STEM BriefsMaking Connections in STEM


Title: Matter STEM Challenge
Challenge: You want to start a new summer business while you are off from school, you want to make and sell snow cones at your local playground, but you don’t want them to melt on the walk there. Can you design and create a container that will slow down the rate at which your snow cones will melt? 
	Science
	Engineering
	Mathematics

	Concepts:
Science 2.3   	
Matter can be described and classified by its observable properties. The phase of a substance is a physical property.
· Matter is anything that has mass and takes up space; all substances are made of matter. Matter most commonly occurs in three phases: solids, liquids, and gases. Different kinds of matter exist and many of them can be either solid or liquid, depending on the temperature (2.3 a). Students are not responsible for knowing about additional phases of matter, such as plasma.
· Solids have a definite shape and volume (2.3 b).
· Liquids have a definite volume and take the shape of their container (2.3 b)
· Gases will completely fill any closed container (take the shape of their container) and assume the volume of their container (2.3 b).
· Matter can change from one phase to another (2.3 c).
· When matter changes from one phase to another, these changes are referred to as physical changes (2.3 c). Students are not expected to identify physical or chemical properties or changes.
· Heating and cooling can change the phase of matter (2.3 c).
Practices:
Science 2.1   	
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
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.
Math 2.MG.2
Telling time requires reading a clock. The position of the two hands on an analog clock is read to tell the time.

	A digital clock shows the time by displaying the time in numbers which are read as the hour and minutes.

Counting by fives is beneficial when telling time to the nearest five minutes.

Students should develop an understanding that there are 60 minutes in an hour.


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.
Math  2.MG.2
The student will demonstrate an understanding of the concept of time to the nearest five minutes, using analog and digital clocks.
c) Show, tell, and write time to the nearest five minutes, using analog and digital clocks.
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 2nd Science and Math		



Title: Matter STEM Challenge
Timeframe: 
	2 hours (1 hour over 2 days)
Day 1-Engage (15 min), Explore (30min)
Day 2 Explain( 15 min, but will need to record observations for an hour every ten minutes), 
Day 3 Elaborate (Plan and Build- 30min) you will need to record observation for an hour every ten minutes however other instruction/stations can be going on. 
Day 4-Evaluate (20 min)



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
b)  planning and carrying out investigations
c) interpreting, analyzing, and evaluating data
d) constructing and critiquing conclusions and explanations
f)  obtaining, evaluating, and communicating information
Science 2.3   	
The student will investigate and understand that matter can exist in different phases. Key ideas include
b)   solids, liquids, and gases have different characteristics; and
c)   heating and cooling can change the phases of matter. 

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.
Math  2.MG.2
The student will demonstrate an understanding of the concept of time to the nearest five minutes, using analog and digital clocks.
c) Show, tell, and write time to the nearest five minutes, using analog and digital clocks.



[bookmark: _heading=h.gjdgxs]Engineering Problem
	You want to start a new summer business while you are off from school, you want to make and sell snow cones at your local playground, but you don’t want them to melt on the walk there. Can you design and create a container that will slow down the rate at which your snow cones will melt?


Challenge and Criteria
	Criteria: Your container must be carried with a handle or handles.
 Your snow cone (ice cube) must be visible without opening your container.
 Your container must be no more than 8 inches long, 3 inches wide, and 2 ½ inches height.
 You need a lid for your container.
 You must put a thermometer in your container.
Constraints:
Materials: Students may only use up to 5 materials that the teacher provides
Time: Students must build a model within the time limit the teacher sets (20 minutes ideally)


Support about the Standard 
	This lesson can be done any time of year. However, if you are not able to take time to make observations every 10 minutes for an hour you might prefer to test outside on a warm day so that it will speed up the challenge for you. 


[bookmark: _heading=h.mwk2nzq9spif]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)
	Explore and Elaborate Section: Provide a variety of materials that students can use, examples could be:
brown paper bags, bubble wrap cardboard, clay, cotton balls, cups (plastic, styrofoam), fabric, foil, glue, newspaper, packing peanuts, paper, paper towel, pipe cleaners, plastic wrap, popsicle sticks, straws, tape, wax paper, 
Each group will need a stopwatch (or timer displayed on board), ruler, thermometer, and two ice cubes


Identify potential safety concerns. Please refer to division safety criteria when working with materials.
	· Remind students that although they might be familiar with ice and that it is an everyday item to them they may not put it in their mouth. 
· Have paper towels available for any melting ice cubes.





Lesson Preparation
	Ice cubes need to be made and put into a container for yourself that will allow them to not melt as students are building. If you have the ability, wait until students are going to test to take them out of the freezer. 
Plan to have enough time where students can make observations every 10 minutes. This might mean that you are providing other instruction and they periodically will have to stop and record observations. 


Suggested Prior Instruction
	· It is helpful if students are familiar with the knowledge of what criteria and constraints are prior to the lesson. Otherwise, you will need to explicitly teach what criteria and constraints are in an engineering challenge. 
· Possible Reading- Readworks Article: States of Matter




	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

	· Label each corner of the room with one of the four seasons.

· Ask students to go stand in the corner of the room which is labeled with their favorite season. Explain that once they get to their corner ask them to share with someone else in the corner why it is their favorite season.

· While students are still standing in the corner, ask them to describe the typical weather for that season. 

· Ask students to join you seated in the front of the room or at their seats and read the story “One Hot Summer Day” by Nina Crews

· Turn back to the page where the girl is eating the popsicle. Ask students if they have ever eaten a popsicle outside during summer. Have them describe their experience.

· Most likely students will use the vocabulary word, melt. Ask them to explain how something melts (when something solid and cold warms up and turns into a liquid) 

· Share with students the engineering design challenge. “ You want to start a new summer business while you are off from school. You want to sell snow cones at your local playground  that you made at home, but you don’t want them to melt on the walk there. Can you design and create a container that will slow down the rate at which your snowcones will melt?”

· Have students brainstorm on a piece of paper or a sticky what might be a possible solution to the problem. It could be written or drawn.

· Pass out the student recording forms

· Share with students the criteria and constraints
	· If you cannot access the book to read aloud you can play the following link. 
· The book provides a hook to get students thinking about hot summer days and how to stay cool.
·  A possible misconception students might have is how ice melts. It’s because the air in the room is warmer than the melting point of ice. Heat from the air is transferred to the molecules in the ice causing them to gain energy and causing the ice to change to liquid water.
· 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: ]



	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 identify the problem, criteria, and constraints.

· Assign students into groups of 3 or 4

· Show students the materials they can choose from to build their containers.

· Remind them that part of the constraints is that they may only use up to 5 different building materials. (You may choose to change the number as you see fit with your group of students). 

·  Before building they will need to draw out a plan with their group on their recording form.

· Once they have their plan drawn and your approval, they can get their materials and start building. Once students have had 20 minutes to build, have them stop. 

· Model for students how to measure the length, width and height of your container (this can be anything from a stainless steel drinking cup to a real manufactured cooler). Record this on the table on page 2. 

· Ask students how you will know who has built the most effective container. Hopefully they will come up with the idea to test the containers by placing ice in them. 

· Tell students that tomorrow they will test their containers. Store the containers in a location where they will be safe overnight. 
	It is not recommended that students take the ice cubes out of the container because it will speed up the melting! Students will need to touch them some to observe them, but excessive handling will melt them



	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

	· Start this part of the lesson the next day by presenting this link to the whole class. Go through all 3 steps. As you are discussing, remember to point out to students the following definitions.
heating- increasing the temperature of an object.
cooling- decreasing the temperature of an  object
condensation- a gas changing to a liquid by cooling the gas
evaporation- a liquid changing to a gas through heating of the gas
melting- a solid turning to a liquid by heating of the liquid
freezing- a liquid turning to a solid by cooling the liquid
· Follow up by asking, “How can we test to see which design works best?” They should decide to observe and perhaps time how long it takes to melt the ice cubes. The container that keeps the ice cube solid for the longest time is the best container. 

· Ask students what their container is trying to do (Keep the ice from melting). If we want to keep ice from melting, we need to insulate it. We need to keep warm gasses (warm air) or warm solids (the tabletop, etc.) or warm liquids from touching it.

· Model for students how to read a thermometer and place it into your own control container. Explain to students that this will be the container that they will compare their container to. Record the temperature of the thermometer after being in your container for 10 minutes. Show students how to record this on page 2 of their recording form then for them to record the temperature from their own container.

· Remind students to also write or draw observations of their ice cube.

· Students will check every 10 minutes on the status of their ice cube and record the temperature and observations.

· As students are waiting, discuss what an insulator and conductor are: 
Metal does not provide good insulation. Why? Because metal is a strong conductor of heat. If you set a metal spoon on a hot stove, it will quickly become too hot to touch. Metal will easily pick up the heat from the air in the room and transfer it to the ice. We need to find materials that are good insulators and put those around the ice to keep it from melting.
	






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

	Teacher Directions
	Additional Notes

	
· Ask students to discuss with their group how their container compared to the teacher’s control container.

· Ask them to think about how they would redesign their container. Would they use the same materials? Different materials after learning about conductors and insulators? 
· Have students plan out an improved design on their recording form on page 3. 

· Students will still only be allowed to use up to 5 materials, they may use the same or different ones than they used in the first design. 

· After students have planned and gotten your approval, give them 20 minutes to build.

· Once time is up, have students measure the length, width, and height of their new design and record.

· Have students place the thermometer into the new container and then record the temperature, and observations every 10 minutes for an hour.

	–The recording sheet has a chart with 3 columns so students can record results from the control, the first design, and then the improved design in the last column. 
-As students are developing improvements on their design,  help them understand other variables besides materials that might have caused errors in data. For example, handling the ice or opening the container. 







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

	Teacher Directions
	Additional Notes

	· Once students have completed their observations, discuss their data. Ask students to compare their temperatures from the first design to the second design. Did they go down, up, stay the same? Why do you think so?

· Ask students to share their 60-minute temperature on their second design and how they described the ice cube. The students with the highest temperature and lowest temperature need to hold up their containers. Have students compare and contrast the materials and designs used for each. Then give an inference as to why their design made the temperature cooler or warmer.

· Have students evaluate their design on their recording form. Have them review the problem. criteria, and constraints and make a claim whether their container worked. 

· Elicit responses as a whole group to see how students feel they could improve their container along with knowing if their container worked or not. 
	[bookmark: _heading=h.1fob9te]-Explain to students that they are not being evaluated on whether their design worked but on how they can use evidence from their test to explain why their container worked or didn’t. 



Suggested Post Instruction
	Bring in different products designed by real-life engineers to keep ice from melting.  Run your own tests to see which coolers, or water containers you would recommend to customers.



Student Page(s)
Student recording form
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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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Figure 1: Engineering Design Process image based on the National Aeronautics and Space Administration (NASA) engineering design
model.
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