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	Performance Expectations

	Students who demonstrate understanding can:

K-PS3-1.
Make observations to determine the effect of sunlight on Earth’s surface. [Clarification Statement: Examples of Earth’s surface could include sand, soil, rocks, and water] [Assessment Boundary: Assessment of temperature is limited to relative measures such as warmer/cooler.]

K-PS3-2.
Use tools and materials to design and build a structure that will reduce the warming effect of sunlight on an area.* [Clarification Statement: Examples of structures could include umbrellas, canopies, and tents that minimize the warming effect of the sun.] 

K–2-ETS1-1.
Ask questions, make observations, and gather information about a situation people want to change to define a simple problem that can be solved through the development of a new or improved object or tool.
K–2-ETS1-2.
Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object helps it function as needed to solve a given problem.
K–2-ETS1-3.
Analyze data from tests of two objects designed to solve the same problem to compare the strengths and weaknesses of how each performs.

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a practice or disciplinary core idea.


	Highlighted

Science and Engineering Practices

Planning and Carrying Out Investigations

Developing and Using Models

Constructing Explanations and Designing Solutions


	Highlighted

Disciplinary Core Ideas

PS3.B: Conservation of Energy and Energy Transfer 
Sunlight warms Earth’s surface. 
	Highlighted

Crosscutting Concepts

Cause and Effect

Structure and Function


	Highlighted California Environmental Principles & Concepts:

Principle I The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.

	CA CCSC Math Connections: K.MD.2, K.G.1

	CA CCSC ELA/Literacy Connections: W.K.2, W.K.8, SL.K.1, SL.K.5, SL.K.6

	CA ELD Connections: K.PI.A.1, K.PI.A3, K.PI.C.9


Introduction
What effects does the Sun have on us? How can we minimize the negative effects? Energy from the Sun is at the heart of all components of the Earth system and is revisited throughout the entire K-12 sequence. This kindergarten activity merges scientific understanding of cause and effect with an engineering design challenge. Students design and build a shelter to protect a crocodile made out of UV sensitive beads.
	Day 1: Reading in the Sun

Students plan a trip out to the schoolyard to read a book about how different animals stay cool. When they return, they draw and right about how they stay protected from the Sun.
	Day 2: Balloon Cause and Effect

Students place a black bottle and a white bottle in the Sun and watch what happens to a balloon attached to the top. They ask questions about what caused the change.
	Day 3: Defining the Problem

Students read a story about a crocodile that gets sunburnt and explore the effect of the Sun on a model crocodile made out of UV-sensitive beads. They learn about the design challenge to protect their crocodile from the Sun.

	Day 4: Imagine

Students investigate the possible materials for their house. They test the performance of 10 basic houses.
	Day 5: Plan

Students choose materials and draw a diagram with their house plan.
	Days 6-8: Create, Improve, Communicate Students build their houses, test them in the Sun, make improvements, and share their results.


Day 1 – Reading in the Sun
Mrs. K chooses a particularly sunny day to begin this sequence and tells students that they are going outside to read a book about the Sun, but they need to decide as a class where to sit on the schoolyard. She tells them that she wants them to be comfortable and able to enjoy the story, and she is laying the foundation for the upcoming activity. She asks pairs of students to discuss proposals, including a reason why their spot will be the most comfortable place to be. They eventually decide on a location beneath a tree and go there to read Beneath the Sun by Melissa Stewart (2014). The book shows different ways that animals and people try to stay cool. Mrs. K relates the story to the student’s own situation, asking if any of them are hot or cold. She asks them about how trees on the schoolyard can keep them cool (CA EP&C I). Students return to the classroom to finish the sentence, “I stay protected from the Sun by _______.” (CCSS-ELA W.K.8)

Day 2 – Balloon Cause and Effect


Mrs. K wants students to explore the effects of the Sun. She shows students two different plastic bottles – one black and one white. Both have a balloon attached to the top. Students take the bottles outside in the sunshine and watch what happens. In less than a minute, the balloon on the black bottle began to inflate while the balloon on the white bottle remained deflated. Mrs. K asks students to come up with as many questions [SEP-1] as they can about what they see. Many students want to know why the balloon expanded. Some students have prior knowledge about the situation and explain that black absorbs more heat. Mrs. K asks them to make a prediction: “Which bottle should be warmer?” She invites students to make an observation and feel the two bottles and the black bottle is noticeably warmer (K-PS3-1). She has the students measure the temperature using a thermometer (CCSSM K.MD.2). Back inside, she hands students three different cards: “Balloon expands”, “Sun shines”, and “Bottle heats up.” She asks the students to arrange the cards so that they show which event causes [CCC-2] the event on the next card to happen. Most students correctly identify a cause and effect chain: “Sun shines”-“Bottle heats up”-“Balloon expands,” but only a few are able to articulate their reasoning. She focuses in on two card cause and effect relationships and asks the students to explain why the sequence is either realistic or unrealistic. For the sequence of the balloon expanding causing the sun to shine, the class laughs when one student comments, “you don’t need to blow up a balloon to get the Sun to shine, silly!” Mrs. K tells students that the next day will focus on how sunshine causes the bottles to warm up.
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Day 3: Defining the Problem
Mrs. K found a fable about how the crocodile got its scaly skin, and why it likes to stay down low in the water. According to the plot in Cross Crocodile by Mwenye Hadithi (2010), the crocodile once had smooth skin that got sunburnt by being exposed to the sun. Students will get their very own crocodile like the one in the story that has sensitive skin. These crocodiles act like real reptiles that like to bask in the sun when they are cold, but hide in the shade when they are too hot.

Mrs. K gives each child a crocodile made out of white beads and has students cup them in their hands to protect them from the Sun as they take them outside. She has them uncover their crocodiles all at once, and the white beads (which are UV sensitive), immediately turn vibrant colors. She gives the students time to explore the effects of the Sun on their crocodile, placing it in their shadow, in the shade of a tree, or under their clothing. She then describes the challenge: they will design and build a shelter for their crocodile (K-PS3-2). She invites students to ask questions about the project (K–2-ETS1-1). They decide on a few rules (defining the problem [SEP-1]), including that the house must have a front entrance and must protect the crocodile from the Sun and they must use the Mrs. K provides. 
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Day 4: Imagine

Mrs. K wants students to explore the different materials so that they can plan out which ones to use for their house. She built 10 basic houses using different roof materials (black and white construction paper, wax paper, cardboard, aluminum foil, felt, and clear plastic sheets with and without three different strengths of sunscreen spread over the top. She asks students which roof materials they think will protect their crocodiles the most and least. Several students think that the cardboard, felt, or foil will work the best. Others think that the clear plastic, regardless of sunscreens, will work the least. When they test the houses outside, they to notice how well, or not, the houses protect their crocodiles. Some crocodiles stay mostly white, while others become multicolored. Mrs. K encourages students to explore [SEP-3] the effects of different roof materials by switching houses with each other. She has her students discuss how well each material works (analyzing and interpreting data [SEP-4], CCSS-ELA SL.K.1). The consensus is that the cardboard works the best because it isthick and prevents sunlight from getting through. The plastic sheet with no sunscreen works the least because it provides no protection at all. To the students’ surprise, the plastic sheet with SPF 50 sunscreen works very well to keep the crocodiles mostly white. One student exclaims, “Wow, this is why it’s so important to wear sunscreen outside!”

Day 6: Plan

Students brainstorm possible house designs. They debate [SEP-7] the pros and cons of each roof material and explain their reasoning. They then draw their individual design idea and label the parts (K–2-ETS1-2, CA CCSS-ELA W.K.2, SL.K.5). Mrs. K asks students to describe some of the shapes that they used (CCSSM K.G.1).

Days 7-8: Create, Improve, Communicate

Finally, the day came to build their crocodile houses. They couldn’t wait to get started! They built houses with roofs, walls, windows, and doors. Some houses had furniture and rugs. Some houses had gardens and walkways. And one house even had flags. They shared ideas freely and gave suggestions to each other along the way. During this process, they struggle with making structures that support the roof while still having room for their crocodile to fit inside and have enough room to move (structure and function [CCC-6]). They test their houses outside in the sunshine and students compare their design to others (K–2-ETS1-3). Most students make a series of improvements [SEP-6]. For example, several students built houses with windows. But when they notice that the Sun shone through and turned their crocodiles multicolored, they decide to add SPF 50 sunscreen to the windows. One student notices a gap between his roof and walls that allows Sun to get in, so he tapes the edges together. Another student adds a second layer to the roof to make it thicker and block more of the Sun’s rays. Mrs. K takes lots of pictures to document students’ progress through the steps of the engineering design process. Once complete, students present their houses to the class and communicate [SEP-8] (CCSS-ELA SL.K.6) what special features keep their crocodiles protected from the Sun’s harmful rays. 
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Vignette Debrief
The vignette illustrates three dimensional learning: students are engaged in a variety of SEPs as they complete the design challenge. The CCCs help draw students’ attention to the physical processes at work (cause and effect [CCC-2] about the flow of energy [CCC-5] from the Sun; structure and function [CCC-6] as they determine the shapes to support their house). These CCCs lay the groundwork for more detailed understanding of the DCIs about energy transfer, electromagnetic radiation, heat flow, and forces in later grades.

Students perform the engineering design process from beginning to end. The background reading and discussion of prior experience in Day 1 ensures that students understand the context of the problem. A variety of texts help accomplish this task, including fiction and informative texts (see the Resources section for additional story suggestions). Engineering requires background understanding of physical processes and the properties of materials (DCIs). Days 2 and 4 provide that understanding. In Days 3 and 6-8, students work on their design challenge.

The emphasis of the last two days is on the iterative improvement process. To provide students quick and easy to interpret feedback, the UV-sensitive beads allow students to literally see the effectiveness of their shelter. In middle and high school, they will return solar houses and solar cookers and will collect detailed temperature data, but a quantitative focus is not age appropriate for kindergarten. 


Text and images for this vignette come from Kitagawa (2016), which includes more detailed directions and a list of materials.
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