STEM BriefsMaking Connections in STEM


Title: I Need a New Pencil!
Challenge: The students are not being efficient when they get materials or move around the classroom, so they are wasting learning time.  Students will design a sequence of steps, or program,  to move the student to their destination without using extra steps. 
	Technology
	Engineering
	Mathematics

	Concepts: 
Computer Science
2.AP.2 The student will plan and implement algorithms that consists of events and loops using a block-based programming language.  
a. Plan and create a design document to guide the construction of a program using plain language or pseudocode.
b. Identify a section of repeated actions within an algorithm and replace it with a loop.
c. Construct step-by-step instructions that include events and repetition.
2.AP.3 	The student will use the iterative design process to create, test, and debug a program containing events and loops in a block-based programming tool.  
a. Define program.
b. Read and interpret a program expressed in a block-based programming language.
c. Analyze and describe the results of a program.
d. Create and test a program that uses events and loops.
e. Revise and improve a program to produce desired outcomes.
In Grade 2, students begin to develop programs using block-based programming environments. A block-based programming language environment is a visual coding platform designed to help learners, especially elementary students, understand programming concepts without needing to write complex text-based code. Instead of typing instructions, users create programs by dragging and connecting graphical blocks. Each block has a specific function (e.g., move, turn, repeat) and can relate to other blocks to form a sequence, or algorithm, that tells the computer or app what to do.
	Concepts:

STEL-2D
Develop a plan in order to complete a task.

STEL-2E
Collaborate effectively as a member of a team

STEL-7M Evaluate the strengths and weaknesses of existing design solutions, including their own solutions.
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.PFA.1
Patterning is a fundamental cornerstone of mathematics, particularly algebra.  The process of generalization leads to the foundation of algebraic reasoning.
Opportunities to create, identify, describe, extend, and transfer patterns are essential to the primary school experience and lay the foundation for thinking algebraically.
Practices:
2.PFA.1 The student will describe, extend, create, and transfer repeating and increasing patterns (limited to addition of whole numbers) using various representations.
a) Identify and describe repeating and increasing patterns.
b) Analyze a repeating or increasing pattern and generalize the change to extend the pattern using objects, pictures, and numbers.
c) Create a repeating or increasing pattern using various representations.
d) Transfer a given repeating or increasing pattern from one form to another and explain the connection between the two forms.
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Second Grade Computer Science


Title: I need a new pencil!                                                                         
Timeframe: 
	2 days with 45 minutes per day, or one day of 1.5 hours



Standards/Indicators  (copied from the standards)
Computer Science 
2.AP.2 The student will plan and implement algorithms that consists of events and loops using a block-based programming language.  
a. Plan and create a design document to guide the construction of a program using plain language or pseudocode.
b. Identify a section of repeated actions within an algorithm and replace it with a loop.
c. Construct step-by-step instructions that include events and repetition.
2.AP.3 	The student will use the iterative design process to create, test, and debug a program containing events and loops in a block-based programming tool.  
a. Define program.
b. Read and interpret a program expressed in a block-based programming language.
c. Analyze and describe the results of a program.
d. Create and test a program that uses events and loops.
e. Revise and improve a program to produce desired outcomes.

English 2.7
 g) The student will read and demonstrate comprehension of fictional texts g) summarize stories and events with beginning, middle, and end in the correct sequence

Math 2.PFA.1
2.PFA.1 The student will describe, extend, create, and transfer repeating and increasing patterns (limited to addition of whole numbers) using various representations.
a) Identify and describe repeating and increasing patterns.
b) Analyze a repeating or increasing pattern and generalize the change to extend the pattern using objects, pictures, and numbers.
c) Create a repeating or increasing pattern using various representations.
d) Transfer a given repeating or increasing pattern from one form to another and explain the connection between the two forms.
[bookmark: _heading=h.gjdgxs]Engineering Problem
	The students are not being efficient when they get materials or move around the classroom, so they are wasting learning time.  Your job is to design a sequence of steps, or program, to move the student to their destination without using extra steps.


Challenge and Criteria
	The students will work with a partner or small group to design a program to move a “student” through a classroom with obstacles.  The student will be a paper avatar.  The classroom will be a 8 by 8 grid with pictures of obstacles the student must move through to get to different destinations.  The students will try to move through with the least number of steps.  As an extension, they can rename a loop of multiple steps, and it will become one step.


[bookmark: _heading=h.vpeh72y4e4lc]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.
[image: ]


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.
	· student copies of 8 x 8 grid, enough for one for each group Grade 2 Grid.png
· poster of commands to post in the classroom Commands Poster
· 8 x 8 teacher grid created on the rug with tape or drawn on poster or butcher paper, placing the starting spot, ending spot, and obstacles in the proper places
· whiteboards or paper to write down programs
· plastic counter pieces to use as avatar on student grids
· copy of “student” to move through teacher grid CS 2.2 Students for testing grid.docx




Lesson Preparation
	
· print student 8 x 8 grids
· print or make poster of commands
· print and cut out a few paper “students”
· gather small plastic counters or game pieces to be students for small grids
· tape large testing 8 x 8 grid on floor or rug, or draw one on poster or butcher paper

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
	Prior to instruction, discuss the importance of sequencing events properly;  whether building something, cooking, or telling a story.  Some good read-alouds for sequence of events are: McToad Mows Tiny Island, Caps for Sale, and Henry Builds a Cabin.  Read the story as a class and discuss the importance of following the proper sequence.  Each of these books are available on Epic, a free web library for teachers.
https://www.getepic.com/educators



	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

	Students are wasting time when they cross the classroom to get materials. 

With a partner or in a small group, the students will design a sequence of actions, or program, that allows the “student” to efficiently cross the room to the materials.  

The students will practice with their own small copy of the grid first. Give them just a very rudimentary example of how to write the program on paper or whiteboard using acceptable commands.  

Act out the commands or show what they make the student do on the bigger teacher grid.  Do not show too much, this is a chance for the kids to dive in and make mistakes!

Also, give just a quick lesson about how to make a loop by adding a number next to the arrows.  

This number will mean how many times you repeat that action. 

 One challenge to give the students will be which group can use the least number of actions.  A loop of six arrows forward is more efficient than six separate arrows.  

The hope is that the students will discover some of these things on their own as they work together.

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

This lesson will need multiple class periods to complete.




	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 be assigned to partnerships or small groups. 

 They will be given their grids, plastic “students”, and a whiteboard or paper to write down their program. 

 One student can be assigned as note taker if needed.  

The command poster can be projected on the board or the teacher can make a poster that is hung in a visible place in the room.  

After the students have written down the sequence, or program, that they think will move through the obstacles, they can bring it to the teacher. 

 The teacher will follow their code on the large teacher grid to see if it achieves the objective.  If not, the students will be sent back to work in their group to debug their sequence and see if they can get it to work. 

 Again, give some hints and encouragement, but let them practice and try a few times to really work out the problems in their code. 

 Some students might need heavy hints about how to make loops to make their program more efficient.  

If one group has achieved it in fewer steps, you can share that they achieved the same outcome in fewer steps, and challenge others to do the same.

	
The students will be expected to try and fail a few times before the teacher gives support.  

Support should be given with guiding questions, or acting out a sequence so the students can understand it more clearly.  

Allow productive struggle and make space for making mistakes and debugging.




	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

	
Have the students come back together around the teacher grid. 

Ask the students what they observed while they were planning their programming?  

Did the “student” always end up where they had planned for it to go?  

Discuss increasing efficiency through using loops.  What was the least number of actions, or events, they were able to sequence to achieve the goal?  How is a loop like a repeated pattern? 

	
Make the connection with Math 2.16 and repeated patterns.  How can they use repeated actions to be more efficient?



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

	Teacher Directions
	Additional Notes

	The new challenge will be to cross the classroom on the grid, but with further challenges such as (pick one): 

only able to make left turns or only right turns.  

Allow the students some time in their groups to attempt one of these possible challenges.  Join back together and test some of the new programs and debug together.

	· 



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

	Teacher Directions
	Additional Notes

	The evidence for learning is the discussion and teacher observation of the student’s ability to create a sequence that solves the problem. 

 Hopefully, the teacher will have the opportunity to build on this coding experience and provide more challenges.  Hour of Code is a great resource for further exploration of coding.
https://hourofcode.com/us/learn

	· [bookmark: _heading=h.1fob9te]




Resources and Student Page(s)
· Grade 2 Grid.png
· Commands Poster
· CS 2.2 Students for testing grid.docx


image2.png
Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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