STEM BriefsMaking Connections in STEM


Title: Roman Aqueducts
Challenge: Students will design and create an aqueduct that will move water from a starting point to an ending point at least 1 foot away without leaks or spills.  The aqueduct must stand on its own, include at least one arch in the design, and use the force of gravity to move the water.  Students must also design and create their own “castellum” or container to collect the water at the end of the aqueduct.
	Science
	Engineering
	Mathematics

	Concepts:
Forces between objects can cause a change in motion.
· Forces are pushes or pulls that can cause objects to move, stop moving, change speed, or change direction. Gravity is an example of a pulling force (3.2 a).  
· Friction is a force that opposes the motion of an object (3.2 a).
· The net force is the combination of all the forces acting on an object (3.2 b). Students are not expected to calculate net force.
· Whether an object stays still or moves often depends on the effects of multiple pushes or pulls. An object at rest typically has multiple forces acting on it, but they result in a zero net force on the object. Forces that do not sum to zero net force can cause changes in the objects speed or direction of motion (3.2 b). Students are not expected to calculate net force.
· Simple machines are devices that change the direction or size of a force (3.2 c). 
· Compound machines contain more than one simple machine (3.2 d).

	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-2C
Explain that materials are selected for use because they possess desirable properties and characteristics

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 3.MG.1
The concept of a standard measurement unit is one of the major ideas in understanding measurement. Familiarity with standard units is developed through hands-on experiences of comparing, estimating, measuring, and constructing.
One unit of measure may be more appropriate than another to use when measuring an object, depending on the size of the object and the degree of accuracy desired.
Correct use of measurement tools is essential to understanding the concepts of measurement. 
Practices:
Math 3.MG.1         	
The student will reason mathematically using standard units (U.S. Customary and metric) with appropriate tools to estimate and measure objects by length, weight/mass, and liquid volume to the nearest half or whole unit.
b) Estimate and measure: 
   i) length of an object to the nearest U.S. Customary unit (half inch, inch, foot, yard) and metric unit (centimeter, meter)
iii) liquid volume to the nearest U.S. Customary unit (cup, pint, quart, gallon) and metric unit (liter).


[image: ]
Third Grade Science/Third Grade Math		


Title:  Roman Aqueducts
Timeframe: How many days? How much time per day?
	1-2 days, 45 minutes each day



Standards/Indicators  (copied from the standards)
	Science 3.1   	
The student will demonstrate an understanding of scientific and engineering practices by
a)  asking questions and defining
problems
e)  developing and using models
f)   obtaining, evaluating, and communicating information
Science 3.2
The student will investigate and understand that the direction and size of force affects the motion of an object. Key ideas include
a)     multiple forces may act on an object;
b)     the net force on an object determines how an object moves;

Math 3.MG.1         	
The student will reason mathematically using standard units (U.S. Customary and metric) with appropriate tools to estimate and measure objects by length, weight/mass, and liquid volume to the nearest half or whole unit.
b) Estimate and measure: 
   i) length of an object to the nearest U.S. Customary unit (half inch, inch, foot, yard) and metric unit (centimeter, meter)
  iii) liquid volume to the nearest U.S. Customary unit (cup, pint, quart, gallon) and metric unit (liter).


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Moving water can be a hard job!  Water is heavy and it spills easily.  Instead of carrying water from one place to another, we can use a natural force to help move it for us!  Moving water can also be fun for people.  Imagine you have been asked by a nearby pumpkin patch to help create a rubber ducky racetrack for one of their new game stations.  The idea is to place the rubber ducky at the beginning of the track, turn on the water, and see how fast it travels to the end!  Using the aqueducts of ancient Rome as inspiration, can you create a device that uses the force of gravity to move water from a starting point to an ending point at least 1 foot away without losing any of the water in the process so the rubber ducky can race?


Challenge and Criteria
	Students will design and create an aqueduct that will move water from a starting point to an ending point at least 1 foot away without leaks or spills.  The aqueduct must stand on its own, including at least one arch in the design, and use the force of gravity to move the water.  Students must also design and create their own “castellum” or container to collect the water at the end of the aqueduct.


Support about the Standard 
	Science:  This project reinforces several concepts including how organisms (in this case humans) can get water from their environments and the effect of gravity on moving water causing it to flow downhill.
Math:  Measurement is used in this project as students must accurately measure the length and height of their aqueducts.
Social Studies:  Students review the Roman invention of aqueducts and how important they were to the development of towns and cities in Rome that depended on aqueducts for a water supply.


[bookmark: _heading=h.7kq15nvdbrca]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.
	Consumables:  aluminum foil, cardboard tubes, popsicle sticks, pipe cleaners, cardboard, straws, paper, tape, paper towels, water

Tools:  scissors, low-temperature hot glue guns, hole punchers, rulers, liquid measuring cup with a spout for pouring, large plastic tube or container to in which to test the aqueducts

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.

When testing aqueducts, have a table or countertop that is cleaned off to prevent things from getting wet.  Placing an aqueduct in a larger plastic container during testing can catch any leaking water.



Lesson Preparation
	Gather materials in bins or containers for easy access.

Copy the student portfolio for each student.




Suggested Prior Instruction
	Students should have a firm understanding of water as a natural resource that is needed by all living things.  A discussion of gravity and its effects on water is helpful, as well as extensive background knowledge of ancient Rome and its contributions.  Students should also know how to measure to the nearest half-inch using a ruler.



	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

	You may have visited a pumpkin patch on a school trip or with your family.  Many pumpkin patches have fun games and activities to participate in besides picking pumpkins. 

 Imagine you have been asked by a local pumpkin patch to help create their newest game:  rubber ducky races.  

They want a track that will use the force of gravity to carry water (and the rubber ducky) from a starting point to an ending point without leaking any water.  

Also, to keep the ground from getting super muddy at the end, they want a container to collect the water.  

Think about our study of ancient Rome.  How is this game similar to an aqueduct?  

You will use your knowledge of aqueducts, gravity, and the behavior of water to help you design and create a prototype for the rubber ducky track.
	· Pictures and videos can be used to help students review the structure of aqueducts
· This project will apply the 5C’s:  creativity, collaboration, critical thinking, communication, and character. 



	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

	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 their aqueduct will use gravity to move the water, how they will prevent leaking, and how they will create their castellum to collect the water at the end.  
Once the teacher has seen the completed brainstorming and approved the plan, students can begin building.

	Materials rule (for recyclables and craft supplies):  No More than Four of any one kind of material will prevent students from using too much.

Groups can be prompted to consider the effect of water on the provided materials.  The goal is to prevent leaking, so thinking about which materials are waterproof and which are not will be helpful.

Avoid providing materials that can become a ready-made castellum (container) to collect the water at the end.  The goal is for groups to have to create their own castellum, not just grab a yogurt cup and say they are finished.

Groups should also be encouraged to consider the placement of the castellum at the end of their aqueduct.  Depending on the angle, it might need to be placed in a very specific place to catch the water.






	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

	During the testing phase, student groups share and explain their aqueduct designs, with particular emphasis on the use of materials. 

Students also share their designs for the castellum.  

Then, each group pours the measured amount of water at the beginning of their aqueduct, watching carefully for any leaking.  

When all of the water reaches the castellum, it can be poured back into the measuring cup to see how much water was lost. 

 Be sure to ask students what problems they had while creating their aqueducts and how they were able to solve their problems.

	For testing, measure the same amount of water for each group using the measuring cup to keep the test fair and consistent.  Usually a quarter to a third of a cup is a good amount.

During testing, point out and discuss as a group where and why any leaks might be occurring.  
· 






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

	Teacher Directions
	Additional Notes

	Students complete their portfolios to answer questions regarding the science, social studies, and math connections.


	· 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 portion of their portfolios to reflect on their learning and consider what improvements or changes they could make to their designs.



	Questions in this portion ask students to think of what they would change or add to improve their designs and also to reflect on problems they had and how they were able to solve them.



Student Page(s)
Lesson Slides
Student Design Brief
Student Portfolio
image2.png
Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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