STEM BriefsMaking Connections in STEM


Title: Exploring Gravity with Slides and Marble Runs
Challenge: Kevin the koala needs to come down from the tree quickly and safely. Design and create a slide that can help Kevin get down from the tree before it falls. The slide should reach the top of the tree, about 12 inches tall, and have a “bucket” at the end to catch the marble.
	Science
	Engineering
	Mathematics

	Concepts:

Science 2.2 
Forces applied to an object can cause a change in motion. These forces may be direct forces or forces from a distance, such as magnetism and gravity.
· A force may be applied by direct contact (a push or a pull) and can cause an object to move (2.2 a).
· Gravity is an attraction between any two objects. Objects do not need to touch each other for the force of gravity to affect them (2.2 b).
· Forces can be seen in everyday applications, such as in moving vehicles, dropping objects, and refrigerator magnets (2.2 c).

Practices:
Science 2.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)     asking questions and defining problems
f)     obtaining, evaluating, and communicating information

	Concepts:

STEL-2B
Safely use tools to complete tasks.

STEL-2C
Explain that materials are selected for use because they possess desirable properties.

STEL-2D
Develop a plan in order to complete a task.
STEL-2E
Collaborate effectively as a member of a team.

Practices:

The Engineering Design Process:
1. Define: Define the problem, ask a question  
2. Imagine: Brainstorm possible solutions
3. Research: Research the problem to determine the feasibility of possible solutions
4. Plan: Plan a device/model to address the problem or answer the question
5. Build: Build a device/model to address the problem or answer the question
6. Test: Test the device/model in a series of trials
7. Improve: Using the results of the test, brainstorm improvements to the device/model; return to #3 
8. Share: Communicate your results to stakeholders and the public
	Concepts:
Math 2.MG.1
The process of measurement involves selecting a unit of measure, comparing the unit to the object to be measured, counting the number of times the unit is used to measure the object, and arriving at an approximate total number of units.
Practices:
Math 2.MG.1
The student will reason mathematically using standard units (U.S. Customary) with appropriate tools to estimate, measure, and compare objects by length, weight, and liquid volume to the nearest whole unit.
b) Use U.S. Customary units to estimate, measure, and compare the two for reasonableness:
   i) the length of an object to the nearest inch, using a ruler
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2nd Grade Science		


Title: Exploring Gravity with Slides and Marble Runs
Timeframe: 
	3 Days/30-45 Minutes Per Day



Standards/Indicators  (copied from the standards)
	Science 2.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)     asking questions and defining problems
f)     obtaining, evaluating, and communicating information

Science 2.2 
The student will investigate and understand that different types of forces may cause an object’s motion to change. Key ideas include 
a) forces from direct contact can cause an object to move; 
b) some forces, including gravity and magnetism, can cause objects to move from a distance; and 
c) forces have applications in our lives.


Math 2.MG.1
The student will reason mathematically using standard units (U.S. Customary) with appropriate tools to estimate, measure, and compare objects by length, weight, and liquid volume to the nearest whole unit.
b) Use U.S. Customary units to estimate, measure, and compare the two for reasonableness:
   i) the length of an object to the nearest inch, using a ruler


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Kevin the koala needs to come down from the tree quickly and safely.


Challenge and Criteria
	Design and create a slide that can help Kevin get down from the tree before it falls. The slide should reach the top of the tree, about 12 inches tall and have a “bucket” at the end to catch the marble.


Support about the Standard 
	Sample cardboard marble runs and how to videos:
Maker Monday: Marble Runs
How to Build a Cardboard Marble Run



[bookmark: _heading=h.c9o4gykmgbog]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: ]


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.
	Book: The Koala Who Could (video read aloud) The Koala Who Could (Amazon link)
12 inch tall model of a tree (drawn or potted/artificial plant)
Marble Run Kits (sample of a kit is linked to Amazon) or  Cardboard Pieces for student to create their own slide pieces:
· Flat cardboard for bases
· Paper Towel Tubes
· Toilet Paper Tubes
· Paper Plates, large and small
· Paper Bowls
· Paper Cups
Stopwatches
Rulers or Measuring Tape
Masking Tape and/or Glue sticks if using cardboard pieces/tubes
Student Scissors if using cardboard pieces/tubes
SciShow Kids video Swings, Slides and Science.

Student Recording Pages 

Sample cardboard marble runs and how to videos:
Maker Monday: Marble Runs
How to Build a Cardboard Marble Run


Lesson Preparation
	Obtain a copy of The Koala Who Could (Amazon link) The Koala Who Could (video read aloud)
Create a 12 inch model of a tree or obtain an artificial plant.
Gather Marble Run Kits or Cardboard pieces listed above
Gather stopwatches
Gather rulers
Gather masking tape and glue sticks



Suggested Prior Instruction
	Students should be familiar with the force of gravity and how it pulls objects to earth.
If you decide to have students make their marble runs with cardboard pieces you will want to give students instructions on how to make and attach different pieces and use supports. Use the Maker Monday: Marble Runs video (start at 12:25-20:15) to learn how to make bases and spirals.



	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

	Read The Koala Who Could.
After reading ask students:
· What are some of the problems Kevin is having? (he is scared to come down out of the tree, he is scared of what it might be like on land, the woodpecker starts to peck at the tree and the tree is going to fall)

· What are Kevin’s friends trying to do to help him? (They are asking him to jump out of the tree and they will catch him with the leaf)

· What are some problems that may occur in our lives that may require us to get down from a high space quickly and safely? (we may have to evacuate a building, plane, ship, etc.)

· How might you get down? (stairs, ladder, rope, slide, jumping, etc)

· Besides jumping, what other ways do you think Kevin’s friends could encourage him to come down from the tree? Accept and discuss appropriate responses.

Students can discuss responses with a partner before sharing with the group.
	The Koala Who Could (video read aloud)
The Koala Who Could (Amazon link)



	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

	Ask students:
· Where have you seen a slide? (playground, pool, water park, bounce house, obstacle course, emergency plane exit, etc.)
· What is the purpose of a slide? (to move you down quickly from a higher surface to a lower surface)
· What direction do you move when using a slide? (down)
· What force is being used when you use a slide? (gravity)

Tell students they will design and create a slide for Kevin to use to come down out of the tree quickly and safely before it falls. Their slide has to be 12 inches tall, as tall as the tree. Have the tree available for students to see so they can get an idea of how tall their slide should be.

If possible, take students outside to the playground where there is a slide or slides. Have students observe how the slide is constructed.
Ask:
· How does the slide start and end? (starts high and ends low)
· What is holding the slide up? (poles, supports)
· What do you notice about the sides of the slide? (there is a “wall”) 
· Why do you think the wall is there? (to keep you from falling off the slide)
· How is the slide shaped? (curved, spiraled, straight, etc.)

Have students slide down the slide(s) one at a time and discuss the motion (fast/slow, they went from the top of the playset to the bottom, started fast and ended slow, etc.)

When you return to the classroom:

If you are using marble run kits, have the pieces of the kits available for students to see as they are creating their sketch, so they can determine which pieces they might want to use.

If you are using cardboard pieces, have those available for students to view. You will want to use the tips from the  Maker Monday: Marble Runs video (start at 12:25) to show students how to create bases and spirals with the materials before they start designing. Students then work with a partner or in a small group to sketch and label a slide design in a journal or on a designated piece of paper.

After you have approved the designs, students may begin building their slides. Have rulers or measuring tapes available for students to measure the height of their slides. It shouldn’t be taller than 12 inches.

After students have completed the construction of their slide they should measure it and place it next to the model of the tree to test it. 

As students are testing their slides they should use a stopwatch to time how long it takes their marble to reach the bottom of the slide and record the time in a journal. Assist students with reading and writing the times in seconds as needed.

When testing their slides students should make sure their marble stays on the slide until it reaches the bottom and the marble moves the whole time (doesn’t get stuck).
	


















































How to create bases and spirals:  Maker Monday: Marble Runs video (start at 12:25)









	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

	After all pairs or groups have tested their slides. Record each time on the whiteboard or chart paper and discuss who’s slide had the fastest time and who had the slowest. Observe the slide that had the fastest time and slowest time. Discuss the differences in the slides.
Ask:
· Why do you think some slides were faster than others? (slope was steeper, not as many curves, more supports etc)

Have students watch the SciShow Kids video Swings, Slides and Science.

Review forces as what makes an object move or stay still, a push or a pull.
Review the gravity as the force that pulls objects to the earth. Discuss gravity as the force that is occurring when you or another object goes down a slide. Gravity is pulling the marble down the slides they have created.

Revisit the book The Koala Who Could. Turn to the page where the tree begins to fall. Ask students to identify examples of gravity occurring. (the tree falling to the ground, the books, leaves and Kevin falling to the ground). 



If students are building marble runs from cardboard pieces you may want to have them view the marble run science section in the Maker Monday: Marble Runs Video (start at 10:30)
	














SciShow Kids video Swings, Slides and Science.
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Marble Run Science:
Maker Monday: Marble Runs Video (start at 10:30)



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

	Teacher Directions
	Additional Notes

	Have students revisit their slide designs and make any changes needed to make their slide: 

1. Safe by keeping the marble on the track and landing in the bucket/cup.
2. Faster by changing any parts that may be slowing or stopping their marble (add a support, change the incline etc.)
	



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

	Teacher Directions
	Additional Notes

	Have students use a journal to draw their final slide and write about what made it successful or unsuccessful. How would they improve their slide in the future?

Students could also create a video reflection about their slide, using available technology.
	[bookmark: _heading=h.1fob9te]


Student Page
Student Recording Pages (Word)
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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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