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Fifth Grade Vignette: Pancake Engineering
	Performance Expectations

	Students who demonstrate understanding can:

3–5-ETS1-1. Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost.
3–5-ETS1-2. Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.

3–5-ETS1-3. Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can be improved.

5-PS1-4. Conduct an investigation to determine whether the mixing of two or more substances results in new substances. [**Clarification Statement: Examples of combinations that do not produce new substances could include sand and water. Examples of combinations that do produce new substances could include baking soda and vinegar or milk and vinegar.]
**This clarification statement is unique to CA NGSS and is not a part of the national NGSS.


	Highlighted

Science and Engineering Practices

Defining problems

Designing Solutions
Obtaining, evaluating, and communicating information

	Highlighted

Disciplinary Core Ideas

PS1.A Structure and Properties of Matter
PS1.B Chemical Reactions 
	Highlighted

Crosscutting Concepts

Scale, proportion and quantity

Cause and Effect
Systems


	CA CCSC Math Connections: 

5.MD.3.a,b
Recognize volume as an attribute of solid figures and understand concepts of volume measurement. 
5.MD.4
Measure volumes by counting unit cubes, using cubic cm, cubic     in, cubic ft, and improvised units. 


Introduction
What does cooking have to do with engineering? What effects do certain ingredients have on others? Mixing pancake batter creates a chemical system with interacting components, and each ingredient plays a different role within the system. This fifth grade activity merges scientific understanding of chemical reactions and systems with an engineering design challenge to make the perfect pancake. 
	Day 1: Define Criteria
“What does a perfect pancake looks like?”

Students come up with the criteria for their ideal pancake: golden brown, fluffy, and tasty. 
	Day 2: Plan Solutions

“What happens when we mix two materials?”

Students investigate what happens when two ingredients are mixed together in order to understand the behavior of different ingredients. They vary proportions and identify trends. Finally, students try cooking their pancakes and discover something is missing.

	Day 3: Create, Evaluate, and Improve
“What’s the optimal proportion of ingredients?”

Students spend the lesson mixing ingredients, cooking the pancakes, evaluating the results, and making modifications to achieve their ideal pancake.
	Day 4: Communicate Results

“What changes did I make”

Students create a summary document explaining what they changed from one trial to the next. The class then compares recipes from the “best” pancakes to find patterns. Students then decide on three recipes to try to repeat and see if the results are the same.


Day 1 – Defining Criteria
Mrs. C always tells her students that “engineering is everywhere!” In this activity, students will engineer the ‘perfect pancake’. Mrs. C assigns six students to read parts from a script where they play the roles of students waiting for their food at a pancake restaurant. The characters argue about whether they like their pancakes fluffy or thin and describe the ‘secret recipes’ used in their houses.  Mrs. C shows a diagram of the stages of the engineering design process and asks students to discuss how different lines from the script relate to stages in the process. In order for Mrs. C’s students to design the perfect pancake, they need to define the problem [SEP-1] by specifying the criteria (3–5-ETS1-1). How will they decide if they have succeeded? The class decides that the pancakes should be golden brown, fluffy, and tasty. But how will they measure these properties? For golden brown, the students decide that they can compare their pancake to a color palette that shows different shades of brown and agrees on a particular shade that they consider ‘ideal.’ A 'fluffy' pancake should rise tall; students decide to measure the pancake height by sticking a toothpick in the center and seeing how deep it goes by holding a ruler next to it. The last criteria of ‘tasty’ is subjective. Unlike science which strives to be completely objective, engineering deals with designing solutions that meet peoples’ needs and desires. The engineers that design a car, for example, pay as much attention to the car’s appearance as they do to its mechanical systems. Even though the criteria is subjective, students still need a way to track and record their opinions. They decide to rate the tastiness of the pancake using a one to five star scale. 

Day 1 – Planning Solutions
Students do not get a recipe to follow – they will use a design process to eventually determine an ideal combination of ingredients. As in many design problems, students need to gather information about the materials available to them to plan their solution. Mrs. C provides students whole wheat flour, oat flour, water, and baking powder. Students choose two different ingredients to mix together and see what happens. Baking powder and water fizz, water and flour turn into a thick dough, and baking powder and flour seem unchanged by their interaction. Different students test out different relative proportions of the ingredients and describe their results to the class so that they can identify trends or patterns [CCC-1]. Mrs. C emphasizes that it is important that students measure carefully so that they can make meaningful comparisons between one person and another. In order to facilitate comparison, Mrs. C adds the constraint (part of defining the problem [SEP-1]) that every pancake must always use exactly one scoop of flour. Students can vary the other ingredients, but the flour must remain constant. Students notice that more baking powder causes more fizzing and that wheat flour seems to make thicker mixtures than oat flour when combined with identical amounts of water. After exploring the interactions, students observe what happens when different proportions are used. Mrs. C describes a pancake recipe as a chemical system [CCC-4]. The ingredients are components of the system and today’s tests characterize different interactions between the components when they are in simple two-ingredient systems. Students will combine these ideas into a model [SEP-2] of the full system as they adjust their recipe in the upcoming part of the lesson. Groups of students use their observations of the simple systems to decide the proportions of each ingredient to use for their first ‘test pancake.’ Their discussions are simple arguments supported by observational evidence [SEP-7]: “I think we should use two parts water to one part flour because the batter was too thick in the 1:1 mixture.” Mrs. C helps students cook their one test pancake on the griddle. Watching the pancakes cook, every group’s test pancake is a ‘failure’ because none of them turn brown! What could be missing from the system? Students measure the thickness, compare the white pancakes to the color chart, and record the results on a data sheet. Mrs. C tells students real engineers get excited when their design fails because it gives them the opportunity to learn more about the system and try again.  
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Day 3 – Create, Evaluate and Improve

Mrs. C wants students to experience the power of the iterative process of engineering. Clearly something was missing from their previous pancakes, so Mrs. C offers two additional ingredients today: pureed bananas (1 banana and ¼ cup water pureed in a blender) and vanilla extract. Students begin the lesson by mixing ingredients using the knowledge they gained about each ingredient in the prior lesson and adding the new ingredients. Parent volunteers help each student cook their pancake and evaluate the results (there are four cooking stations set up in different corners of the classroom). How fluffy is it? Is it golden brown? How does it taste? Mrs. C reminds the students to carefully write down the proportions they use after each attempt so that they can systematically change ingredients or proportions to see better results. One student adds a lot of vanilla (“because it’s brown”), but his pancake still doesn’t turn brown. Another student uses banana puree instead of water (“I love bananas”) and her pancake is the first to turn a beautiful golden brown. Soon, students are experimenting with different proportions of banana and water. Mrs. C circulates while the pancakes are cooking, asking students to apply their mental model about the role of each ingredient by asking things like, “Looking at these two pancakes, which one do you think has more baking powder?”, “Do you think that this pancake has any banana in it? How can you tell?”, “Wow, that pancake is really thin. What do you think you could add to improve it?” Based on their discoveries and comparisons with peers, students make modifications to achieve their perfect pancake. Students enjoy eating their successes!
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Day 4: Communicating Results
During Day 3, each student carefully documents the ingredients and results. Today, Mrs. C asks students to reflect on the sequence of mixtures they used. The students make a ‘storyboard’ showing the succession of pancakes. For each frame, the students describe in words how the pancake turned out. Mrs. C asks students to draw arrows between the frames describing what they changed and why they made that change from one trial to the next.
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 After they finish writing, the students compare all of the recipes and pick the best three that they want to try to repeat today as a class (3-5-ETS1-2). During the discussion, students must support their choice with evidence [SEP-7] from the recorded results. Mrs. C cooks the pancakes and one of the recipes turns out very different today than the previous day. Students discuss in groups why they think it might be different and come up with ideas about mistakes measuring ingredients and mistakes recording the results. Mrs. C emphasizes that careful measurements and documentation are essential skills that allow professional engineers to reproduce their solutions and share them with others.
Mrs. C wants students to discuss how pancake cooking relates to chemical reactions. She reminds students that a chemical reaction can change the way substances look, smell, feel, or taste. She tells them that there were at least three key chemical reactions that they could identify from the ingredient mixing and pancake cooking lessons. She instructs students to work in groups to fill in a table describing three different chemical reactions and how they recognize them.
	
	Evidence for chemical reaction
	Which ingredients reacted?
	How did you determine which ingredients reacted?

	1
	Batter consistency/texture changes
	Flour & Water
	Happened when we combined flour & water alone in Lesson 3. 

(the texture change is more dramatic in wheat flour than oat flour)

	2
	“Fluffing”: Bubbles form in batter.

(and more bubbles when temperature goes up)
	Baking powder & Water
	Baking powder fizzed when mixed with water in Lesson 3.

	3
	“Browning”: Unusual color change on outside of pancakes.
	Banana & ???
	Only happened when we added banana.


Vignette Debrief
Students perform a complete engineering design process that employs a wide range of SEPs. They begin by defining the problem [SEP-1] as they develop criteria for making the perfect pancake (3–5-ETS1-1). They conduct investigations [SEP-3] into what happens when they mix the available ingredients and again when they cook their pancakes and record the results. They ask a question [SEP-1] at the end of Day 2 when they discover that all their pancakes are white: “What are we missing?”, and this question motivates a change. They briefly engage in arguments supported by evidence [SEP-7] when they work with teammates to select proportions to test on Days and 4, though this practice is not a major focus of the vignette. They iteratively design a solution [SEP-6] as they try out different proportions of ingredients to hone in on the perfect combination (3–5-ETS1-2, 3–5-ETS1-3). The changes they make are based on a mental model [SEP-2] of the chemical system and how each ingredient affects the system behavior. They analyze and interpret their data [SEP-4] by reflecting on how their design changed from iteration to iteration on Day 4. Teachers could extend the lesson to include more mathematical thinking [SEP-5] by having students graph pancake thickness versus amount of water, or help them communicate their findings [SEP-8] by creating a cookbook that also explains the science behind pancakes.
The CCCs help draw students’ attention to the physical processes at work. There is major emphasis on scale, proportion and quantity [CCC-3] throughout the ingredient exploration. Students think about their recipe as a chemical system [CCC-4] that has components (ingredients) and energy input (heat from the griddle). They adjust the amount of each ingredient, which causes different effects [CCC-2] on the pancake system (including the system properties of how it looks and tastes).

The entire lesson sequence can be thought of as one large investigation into how the mixing of substances can cause changes that create a new substance (5-PS1-4). By discussing the physical properties of the raw ingredients, the batter, and the cooked pancakes, students can gain a better understanding of the structure and properties of matter (PS1.A). The table on Day 4 makes an explicit tie to chemical reactions (PS1.B). PS1.B does not occur in the foundation box for 5-PS1-4 in CA NGSS, but is a focus in middle school (MS-PS1-2). The motivation for including it here is that explicit instruction into the observable features of chemical reaction draws attention to the types of changes that can occur in substances. However, the discussion of chemical reactions should be limited to observations with the naked eye or other senses. In middle school, students learn to relate these observable changes to a model of interacting molecules, but that discussion is not part of 5th grade in CA NGSS.  
Resources for the Vignette

· Lesson plans with and further guidance are at http://tinyURL.com/pancakeengineering 
· Pictures are from Holliston Coleman, and Matthew d’Alessio, California State University, Northridge. 
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