. Test two techniques: (i) the “classic” one with
moving the halteres to the back in the end of the jump; (ii) with the halteres left
forward of the jumper’s body.

b. The jumps are not independent experiments if happen too close in time. The people
do fatigue.

c. The newly learnt technique may improve with the number of repetitions.

d. Exercise safety! The halteres may slip and unintentionally fly forward or back.

Choose safe directions when jumping!

Analyse the obtained data (i.e. build a descriptive mathematical model of the data) and
determine the optimal weight of the halteres as a percentage of the body mass of the

jumpers.

Analyse how the weight of the halteres affects the distance of jumping of the same person.
Huang et al. (2005) in their Fig.1 collate data from different persons and approximate it

with a parabola, but it can be an inappropriate model for individual persons.

Build a mathematical model that explains the optimal halteres weight as a function of not
only body weight, but all other jumper’s parameters that you consider relevant and

measurable. How much more precise is this model as compared to your model from Task
2?

References:

C. Huang et al., 2005. The Effect Of Hand-Held Weights On Standing Long Jump
Performance. International Symposium on Biomechanics in Sports (Conference ISBS
2005).

A. Filush, 2012. Effect of Using Hand-Weights on Performance in the Standing Long
Jump. Masters Theses, Grand Valley State University, Michigan, USA.

W-H Tai et al., 2021. Acute Effects of Handheld Loading on Standing Broad Jump in
Youth Athletes. Int J Environ Res Public Health.18(9):5046.



Glossary

Halteres: a type of dumbbell used in ancient Greece.

Submission

Report submitted by your team should contain a 1-page abstract and the main text should not exceed
20 pages. Appendices and references should follow the main text and do not count towards the 20-
page limit

Special Note

The principles of Honor System of IMMC also applies to the use of LLMs (large language models)
or generative Al tools. If a team uses any large language model or generative Al tool in completing
the modeling tasks, from problem research, model development, programing to paper/report writing,
the team must make honest, open and transparent disclosure, including making in-text citations and
detailing relevant content in the "References" section. It should be recognized that although large
language models or generative Al have the advantages of productivity tools, they also have obvious
shortcomings and pose risks to users (such as Al-generated content containing Al hallucinations or
possible plagiarism in the produced content). Whether or not using large language models or
generative Al tools itself in the team’s work has no impact on judges' evaluation; the judges seriously
remind every team that if any Al tool would be used, use it responsibly, correctly, honestly, open and
transparently.
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