STEM BriefsMaking Connections in STEM


Title:  Building and Using Simple Machines
Challenge: The classroom has received a delivery of a heavy box of textbooks.  No one in the class can safely lift and move the box. Can you design a prototype of a simple machine that will be able to move a heavy box of textbooks to its proper location in the classroom? 
	Science
	Technology
	Engineering
	Mathematics

	Concepts:
Science 3.2   	
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).

Practices:

Science 3.1 
The student will demonstrate an understanding of scientific and engineering practices by
a) asking questions and defining problems
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: 

CS 3.6
When approaching a task it is sometimes easier to break the problem down into manageable chunks. Programs can also be broken down into smaller parts to facilitate their design, implementation, and review. This is called program decomposition. Decomposition helps in addressing aspects of program development, such as testing, by allowing people to focus on one piece at a time. Decomposition also enables different people to work on different parts of a program at the same time. An example of decomposition at this level is creating an animation by separating a story into different scenes. For each scene, a background needs to be selected, characters placed, and actions programmed. The instructions required to program each scene may be similar to instructions in other programs.
Programs can also be built by adding together these smaller components to complete a task. In third grade, students are expected to break down large problems into subproblems when designing or debugging programs.

Practices:

CS 3.6                 
The student will break down (decompose) a larger problem into smaller subproblems, independently or collaboratively. 
	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 3.15
The student will use problem solving, mathematical communication, mathematical reasoning, connections, and representations to: Collect and organize data, using various forms of data collections (e.g., surveys, polls, questionnaires, scientific experiments, observations).
Practices:
Math 3.15
The student will
a)   collect, organize, and represent data in pictographs or bar graphs; and
b)   read and interpret data represented in pictographs and bar graphs.
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Third Grade Science/Math/Computer Science



Title: Building and Using Simple Machines                                                            

	Timeframe:

	This lesson will require three days with 45 minutes of time each day.



	Standards/Indicators

	Computer Science 3.6 
The student will break down (decompose) a larger problem into smaller subproblems, independently or collaboratively. 
Science 3.1 
The student will demonstrate an understanding of scientific and engineering practices by
a) asking questions and defining problems
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  3.2 
The student will investigate and understand that the direction and size of force affect the motion of an object. Key ideas include
a)  multiple forces may act on an object;
b)  the net force on and object determines how an object moves;
c)  simple machines increase or change the direction of a force; and
d)  simple and compound machines have many applications.

Math 3.15 The student will use problem-solving, mathematical communication, mathematical reasoning, connections, and representations to: Collect and organize data, using various forms of data collection (e.g., surveys, polls, questionnaires, scientific experiments, observations).



	Engineering Problem

	The classroom has received a delivery of a heavy box of textbooks.  No one in the class can safely lift and move the box. Can you design a prototype of a simple machine that will be able to move a heavy box of textbooks to its proper location in the classroom? 





	Challenge and Criteria:

	The students will work in small groups to design and create a prototype of a simple machine that could move the heavy box if built.  The machine has to be built of the materials made available by the teacher in the classroom.  It has to be able to move a scale model of the heavy box.



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:

	The lesson will require glue or a glue gun, scissors, cardboard, tape, toilet paper, and paper towel rolls, string or yarn, paper plates, plastic cups, thread spools, ribbon spools, and tiny boxes (jewelry) to act as the scale model, clean empty cans, a whiteboard or poster to write the data collection, rulers or a measuring tape

Potential safety concerns are: injuries due to cutting cardboard with scissors (this may require adult help), sharp edges on cans, hot glue if used
(Teachers can send home a letter requesting materials from families before the project.)




	Lesson Preparation:

	Prior to the lesson the instructor will need to gather all the materials.  They may want to pre-plan the small groupings to encourage focus and positive interactions during group work.   The teacher should consider what the behavior norms and expectations will be during the project, so these can be communicated to the students before they break into small groups.



	Suggested prior instruction:

	The students should have had an introduction to the concept of simple machines before beginning this lesson.  They should have been exposed to the vocabulary of wedge, inclined plane or ramp, lever, wheel and axle, pulley, screw, and force.

One good book for introducing these concepts is Simple Machines by David Adler. Another resource is the BrainPop Jr video called Simple Machines.https://jr.brainpop.com/science/forces/simplemachines/ 



Engage The goal of this phase is to capture students’ attention and interest for the purpose of preparing them for learning content and/or practices.
	Teacher Directions
	Additional Notes

	The teacher will present the following problem to the students:  
Working in a small group, they need to build a prototype of a simple machine that would be able to move a box of heavy books.  

The teacher can have a heavy box of books as a real life example. The students will have access to building materials and pictures of simple machines to copy.  

They will test moving a small box with their simple machine.

The teacher will encourage the students to discuss what they already know about simple machines and how they can solve the problem by breaking it into smaller steps, or subproblems, along the way.

Start by brainstorming together as a group and writing the ideas on a whiteboard or poster: 
What is the big problem they need to solve?(moving a heavy box of books) 
 
What is the first smaller step they need to take? (design a simple machine on paper)

What is the next subproblem or step? (gathering materials and assigning group members to tasks)  

Then what step do they need to take? (working together to build a prototype from the plan)

What if they have a problem working together as a group? (take a break to revisit who is doing what job, get teacher help if needed)

What if their first prototype doesn’t work to move the books or breaks? (fix the problem, or build another iteration of the prototype and try again)

Also, ask the students how dividing the larger problem up into smaller problems, or subproblems helped with the planning of the project. (smaller problems make it easier to find solutions and are not as overwhelming or challenging to start with when planning)

The groups will brainstorm together and draw a model of the machine they plan to build. 
Student planning sheet
The students will submit their drawings to the teacher for approval before beginning to build the prototype.
	The students will have had a quick introduction to the concept of simple machines before this activity.

The teacher will explain all behavior norms and expectations before beginning the group work process.

This lesson will need multiple class periods to complete.

The teacher will provide scaffolding on how to break the main problem of moving the books into smaller steps to make the problem manageable.

Websites with pictures of kid-made simple machines:
30 Simple Machine Projects for Kids

20 Simple Machine Activities For Middle School - Teaching Expertise

Simple Machines Challenge for Kids - 3 Ways to Move a Lion

6 Projects for Learning about Simple Machines | STEM Education Guide




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

	The students will build their simple machine and begin testing their model to see if it can perform the task. 

They will gather data on what worked and did not work in their testing. Data points will include: if the iteration was successful, how far it moved the box, and if the model stayed intact.

They will debug their models to improve results. The teacher will be acting as a consultant during this time: asking questions, offering advice, and allowing discussion and work time to the students.
	The students will be encouraged to observe what is working and not working in their model.  They will also be encouraged to observe what is and is not working for other groups.

The teacher will provide a big poster or whiteboard for the groups to write their data from their testing.  (Connection with Math 3.15 - collecting and organizing data)

 Each group will have a spot to write the number of the prototype (which iteration), if it worked, and how far they were able to move the replica box in inches or feet. 

 The students will be able to see each group’s data from the testing.
Class Data Collection Example



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

	The teacher will facilitate a time of discussion and sharing among the students. 

 Each group will have an opportunity to share their model and results, listen to others, and consider how/if the simple machine made it possible to move the object. 

 The teacher will reintroduce and encourage the use of the proper vocabulary to describe each machine and what it is doing.
	Encourage the use of the vocabulary: lever, inclined plane or ramp, wedge, wheel and axle, screw, and pulley during the discussion.  

Introduce and encourage the use of the additional vocabulary: force, net force, work, and push and pull.

Ask questions about what has changed in their thinking and planning after the testing.



Elaborate The intention is to facilitate the transfer of concepts and abilities to related, but new situations.
	Teacher Directions
	Additional Notes

	The students will now be given an imaginary situation where they need to move a heavier box. 
 How will they improve and change their machine?  

Could they combine two or more simple machines?  

The students can draw a possible prototype of their machine.
	This activity will be a discussion within the small group and then sharing the ideas with the entire class.



Evaluate The intention is for students to reflect on their new learning.
	Teacher Directions
	Additional Notes

	First, the groups will self-evaluate whether they solved the original problem. 
 Self Evaluation for Simple Machine Project 

They will fill out an informal evaluation about their project and also their personal contribution and teamwork. 
group work evaluation

The final assessment will be a matching sheet where the student decides what simple machine is being used in real life scenarios.
Cut and Paste Simple Machine Activity

	The final assessment will give the teacher an idea of what concepts need to be explored further and what the students have understood so far.



Resources and Student Pages

Student Planning Sheet

Class Data Collection Example

Self Evaluation for Simple Machine Project 

group work evaluation

Cut and Paste Simple Machine Activity
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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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