STEM BriefsMaking Connections in STEM


Title: Marble Runs
Challenge: Many people love roller coasters, but a portion of the population might prefer a slower, calmer ride experience.  Busch Gardens, a popular theme park in Williamsburg wants to offer a variety of rides that appeal to all ages and abilities.  Can you help them design and create a roller coaster that will move at a much slower pace than the typical roller coaster?  You will present your prototype in the form of a marble run built on the provided surface.  Think about the marble runs that you may have played with or built when you were younger.  Can you redesign a marble run that will take the marble the longest amount of time possible to reach the end without stopping?  At the conclusion, each group will test and time their marble runs.
	Science
	Engineering
	Mathematics

	Concepts:
Science 5.2 
Energy is the ability to cause change or do work. Energy can be transferred in various ways and between objects. 
· Energy is the ability to cause change and that change can take multiple forms (5.2 a). Students are not expected to give a precise or complete definition of energy. 
· At the macroscopic level, energy manifests itself in multiple phenomena, such as motion, light, sound, electrical and magnetic fields, and thermal energy (5.2 a).
· Energy cannot be created or destroyed; however, it can transform from one form into another. Energy can take many forms such as thermal, radiant, mechanical, and electrical (5.2 a, b, c, d). 
· Energy can be transformed from one form to another to do work. Work, in a scientific sense, is defined as a force acting upon an object, causing that object to move in the direction of the force (5.2 a). Students are not responsible for calculating work. 
· Energy can be moved from place to place by moving objects, or through sound, light, or electric currents (5.2 b). 
Energy can change forms but cannot be created or destroyed. For example, electrical energy is transformed into thermal energy when a stove is turned on. The electrical energy does not just disappear and thermal energy does not just appear out of nowhere (5.2 c, d).

Practices:

Science 5.1
The student will demonstrate an understanding of scientific and engineering practices by
a)     asking questions and defining problems
b)    planning and carrying out investigations
c)     interpreting, analyzing, and evaluating data
d)    constructing and critiquing conclusions and explanations
e)     developing and using models
f)      obtaining, evaluating, and communicating information

	Concepts:

STEL-1B
Explain the tools and techniques that people use to help them do things.

STEL-1H
Design solutions by safely using tools, materials and skills.

STEL-2E
Collaborate effectively as a member of a team

STEL-2J
Demonstrate how tools and machines extend human capabilities

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 5.PS.2
 Statistics is the science of conducting studies to collect, organize, summarize, analyze, and draw conclusions from data. 
Students need to learn more than how to identify the mean, median, mode, and range of a set of data. They need to build an understanding of what the measure tells them about the data, and see those values in the context of other characteristics of the data in order to best describe the results.
Practices:

Math 5.PS.2
The student will solve contextual problems using measures of center and the range.
a) Describe mean as fair share.
b) Describe and determine the mean of a set of data values representing data from a given context as a measure of center.
c) Describe and determine the median of a set of data values representing data from a given context as a measure of center. 
d) Describe and determine the mode of a set of data values representing data from a given context as a measure of center. 
e) Describe and determine the range of a set of data values representing data from a given context as a measure of spread.
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Fifth Grade/Science and Math		


Title:  Marble Runs
Timeframe: 
	This challenge would be best completed in one block of 2 hours.  It could be divided into two 45-minute to one-hour sessions.  If that is the case, use the first block to introduce, plan, and begin creating the track.  Use the second session to put the track on the wall or cardboard and test.



Standards/Indicators  (copied from the standards)
	Science 5.1
The student will demonstrate an understanding of scientific and engineering practices by
a)     asking questions and defining problems
b)    planning and carrying out investigations
c)     interpreting, analyzing, and evaluating data
d)    constructing and critiquing conclusions and explanations
e)     developing and using models
f)      obtaining, evaluating, and communicating information

Science 5.2 

5.2	The student will investigate and understand that energy can take many forms. Key ideas include
a) energy is the ability to do work or to cause change;
b) there are many different forms of energy;
c) energy can be transformed; and
d) energy is conserved.

EKP: apply scientific ideas to design, test, and refine a device that converts energy from one form to another

Math 5.PS.2
The student will solve contextual problems using measures of center and the range.
a) Describe mean as fair share.
b) Describe and determine the mean of a set of data values representing data from a given context as a measure of center.
c) Describe and determine the median of a set of data values representing data from a given context as a measure of center. 
d) Describe and determine the mode of a set of data values representing data from a given context as a measure of center. 
e) Describe and determine the range of a set of data values representing data from a given context as a measure of spread.


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Many people love roller coasters, but a portion of the population might prefer a slower, calmer ride experience.  Busch Gardens, a popular theme park in Williamsburg wants to offer a variety of rides that appeal to all ages and abilities.  Can you help them design and create a roller coaster that will move at a much slower pace than the typical roller coaster?  You will present your prototype in the form of a marble run built on the provided surface.  Think about the marble runs that you may have played with or built when you were younger.  Can you redesign a marble run that will take the marble the longest amount of time possible to reach the end without stopping?  At the conclusion, each group will test and time their marble runs.


Challenge and Criteria
	Design and create a marble run that takes the longest amount of time possible for the marble to reach the end without stopping.  Students must create a container to catch the marble at the end, and the track must include at least 3 turns (where the marble changes direction).  Marble runs could be constructed on a wall (spaces in a hallway work well) or on large pieces of cardboard that are leaned against a table.


Support about the Standard 
	Before introducing the challenge, it is helpful to review important vocabulary like friction, gravity, potential energy, and kinetic energy.  Include a brief discussion of Newton’s Laws of Motion as well as what can make an object move faster or slower.  This project works best when students are in teams of 3-4.  Make sure to discuss taping techniques with students.  When taping their track to the wall or cardboard sheet, it is helpful to run the masking tape over the track piece vertically first with plenty of extra tape making contact with the wall or cardboard above and below the track.  Then add horizontal pieces to anchor the track so it will not come loose.  


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.
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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.
	Materials:  cardboard, cardboard tubes, paper, masking tape (at least one roll for each group), fabric scraps, pipe cleaners, popsicle sticks, aluminum foil, plastic wrap
Tools:  scissors, low-temperature hot glue gun, marbles, stopwatch or phone timer

Safety:  When using low-temperature hot glue guns, always make sure students are supervised and wearing safety goggles.  Make sure to have popsicle sticks available for students to push down on objects when hot gluing to avoid burning their fingers.



Lesson Preparation
	Determine if students will create their marble runs on the wall or on large sheets of cardboard.  

If you are using wall space, be sure posters or other items are removed before beginning and ensure that each group has the same amount of space to build on.  If your walls are cinder blocks, you can count the same number of blocks for each group and mark the limits with duct tape.  Students can be asked to measure the length of their building wall space to record on their portfolios for measurement practice.  

 You could also require students to accurately measure and mark their length of wall space themselves.  A length of anywhere between 5 and 8 feet would be appropriate if using walls in a space like the hallway.  For example, you could tell students their length boundary is 66 inches and give them a yardstick with which to measure. They would need to determine the conversion to feet and know how to use the yardstick to determine that space. 

 If you are building on cardboard, large pieces (24 in. x 24 in. or larger) would be best.  In addition, students will need a variety of recyclables to build their track:  cardboard tubes, paper (which can be folded in a V-shape to create track), flattened cereal and cracker boxes, fabric, bubble wrap, popsicle sticks, hot glue, masking tape.  



Suggested Prior Instruction
	Students should be familiar with friction, gravity, kinetic energy, potential energy, Newton’s Laws, and the effect that friction and gravity have on moving objects.



	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

	Begin with a discussion of the types of toys that students have played with before that move: toy vehicles, remote control toys, slinkies, balls, hoverboards, and bikes.  

We have all had experience with things that move and that motion is an important scientific connection.  

We will begin a project that will apply your knowledge of motion and energy to complete a task.

	Include the following when and if appropriate:
· This project will apply the 5C’s:  creativity, collaboration, critical thinking, communication, and character. 

· Heterogeneous grouping works well (3-4 students per group)
· Visuals of different moving toys could supplement discussion and also help students to see what creates the motion:  wheels and axles, gravity, motors, rubber band power, etc. 



	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

	Review background knowledge by reviewing relevant vocabulary and concepts using slides and video clips.  

Introduce the challenge.  Most students are probably familiar with marble runs or something similar like a toy car racetrack.  

Usually, we want the marble or car to get to the end as fast as possible.  This time, we will build a track that will allow the marble to travel from start to finish in the longest amount of time possible without stopping.  

The track must have at least 3 turns or changes of direction, and there must be a handcrafted container at the end to catch the marble.  

Review the available materials and how the marble run will be constructed (wall or cardboard).  Review taping strategies to hold the track pieces securely to the surface.  
Students must first confer with their groups to complete the brainstorming portion of their student sheets.  They must consider the types of materials they will use, how they will slow the marble down, where the turns will be, and how they will make their container.  

Once the teacher has seen the completed brainstorming and approved the plan, students can begin building track (if it will be a two-day project) or can begin constructing and adhering to the surface (if it is a one-day project)

As students work, they should test their design to make sure the marble doesn’t stop or get caught, and to see how long their design is taking so they can make improvements as they work.

When the building and revision time is over, give students time to collect their data on the 
Data Collection sheet.  They should do three timed trials, record their data, and find the mean of their data. 
	Include the following when and if appropriate:
· When giving directions for brainstorming, it is helpful to draw a simple diagram on the board so students can see what a turn means.  It is a change in direction which often involves the marble dropping from one level of track to another level in order to move the opposite direction.

· Explain that students will want to begin building at the top of their construction surface (wall or cardboard) and use the space so the marble has plenty of track on which to travel.

· Discuss the role of gravity.  What kind of angle will make an object move faster?  A steep drop or a gradual slope?  Think about that when building your track.
· 
· Discuss the role of friction in the speed an object moves.  More friction equals slower movement.  How can you use friction to help you slow down your marble?

· Materials rule:  No More than Four of any one kind of material will prevent students from using too much.

· Give each group 2 rolls of masking tape and a stopwatch to help in building and testing.











Depending on the class experience, you may need to do a mini-lesson on how to calculate the mean as the average of data.



	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

	At the end of student work time, gather the class to do a final test of all marble runs. 

 Go from group-to-group timing each run.  

Be sure to discuss the characteristics you are seeing that make a marble run particularly slow or fast.

As a group, discuss the important concepts and how they relate to the marble runs.  

 How was friction used to slow the marble down?

 What role did gravity play?  

Where did your marble have potential energy?  

Where did it have kinetic energy?
	When sharing, allow the group that is testing to stand on either side of their marble run with the remainder of the class gathered around so that everyone can see and take part in the discussion.


This class data could be collected on the board in a data table.  For a further math extension, you could lead the students through calculating the mean, median and mode of all of the data.



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

	Teacher Directions
	Additional Notes

	Students work with their team to answer the questions in their portfolio.
Planning and Reflection Sheet

	· Allow groups to communicate while answering the questions, but each student should complete their own portfolio.



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

	Teacher Directions
	Additional Notes

	Students complete the self-evaluation of their portfolios to reflect on their designs and what they could change or add to improve their results.

Planning and Reflection Sheet

	· [bookmark: _heading=h.1fob9te]The student portfolio provides an assessment piece for teachers.
[bookmark: _heading=h.ltyxt9b57hhb]
[bookmark: _heading=h.uml133k41xd0]



Student Page(s)
Lesson slides

Data Collection

Planning and Reflection 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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