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Master of the Seas: Engineering Buoyancy in
Trailmakers
Lesson Overview
In this lesson, students will explore the physics of buoyancy and displacement by acting as naval
engineers. Using the sandbox environment of the video game Trailmakers on Xbox One, the student
will design, test, and iterate on a watercraft to understand why some objects float while others sink.

Learning Objectives

Explain the concept of buoyancy as an upward force.
Identify the relationship between an object's weight and the volume of water it displaces
(Archimedes’ Principle).
Apply engineering design principles to create a stable, floating boat in a digital environment.
Analyze how the "Center of Mass" affects a boat's stability.

Materials Needed

Xbox One Console with Trailmakers installed.
A notebook or "Engineering Log" and a pencil.
Optional: A small bowl of water and a few household items (a grape, a LEGO brick, a metal spoon)
for a quick real-world demonstration.

1. Introduction: The Invisible Hand (The Hook)
The Question: How can a massive aircraft carrier made of 100,000 tons of steel float, while a tiny
pebble sinks to the bottom of a pond instantly?

The Concept: Buoyancy is like an "invisible hand" pushing up against objects in the water. Gravity
wants to pull the object down. Whether something floats or sinks depends on a "tug-of-war" between
these two forces.

Success Criteria: By the end of today, you will have built a boat in Trailmakers that can carry a heavy
cargo load without sinking or flipping over.

2. The Science: Why Things Float (I Do)
Before we jump into the game, let's look at the "rules" of the ocean:

Displacement: When you get into a bathtub, the water level rises. That’s because you are
pushing water out of the way. This is called "displacement."
Archimedes’ Principle: A Greek scientist discovered that the upward push (buoyancy) is equal
to the weight of the water you push out of the way. If your boat is big and hollow, it pushes away
a lot of water, creating a huge upward push!
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Density: If an object is "tighter" or heavier for its size than water (like a rock), it sinks. If it’s less
dense (like a hollow hull), it floats.

3. Guided Exploration: Testing Materials (We Do)
Fire up Trailmakers and enter the Sandbox Mode (specifically a map with water, like Treasure Island or
the Test Zone).

Step-by-Step Guidance:

Open the Build Menu: Look at the different categories. Find the "Blocks" and "Propulsion" tabs.1.
The Weight Test: Place one 2x4 "Basic Block" (Plastic) in the water. Does it float? Now, place2.
one "Iron Block." What happens?

Talking Point: Notice that even though they are the same size, the Iron Block is heavier. It
wins the "tug-of-war" against the water's upward push.

The Buoyancy Block: Find the "Buoyancy" category. These blocks are specifically designed to be3.
light and full of air. Attach four buoyancy blocks together and drop them in. Notice how high they
sit in the water.

4. The Engineering Challenge: The Cargo Transport (You Do)
The Mission: You must build a boat that can carry 10 heavy "Weight Blocks" across a stretch of water
without sinking or capsizing (flipping over).

Build Instructions:

Step 1 (The Hull): Use Buoyancy Blocks to create the "skin" of your boat. Remember: a wider
boat is usually more stable!
Step 2 (The Balance): Place your seat in the middle. If your seat is too high, your boat will be
"top-heavy" and flip. This is the Center of Mass. Keep the heavy parts low!
Step 3 (Propulsion): Add an outboard motor or underwater propellers. Don't forget a rudder for
steering!
Step 4 (The Load): Once your boat floats, start adding "Weight Blocks" one by one in the Build
Mode.

The "Think-Pair-Share" (or Reflection): If your boat starts to sink, don't give up! Ask yourself: "Do I
need more upward push (more buoyancy blocks), or do I need to lose some weight?"

5. Conclusion: Recap & Reflection
Summary: Today we learned that floating isn't magic—it's physics! We used displacement to create an
upward force called buoyancy. We also learned that where we put weight matters; if the Center of Mass
is too high, the boat flips.

Final Check:
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What happens to the water level when you put a boat in it? (It rises/displaces).
If a boat is sinking, name two things you can change to fix it. (Add buoyancy blocks, remove
weight, or make the hull larger).
Show off your boat! Does it stay upright when you turn sharply?

Differentiation & Adaptability
For Struggling Learners: Provide a "Starter Hull" template. Have them only focus on adding the
weight blocks and observing how the boat sits lower in the water with each block added.
For Advanced Learners (The Speed Challenge): Challenge them to make the boat
hydrodynamic. Can they use "Shield" or "Aerodynamic" blocks to make the boat go faster while
still remaining buoyant? Can they build a Hydrofoil?
Real-World Extension: Have the student find a plastic container at home and see how many
pennies it can hold in a sink before it sinks. Compare this to their Trailmakers build.

Assessment Methods
Formative: Observe the student during the "We Do" phase. Can they identify why the iron block
sank?
Summative: The boat must successfully carry 10 weight blocks across the water in the game.
This demonstrates a practical understanding of weight vs. buoyancy.
Logbook Check: The student should draw a quick sketch of their final boat design in their
notebook and label the "Center of Mass" and the "Buoyancy Blocks."


