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COURSE DESCRIPTION:  

Design & Modeling uses solid modeling software (a sophisticated mathematical technique for representing solid objects) to introduce students to the design process.  Utilizing this design approach, students understand how design influences their lives.  Students also learn sketching techniques and use descriptive geometry as a component of design, measurement, and computer modeling.  Students brainstorm, research, develop ideas, create models, test and evaluate design ideas, and communicate solutions.
COURSE PURPOSE: 
The goal of the PLTW-Design & Modeling is to provide students with a strong academic foundation in the areas of mathematics, science and technology and to promote a positive transition to high school Science, Technology, Engineering, and Mathematics (STEM) education and career fields.
COURSE OUTLINE: 

LESSON 1.1 WHAT IS ENGINEERING?
· UNDERSTANDINGS
1. An engineering notebook is used to record original ideas or designs and to document the design process related to an invention or innovation.

2. A portfolio is an organized collection of best works.

3. Science is the study of the natural world, while technology is the study of how humans develop new products to meet needs and wants.

4. Teams of people can accomplish more than one individual working alone.

5. Technological change is seen through inventions, innovations, and the evolution of technological artifacts, processes, and systems.

6. Technology can have positive and negative social, cultural, economical, political, and environmental consequences.

7. Engineers, designers, and engineering technologists are needed in high demand for the development of future technology to meet societal needs and wants.

· KNOWLEDGE AND SKILLS
1. Utilize standard procedures to use and maintain an engineering notebook.

2. Use guidelines for developing and maintaining an engineering notebook to evaluate and select pieces of one’s own work for inclusion in a portfolio.

3. Describe the relationship between science, technology, engineering, and math.

4. Identify the differences between invention and innovation.

5. Operate as an effective member of a team to complete an investigation.

6. Describe engineering and explain how engineers participate in or contribute to the invention and innovation of products.

7. Describe impacts that technology has had on society.
· ESSENTIAL QUESTIONS
1. What is the purpose of a portfolio for a student? 

2. What is the purpose of a portfolio for an engineer?

3. Why is it important for engineers to document their work in their engineering notebook?

4. How are our lives impacted by engineers?

5. What is the difference between an invention and innovation?

6. How does the use of technology affect the way that you live?

LESSON 1.2 DESIGN PROCESS
· UNDERSTANDINGS
1. Many different design processes are used to guide people in developing solutions to problems.
a. Define problem

b. Generate Concepts

c. Develop a Solution

d. Construct and Test Prototype

e. Evaluate Solution

f. Present Solution

2. The design brief is a tool for defining the problem; it is an agreement between the engineer and client.

3. Engineers use design briefs to explain the problem, identify solution expectations, and establish project constraints.

4. Design teams use brainstorming techniques to generate large numbers of ideas in a short amount of time, striving for quantity, not quality.

5. A decision matrix is a tool used to compare solution ideas to the criteria so that you can select the best solution.
· KNOWLEDGE AND SKILLS
1. Describe the design process and how it is used to aid in problem solving.

2. Describe the elements of design.

3. Recognize design criteria and constraints.

4. Describe the purpose and importance of working in a team.

5. Use the design process to solve a technical problem.

6. Apply the elements of design to the design process.

7. Explain a design brief and apply the concept when using the design process.

8. Operate effectively as a member of a team to complete a design project.

9. Use a decision matrix to select the best solution to a design.
· ESSENTIAL QUESTIONS

1. What is the design process and how is it used?

2. Why is brainstorming important when modifying or improving a product?

3. Why do people work in teams when solving design problems?

4. What is meant by constraints and criteria?

5. Which step in the design process uses a design brief? Why?

6. Which step in the design process uses a decision matrix? Why?

7. Why design elements are considered when engineers and designers invent or innovate a product?
LESSON 1.3 MEASUREMENT

· UNDERSTANDINGS
1. In the United States, we use both Standard and Metric systems of measurement.

2. Being able to measure accurately is important at school and at home, at work and when pursuing hobbies.

3. Precision measuring tools are needed for accuracy, but tools must be used correctly to ensure accurate measurements are taken.

4. Quality workmanship and accurate measurements with precise instruments are necessary to successfully solve problems.

· KNOWLEDGE AND SKILLS
1. Select the appropriate value from a conversion chart to convert between standard and metric units.

2. Convert between standard and metric measurements including inches, feet, yards, millimeters, centimeters, and meters.

3. Demonstrate the ability to measure accurately with different devices and scales using both the standard and metric systems.

4. Explain how to measure in different contexts.
· ESSENTIAL QUESTIONS
1. Do you think the U.S. should convert to all metric measuring, or should the U.S. stay with using both the Standard and Metric systems? Why?

2. Why don’t we use such measurement forms as the hand span, cubit, and pace very often today?

3. Give two reasons why precision measuring tools are not always accurate.
LESSON 1.4 SKETCHING AND DIMENSIONING

· UNDERSTANDINGS
1. The ability to create a rapid, accurate sketch is an important skill to communicate ideas.  

2. Orthographic drawings of an object are used to provide information that a perspective drawing may not be able to show.

3. Engineers apply dimensions to drawings to communicate size information.

· KNOWLEDGE AND SKILLS
1. Summarize the reasoning for using sketching as a communication tool.

2. Use visualization, spatial reasoning, and geometric shapes to sketch two and three dimensional shapes.

3. Recognize thumbnail, perspective, isometric, and orthographic sketches.

4. Recognize one and two point perspective drawings.

5. Create thumbnail, perspective, isometric, and orthographic sketches.

6. Accurately interpret one and two point perspective drawings.

7. Communicate ideas for a design using various sketching methods, notes, and drafting views.

8. Dimension an orthographic sketch following the guidelines of dimensioning.

· ESSENTIAL QUESTIONS
1. What are pictorial drawings and how are they used by engineers?

2. What is an orthographic drawing and how is it used by engineers?

3. Why is it important to follow the “rules” of sketching and dimensioning?
LESSON 1.5 DESIGNING FOR PRODUCTION

· UNDERSTANDINGS
1. Simple geometric shapes are combined and joined to create a representation of an object.

2. Engineers use computer-aided design (CAD) modeling systems to quickly generate and annotate working drawings.

3. Three-dimensional computer modeling uses descriptive geometry, geometric relationships, and dimensions to communicate an idea or solution to a technological problem.

4. As individual objects are assembled together, their degrees of freedom are systematically removed.

5. Engineers use a design process to create solutions to existing problems.

6. Teamwork requires constant communication to achieve the goal at hand.

7. The fabrication of a prototype is the opportunity for the designer to see the product as a three-dimensional object.

· KNOWLEDGE AND SKILLS
1. Describe the coordinate system and how geometric shapes work together to create objects.

2. Create a three-dimensional (3D) model of an object.

3. Apply geometric and dimension constraints to design CAD-modeled parts.

4. Assemble the product using the CAD modeling program.

5. Demonstrate the ability to produce various annotated working drawings of a 3D model.

6. Identify the difference between a prototype, a model and a mock-up.

7. Analyze what circumstances call for the use of a prototype, a model, and a mock-up.

8. Describe why teams of people are used to solve problems.

9. Brainstorm and sketch possible solutions to an existing design problem.

10. Create a decision-making matrix.

11. Use a decision making matrix to select an approach that meets or satisfies the constraints given in a design brief.

· ESSENTIAL QUESTIONS
1. Why would engineers use three-dimensional (3D) modeling when solving technological problems?

2. How do assembly constraints differ from geometric and numeric constraints?

3. What is the difference between a hand-drawn sketch, a working drawing, and a 3D model?

4. What is the difference between a part file (.ipt), an assembly file (.iam), and a working drawing (.idw)?

5. What is the difference between a model, a mockup and a prototype?

6. What purpose do annotations serve in an assembly drawing?

7. Why is it important to follow the design process when creating a solution to a problem?

8. Why are teams of people used to solve problems?

Please visit the PLTW standards and objectives tool for the most up to date standards alignment at http://alignment.pltw.org
KEY ASSIGNMENTS:  
LESSON 1.1 WHAT IS ENGINEERING?


Activity 1.1.1 Gateway To Technology Notebook Dividers

 
Activity 1.1.1.a Engineering Notebook Templates

  
Activity 1.1.2 Introduction to Engineering

  
Project 1.1.3 STEM Investigation

  
Activity 1.1.4 What is Technology?

  
Activity 1.1.5.a Engineering Careers - Scavenger Hunt

LESSON 1.2 DESIGN PROCESS

  
Lesson 1.2 Design Process - Overview

  
Lesson 1.2 Design Process - Key Terms

  
Activity 1.2.1 Design Process

  
Activity 1.2.2 Design Elements

  
Activity 1.2.3 Furniture Design

LESSON 1.3 MEASUREMENT

Lesson 1.3 Measurement - Overview

 
Lesson 1.3 Measurement - Key Terms

  
Activity 1.3.1 Standard and Metric Measuring

  
Activity 1.3.2 History of Measurement

  
Activity 1.3.3 Precision Measuring

  
Activity 1.3.3a Precision Measuring Worksheet

  
Activity 1.3.4 Measurement Lab – Skimmer
LESSON 1.4 SKETCHING AND DIMENSIONING

Lesson 1.4 Sketching and Dimensioning - Overview

  
Lesson 1.4 Sketching and Dimensioning - Key Terms

  
Activity 1.4.1 Sketching Techniques

  
Activity 1.4.2 Sketching Practice

  
Activity 1.4.3 Language of Sketching

  
Activity 1.4.4 Orthographic Projection

  
Activity 1.4.5 Dimensioning
LESSON 1.5 DESIGNING FOR PRODUCTION

  
Lesson 1.5 Designing for Production - Overview

  
Lesson 1.5 Designing for Production - Key Terms

  
Activity 1.5.1 Descriptive Geometry and Coordinate System

  
Activity 1.5.2 Computer Modeling Fundamentals

  
Activity 1.5.3 Parametric Modeling

  
Activity 1.5.4 Sketch Plane Cube

  
Activity 1.5.5 Pegboard Toy

  
Activity 1.5.5a Pegboard Working Drawings

  
Activity 1.5.5b Pegboard Presentation Drawings
Activity 1.5.9 Playground Design Problem

INSTRUCTIONS METHODS and/or STRATEGIES: 
· Project based learning

· Common Core infused

· Group/Self Directed Activities

· Technology based research

· Presentations

· Hands-on learning

ASSESSMENTS INCLUDING METHODS and/or TOOLS:
· Observations
· Rubrics
· Notebooks

· Evaluation of Constructed Responses
· Project Completion

· Participation

INSTRUCTIONAL MATERIALS:
https://www.pltw.org/get-involved/register-pltw/program-support/equipment-and-supplies
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