STEM BriefsMaking Connections in STEM


Title:  Robot Driven Chariots
Challenge: Students will design and create a miniature working chariot that can carry a passenger (Lego or Playmobil person) when a robot is coded to move around a designated track.  Chariots must include a working wheel and axle, a platform that holds the rider (Lego figure), hitch that will connect to the robot, and decorations on the chariot exterior that reflect the ancient culture of the student’s choice. 
	Science
	Technology
	Engineering

	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: 
Computational thinking (CT) is a logical and systematic problem-solving process that uses decomposition, pattern recognition, abstraction, and algorithmic thinking to foster creativity and develop solutions. It is universally applicable across various fields and allows individuals to break down complex problems and develop efficient solutions. Its role in computer science is particularly important, as it serves as the foundation for designing algorithms, analyzing data, and solving real-world challenges through the use and development of technology. Computational thinking is an integral part of Virginia’s computer science standards. 
 
Computational thinking consists of four key components: decomposition, pattern recognition, abstraction, and algorithmic thinking.  
 
· Decomposition is the process of breaking apart a problem, process, or task into smaller, more manageable components. This involves identifying and recognizing relationships among the parts.  
· Pattern recognition involves identifying commonalities, similarities, or differences in recurring elements.  
· Abstraction is a filtering process. It enables one to focus on important and relevant information, while excluding or hiding irrelevant or less important details.  
· Algorithmic thinking is the process of developing algorithms in a logical, systematic, and procedural way to solve problems or complete a task.  

Students use computational thinking and decomposition to solve problems in their daily life. As students solve problems, they begin to see that larger problems can be broken down into a collection of smaller, more manageable tasks. This helps students develop logical thinking by understanding how individual components fit together to form a complete solution. 

Students will start by breaking apart the problem or task into smaller parts or components. They will use a design document or flowchart to help guide their thinking, organize the subcomponents, and enable them to recognize how the smaller parts fit together. The design document can be written in short phrases known as pseudocode. Students will leave out any minor or unimportant details in order to focus on the larger problem. Students will apply pattern analysis to identify any patterns or repeated actions found in the problem. They will create step-by-step instructions or algorithms to extend patterns, processes, or components of their problem. Patterns, processes, and components refer to the building blocks within the program that solves the problem.  
 

	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
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Third Grade Science /Third Grade Computer Science		


Title:  Robot Driven Chariots
Timeframe: How many days? How much time per day?
	2-3 days, 45 minutes to 1 hour 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
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;
c)     simple machines increase or change the direction of a force; and
d)    simple and compound machines have many applications.
Computer Science
3.AP.1 The student will apply computational thinking to design algorithms to extend patterns, processes, or components of a problem.
a. Identify a pattern in an algorithm, process, or a problem.
b. Decompose a problem or task into a subset of smaller problems.
c. Design an algorithm to extend either a pattern, process, or component of a problem.
3.AP.2 The student will plan and implement algorithms that consist of events and conditional control structures using a block-based programming language.  
a. Describe the concept of a conditional control structure.
b. Create a design document to plan an algorithm using plain language, pseudocode, or diagrams. 
3.AP.3 The student will use the iterative design process to create, test, and debug programs containing events, loops, and conditional structures in a block-based programming tool.  
a. Create and test programs that consist of events, loops, and conditional structures.
b. Analyze and describe program results to assess validity of outcome.
c. Revise and improve programs to resolve errors or produce desired outcome.



[bookmark: _heading=h.gjdgxs]Engineering Problem
	Simple machines have been essential tools for people throughout history to make work easier.  We know that many of the ancient cultures you have studied use one particular simple machine to make transportation easier.  Can you create a working wheel and axle as part of a chariot that the robot can use to easily pull a “passenger” around a track?   


Challenge and Criteria
	Students will design and create a miniature working chariot that can carry a passenger (Lego or Playmobil person) when a robot is coded to move around a designated track.  Chariots must include a working wheel and axle, a platform that holds the rider (Lego figure), a hitch that will connect to the robot, and decorations on the chariot exterior that reflect the ancient culture of the student’s choice. 


Support  for the Standard 
	Science:  This project is a great review of simple machines, specifically the wheel and axle.  Creating a working wheel and axle can be deceptively difficult for students.  Many will quickly glue a stick of some sort to the bottom of their chariot and then glue wheels to that stick.  It looks like a wheel and axle but does not work like one.  This is why it is helpful to discuss fixed versus moving parts before beginning construction.

CS:  The coding component of this project will require students to sequence a chain of commands in order to move the robot pulling the chariot around the track.  It is helpful to review that the robot will only do exactly what you tell it to through the use of block coding.  Students will practice the skill of breaking a set of simple directions down into step-by-step commands (algorithm).   They will also need to constantly test the code they have created to find and fix any mistakes (debug).

Social Studies:  Chariots were a form of transportation and an instrument of battle for many ancient cultures, including those that third graders study.
Math:  Students will need to know what a 90 degree turn looks like in order to code the robot to move around the track.  This can be related to the corner of a square or rectangle.  Students will also practice measurement skills in order to tell the robot to move the correct distance.  Dash, for example, moves forward in 10 cm increments, so students can practice their measurement skills while coding.


[bookmark: _heading=h.lwx90qa2p2ze]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, bottle caps, and small plastic lids, straws, thin dowel rods or bamboo skewers with the pointed end removed (for axles), small plastic yogurt cups, pipe cleaners, string, pom poms or other small craft supplies
Tools:  Scissors, hole punchers, rulers, hot glue guns, safety glasses, markers, devices for internet research (ideas for chariot decoration)
Technology Tools:  device (Chromebook, iPad), programmable robotic tool.   Additional robots could be used with modifications:  Microbit with car attachment, Sphero, Ozobot, Finch
Safety Considerations: A safety talk and supervision are needed for the use of hot glue guns



Lesson Preparation
List any preparation needed prior to teaching the lessons.
	Gather materials in bins or containers for easy access.
If dowel rods are too long for intended axles, it might be helpful to precut them.
Be sure robots are charged and the required app or program is accessible on student devices.



Suggested Prior Instruction
	Science:  A solid understanding of simple machines is required.  It is helpful to discuss and show examples of the different ways to make working wheels and axles.  A fixed wheel can be combined with an axle that spins, or a fixed axle can be combined with wheels that spin around it.
Computer Science:  Previous experience with using simple block coding to accomplish a logical chain of events is extremely helpful.
Social Studies:  Completion of ancient cultures study is required.  This would be a great end-of-unit activity.
Safety:  A mini-lesson in glue gun safety is required.   



	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

	Prior knowledge is activated by talking about
the 5 ancient cultures students learn about in
3rd grade, and the simple machines that help
us to do work. 

The people from these ancient
cultures used simple machines. Wheels and
axles were helpful for transportation, in the
form of chariots. 

Show a video clip of a
recreated chariot in action. Using diagrams of
chariots, talk about the parts and how chariots
work. Introduce the engineering challenge.



	When discussing the need for working wheels and axles in the chariots, focus on two ways to make them roll. 
Wheels can be fixed and the axle can roll, or the axle can be fixed and the wheels can roll around the axle. 
his is the most difficult task in this challenge and most students will need this discussion to formulate an idea of how to make the wheels and axles work.




	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 are provided with a design brief that outlines the criteria for their chariot project.  

They will use recyclable materials and craft supplies to build a chariot with a working wheel and axle, platform that holds the rider (Lego figure), hitch that will connect to the robot, and decorations on the chariot exterior that reflect the ancient culture of their choice.  

Students plan and brainstorm ideas for their chariot and after teacher approval, build and troubleshoot their designs.  When completed, students code the robot to move around the track, debugging as needed.

	Discuss the need for proper scale when building the chariot.  It should be an appropriate size for the rider.  Rulers should be made available.
For exterior decorations, students could use alphabet symbols, motifs, contributions, architectural designs, or other objects that reflect the culture of their choice.  Chromebooks should be available for students to use to find references.

It is helpful to remind students of robot etiquette and review the basics of how to connect the robot and some of the basic commands they will need.




	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 chariot designs, with particular emphasis on how the wheels and axles were constructed.  

Then, each group runs its code to show the completion of the racetrack.  Be sure to ask students what problems they had while programming and how they were able to solve their problems.
	It is helpful to review audience manners before sharing time.  For presenters, emphasize making eye contact, using a strong voice, and facing the audience with no papers or barriers covering the face. 

Students can also upload videos of their testing phase into platforms like SeeSaw or Flip.




	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 ancient cultures and simple machines. 

Students will identify simple machines present in different examples of ancient technology and will explain how the machines make work easier.
	Images of different devices students may not be familiar with will allow students to apply their knowledge in a new and different situation.



	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)
Student pages for the engineering piece of the lesson should reiterate the problem.  Engineering begins with a problem.  Consider a slide deck to guide students through the engineering process, particularly for younger students.
Robot Driven Chariots Introduction Slides
Robot Driven Chariots Student Guide
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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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