

STEM BriefsMaking Connections in STEM


Title: Constructing Programs, Debugging and Looping
Challenge: Construct a program to help your friend retrieve their favorite stuffed animal.
	Technology
	Engineering
	Mathematics

	Concepts: 

CS 1.2
When an algorithm or a set of algorithms is tested, a program has been created. People work together to plan, create and test these programs. This process of planning, creating, and testing program is called programming and is used to create a wide variety of products such as video games, interactive art projects and digital stories.
CS 1.3
The practice of reviewing work should be taught early and can be applied across disciplines, including computer science. Students should check that the sequence of steps that compose an algorithm works as intended. That is the only way to determine if the algorithm appropriately reflects the steps that must occur to complete a task. This process can be conducted for both computer programs and unplugged activities. If the algorithm does not work as intended, the students should determine the changes to make in the algorithm in order to complete the task. These changes may include adding, deleting, rearranging, or changing a step in order to obtain the intended outcome. The process of revising a program so that it works as intended is called debugging.
Practices:
Computer Science 1.2  
The student will construct programs to accomplish tasks as a means of creative expression using a block-based programming language or unplugged activities, either independently or collaboratively including 
a. sequencing, ordinal numbers; and 
b. simple loops (patterns and repetition).
 
Computer Science 1.3 
The student will analyze, correct, and improve (debug) an algorithm that includes sequencing.
	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:

1.MG.3
An understanding of the cardinal and ordinal meanings of numbers is necessary to quantify, measure, and identify the order of objects.
 An ordinal number is a number that names the place or position of an object in a sequence or set (e.g., first, third). Ordered position, ordinal position, and ordinality are terms that refer to the place or position of an object in a sequence or set.

The ordinal position is determined by where one starts in an ordered set of objects or sequence of objects.
The ordinal meaning of numbers is developed by identifying and verbalizing the place or position of objects in a set or sequence (e.g., the student’s position in line when students are lined up alphabetically by first name).
1.PFA.1
Opportunities to identify, describe, extend, create, and transfer patterns are essential to the primary school experience and lay the foundation for thinking algebraically.
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1st Grade/Computer Science and Math		


Title: Constructing Programs, Debugging and Looping
Timeframe: 
	1-2 Days, 45 Minutes per Day



Standards/Indicators  (copied from the standards)
	Computer Science 1.2  
The student will construct programs to accomplish tasks as a means of creative expression using a block-based programming language or unplugged activities, either independently or collaboratively including 
a. sequencing, ordinal numbers; and 
b. simple loops (patterns and repetition).
 
Computer Science 1.3 
The student will analyze, correct, and improve (debug) an algorithm that includes sequencing. 

Math
1.MG.3 The student will demonstrate an understanding of the concept of passage of time (to the nearest hour and half-hour) and the calendar.
h) Use ordinal numbers first through tenth to describe the relative position of specific days/dates.


1.PFA.1 
The student will identify, describe, extend, create, and transfer repeating and increasing patterns 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, colors, movements, pictures, or geometric figures.
c) Create a repeating or increasing pattern using objects, pictures, movements, colors, or geometric figures.
d) Transfer a repeating or increasing pattern from one form to another.


[bookmark: _heading=h.gjdgxs]Engineering Problem
	Your friend needs a path to retrieve their favorite stuffed animal.


Challenge and Criteria
	Construct a program to help your friend retrieve their favorite stuffed animal.


Support about the Standard 
	From the Curriculum Framework:
1.2 When an algorithm or a set of algorithms is tested, a program has been created. People work together to plan, create and test these programs. This process of planning, creating, and testing programs is called programming and is used to create a wide variety of products such as video games, interactive art projects and digital stories. In first grade, students are expected to develop and test simple algorithms that include both sequencing and simple loops to complete a task. Block-based programs (i.e. Scratch Jr., Tynker) allow students to develop simple algorithms using a computer. Students can also create simple unplugged programs that don’t require a computer but contain sequencing and loops through the use of coding cards, mazes, and other activities that provide students opportunities to describe tasks as a sequence of events.

1.3 The practice of reviewing work should be taught early and can be applied across disciplines, including computer science. Students should check that the sequence of steps that compose an algorithm works as intended. That is the only way to determine if the algorithm appropriately reflects the steps that must occur to complete a task. This process can be conducted for both computer programs and unplugged activities. If the algorithm does not work as intended, the students should determine the changes to make in the algorithm in order to complete the task. These changes may include adding, deleting, rearranging, or changing a step in order to obtain the intended outcome. The process of revising a program so that is works as intended is called debugging.

Connections to Math Concepts:
Ordinal numbers can be reviewed when students are giving directions on constructing and navigating the program. For example: First, you will move left 3 squares. Second, move up 2 squares. Third, move down 1 square, etc.

Patterns can be connected when loops are introduced.


[bookmark: _heading=h.v5tui4e7oqil]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.
	Sample Grids, Programs and Recorded Programs.
Stuffed Animals
Game Pieces or Unifix Cubes
Painters Tape for Floor Grid
Poster Board or Bulletin Board Paper with 4in x 4in Grid Lines


Lesson Preparation
List any preparation needed prior to teaching the lesson.
	· Create a large grid on the floor using painters tape.
· Create grids for partners or small groups using poster board or bulletin board paper.
· Have students bring in a small toy or favorite stuffed animal from home or create a drawing of their favorite stuffed animal.
· Copy, cut and laminate arrow and X cards.



Suggested Prior Instruction
	Ordinal Numbers
Patterns
Code.org Lesson 3 - Happy Maps
Code.org Lesson 7 - Happy Loops



	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

	Place your favorite stuffed animal or other object in the large grid on the floor. Then stand in an empty square facing your stuffed animal on the grid. Place yourself so you will do at least one of the same movements more than once. Example: moving up 3 times in a row (loop).

Have students give you directions on how to get to your stuffed animal. Encourage students to use ordinal numbers when giving directions; ex. first move up 1 square, second move right 1 square, third move down 1 square, etc.

As students are giving directions, one or two students place the arrow cards on the grid  to create the program. 

Once the program is complete, move on the grid according to the program. 

Have students debug the program as needed. After you have successfully made it to your stuffed animal, draw the program on the whiteboard or chart paper and read the program with students.

Repeat the above steps, but place X cards in some of the squares on the grid indicating that you can not move into those squares.
 Have students design a program with the available squares. Review the program that was created.
	Sample Grids, Programs and Recorded Programs.

An alternative to stuffed animals could be a drawing or other creation of their favorite stuffed animal or other object students may have a connection to.



	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 work in pairs or small groups using the large floor grid or smaller poster board grids to place their stuffed animals and themselves or a game piece on the grid as the starting point. 

Their partners/group design a program together; from the classmate or game piece to the stuffed animal by placing the arrow cards on the grid. 

The student whose stuffed animal is on the grid can either move themselves or their game piece to the stuffed animal.

After students have determined a program they can write it down in a journal or specified piece of paper.

Students can then switch roles until everyone has had an opportunity to retrieve their stuffed animal. 

As students are working, encourage them to use ordinal numbers when directing students on how to move through the program.

Questions you may want to ask: 
Did your program work the first time?
Did you have to change your program? Why? How did you change your program?

	If available,  students could also use Bee Bots codable mice or other robots your school may have available to retrieve the stuffed animal. You can make your own grids using poster board or large paper.




	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

	Gather students back together as a whole group. Ask a few students to share their programming experiences.

Ask students if their program worked as they intended it to the first time. Invite students to share how they figured out what was broken in their program. Tell students that when something is broken or not working as intended in a program it is called a bug.

Introduce the vocabulary word debugging. Debugging is finding and fixing a problem in an algorithm or program.

Draw students’ attention to the programs you created together at the beginning of the lesson. Ask students what they may notice about the programs. 

Guide students towards noticing that some of the steps happen over and over again. 

Introduce the word loop. A loop is an action that happens over and over again.
Explain that a loop is similar to a pattern.
Ask:
Which actions in our program show a loop?
· I moved right four times.
· I moved up two times.

How could we quickly write our program to show how many times each action happened?

Show students how to mark out additional arrows and code one arrow with the number of times it repeats (sample included on slides linked in materials section). Accept and show other reasonable solutions students may come up with.

Have students revise their programs and determine if there are any loops. If loops are present, have students simplify their program by lumping the actions together.

As students are working observe how they are recording their loops. Assist students as needed.
	



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

	Teacher Directions
	Additional Notes

	Have students get back with a partner or small group. 

Have one student place their stuffed animal, X cards and themselves on the grid. 

The other student(s) should design a program to get the student or the game piece to the stuffed animal by placing the arrow cards on the grid. When the program is complete the student should move themselves or their game piece according to the program, debugging the program as needed.

Students should record their final program in their journal or specified piece of paper and switch roles.

As students are working, observe if they are debugging their programs or are noticing loops in their programs.

As students are recording their programs encourage them to lump their loops together if they are not already doing so.
	



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

	Teacher Directions
	Additional Notes

	Gather students back as a whole group. Have students share their programs. 

Have students return to their seats and write about or draw a picture that will remind them later what debug and loop mean.

	[bookmark: _heading=h.1fob9te]



Suggested Post Instruction
	Teachers and students can continue to learn and explore more about coding at www.code.org. 



Student Page(s)
Sample Grids, Programs and Recorded Programs.
image2.png
Figure 1 Engineering Design Process image based on the Notional Aeronatics and Space Aduinistration (NASA) engineeing desga
model.
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