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The Great Bake-Off Science Lab: States of
Matter in the Oven

Materials Needed

Required Ingredients & Tools (Standard Recipe for Simple Vanilla
Cake/Muffins):

Dry Ingredients: Flour, sugar, baking powder/soda, salt.

Wet Ingredients: Butter (softened), eggs, milk (or buttermilk), vanilla extract.
Mixing bowls (2)

Measuring cups and spoons

Whisk or electric mixer

Baking pan (or muffin tin)

Oven (Pre-heated)

"Scientist's Observation Log" (Notebook and pen/pencil)

Timer

¢ Thermometer (optional, but helpful for understanding heat transfer)

Learning Objectives

By the end of this lesson, learners will be able to:

1. Define and identify the three primary states of matter (Solid, Liquid, Gas) in recipe ingredients.

2. Explain how thermal energy (heat) causes changes in the state of matter during the baking
process.

3. Differentiate between a physical change (mixing) and a chemical change (baking/leavening).

4. Accurately document scientific observations during a hands-on chemical process.

. Introduction: Tell Them What You'll Teach (10 Minutes)

A. The Hook: The Mystery of Transformation

Educator Prompt: Imagine you have a bowl! of dry, powdery flour, sticky, runny eggs, and hard,
crunchy sugar. You mix them all up, and the result is a sloppy, liquid batter. Then, you put that batter
into a hot box (the oven) for 30 minutes, and it comes out as a light, spongy, solid cake! How does that
incredible transformation happen? Today, we are going to be culinary scientists, using a cake recipe to
observe and explain the science of changing states of matter.

B. Success Criteria

You know you have succeeded in this lesson if you can correctly fill out your Observation Log,
identifying at least three state changes that happen from the bowl to the finished cake.
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1l. Body: Teach It (45-60 Minutes + Baking Time)

A. 1 Do: Concept Modeling & Vocabulary (15 Minutes)
Content Focus: States of Matter and Energy Transfer

1. Define States of Matter:

o Solid: Molecules are tightly packed and vibrate in a fixed position (e.g., sugar, un-melted
butter). Solids maintain their shape.

o Liquid: Molecules are loosely packed and flow freely (e.g., milk, eggs, vanilla). Liquids take
the shape of their container.

o Gas: Molecules are far apart, moving rapidly and freely (e.g., steam, carbon dioxide). Gases
fill any space they occupy.

2. Define Change Types:

o Physical Change: Changes the form or appearance, but not the chemical composition
(e.g., crushing sugar, melting butter). It can often be reversed.

o Chemical Change: Creates a totally new substance (e.g., burning wood, baking dough). It
usually cannot be reversed. Key sign: production of a gas (bubbles) or change in
temperature/color.

3. The Role of Heat (Energy): When we add heat (thermal energy), we speed up the molecules,
causing them to break their bonds and change state (Solid - Liquid —» Gas).

Educator Activity: Go through the materials list, asking the learner to classify each ingredient initially
as a Solid, Liquid, or potential Gas producer (e.g., baking soda/powder).

B. We Do: Guided Analysis and Preparation (15 Minutes)

Activity: Recipe Prediction Log

Together, examine the cake recipe step-by-step. The learner should document these steps in their
Observation Log, predicting the change that will occur.

1. Step 1: Creaming the Butter and Sugar.
o Discussion Point: Butter is a solid. When we beat it, it softens, trapping air pockets (a gas). Is
this a physical or chemical change? (Physical).
2. Step 2: Adding Eggs and Liquids.
o Discussion Point: The mixture becomes thinner and runnier. We are changing the texture,
but are the molecules of the butter changing into something else? (No, still physical mixing.)
3. Step 3: Adding Dry Ingredients (Including Baking Powder/Soda).
o Discussion Point: Baking powder/soda is a solid. When mixed with the liquid, what happens?
(A slow chemical reaction starts, producing Carbon Dioxide gas, which will cause the cake to
rise).
4. Step 4: Filling the Pan.
o Observation: Note the state of the batter (mostly Liquid).

C. You Do: Hands-On Application & Observation (30 Minutes Active + Baking
Time)

Activity: The Oven Transformation

The learner performs the final steps of the process, focusing specifically on observation and
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documentation.

1. Oven Prep: Place the liquid batter into the pre-heated oven (use caution and adult supervision).
2. Observation Phase 1 (First 10 Minutes): Watch the batter through the oven door (if possible).

o Task: Record the first visible change. (The batter starts to set at the edges, and
bubbles/pockets of air appear).

o Scientific Explanation: The heat is causing two simultaneous changes: (A) The water/liquid
ingredients are turning to steam (Gas, expansion) and (B) The gas (CO2) released by the
baking powder is expanding rapidly, causing the cake to rise (Leavening).

3. Observation Phase 2 (Mid-Bake): Observe the transformation from liquid center to solid
structure.

o Task: Document when the center sets.

o Scientific Explanation: This is the primary state change: Heat is causing the proteins (from
the eggs and flour) to coagulate, trapping the steam and CO2 bubbles. The Liquid batter is
setting into a solid structure.

4. Cool Down: Once baked, remove the cake and let it cool.
o Task: Observe the change in temperature and texture (It becomes firmer and denser).

Il1l. Conclusion: Tell Them What You Taught (15 Minutes)

A. Scientific Recap and Analysis

1. Review the Observation Log. Ask the learner to verbally summarize the four main transformations

observed during the lesson:
o Softening the butter (Solid - Soft Solid/Liquid Mix: Physical Change)

Mixing the dry ingredients with liquid (Solid + Liquid - Suspension/Batter: Physical Change)

Baking powder/soda activation (Solid/Liquid Mix = Gas Production: Chemical Change)

The batter setting in the oven (Liquid Batter —» Solid Cake: Chemical Change and State

Change).

2. Real-World Relevance: Discuss how this process is used beyond just baking (e.g., making
concrete, forging metals, cooking eggs). Any process using heat to permanently change materials
relies on these principles.

[¢]

[¢]

o

B. Summative Assessment: The Scientific Explanation

Task: The learner must write a 3-4 sentence explanation, suitable for teaching to a younger student,
answering the original Hook question:

"How did the liquid batter turn into a solid cake?"

(Successful answers must mention heat, gas expansion, and the final solidification of the structure.)
Differentiation and Adaptability

Scaffolding (For learners needing extra support):

¢ Pre-Mixing: Pre-measure the dry ingredients to focus solely on the state changes of the wet
ingredients and the final bake.

¢ Visual Aids: Use simple diagrams or animated videos illustrating how molecules move in solids,
liquids, and gases before starting the baking process.

¢ Focus Reduction: Focus only on the liquid-to-solid state change in the oven, ignoring the
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chemical changes related to leavening if that proves too complex initially.

Extension (For advanced learners or longer engagement):

e Experimentation: Design a controlled experiment. Bake two identical recipes, one using baking
soda and one using only yeast (a biological leavener), and compare the differences in gas
production and final cake structure.

e Deep Dive: Research the Maillard Reaction—the complex chemical browning reaction that gives
the cake crust its flavor and color. How does this chemical change rely on heat?

¢ Thermal Measurement: Use a kitchen thermometer to track the oven temperature and interior
cake temperature over time, graphing the heat input versus the visible state change.
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