
Guiding Inquiry Card:
Hydraulic Arcade

Identify how the mechanical advantage of 
hydraulic and pneumatic machines can be 
used to make games fun and functional

Develop a set of inquiry questions and 
make observations at each station to 
help you answer those questions!

Your team should aim to explore the 
four stations within 30 minutes

Teacher Version
These cards were created to assist you in guiding your learners through this learning 

experience and help meet their learning needs. Each card includes actionable steps for learners 
to work through, which are modifiable to their stage of skill development. Each challenge also 

includes a selection of questions to encourage your learners to expand and diversify their 
thinking throughout the inquiry process. 

While this document outlines a learning experience, it is not meant to be prescriptive. Rather, 
the intent is that, depending on your teaching goals and level of comfort with the inquiry 

process, you may modify this learning experience in length, content, or any other way you see 
fit to best suit the needs of you and your learners.

Let’s get inquiring! 



Identify how the mechanical advantage of 
hydraulic and pneumatic machines can be 
used to make games fun and functional

Develop a set of inquiry questions and 
make observations at each station to 
help you answer those questions!

Your team should aim to explore the 
four stations within 30 minutes

Supporting Resources, Documents, and Suggested Materials

1. Workshop videos: Available on the Discovery Centre website (https://thediscoverycentre.ca/driving-discovery/)
I. Video 1 – Introduction
II. Video 2 - A-maze-ing Air and Water
III. Video 3 – Body Systems
IV. Video 4 - Make Your Own Go-Kart Track Vehicle!

2. Teacher Inquiry Card (This is the Teacher Inquiry Card)

3. Student Inquiry Card: Available on the Discovery Centre website (https://thediscoverycentre.ca/driving-discovery/)

4. Observation Research Card: Available on the Discovery Centre website (https://thediscoverycentre.ca/driving-discovery/)

5. Suggested materials for Challenge 1:
I. Exploration 1 (A-maze-ing Air and Water): Water- and air-filled balloons, baggies, or bottles for each student
II. Exploration 2 (Sink it to Win it): Suggested materials depend on what model you and your learners choose to make

i. Cartesian diver (as seen in workshop video): Plastic bottle; condiment packet, balloon, or eye dropper; water; salt; small 
weights, plasticene, or clay

ii. Swim bladder: Plastic bottle, balloon or bag, tube or straw
iii. Human respiratory system: Plastic bottle, 3 balloons, straw or tube, tape

6. Suggested materials for Challenge 2 (Make Your Own Go-Kart Track Vehicle): Suggested materials depend on the style of vehicle learners 
wish to make and on the materials they have available. Consider using tubing or straws, syringes, balloons or plastic bags, cardboard, 
plastic film or sheeting, tape, plastic bottles, compact discs
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Identify how the mechanical advantage of 
hydraulic and pneumatic machines can be 
used to make games fun and functional
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Workshop Overview

Introduction
a. To facilitate the Introduction, you may need: 

i. Video 1: Introduction
Challenge 1: Explorations

Exploration 1: A-maze-ing Air and Water
a. To facilitate this exploration, you may need:

i. Video 2: A-maze-ing Air and Water
ii. Observation Research Card
iii. Tactile hydraulic and pneumatic analogues or in-class models

Exploration 2: Body Systems
b. To facilitate this exploration, you may need:

i. Video 3: Body Systems
ii. Observation Research Card
iii. Materials to develop their own body system model

Challenge 2: Make Your Own Go-Kart Track Vehicle
a. To facilitate this challenge, you may need: 

i. Video 4: Make Your Own Go-Kart Track Vehicle!
ii. Observation Research Card

Challenge 3: Share your vehicle design
a. To facilitate this challenge, you may need:

a. Observation Research Card
b. Final Vehicle Designs

Guiding Inquiry Card:
Hydraulic Arcade



Guiding Inquiry Card:
Hydraulic Arcade

Driving Question
How can we investigate the 

power of air and water and their 
ability to do work?

Challenge 1
Identify how the mechanical advantage of 
hydraulic and pneumatic devices can be used 
to make games fun and functional

Skills 
Breakdown

Ask and revise questions 

• by developing questions about how hydraulics and pneumatics work and how their functionality may 

be different; learners may adjust these questions as they explore the different devices 

• by sharing questions to help determine which are simple and which are complex (having a mix of 

both is ideal), and determining which questions are most important for guiding their observations 

during each exploration

• by highlighting the questions that they will need to address to in order to develop their own hydraulic 

or pneumatic vehicle

Locate several relevant and dependable details to support an answer 

• by using their inquiry questions to examine each device and record observations about the 

functionality of each, including how each achieves mechanical advantage

• by describing how the device in each exploration could be improved by different materials, design, or 

more efficient use of mechanical advantage 

Competency 
Breakdown

Critical Thinking (CT)

• by using critical thinking skills to inquire about hydraulics and pneumatics, understand how mechanical 

advantage is achieved, and solve problems related to the development of their own hydraulic or pneumatic 

design

• by recognizing critical thinking is purposeful and understanding what information will help them in the 

development of their own design and demonstrating curiosity, inquisitiveness, and creativity, flexibility, and 

persistence, open and fair mindedness during their exploration of each device 

• by asking powerful questions about the different hydraulic and pneumatic devices to support inquiry, 

decision-making, and problem solving for the development of their own design

Goals for Learners

• Determine what they would like to learn 
from each exploration 

• Gain a deeper understanding of kinetic 
molecular theory and the properties of air 
and water

• Make detailed observations about 
hydraulics and pneumatics

• Determine how air and water have 
different abilities to do work

Suggested Materials

• Video 1: Introduction
• Student Inquiry Cards
• Observation Research Card



Driving Question
How can we investigate the 

power of air and water and their 
ability to do work? Skills 

Breakdown

Ask and revise questions 

▪ by revising their original questions to wonder about how the maze games function 

using hydraulics and pneumatics, which system performs the task most effectively, 

and why

Locate several relevant and dependable details to support your answer 

▪ by making detailed observations about how each maze uses a hydraulic or 

pneumatic system to achieve mechanical advantage, and how these systems 

perform the task differently 

▪ by identifying the type and range of motion performed by each machine and 

exploring the similarities and differences between each maze game, noting which 

elements could be used in their own hydraulic or pneumatic machine and how each 

design could be improved 

Competency 
Breakdown

Critical Thinking (CT)

• by asking powerful questions about the mazes to support inquiry, decision-making, and 

problem solving for the development of their own design

• by acquiring, interpreting, and synthesizing relevant and reliable information from a 

variety of sources including the workshop videos, their own physical models, and the ideas 

of their peers

• by using their observations to draw conclusions about the functionality of each maze 

game, make decisions about how their will use this information for their own design, and 

solve problems related to hydraulics and pneumatics

Challenge 1: Exploration 1 

A-maze-ing Air and Water

Goals for Learners

• Ask inquiry questions and make observations 
that will help guide the development of their 
own hydraulic or pneumatic vehicle

• Determine how the functionality of hydraulic 
systems is different than that of pneumatic 
systems

Challenge 1: Exploration 1

Explore the video examples of mechanical 
hydraulic and pneumatic systems, including the 
Hydraulic Arcade maze games

Suggested Materials
• Video 2: A-maze-ing Air and Water
• Student Inquiry Cards 
• Observation Research Card
• Hydraulic and pneumatic system tactile analogues 

(water an air-filled balloons, bottles, or baggies)



Identify how the mechanical advantage of 
hydraulic and pneumatic machines can be 
used to make games fun and functional

Develop a set of inquiry questions and 
make observations at each station to 
help you answer those questions!

Your team should aim to explore the 
four stations within 30 minutes

Exploration 1 Inquiry Questions

• How might you design your own arcade game using the materials around you?
• How can computer technology and the mechanical advantage of hydraulics be combined to solve 

problems and make work easier? 
• In a Canadian climate, what sort of challenges might manufacturers face when wanting to use 

hydraulics? How could this be solved? 
• How can we effectively merge new technology and more traditional methods of performing 

work?   
• How might communication impact the way the games are played? 

• What would you improve about each of the games?
• What features do you consider important in a “good” maze design? Why are these features 

important to you?
• How else could the maze games be used?

Exploration 1: 
A-maze-ing Air and Water



Driving Question
How can we investigate the 

power of air and water and their 
ability to do work? Skills 

Breakdown

Ask and revise questions 

▪ by revising their original questions to include pneumatic body systems and adjusting those 

questions as they explore how to build their own pneumatic body system model 

▪ by considering how each system functions to suit the needs of the organism, and how their 

models demonstrate the relationship between volume, pressure, and density of gases 

▪ by thinking about how the function and role of these body systems might be different were 

they hydraulic rather than pneumatic

Locate several relevant and dependable details to support your answer 

▪ by examining the human respiratory system and fish swim bladder

▪ by recording observations about how the pneumatic body systems function while building 

their own models 

▪ by outlining guidelines with their peers that they will use to score points using their 

cartesian divers and trying to score as many points as possible with their models

Competency 
Breakdown

Critical Thinking (CT)

• by using critical thinking skills to inquire about how different body systems use hydraulics or 

pneumatics, make decisions and solve problems in order to develop their own model

• by considering and valuing the diverse ideas and contributions of others who hold diverse points 

of view to make a fair point system that their peers can all agree on

• by acquiring, interpreting, and synthesizing the diagrams to help them develop their model and 

understand the relationship between pressure and volume of gases 

Goals for Learners

• Make observations about how different organisms use 
hydraulic or pneumatic systems

• Ask inquiry questions that will help guide the 
development of their own hydraulic or pneumatic 
vehicle

• Develop a cartesian diver OR a lung model OR a fish 
swim bladder

• Understand the relationships between volume, 
pressure, and density

Challenge 1: Exploration 2

Explore hydraulic and pneumatic body systems

Suggested Materials

• Video 3: Body Systems
• Student Inquiry Cards including: Human 

Respiratory System Diagram, Swim Bladder 
Diagram, or Cartesian Diver Diagram

• Materials to complete their preferred model
• Observation Research Card

Challenge 1: Exploration 2 
Sink it to Win it
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Cartesian Diver 
Step-By-Step Instructions

1. Watch Video 3: Body Systems
2. Review the Cartesian Diver diagram (included within the Inquiry Cards)
3. Match the available materials to the diagram 

A. Bottle with liquid: Ocean, river, or lake
B. Balloon, condiment packet, eyedropper, pen cap with plasticine: Fish (“Diver”) with a swim bladder

4. Fill your bottle almost fully with liquid 
i. Try this: compare how the Diver moves through different liquids! Add salt to your water; how does this 

addition affect the buoyancy of your Diver?
5. Insert the Diver and ensure it floats near the top
6. Secure the lid on your bottle
7. Squeeze and watch your Diver begin to move!
8. Determine guidelines for scoring points with the Divers

i. Some suggestions for points include greatest number of dives per minute, longest time spent at a 
specific depth, fastest dive, and slowest dive. These point categories can be used as a guide, but we 
encourage you to get creative and develop your own point system with your class!

9. Achieve as many points as possible!

Exploration 2: Sink it to Win it 
Option 1: Cartesian Diver



Cartesian Diver Card:
Hydraulic Arcade 

Guiding Question
How do swim bladders in fish 
use the inverse relationship 

between the density and 
volume of air to function? 

Exploration 2:
Sink it to Win it

How Do We Use This 
Card?

Use this card to help guide 
you in designing your 
Cartesian Diver

One (1) condiment 
packet; eyedropper; 
balloon (a small 
object that contains 
some enclosed gas)
A fish (more 
specifically, a fish’s  
swim bladder)

One (1) water-filled 
bottle
Ocean, river, or lake
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Respiratory System
Step-By-Step Instructions

1. Watch Video 3: Body Systems
2. Review the respiratory system model diagram (included within the Inquiry Cards)
3. Match the available materials to the diagram 

A. Bottle cap: Nose and mouth 
B. Branched straw (single straw with two branches coming off): Trachea + 2 bronchi
C. Small balloons: Lungs  
D. Large balloon: Diaphragm  
E. Plastic bottle: Chest  

4. Using tape, attach a small balloon to the right branched straw and do the same for the left branched straw 
A. This should be airtight; try blowing through the top of the straw, without touching your lips to it, to make sure your 

seal is good enough for your lungs to inflate  
5. Remove the bottle cap from the plastic bottle and push the trachea part of the branched straw through the inside of the 

bottle cap 
6. Secure the placement of the straw with some tape
7. Carefully twist the bottle cap (along with the attached straws and balloons) back onto the plastic bottle  
8. Secure the large balloon around the opening at the bottom of the plastic bottle; you may want to ask for assistance from a 

teammate for this  
9. Pull on the large balloon to make the lungs inflate; if they do not inflate, make sure the seal around the large balloon and 

bottle cap are adequate 

Exploration 2: Sink it to Win it 
Option 2: Respiratory System



Respiratory System Card:
Hydraulic Arcade 

Guiding Question
How do our lungs use the 

inverse relationship between 
the pressure and volume of 

air to function? 

Exploration 2:
Sink it to Win it

How Do We Use This 
Card?

Use this card to help guide 
you in designing your lung 
model

One (1) bottle 
cap (with hole)
Nose (nasal 
cavity)
Mouth (oral 
cavity)

Two (2) small 
balloons 
(multicoloured)
Lungs

One (1) large 
balloon (white)
Diaphragm 

One (1) 
plastic 
bottle
Chest 
(thoracic 
cavity)

One (1) branched straw 
Windpipe (trachea) and 
two bronchi 
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Swim Bladder 
Step-By-Step Instructions

1. Watch Video 3: Body Systems

2. Review the fish bladder diagram  (included within the Inquiry Cards)
3. Match the available materials to the diagram 

A. Bottle: Fish body
B. Balloon:  Swim bladder
C. Tubing or straw: Pneumatic duct

4. Using tape, attach a balloon to one end of the tubing or straw
A. This should be airtight; try blowing through the top of the straw, without touching your lips to it, to make sure 

your seal is good enough for the swim bladder to inflate
5. Remove the cap from your bottle and push the balloon attached to the tubing or straw into the bottle

A. If you are using a plastic bottle, add weight to your bottle so that it sinks below the surface of the water           
6. Secure the placement of the tubing or straw with tape
7. Put your bottle in a sink, bathtub or other large container of water
8. Use the tubing or straw to add air to your swim bladder, without touching it to your lips, and watch your fish start 

swimming!

Having trouble achieving neutral buoyancy? Consider what you could add to or take away from either your model or the 
experimental set up that would help your fish settle more easily into the water!

Exploration 2: Sink it to Win it 
Option 3: Fish Swim Bladder



Swim Bladder Card:
Hydraulic Arcade 

One (1) balloon or bag: 
Gas-filled swim bladder

One (1) tube or straw: 
Pneumatic duct

Guiding Question
How do swim bladders in fish 
use the inverse relationship 
between the pressure and 
volume of air to function? 

Exploration 2:
Sink it to Win it

How Do We Use This 
Card?

Use this card to help guide 
you in designing your swim 
bladder model

One (1) bottle: 
Fish body

Image: 
https://www.sciencebuddies.org/
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Exploration 2 Inquiry Questions

• How does the size and shape of your chest change when you breathe in and out? How does this volume 
change allow air to enter our lungs? 

• How can you identify when the respiratory model is “inhaling” or “exhaling”? 
• How can our Cartesian Diver, lung, and fish swim bladder models show us the relationships between pressure, 

density, and volume? Do you find this easier to understand these relationships with the models or with the 
PASCO sensor? 

• Were you surprised by how many animals use a hydraulic or a pneumatic system to survive?
• What parts of these models are accurate in representing these systems and which parts are inaccurate? What 

might this tell us about models in general? 
• What other systems in the body run on the properties of liquids or gases? How do they interact with the 

respiratory system?  How might the human respiratory system function differently if it were hydraulic instead 
of pneumatic?

• If the respiratory system or swim bladder were to stop working in a living animal, how might that failure affect 
other systems in the body? Which systems would be impacted the most? Could the animal still survive?

• In what sort of careers might models like these be important to build and use? 

Exploration 2: 
Sink it to Win it



Guiding Inquiry Card:
Hydraulic Arcade

Driving Question
How can we investigate the 

power of air and water and their 
ability to do work?

Challenge 2

Develop a hydraulic or pneumatic 
vehicle

Skills 
Breakdown

Organize and compare details 

• by compiling their observations from each exploration, identifying which will be the most 

informative for their own development process

• by listing, from their observations, similarities and differences between the different 

hydraulic and pneumatic systems

• by using their comparisons between systems to select the type of system they will use to 

power their vehicle

• by defining the most important components to bring to their own design

• by determining how mechanical advantage can be achieved and modified within a system

• by collecting their questions, observations, and reasoning behind the design of their vehicle 

in preparation for discussion

Competency 
Breakdown

Creativity and Innovation (CI)

• by taking responsible risk, accepting critical feedback, reflecting, and learning from trial 

and error in order to develop their own vehicle design using their gathered information

• by thinking divergently, and embracing complexity and ambiguity of the information 

gathered to understand how they can use this information to help them develop their own 

vehicular design 

• by using creation techniques to generate their own innovative vehicle design

• by critically reflecting on creative and innovative works and processes to determine how 

they will effectively and efficiently develop a working vehicle design

Goals for Learners

• Compare the properties and functions 
of hydraulic and pneumatic devices

• Develop their own functional hydraulic 
or pneumatic vehicle

Suggested Materials

• Video 4: Make Your Own Go-Kart Track 
Vehicle!

• Observation Research Card
• Materials to build a vehicle (e.g., tape, 

egg cartons, compact disc, balloons, 
plastic containers, tubing, etc.)
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Step-By-Step Instructions
1. Sketch a design for a vehicle that can race on a track using a hydraulic or 

pneumatic system
A. A complete design should include how the vehicle will move, what 

system (hydraulic or pneumatic) it will employ to achieve movement, 
and what materials will be used

2. Collect the vehicle materials (car body, wheels, tape, anything you think 
you will need)

3. Assemble the vehicle according to the design
4. Try it out! Observe the vehicle’s function and identify any weaknesses in 

the design
5. Modify the vehicle as necessary to make improvements

Challenge 2:
Make Your Own Go-Kart Track Vehicle
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Examples to Help Guide the Design Process

Challenge 2:

Make Your Own Go-Kart Track Vehicle

*Please note: These designs are meant as a Teacher Resource only and are not meant as examples for your learners to 
copy. 
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Challenge 2 Inquiry Questions
• How could your vehicle be used for fun or to perform a task?

• Are there other uses for this machine? Who might benefit from your design and why? 
• What features of your design make it stand out from other designs? Were these features included on purpose?

• Did your design turn out as you had imagined? Why or why not?
• What modifications did you make to your design plan during the development phase?

• How could you make your machine more sustainable? Think of other possible materials or designs.  
• What are the advantages and disadvantages of having a sample template? 

• What are the advantages and disadvantages in using reusable materials for our machines? 
• What sort of challenges might be faced by engineers using water as their means of producing a mechanical advantage? 

How could these be solved? 
• What other everyday substances can be used as a source of energy? 

• How did the questions you asked about the machines and biological systems from the other parts of this workshop 
help you in the development of your own machine?

• What types of careers have open-ended innovation and exploration like this? Would you be interested in a career with 
no set “To-Do” list? 



Guiding Inquiry Card:
Hydraulic Arcade

Driving Question
How can we investigate the 

power of air and water and their 
ability to do work? Skills 

Breakdown

Identify relationships and recognize represented perspectives  

• by sharing their vehicle design, recognizing how each learner’s vehicle is unique, and offering ideas as 

to why their peers may have chosen to include different design elements

• by identifying and explaining the relationships between pressure, density, volume, surface area, and 

mechanical advantage using the devices they explored in the workshop, their own vehicle, and the 

vehicles of their peers

Communicate findings  

• by discussing how their design functions (this may be theoretical, depending on how far they got in 

the design process) and how their arcade research assisted them during development

• by incorporating terms like pressure, volume, density, and mechanical advantage in their 

presentations

• by using their vehicle to illustrate the types of problems that are solved by hydraulics and pneumatics 

and discussing other applications of hydraulics and pneumatics outside of transportation

Competency 
Breakdown

Communication (COM) 

• by listening and interacting purposefully and respectfully to their peers as they share their designs and findings 

• by engaging in constructive and critical dialogue with their peers about the various vehicle designs in order to 

understand how they should function, whether they function properly, and how to improve upon each design

Personal Career Development (PCD)

• by connecting their learning to personal and career development while reflecting on the many careers and 

industries that rely on knowledge of how hydraulic and pneumatic systems function

• by considering the importance of learning and working in diverse, evolving environments and recognizing how the 

unique design of each of their peers could benefit their own design in some way 

Challenge 3

Present your findings

Goals for Learners

• Share their hydraulic or pneumatic vehicle 
designs and discuss their design choices

• Suggest modifications for their own design 
and the designs of their peers

• Reflect on the numerous applications of 
hydraulics and pneumatics in both the 
manufactured and natural world

Suggested Materials

• Observation Research Card (including all 
compiled information, questions, 
observations, and vehicle designs)

• Student Inquiry Cards
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Final Inquiry Questions

• When would you choose a hydraulic system over a pneumatic system? When would you choose a pneumatic system over a hydraulic system? 
• What types of careers might use pneumatic and hydraulic systems?  

• Why was it important to spend time researching and testing the games and models before designing your own machine? 
• What questions would you ask to gain a better understanding of hydraulic systems? Who might you ask them to? 

• How can hydraulics and pneumatics be used by other industries to reduce energy consumption? 
• What other applications could hydraulics and pneumatics have? 

• Are air and water truly “free” resources? Why or why not?
• What sort of considerations should you make when using a resource from an area? Who needs to be consulted?

• What other liquids and gases may be used in pneumatic or hydraulic systems respectively? How might their functionality differ from commonplace air 
and water?

• What natural systems use the power of air and water to function and how do they do so? Can you think of any natural, but not living, systems that rely 
on hydraulics or pneumatics?

• What are other forms of renewable energy? How might you improve them with the addition of hydraulics and pneumatics? 
• What are the advantages and disadvantages of using energy efficient machines?  Of using recycled materials when making devices?

• In what types of careers do we need to research and test the designs of others? 
• How do the properties of viscosity, density, and pressure relate to hydraulic and pneumatic systems? 

• Did the power of air and water surprise you? Why or why not?  

*Looking for more? Check out our Offshoots, which provide sample learning experiences that continue this workshop into all areas of the curriculum, 
using the appropriate skills continuum


