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Title: Robots in Space
Challenge: Students will apply their knowledge of the solar system in this two-step challenge.  First, they will use the attachments for their robot, Legos, and additional recyclable/craft supplies to create a space suit for their robot that will account for all of its basic needs while encountering the varying conditions in space.  Then, students will program their robot to visit the planets in size order starting with the largest planet.  Students can use number line mats, grid mats, or bulletin board paper to create their “map” of the solar system.  They will demonstrate their understanding by creating a diagram of the planets in order from the sun.  This surface will be used to code their robot’s trip through space.
	Science
	Technology
	Engineering
	Mathematics

	Concepts:
The solar system is a set of interrelated and interdependent elements that are connected through the flow of matter and energy. Characteristics of these elements within the solar system are determined by their composition.
· Our solar system is ancient. Early astronomers believed that Earth was the center of the universe and all other heavenly bodies orbited around Earth. We now know that our sun is the center of our solar system and the planets revolve around the sun (4.5 a). 
· Our solar system is made up of eight planets: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune.  Mercury, Venus, Earth, and Mars are considered terrestrial planets. Jupiter, Saturn, Uranus, and Neptune are called gas giants (4.5 b, c). Student are not responsible for describing sizes of planets in relation to Earth’s size.  
· Mercury is closest to the sun and is a small, heavily cratered planet. Mercury looks like our moon. Mercury is the smallest planet in our solar system and its atmosphere is very thin.
· Venus is the second planet from the sun. Similar to Earth in size and mass, Venus has a permanent blanket of clouds that traps thermal energy which causes high surface temperatures.
· Earth is the third planet from the sun. Earth’s atmosphere, its liquid water, and its distance from the sun (among other factors) make Earth ideal for life.
· Mars is the fourth planet from the sun and is sometimes called the red planet. The atmosphere on Mars is thin. Mars has a vast network of canyons and riverbeds. Mars is roughly half the size of Earth.
· Jupiter is the fifth planet from the sun, the largest planet in the solar system (eleven times larger than Earth), and it is considered a gas giant. Jupiter has no solid surface. Its colored cloud patterns are caused by enormous storms in its atmosphere.
· Saturn is the sixth planet from the sun. Early scientists thought Saturn was the only planet with rings, but we now know that all four gas giants (Jupiter, Saturn, Uranus, and Neptune) have rings. Saturn’s atmosphere is similar to that of Jupiter. Saturn is almost ten times the size of Earth.
· Uranus is the seventh planet from the sun. Uranus is a gas giant and is unique in that it spins on its side. It has a large atmosphere and is a cold planet that is four times the size of Earth.
· Neptune, a very cold planet, is eighth from the sun. Neptune appears blue because of its atmosphere. It is roughly four times the size of Earth.
· Pluto is no longer included in the list of planets in our solar system due to its small size and irregular orbit (4.5 b).
Practices:
Science 4.1 
The student will demonstrate an understanding of scientific and engineering practices by
a) asking questions and defining problems
d) constructing and critiquing conclusions and explanations
 e)  developing and using models
f)  obtaining, evaluating, and communicating information
	Concepts: 

4.AP.1
4.AP.2
4.AP.3

Computational thinking (CT) is a logical and systematic problem-solving process that uses decomposition, pattern recognition, abstraction, and algorithm 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. 
  
The four main computational thinking components are 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 creation of step-by-step instructions or algorithms to solve the problem or task. 
The process of breaking down complex problems or tasks into smaller, more manageable components is known as decomposition. Decomposition allows students to create organized and effective algorithms. The process of decomposition is essential in algorithmic design as it helps students identify and organize logical sequences that are required to solve larger or multi-step problems or tasks. This practice supports the development of systematic thinking by encouraging students to focus on individual components before considering the problem as a whole. It lays the foundation for debugging and optimization, as students can more easily identify errors or inefficiencies within smaller parts of an algorithm. 

Block-based computer programming language is a visual drag and drop programming tool that users can use to create programs using command blocks. This approach allows students to create programs with code blocks that represent programming constructs hidden from the user. The focus is on problem-solving, logical reasoning, and increasing comfort with coding concepts, which form the foundation for more advanced topics in future grades.  
 
The use of loops to reduce redundancy and make their code more efficient has been introduced in prior grades and have allowed students the ability to handle more complex tasks with fewer instructions.  
Sequencing consists of organizing steps in a logical order to complete a task. In computer science, it is the specified order in which instructions or steps are executed in an algorithm or program. It is a fundamental programming concept and refers to arranging commands or actions in a logical, step-by-step manner to achieve a desired outcome. For example, students can create a program that makes an object that moves in a sequence of steps. 

	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:
Determine an appropriate unit of measure (inch, foot, yard, mile, millimeter, centimeter, and meter) to use when measuring length in both U.S. Customary and metric units. 

Estimate and measure length in U.S. Customary and metric units, measuring to the nearest part of an inch ( inch,  inch,  inch), and to the nearest foot, yard, millimeter, centimeter, or meter, and record the length including the unit of measure (e.g., 24 inches). 

Compare estimates of the length with the actual measurement of the length. 

Practices:
Math 4.MG.1       	
The student will reason mathematically to solve problems, including those in context, that involve length, weight/mass, and liquid volume using U.S. Customary and metric units.

b) Estimate and measure: 
  i) length of an object to the nearest U.S. Customary unit ( inch,  inch,  inch, foot, yard) and nearest metric unit (millimeter, centimeter, or meter)
c) Compare estimates of length, weight/mass, or liquid volume with the actual measurements.
d) Given the equivalent measure of one unit, solve problems, including those in context, by determining the equivalent measures within the U.S. Customary system for:
  i) length (inches and feet, feet and yards, inches and yards)
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Fourth Grade Science/ Fourth Grade Computer Science/Fourth Grade Math		



Title: Robots in Space
Timeframe: How many days? How much time per day?
	2 days, 45 minutes - 1 hour each day



Standards/Indicators  (copied from the standards)
	Science 4.1 
The student will demonstrate an understanding of scientific and engineering practices by
a) asking questions and defining problems
d) constructing and critiquing conclusions and explanations
      e)  developing and using models
f)  obtaining, evaluating, and communicating information

Science 4.5   	
The student will investigate and understand that the planets have characteristics and a specific place in the solar system. Key ideas include
b)  planets have characteristics and a specific order in the solar system; and
c)   the sizes of the sun and planets can be compared to one another.

Computer Science
4.AP.1 The student will apply computational thinking to identify patterns and design algorithms to compare and contrast multiple algorithms used for the same task.
a. Decompose an algorithm, process, or problem into a subset of smaller problems.
b. Identify multiple algorithms for the same task.
c. Describe patterns within multiple algorithms.
d. Determine which algorithm is most effective for a given task. 
4.AP.2 The student will plan and implement algorithms that consist of sequencing, loops, variables, user input, and conditional control structures using a block-based programming language.
a. Identify user input and its role in improving a program.
b. Describe the concept of a variable.
c. Read and explain a design document to trace and predict an algorithm using plain language, pseudocode, or diagrams.
d. Create a design document to plan an algorithm using plain language, pseudocode, or diagrams.
e. Write programs that initialize, assign values to, name, and modify variables.

4.AP.3 The student will use the iterative design process to create, test, and debug programs containing sequencing, loops, variables, user inputs, and conditional control structures in a block-based programming tool.
a. Create and test programs that consist of sequencing, loops, variables, user inputs, and conditional control structures. 
b. Create and use variables to store and process data. 
c. Trace and predict the value of variables that change over the course of the program’s runtime.
d. Analyze and describe program results to assess validity of outcomes.
e. Revise and improve programs to resolve errors or produce desired outcomes.

Math 4.MG.1       	
The student will reason mathematically to solve problems, including those in context, that involve length, weight/mass, and liquid volume using U.S. Customary and metric units.

b) Estimate and measure: 
  i) length of an object to the nearest U.S. Customary unit ( inch,  inch,  inch, foot, yard) and nearest metric unit (millimeter, centimeter, or meter)
c) Compare estimates of length, weight/mass, or liquid volume with the actual measurements.
d) Given the equivalent measure of one unit, solve problems, including those in context, by determining the equivalent measures within the U.S. Customary system for:
  i) length (inches and feet, feet and yards, inches and yards)


[bookmark: _heading=h.gjdgxs]Engineering Problem
	We know that other than Earth, humans have only set foot on the moon.  Scientists are hopeful that this might change in the future.  Based on what you know about space, what would it take to be able to send humans to other planets?  Imagine that your robot is our astronaut explorer.  Can you create a space suit for your robot that will account for his basic needs in the drastic conditions of space?  Create your robot’s flight plan by coding him to visit all the planets in size order from the largest planet to the smallest.


Challenge and Criteria
	Students will apply their knowledge of the solar system in this two-step challenge.  First, they will use the attachments for their robot, Legos, and additional recyclable/craft supplies to create a space suit for their robot that will account for all of its basic needs while encountering the varying conditions in space.  Then, students will program their robot to visit the planets in size order starting with the largest planet.  Students can use number line mats, grid mats, or bulletin board paper to create their “map” of the solar system.  They will demonstrate their understanding by creating a diagram of the planets in order from the sun.  This surface will be used to code their robot’s trip through space.


Support about the Standard 
	Before introducing the challenge, it is helpful to review the solar system and the relative size of the planets.  A discussion of space travel is also helpful, reiterating that people have only visited the moon and spent time in different vessels in outer space.  Review the 5 basic needs of all living things and discuss how the different conditions in space would drastically change how people access those needs.  This project works best in pairs or groups of 3.  Each group will need a robot and material to create their solar system map.  Bulletin board paper, large poster paper, or number lines work especially well.  


[bookmark: _heading=h.gcpha1m3vybp]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.
	Consumable Materials:  bulletin board paper or large poster paper, popsicle sticks, pipe cleaners, pom poms, straws, beads, cardboard, index cards, construction paper

Tools:  scissors, rulers, glue sticks, low-temperature hot glue guns, markers, colored pencils, crayons, Legos (if using with Dash or Finch robots)

Tech Tools:  programmable robot (Dash, Ozobot, Sphero, and Finch are some examples)

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
	Gather materials in bins or containers for easy access.
Be sure robots are charged and the required app or program is accessible on student devices.
If you are using bulletin board paper for the solar system diagrams, pre-cut them to lengths of 5-6 feet for larger robots.  Smaller robots like Ozobot would work well with a piece of poster paper.




Suggested Prior Instruction
	Science:  Students should have a firm understanding of the solar system including the characteristics of the planets, order from the sun, and relative size of the planets.  Students should also know that conditions in space and on each planet differ dramatically from Earth.  In order to meet the basic needs of humans, adaptive suits and changes to behavior would be necessary.  This would be a wonderful end-of-unit activity.
Computer Science:  Previous experience with using simple block coding to accomplish a logical chain of events is extremely helpful.



	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

	Activate prior knowledge and set the stage by asking students where people have traveled in space.  

Discuss the moon landings, space shuttle launches, International Space Station, and NASA’s work in preparation for sending humans to Mars.  

If we want to send people to other locations in space, we would have to ensure that their basic needs could be met.  This would require adaptations in the form of space suits and changes in behavior while in space.  

Look at and discuss the features that current space suits have to help humans adapt to the conditions.  Food and water also pose a challenge in space due to the changes in gravity.  Discuss how scientists have dealt with the problem of low gravity (special water bottles, dehydrated foods, space stations with areas that rotate so there is still a sense of gravity).


	· Pictures and videos can be used to help students consider the importance of space suits to keep humans safe
· 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 space suit will account for the basic human needs, and how it will be attached to the robot.  

Students will also need to consider how they will create their diagram of the planets.  

Once the teacher has seen the completed brainstorming and approved the plan, students can begin building the space suit and planet diagram.

	· Space suit construction will differ depending on the type of robot you are using.  Dash robots have different attachments, including a Lego attachment that allows students to add components created from Legos.  Other robots, like Ozobot and Sphero could have space suits attached that are built from recyclable materials and craft supplies.

· Solar system diagrams will also vary depending on the robots used.  Ozobots, with their smaller overall size and movement distances, might only require a diagram created on poster paper.  Larger robots will require larger bulletin board paper strips.  Depending on your class’s experience with the robot, you may need to work as a group to determine how far the robot moves with one command.  This will help students to understand the spacing when they create their solar system diagrams.

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




	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 space suit designs, with particular emphasis on how it will meet basic human needs in space.  

Then, each group runs their code to show the journey to each planet in size order.  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. 

Alternatively, students could use platforms like Flip or SeeSaw to present their projects.



	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 solar system.

	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.

	Teacher questioning:
Ask students to think of what they would change or add to improve their designs and to reflect on problems they had and how they were able to solve them.



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