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What’s the Catch?
Fish Hooks,
Not Bird Hooks
A STEM Design Challenge

Introduction
Approximately 600,000 sea birds die each year by getting caught on hooks used in line fishing. Twenty-three species of sea
birds facing extinction are vulnerable to these methods of fishing. A device called the Hookpod, invented by a UK company
in Devon, has a clever solution to this problem. The fish hook is covered by a plastic case so birds cannot get hooked. At a
certain depth (below the diving depth of indigenous birds) a mechanism is triggered to release the plastic case which floats
to the surface and is retrieved to be used again. These lesson ideas provide an interesting practical idea to use a particle
model to explain density and pressure in a gas. Students will then take part in a STEM design challenge to make a device to
respond to a pressure change at a particular depth of water.

Learning Objectives
1.

Use a particle model to describe and explain changes to density and pressure in a gas.

2.

Construct a floating device which changes density as the pressure increases.

3.

Use a method (trial and error, graphical or by calculation) to allow your device to sink independently due to the
pressure change at a set depth in a column of water.
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LE SSO N
Materials:
•

Small balloons (The type sold as water bombs/balloons are ideal)

•

Eureka Density Can (https://www.preproom.org/workshop/ws.aspx?wsID=1001)

•

Measuring Cylinders

•

10g Mass Carrier

•

Small metal washers, mixed sizes to provide a range of masses between 0.2g and 10g.

•

Suitable hook to carry washers. These can be made simply from a larger paper clip or any stiff wire.

•

Fine string/cord or strong thread

•

Balance, preferable to 0.1g

•

Bucket or deep container

•

Transparent tube sealed at one end preferably 1.2m in length. I used a sensory bubble tube £26 from Amazon. (US
Amazon Example)

•

If finances are tight, I also made one by recycling 2l clear soda bottles. You will need 6 – 8 and a method to support
them, as they are very unstable. Cut the tops and bottoms off and attach them to each other to form a tube using
insulation tape or duct tape or similar.

•

Weighted loop to act as a pulley at the bottom of tube. See photo and diagram for suggestions.

•

Access to water and a hose/large jug to fill tube.

•

EarthEcho What’s the Catch video clips

•

Hookpod demonstration

•

Worksheets:
1.

Make a float, instructions

2.

Make a float, recording

3.

Density Depth graph

4.

Testing apparatus

Introduction: Set the context of the lesson using EarthEcho What’s the Catch video Establish Our Fisheries and the
Hookpod animation https://www.hookpod.com (Select How it works from the menu, then video). If available, let students
handle the Hookpod. Ask questions to elicit ideas about how the mechanism might work or be triggered by changes in
pressure. Without a detailed understanding of pressure and density it is sufficient to appreciate that a change in pressure
may cause a change elsewhere which can trigger a mechanism or switch.
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Possible Questions:
What do you feel when you dive under water or go up in an airplane? What happens when you open a soda (especially
when it is warm or shaken)? What happens when you release the pressure on a bike or car tire? Inflate a balloon and
release it or pop it as a demonstration of changes in pressure causing a change elsewhere.

Now use a particle model to examine what pressure is in a gas and how a change in pressure can cause a change in
density.

Use a particle model to explain how a gas exerts pressure. Use model to show how increasing pressure can reduce the
volume which results in a higher density. There are some good interactive animations which demonstrate this very well.
For example: https://phet.colorado.edu/sims/html/gases-intro/latest/gases-intro_en.html

The PhET model is free and allows you to change the pressure of a gas in a box. This is an excellent use of a particle
model. Focus on changing the volume, what happens to the density? What would happen to the air in a balloon if it was
pulled deeper and deeper under water? The volume of the balloon decreases because the pressure on the outside is
increasing. This causes the density to increase. This change can be used to operate a mechanism.
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One accessible idea is that of a balance beam or seesaw. If one force increases or decreases, the balance will turn and this
can operate a switch or catch.

If the balance is submerged in water the force at each end is produced by the resultant of 2 forces, weight
and upthrust. This can be kept constant on the left using solid materials and variable on the right by using a
gas in a flexible container (a balloon) which compresses under pressure causing the volume to reduce and
density to increase and upthrust to reduce. From this point forward, the focus is on how to make a floating
weight which changes due to pressure:
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The challenge: Make a floating weight to sink when it reaches a depth of 40cm.
1.

Inflate your balloon but keep the volume small (about the size of a golf ball). Use the string to attach a
hook for the masses and washers.

2.

Now add masses and washers until it just floats. Use a deep container such as a bucket to test.

3.

Now measure the density of your float including the masses:
a.

Measure the mass (m) in grams of your float using a balance.

b.

Fill the Eureka can until water exits the spout.

c.

Put the float in the Eureka can and collect the water which is displaced in the measuring cylinder.
Use your finger to make sure the balloon is completely
submerged. Measure the volume (V) of water in the measuring
cylinder in cm³.

d.

Calculate the density () in g/cm³ using this equation: = m/V

4.

Use the Density – Depth graph to work out what the starting
density should be so that the final density at 40cm (you can select a
different depth for each group) is the same as water (1g/cm³).

5.

Add or subtract mass from your float according to your answer to
step 4.

6.

Enter the challenge.
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1.

Mass of float (balloon, weights and washers) m

g

2.

Volume of float V

cm3

3.

Density of float

g/cm3

 = m/V
4. Target Density T (from Density-Depth graph)

g/cm3

5. Change in Density   = T - 

g/cm3

6. Mass adjustment  m =   x V

G

(if this is negative take mass off the float, if positive add more)

Describe what happened to the float when it reached the target depth

Explain what happened to the float (use a particle model to help)
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Student Worksheet 4
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Appendix 1
UK GCSE syllabus:
The content is the same on all UK examination boards only the reference codes differ.
Exam board

Content

Summary

WS 1.2

Use a variety of models such as representational,
spatial, descriptive, computational, and
mathematical to solve problems, make predictions,
and to develop scientific explanations and
understanding of familiar and unfamiliar facts

Working Scientifically

WS 1.3

Appreciate the power and limitations of science and
consider any ethical issues which may arise.

Working Scientifically

WS 1.4

Explain everyday and technological applications
of science; evaluate associated personal, social,
economic and environmental implications; and make
decisions based on the evaluation of evidence and
arguments.

Working Scientifically

WS 3.2

Translating data from one form to another.

Working Scientifically

WS 3.3

Carry out and represent mathematical and statistical
analysis.

Working Scientifically

WS4.3

Use SI units (e.g. kg, g, mg; km, m, mm; kJ, J) and
IUPAC chemical nomenclature unless inappropriate.

Working Scientifically

WS4.5

Interconvert units.

Working Scientifically

AQA Synergy 4.1.1.2
AQA Trilogy 6.3.1.1
AQA Physics 4.3.1.1

Define density and explain the differences in density
between the different states of matter in terms of
the arrangements of the atoms or molecules.

Density

AQA Synergy 4.1.1.3
AQA Trilogy 6.3.3.1
AQA Physics 4.3.3.1

Explain how the motion of the molecules in a gas
is related both to its temperature and its pressure:
hence explain the relation between the temperature
of a gas and its pressure at constant volume
(qualitative only).

Particle model
gas pressure
(temperature only)
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Exam board

Content

AQA Physics 4.3.3.2

AQA Physics 4.5.5.1.1

AQA Physics 4.5.5.1.2

A gas can be compressed or expanded by pressure
changes. The pressure produces a net force at
right angles to the wall of the gas container (or any
surface).
Students should be able to use the particle model
to explain how increasing the volume in which a gas
is contained, at constant temperature, can lead to a
decrease in pressure.
For a fixed mass of gas held at a constant
temperature:
pressure x volume = constant
p V = constant

A fluid can be either a liquid or a gas. The pressure
in fluids causes a force normal (at right angles) to
any surface. The pressure at the surface of a fluid
can be calculated using the equation:
pressure = force normal to a surface ÷ area of that
surface

The pressure due to a column of liquid can be
calculated using the equation:
pressure = height of the column . density of the
liquid . gravitational field strength
[p=h.g]
Students should be able to explain why, in a liquid,
pressure at a point increases with the height of
the column of liquid above that point and with the
density of the liquid.
Students should be able to apply this equation which
is given on the Physics equation sheet.
Students should be able to calculate the differences
in pressure at different depths in a liquid.
A partially (or totally) submerged object experiences
a greater pressure on the bottom surface than
on the top surface. This creates a resultant force
upwards. This force is called the upthrust.
Students should be able to describe the factors
which influence floating and sinking.

Summary

Particle model gas
pressure (Volume)

Pressure in a fluid 1

Pressure in a fluid 2
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Next Generation Science Standards:
5-ESS3-1.
•

Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources
and environment.

MS-ESS3-3.
•

Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment.

ESS3.C: Human Impacts on Earth Systems
•

Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams,
ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources
and environments.

3-5: Use evidence to construct or support an explanation or design a solution to a problem.

3-5: Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of
the design solution.

Australian Science Curriculum

Year 8
Physical Science
Energy appears in different forms, including movement (kinetic energy), heat and potential energy, and energy
transformations and transfers cause change within systems (ACSSU155)

Science as A Human Endeavour
Scientific knowledge has changed peoples’ understanding of the world and is refined as new evidence becomes available
(ACSHE134)

Use and Influence of Science
People use science understanding and skills in their occupations and these have influenced the development of practices
in areas of human activity (ACSHE136)

Science Inquiry Skills
Collaboratively and individually plan and conduct a range of investigation types, including fieldwork and experiments,
ensuring safety and ethical guidelines are followed (ACSIS140)
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Planning and Conducting
Collaboratively and individually plan and conduct a range of investigation types, including fieldwork and experiments,
ensuring safety and ethical guidelines are followed (ACSIS140)

Processing and Analysing Data Information
Summarise data, from students’ own investigations and secondary sources, and use scientific understanding to identify
relationships and draw conclusions based on evidence (ACSIS145)

Evaluating
Use scientific knowledge and findings from investigations to evaluate claims based on evidence (ACSIS234)

Communicating
Communicate ideas, findings and evidence based solutions to problems using scientific language, and representations,
using digital technologies as appropriate (ACSIS148)

Year 10
Physical Science
Energy conservation in a system can be explained by describing energy transfers and transformations (ACSSU190)
The motion of objects can be described and predicted using the laws of physics (ACSSU229)

Science as A Human Endeavour
Advances in scientific understanding often rely on technological advances and are often linked to scientific discoveries
(ACSHE192)

Use and Influence of Science
People use scientific knowledge to evaluate whether they accept claims, explanations or predictions, and advances in
science can affect people’s lives, including generating new career opportunities (ACSHE194)

Science Inquiry Skills
Formulate questions or hypotheses that can be investigated scientifically (ACSIS198)

Planning and Conducting
Plan, select and use appropriate investigation types, including field work and laboratory experimentation, to collect
reliable data; assess risk and address ethical issues associated with these methods (ACSIS199)

Processing and Analysing Data Information
Analyse patterns and trends in data, including describing relationships between variables and identifying inconsistencies
(ACSIS203)
Use knowledge of scientific concepts to draw conclusions that are consistent with evidence (ACSIS204)
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Evaluating
Evaluate conclusions, including identifying sources of uncertainty and possible alternative explanations, and describe
specific ways to improve the quality of the data (ACSIS205)

Communicating
Communicate scientific ideas and information for a particular purpose, including constructing evidence-based arguments
and using appropriate scientific language, conventions and representations (ACSIS208)

Technologies Contexts: Materials and Technologies Specializations – Analyze ways to create designed solutions through
selecting and combining characteristics and properties of materials, systems, components, tools, and equipment. (VCDSTC048)

Creating Designed Solutions: Investigating – Critique needs or opportunities for designing and investigate, analyze, and
select from a range of materials, components, tools, equipment, and processes to develop design ideas. (VCDSCD049)
•

Generating: Generate, develop, and test design ideas, plans, and processes using appropriate technical terms and
technologies including graphical representation techniques. (VCDSCD050)

•

Producing: Effectively and safely use a broad range of materials, components, tools, equipment, and techniques to
produce designed solutions. (VCDSCD051)

•

Planning and Managing: Use project management processes to coordinate production of designed solutions. (VCDSCD053)
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Appendix 3
Rubric
There are many ways this resource can be used but it is probably most useful with ages 14 -16 (GCSE in the English
curriculum). The criteria below is hierarchical and the steps are broadly in line with current GCSEs.
Step

Calculations

Description and Explanation

9

8

7

Describe or explain processes or phenomena,
logically and in detail, making use of abstract
ideas and models from different areas of science.

6

Make explicit connections between abstract
ideas and/or models in explaining processes
or phenomena.

5

Use abstract ideas or models or multiple
factors when explaining processes or
phenomena. Identify the strengths and
weaknesses of particular models.

4

Independent correct use of simple
mathematical techniques

Use abstract ideas or models of more than one
step when describing processes or phenomena.
Explain processes or phenomena, suggest
solutions to problems, or answer questions by
drawing on abstract ideas or models.

3

Correct use of simple mathematical
techniques with support. E.g, substitute
values into algebraic expressions

Use simple models to describe scientific
ideas.

2

Use of simple mathematical techniques with
support

Represent things in the real world using
simple physical models.

1

Identify basic features of objects and events
and link them to their purpose or function.
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