STEM BriefsMaking Connections in STEM


[bookmark: _heading=h.gjdgxs]Title: Made in the Shade
Challenge: OH NO!!  You decided to go to the beach for the day but you forgot to wear your sunscreen! Not only do you need to cool off but you need to protect yourself from the sun. Spending a little more time in the shade will help! Create an object that will cast the largest shadow for your miniature self to sit and eat lunch in the shade?
	Science
	Engineering
	Mathematics

	Concepts:
Energy can be transferred in various ways and between objects. These energy transfers can be observed and form patterns. Students are not responsible for the term energy.
· Sunlight warms Earth’s surface. Components of Earth’s surface, such as sand, soil, rocks, and water, become relatively warmer when exposed to sunlight (K.8 a). Students should measure temperature in relative measures such as warmer/cooler only.
· A shadow is an image of an object created when light is blocked by that object. Shadows can occur whenever light is present (K.8 b).
· Both natural (sun) and artificial (electric light, flashlight) sources of light can create shadows (K.8 b).
· Objects in a shadow will be cooler than objects in the sun (K.8 c).


	Concepts:
STEL-2D 
Develop a plan in order to complete a task

STEL-7A
Apply design concepts, principles and processes through play and exploration.

STEL-7E
Illustrate that there are different solutions to a design and that none are perfect.
Practices:



	Concepts:
Math K.NS.1
Counting involves two separate skills: verbalizing the list (rote sequence counting) of standard number words in order (“one, two, three”) and connecting this sequence with the objects in the set being counted, using one-to-one correspondence. 

The association of number words with collections of objects is achieved by moving, touching, or pointing to objects as the number words are spoken. Objects may be presented in random order or arranged for easy counting.

Math K.MG.1
Multiple hands-on experiences are needed to gain the ability to compare the attributes of objects.
Students develop conservation of measurement when they understand that the attributes do not change when the object is manipulated (e.g., a piece of string that is coiled maintains its length as it is straightened; the volume of water does not change when poured from a pitcher into a fish tank).
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K Science/K Math

Title: Made in the Shade
Timeframe: How many days? How much time per day?
	1 hour- 2 30 minute periods



Standards/Indicators  (copied from the standards)
	Science K.1  The student will demonstrate an understanding of scientific and engineering practices by 
a) asking questions and defining problems 
b) planning and carrying out investigations 
d) constructing and critiquing conclusions and explanations 
e) developing and using models
f) obtaining, evaluating, and communicating information

Science K.8 The student will investigate and understand that light influences temperature on Earth’s surfaces and can cause shadows. Key ideas include 
a) the sun provides light and warms Earth’s surface; 
b) shadows can be produced when sunlight or artificial light is blocked by an object; and 
c) objects in shadows and objects in sunlight have different temperatures. 

K.NS.1 The student will utilize flexible counting strategies to determine and describe quantities up to 100.
Use one-to-one correspondence to determine how many are in a given set containing 30 or fewer concrete objects.
Recognize and explain that the number of objects remains the same regardless of the arrangement or the order in which the objects are counted.
0. Count forward orally by ones from 0 to 100.
 
K.MG.1 The student will reason mathematically by making direct comparisons between two objects or events using the attributes of length, height, weight, volume, and time.
Use direct comparisons to compare, describe, and justify the:
lengths of two objects using the terms longer or shorter;
heights of two objects using the terms taller or shorter; 

Workplace Readiness Skills 
1. Demonstrate creativity and innovation 
2. Demonstrate critical thinking and problem-solving 
6. Demonstrate conflict resolution 


[bookmark: _heading=h.30j0zll]Engineering Problem

	OH NO!!  You decided to go to the beach for the day but you forgot to wear your sunscreen! Not only do you need to cool off but you need to protect yourself from the sun. Spending a little more time in the shade will help! Create an object that will cast the largest shadow for your miniature self to sit and eat lunch in the shade.


Challenge and Criteria

	Criteria
· Structure must be able to stand alone
· You must be able to move your structure outside
· Thermometers must be placed inside and outside the structure
· You must be able to see the shadow that is created from the shade.
· Your miniature self (lego character) must be able to go in and out of your build
Constraints
· You may only use materials given to you
· You have 10 minutes to build



[bookmark: _heading=h.v82iing551kn]Support for the Engineering Design Process
	If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   The Engineering Design Process is cyclical and can begin at any step, or move back and forth between steps numerous times. In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the graphic with students.
[image: Figure representing the steps of the engineering design process.]


Materials and Safety (Always refer to the VDOE Safety in Science Teaching)
Identify potential safety concerns. Please refer to division safety criteria when working with materials.
	Lesson Slide Deck
Chalk- enough for pairs
Flashlight-1 for every group of 3
Tree Cut outs taped to popsicle sticks- enough for groups of 3
student planning and recording paper
rubric
Pencil

Each Group of 3 students will need:
Roll of masking tape
scissors
1 paper towel roll
1 piece of looseleaf paper
4 popsicle sticks 
2 pipe cleaners
1 straw
1 paper plate
1 lego character
2 thermometers
Unifix cubes (enough to count the length of the shadow)



Lesson Preparation
	Plan on doing this lesson over two days when the sun will be out.
Cut out tree picture , laminate enough for groups of 3, and tape it to a popsicle stick.
Make sure to have working flashlights and extra batteries if needed. 



Suggested Prior Instruction
	Students should be able to correctly identify temperatures on a thermometer.



	Engage: The goal of this phase is to capture students’ attention and interest for the purpose of preparing them for engaging in the proposed engineering problem. 

	Teacher Directions
	Additional Notes

	-Partner students up and take them outside to an area where they are able to trace each other's shadows with chalk. 

-As students are tracing, ask them to explain to you what is causing the shadows. This will help you gauge students' prior knowledge of shadows.

-Point out the difference between the warmth of the sun and the cooler shady spot.
-Have a discussion about how the sunlight can be blocked by a tree or a building or other structure to create shade, and that an area with less direct sunlight feels cooler.


	· As an additional lesson you could have them predict what the shadow would look like at a different time of the day. 
· Possible student misconception: A shadow is a reflection of the sun. Students might think they can see details in shadows (eyes, mouth, etc.)
· You could do this part of the lesson as you are coming in from recess to utilize time better.






	Explore: The exploration phase provides concrete experiences where students investigate phenomena, observe patterns, and/or encounter discrepant events that build upon knowledge and practices from the Engage Phase.

	Teacher Directions
	Additional Notes

	-Have students think pair share to the question: 
Do we have to be outside to create a shadow? 
As students begin to respond, prompt them to what objects might be a source of light to create a shadow. Record this as an anchor chart titled: Sources of light

-Pose to students the following problem: A student wants to make a shadow of a tree that grows larger over time. The student has only one cut out of the tree. What can they do?

- Assign 3 students to a group. Give students roles, 1 person holds the flashlight, 1 person holds the tree, and 1 person watches the shadow. Hand out materials and have them engage with the materials and try to solve the problem. 

-After exploring for 5 minutes, bring the class back together.

-Ask students, What is a shadow? How do you make/cast a shadow? How do you make them a different size? Record thoughts on an anchor chart.

	· Have the students use the flashlights and tree cut outs on sticks to explore what happens when they change the position of the flashlight and the position of the puppet stick. 

· Assign students to a group of three with the roles of flashlight holder, tree holder, tree tracer. 

· Sources of Light Anchor Chart could look like this




	Explain: The essential knowledge and practices with which students engaged and explored, are now made clear and comprehensible.  This is also an opportunity for students to explain their understanding of the concept or practices.

	Teacher Directions
	Additional Notes

	-Read the nonfiction book “Shadows” by Carolyn Otto

-Refer back to the anchor chart.  Ask students if there is anything that needs to be added or is incorrect and needs to be taken out. 

-See if students have constructed any new knowledge about sources of light and add to that anchor chart as well. 

The following vocabulary should be covered.
The Sun is the star at the center of the solar system. It gives off great amounts of energy.

Our home planet is Earth. 

A shadow is made when an object blocks the light.

Shade is an area of darkness that is produced when something blocks the light of the sun.
 
Reduce is to bring to a low.

Heat is a form of energy.

Warming is giving off heat.

A direction is the line or course along which something moves, lies, or points.

As a class, go through the pages of the mini book. Students should be able to complete the light and shadow mini book independently. 

Read each page of the book and then have the students illustrate the picture for the statement. Students will need to fill in the blank for each sentence. 
	· Video of  Shadows by Carolyn Otto

· An alternative to the book is brain pop jr. light video. 






	Elaborate:  The intention is to facilitate the transfer of concepts and abilities to related, but new situations. 

	Teacher Directions
	Additional Notes

	-During this stage take students through the engineering design process. 

- First introduce students to the Problem (slide 8) Read the problem to the class

-Brainstorm and Research (slide 8 and 9) 

Show students the video on slide 8 Explain to students as they watch the video that in order to cast a shadow and cool an area, a structure needs to be made from the right material, be the right size, and put in the right position and angle

- Have each student draw a brainstorm idea of how they could create shade if out in the sun. They will record this on the first box of the recording form. 

- Share with students the materials they will be able to use (slide 10)

-Review the criteria and constraints  (slide 10)

-Put students into groups of 3. 

- Have them share their brainstorm ideas, then talk with their partners, and create a plan with all of their ideas in mind. Record the plan in the second box of their recording form. (slide 11)

- Give students supplies and allow them to build for 10 minutes (slide 12)

- Allow students to take their structure outside to test. Give each group a lego person and two thermometers. Have students put the lego person in the shaded spot of the structure. Place one thermometer in the structure and one thermometer in the sun. 

- Students need to record the temperature inside their structure and outside.

-Have students circle if the temperature is cooler or hotter inside the structure.

- Give groups unifix cubes and line them up to find the length of their shadow.

-Have students count the unifix cubes and record the length of their shadow on their recording form. 

	If students have not participated in the Engineering Design process, introduce the Engineering Design Process to students.  

Explain that the Engineering Design Process is a step-by-step process that engineers and designers use to solve problems.   

The Engineering Design Process is cyclical and can begin at any step, or move back and forth between steps numerous times. In real life, engineers often work on just one or two steps and then pass along their work to another team. Share the engineering design process graphic with students (provided above).

How can this stage be scaffolded?   
· Encourage students to be creative in their design 
· Encourage students to record data correctly on their recording sheet 
· Encourage students to use vocabulary words and to talk about why their shadow is changing directions 

· To save on time again students could bring their structure as they are going outside for recess then record the temperature after recess.

· If you are short on thermometers or if you need to scaffold reading the thermometer, you could place one thermometer in the sun for the entire class, share with students how they read the thermometer and then record the temperature on their recording form as a class. 

-Substitute building materials as you see fit.



	Evaluate:  The intention is for students to reflect on their new learning.

	Teacher Directions
	Additional Notes

	Student designs and structures should be considered successful if they create an area of shade even if no cooling effect can be detected. Designing and building a structure to address a problem is the learning goal.

-If students were unsuccessful at creating a shadow have them discuss how they could redesign their build and try a new idea. 

-If students were successful at creating a shadow have them discuss how they could have made the shadow longer or wider.


	· [bookmark: _heading=h.1fob9te]Additional student assessment
-Have students watch other groups' tests versus testing all together, this will provide students the opportunity to share how and why they created their design the way they did and give other groups the opportunity to think through similarities and differences to their own designs.



Suggested Post Instruction
	As an optional extension to this lesson, allow students to apply their understanding of shadows to create their own shadow puppet shows!

For the iterative process, allow students to try to improve their design and apply their knowledge in order to create an object that will cause an ice cube to melt the slowest. See slide 17 




Student Page(s)
Teacher Slide Deck
Student Mini Light Book
Student Recording Sheet
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Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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