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Raspberry Pi Lesson: Inventing and Engineering Design
Objectives:

By the time students complete this lesson they should…

1. Demonstrate understanding of the Engineering Design Process. Engineering design is an iterative process involving modeling and optimization (finding the best solution within given constraints); this process is used to develop technological solutions to problems within given constraints.

2. Begin the process of Engineering Design by planning a Device for the Internet of Things or a Science Project.

3. Plan and manage activities to develop a solution or complete a project

4. Demonstrate understanding of models used for engineering design. Models are simplified representations of objects, structures or system used in analysis, explanation, interpretation, or design.

5. Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved.

6. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

7. Demonstrate understanding of Optimization: In order to arrive at the best solution that meets criteria within constraints, it is often necessary to make trade-offs.

8. Collaborate with peers, experts, and others using collaborative practices such as pair programming, working in project teams, and participating in group active learning activities.

Pre-Activity Check List:
Instructions: Put an X in the box for each item as you complete the parts of the activity:

	
	1. Computer or tablet for viewing videos with headset or speakers and Internet access.

	
	2. Exploring Robotics with GrovePi website with the Invention lesson.

	
	


Activity Checklist:

	
	Activity 01: Begin to Plan an Invention or Experiment


	
	1. Watch the Video Inventing.


	
	2. Read the handout GrovePi Project Ideas for an overview of what is included in the kit and some general ideas of projects that can be created.  

	
	3. Begin to think about and plan an invention or science experiment that you can make in this class, using the GrovePi kit and other resources available.

	
	4. If you are part of a team, the team can brainstorm and discuss possible projects. See the Brainstorming handout for guidelines. Keep written notes from your brainstorming session.  

	
	5. Review the Invention and Engineering Design handout. Together as a team, go over the engineering design process.  Work together as a team to try to get through the first three steps with your project:  

· Ask: Identify the needs and constraints 

· Research the problem 

· Imagine: Develop possible solutions

	
	6. After Step 1 Write a Design Description for your invention. 


	
	7. After Step 2 Develop a list of design challenge questions that you need to solve for your invention. (write them down)

	
	8. After Step 3 Create a list of possible ideas and solutions for each design question. (write them down)

	
	9. Share your written documents with your instructor.



	
	

	
	Activity 02: Begin an Engineering Design Notebook


	
	1. Begin an Engineering Design Notebook.  Use the appropriate template: either the Middle School or the High School (see links).  

	
	2. See the Invention Notes handout for guidelines and types of information to place into the notebook.

	
	3. Make entries into the notebook from the engineering steps taken in activity 01.   

	
	4. Share your notebook with your instructor.

	
	

	
	Activity 03: The Nature of Technology

	
	1. Read the Textbook Chapter: The Nature of Technology (see link)

	
	2. Write answers to these questions and prepare to discuss and debate these questions as a group:
a) What is Technology? How does it differ from engineering?  

b) How do constraints affect engineering choices for technology?

c) What are control systems and how do they affect engineering choices?

d) How does technology both enhance and limit human activity and thinking?

e) In what way does technology create bias and in what way does it enhance bias?

f) What are some gains and losses of the use of technology?  What are technological tradeoffs?

g) How does society affect technology and how does technology affect society?  Are all technologies good for society?

h) What factors affect the development and adoption of new technology?

	
	3. Participate in Group Discussion (Instructor will provide directions)

	
	4. Turn in answers to questions to your instructor.


Questions and Study Guide
Enter your observations, and answer questions about this lesson here.  Use these questions and answers to study for quizzes and exams.
1. What is an Invention? 
2. Compare Inventing to Engineering. 
3. What is an Engineering Design Notebook and how is it used? 
4. List the steps of the Engineering Design Process.
5. What is a constraint and how does it affect a design?
6. What is a requirement and how does it affect a design?

7. What is a prototype and how is it used in engineering? 

8. Compare and contrast Model and Prototype. 

9. What is an iteration and how is it used in engineering?

10. What is a sketch and how is it used in engineering?
11. How does a sketch differ from an engineering drawing?
12. What are 3D CAD drawings used for in engineering?
13. What is a continuous improvement process?
14. How does developing a prototype differ from manufacturing the product?
15. What did you learn from these activities?

Exercises:

Ask your teacher or check your assignment sheet before completing these optional exercises.

Exercise 01: Explore the Initial State Tools and Produce an Engineering Report
You are working for a high-tech company as part of an Engineering team. Your Boss has sent you an email with a link to Initial State (see below).  She wants to know whether or not this technology should be used with the current IoT products that your company is developing, and has asked you to provide a report. 

Review the criteria for use and write a report about how this tool could be used with the Raspberry Pi and the GrovePi.  Answer the who, what, when, where, why, and how. Explain the technology and the costs associated with use, and give the pros and cons. End with your recommendation.   Include in your report the computer languages that are required for use.  For example does it work with Scratch or does it require languages such as Python, Java, or C?  
Initial State is an Internet of Things (IoT) data analytics and visualization company.  Initial State makes it easy to stream data from your devices to beautiful visualizations in your web browser.  Instantly turn your sensor and event data into real-time dashboards, waveforms, charts, notifications, and even emojis.  Your Initial State account is the place to send your GrovePi data so you can access it anywhere, anytime.  You can use Initial State to help you build Internet of Things projects that you will fall in love with.  Step-by-step project tutorials can be found at https://www.initialstate.com/learn.

· Use the Engineering Report Writing Guidelines provided by your instructor. 

· See the Technical Report Grading Rubric for how the instructor will grade this activity.

· Meet these standards:
1. Use effective search strategies for locating and retrieving electronic information (e.g., using syntax and Boolean logic operators).

2. Develop and use guidelines to evaluate the content, organization, design, use of citations, and presentation of technologically enhanced projects.

3. Use a variety of technology tools (e.g., dictionary, thesaurus, grammar checker, calculator/graphing calculator) to maximize the accuracy of work.

4. Use a variety of media to present information for specific purposes (e.g., reports, research papers, presentations, newsletters, Web sites, podcasts, blogs), citing sources.
Exercise 02: Create a Multimedia Presentation

Your Boss has decided to make your report part of the next engineering planning meeting and wants a presentation to go with it. Create a multimedia presentation from the report generated in Exercise 1.  
 Then present the presentation to the class.  Ask a couple of questions at the end to see if your audience comprehended your presentation.  
· Use the Presentation Guidelines provided by your instructor. 

· See the Activity Grading Rubric for how the instructor will grade this activity.

· Use software tools available to you for building the presentation, editing photos, and editing other types of media. 
· Meet these standards:

1. Use a variety of technology tools (e.g., dictionary, thesaurus, grammar checker, calculator/graphing calculator) to maximize the accuracy of work.

2. Use a variety of media to present information for specific purposes (e.g., reports, research papers, presentations, newsletters, Web sites, podcasts, blogs), citing sources.

3. Create presentations for a variety of audiences and purposes with use of appropriate transitions and animations to add interest.
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