
Introduction To Engineering Design
Project Lead the Way

Curriculum

	Unit 1 Overview 

	Content Area: Introduction to Engineering Design - Project Lead the Way

	Unit Title: Unit 1 : Design and Problem Solving – 41 Days

	Target Course/Grade Levels: Introduction to Engineering Design - Project Lead The Way / 9-12

	Unit Summary: This unit provides an overview of the engineering design process and helps students develop an understanding of the purpose and practice of modeling in engineering communication. Students are introduced to modeling methods and practice modeling skills important to the design of mechanical systems including technical sketching, 3D solid modeling and technical drawing using Computer-Aided Design (CAD), statistical analysis, and prototyping. Emphasis is placed on building CAD skills applied throughout the course. In addition, students learn statistical techniques to evaluate design solutions and apply statistics to inform the design of a game. 
21st-Century Life & Career Skills: All students will demonstrate the creative, critical thinking, collaboration, and problem-solving skills needed to function successfully as both global citizens and workers in diverse ethnic and organizational cultures.


	Learning Targets

	Standards: 8.2 Technology Education, Engineering, and Design All students will develop an understanding of the nature and impact of technology, engineering, technological design, and the designed world, as they relate to the individual, global society, and the environment.

	Content Statements: 
A. Nature of Technology: Creativity and Innovation: Technology products and systems impact every aspect of the world in which we live.
B. Design: Critical Thinking, Problem Solving, and Decision-Making: The design process is a systematic approach to solving problems.    
C. Technological Citizenship, Ethics, and Society : Knowledge and understanding of human, cultural, and societal values are fundamental when designing technology systems and products in the global society
E. Communication and Collaboration: Digital tools facilitate local and global communication and collaboration in designing products and systems.
F.  Resources for a Technological World: Technological products and systems are created through the application and appropriate use of technological resources.
G.  The Designed World: The designed world is the product of a design process that provides the means to convert resources into products and systems.

	Students will be able to showcase the following technical skills:

A. CAD and Drafting Experience 

• Create and/or modify 3D solid computer models of basic parts 

• Create hand drawn isometric sketches 

• Identify errors and omission in technical sketches and drawings

B. Design Process Experience 

• Design a mechanical product/system to solve a problem using an engineering design process 

• Document in detail the engineering design process used to create a mechanical solution to a problem 

• Develop user-driven, specific and measurable design requirements to specify a successful design or problem solution 

• Create a detailed and comprehensive design brief 
• Brainstorm/recommend improvements to a mechanical consumer product based on reverse engineering 

• Design, develop and implement a testing protocol to test at least one aspect of an engineering solution or design 

• Produce a technical presentation to communicate a solution to a mechanical problem or product design 
• Work collaboratively on a design team to design a solution to a problem

C. Computational and Analytical Skills 

• Use a spreadsheet application to find a trend line (mathematical model) to represent data and interpret the model within the context of the data using grade appropriate mathematics 

• Use appropriate techniques to optimize a design or problem solution 

• Collect and analyze data to make predictions and inform engineering decisions 

• Perform precision measurement using common engineering tools 

• Determine a mathematical equation that describes a relationship between two quantities and use it to define parametric relationships in CAD 

• Describe a mechanical system with respect to its structure, behavior and function 

• Optimize the structure and/or function of a mechanical system 

	Students will be able exhibit the following professional skills: 

• Team collaboration 

• Project management 

• Problem-solving 

• Communication skills 

• Presentation skills 

• Technical writing 

• Ethical practice 

• Global perspective

	Students will be able show understanding of the following concepts: 

• Careers in Engineering
• Engineering disciplines 

• STEM careers related to course content 

• Professional ethics 

• Design Process 

• Define the problem – design brief 

• Generate concepts – brainstorming and decision matrices 

• Develop a solution – technical drawing 

• Construct and test a prototype 

• Evaluate a solution 

• Present a solution 

• Technical Sketching and Drawing 

• Isometric views 

• Alternate views - sectional views and detail views 

• Working drawings 

• Measurement 

• Linear measurement 

• Unit conversion 

• Precision and Accuracy 

• Dimensioning 

• Statistics 

• Measures of central tendency 

• Measures of variation 

• Box plots 

• Histograms 

• Normal Distribution 

• Modeling in Engineering 

• Graphical modeling 

• Computer 3D solid modeling 


	Unit 1 Framework

	C1 : Creativity and Problem Solving - Strategic and systematic design and inquiry processes guide the 

        development of an effective solution to the problem

D1 : Engineering Mindset – 
        Successful STEM professionals exhibit specific personal and professional characteristics that 
        lend themselves to the creative, collaborative, and solution-driven nature of their profession

O1.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 1.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

O1.2 Demonstrate curiosity, creativity, flexibility, and adaptability to change. 

KS 1.2.2 Seek out and use feedback to improve work and positively influence one’s personal and professional development. 

KS 1.2.3 Reflect critically on past experiences to inform future progress. 

K 1.2.4 Successfully adjust to changes that impact work. Adapt to varied roles, job responsibilities, and schedules.

O1.3 Persevere to solve a problem or achieve a goal. 

KS 1.3.1 Demonstrate risk taking in engineering, scientific, or computational processes. 

KS 1.3.2 Demonstrate persistence in accomplishing a difficult challenge

O1.4 Make judgments and decisions based on evidence. 
KS 1.4.2 Collect, analyze, and interpret information relevant to the problem or opportunity at hand to support engineering decisions. 

D2 : Design Process –

        An engineering design process is an iterative, systematic approach to problem solving.

O2.1 Apply an iterative design process to creatively address a need or solve a problem. 
KS 2.1.2 Define measurable visual, functional, and structural design requirements (criteria) and realistic constraints against which solution alternatives can be evaluated and optimized. [Note that criteria and constraints should include considerations of cost, safety, reliability, manufacturability, and aesthetics, as well as possible social, cultural, and environmental impacts.] 
KS 2.1.3 Apply effective techniques and appropriate guidelines to generate multiple creative ideas and potential solutions to a problem. 
KS 2.1.4 Carry out a plan to compare competing solution ideas and justify the selection of a solution path with respect to design requirements and constraints. 
KS 2.1.5 Develop a potential solution and implement a plan to test and evaluate the solution with respect to design criteria and constraints. 
KS 2.1.6 Identify design flaws of and potential enhancements to a proposed design solution. 
KS 2.1.7 Strategically iterate steps of the design process to improve and optimize a solution.
D3 : Experimental Design – 
        An experimental design process is a systematic approach to investigate a phenomenon and 
        gain knowledge.

O3.1 Design and perform an experimental protocol to investigate a phenomenon and/or gain knowledge. 
KS 3.1.1 Develop a testable hypothesis, experimental controls and important variables (independent and dependent) address a problem or answer a question. 
KS 3.1.2 Identify best strategies and appropriate tools for data collection, documentation, and analysis. 

O3.2 Use appropriate statistical methods and visualization techniques to justify claims based on evidence. 
KS 3.2.1 Graphically represent experimental data for a single count or measurement with charts and/or plots on the real number line, such as dot plots, box plots and histograms.

KS 3.2.2 Use statistics appropriate to the shape of the data distribution to compare center (median, mean) and spread (interquartile range) of two or more different data sets. Interpret differences in shape, center, and spread in the context of the data sets.

KS 3.2.3 Apply inferential reasoning to make and/or support claims about populations based on data. KS 3.2.4 Draw conclusions related to the hypothesis and support conclusions using experimental data.

C2 : Professional Practices and Communication Professional practice is guided by professional ethics 

         and standards and requires effective communication and collaboration.

D4 : Career Awareness  - 
        STEM professionals use professional skills and knowledge to pursue opportunities and create 
        sustainable solutions to improve and enhance the quality of life of individuals and society

O4.1Demonstrate awareness of the education and skills required for professional practice in an engineering field. 

KS 4.1.1 Define engineering as the creation of solutions, such as new and improved products, technologies, systems and processes), to meet the needs of people and society. 

KS 4.1.2 Identify technical and nontechnical skills common to all engineering disciplines that are gained from specialized and intense education, training, and experience, including problem-solving, the design process, data processing and interpretation, handling uncertainty, systems thinking, and modeling.

O4.2 Analyze the role of engineering professionals in society. 

KS 4.2.1 Describe the discipline of mechanical engineering and a variety of sub-disciplines and technical roles related to mechanical engineering 

KS 4.2.2 Identify and describe contemporary engineering issues of local, global and cultural significance.

D5 : Project Management –

        Project management involves planning, executing, controlling, and closing the work of a team 
        to successfully meet goals.

O5.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 5.1.1 Explain the limitations of one’s knowledge and skills in pursuit of accomplishing a goal. 

KS 5.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

D6 : Professionalism and Ethics –

        Successful engineering professionals exhibit personal and professional characteristics and 
        behaviors that involve considerations of the impact of their work on individuals, society, and
        the natural world.

O6.2 Consider the impact of potential engineering solutions on future generations to inform the development of sustainable solutions.
KS 6.2.1 Explain that different engineering solutions can have significantly different impacts on individuals, society, and the natural world.
D7 : Collaboration –

        Successful engineering professionals demonstrate an ability to function on 
        multidisciplinary teams

O7.1 Facilitate an effective team environment to promote successful goal attainment.

KS 7.1.3 Develop ideas and create products through positive interdependence among all teammates
O7.2 Contribute individually to overall collaborative efforts.

KS 7.2.4 Critically and realistically self-evaluate personal contributions and collaboration effectiveness within a team. [ongoing]
O7.3 Analyze and evaluate the work of others to provide helpful feedback

KS 7.3.1 Describe the purpose and positive outcomes of a peer review process. 

KS 7.3.2 Provide effective feedback to peers.
D8 : Communication – 
        Successful engineering professionals demonstrate effective communication with a variety of 
        audiences using multiple modalities.

O8.1 Communicate effectively with an audience based on audience characteristics.
KS 8.1.1 According to best practices, effectively document engineering or scientific work in an organized notebook so someone unfamiliar with the work can follow and understand the process

KS 8.1.2 Use sketches, tables, charts, and graphs when appropriate to clearly communicate information and in making arguments and claims in oral, written, and visual presentations. 

KS 8.1.3 Initiate and participate in a range of open and effective interactions (one-on-one, in groups, and teacher-led) with diverse participants and across cultures, building on others' ideas and expressing one's own clearly and persuasively. 

KS 8.1.4 Present information, findings, and supporting evidence clearly, concisely, and logically in writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

KS 8.1.5 Present information, findings, and supporting evidence clearly, concisely, and logically, such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task. 
C3 : Technical Knowledge and Skills Every career field requires technical literacy and career-specific 

        knowledge and skills to support professional practice.

D9 : Engineering Design – 
        Engineers analyze the visual, functional, and structural elements of existing products for many 
        reasons, including knowledge attainment, product or process improvement, and failure 
        analysis.

O9.2 Optimize performance of a mechanical part or assembly.

KS 9.2.2 Define basic fabrication processes and analyze if a product can be built as designed. 
D10 : Engineering Science – 
          The practice of engineering requires the application of mathematical principles and common 
          engineering tools, techniques, and technologies.

O10.1 Using a variety of measuring devices, measure and report quantities accurately and to a precision appropriate for the purpose.
KS 10.1.1 Explain that all measurements are an approximation of the true value of a quantity. 

KS 10.1.2 Describe the accuracy and precision of a measurement or measuring device and differentiate between the two. 

KS 10.1.3 Use dimensional analysis and unit conversions to transform data to consistent units or to units appropriate for a particular purpose or model. 

KS 10.1.4 Choose a measurement device based on the level of precision and accuracy needed.
D12 : Computational Thinking – 
          Computational thinking is a critical part of a problem-solving process that supports the 
          ability to interpret complex, open-ended problems across all disciplines.

O12.2 Use algorithms to create a solution with or without the use of a computer program.

KS 12.2.1 Use existing correct algorithms as building blocks for constructing a new algorithm to help ensure the new algorithm is correct. 
O12.4 Collect, organize, and analyze data to help define and/or solve a problem.

KS 12.4.1 Populate a spreadsheet application with data and organize the data to be useful in accomplishing a specific goal. 

KS 12.4.2 Use the functions and tools within a spreadsheet application to manipulate, analyze, and present data in a useful way, including graphs, regression analyses, and descriptive statistical analyses.
O12.5 Apply abstraction to generalize problems and solutions.

KS 12.5.1 Identify what has been made more general by an abstraction and what details have been hidden or removed.
D13 : Modeling – 
          Modeling is used to represent ideas and simulate objects, processes, or systems to help us 
          understand, evaluate, and predict the behavior of real phenomena.

O13.1 Develop models and simulations to represent information, processes, and/or objects to an appropriate level of abstraction for the intended purpose.

KS 13.1.1 Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the model accurately represents the real object or phenomenon. List differences (potential or real) between model behavior and the behavior of the real object, system, or process that it represents, and identify limitations of the model. (Limitations may include specific characteristics being studied, accuracy, precision, range of conditions, and so on.) 

KS 13.1.2 Develop a model to accurately represent information or important characteristics of an object, data, process, or design idea for an intended purpose. [Notes on scope: the intended purpose may vary and could include organizing information to show relationships; providing a visual representation of the object/design to demonstrate how the object might “look”; a functional model to demonstrate the operation; a prototype of a specific component to test fit, performance, durability, or compatibility with other components in a system; and so on. The model could be a conceptual model, a mathematical model, a computer/virtual model, or a physical model, as appropriate for the testing scenario.]
O13.2 Apply mathematical (including graphical) models and interpret the output of models to test ideas or make predictions.

KS 13.2.1 Build and/or use a mathematical model (algorithm, table of values, equation, graph) to represent data, describe relationships, describe processes, and to make predictions in the context of the problem. For example: create displacement/time graphs (Cartesian); create polar graphs to describe displacement caused by a cam (and cam shape). 
O13.3 Use engineering graphics to represent physical objects.

KS 13.3.1 Identify three-dimensional objects generated by rotation of a two-dimensional object. 
KS 13.3.2.Build a physical representation of an object or system based on graphical representations of the object or system. (Includes building solid objects, electrical circuits, mechanical devices, and complex systems according to technical drawings.) 
KS 13.3.3 Hand sketch isometric views of a simple object or part at a given scale using the actual object, a detailed verbal description of the object, pictorial view of the object, or set of orthographic projections. 
KS 13.3.4 Identify errors and omissions in orthographic projections and multiview drawings (including errors in line locations, line types, Identify errors and omissions in orthographic projections and multiview drawings (including errors in line locations, line types, number of views, scale, dimensioning, and view orientation) to fully detail an object or part using the actual object, a detailed verbal description of the object, or a pictorial and isometric view of the object.

KS 13.3.5 Identify errors and omissions in a full- or half-section view (including errors in line locations, line types, location of cutting plane line, scale, dimensioning, and view orientation) to fully detail an object or part. 
KS 13.3.6 Identify necessary/appropriate views to fully detail a part or assembly. 
KS 13.3.7 Read and interpret a hole note to identify the size and type of hole specified.
O13.5 Create and interpret a computer model or simulation of simple objects, assemblies, or systems to inform engineering decisions and solve problems.

KS 13.5.1 Create a computer model to represent an object or conceptual idea and inform design decisions. 
KS 13.5.2 Correctly build and constrain a three-dimensional solid computer model to accurately represent the physical characteristics and behaviors of a design idea or real object. Scope: This could include the appropriate application of geometric (horizontal, vertical, parallel, perpendicular, tangent, concentric) and dimensional constraints, as well as modeling other physical properties (density, color, texture, and so on). 
O13.6 Create technical drawings using 3D computer-aided design (CAD) software to document a design according to standard engineering practices.

KS 13.6.1 Generate an annotated multiview technical drawing using CAD software to fully describe a simple part. 
KS 13.6.2 Apply appropriate and sufficient annotation (including dimensioning) methods to a drawing to fully describe an object or system using accepted technical drawing techniques. 



	Unit 1 Lessons

	Lesson Title: 
	Timeframe (Periods)
	Knowledge & Skills

	Lesson 1.1 Design Basics 

Students review and apply an engineering design process to collaboratively design a carnival game. As part of the design process, students practice the art of brainstorming and begin to develop skills in graphically representing ideas through concept sketching. Students also develop and test a solution and improve the design through iteration. In addition, students learn statistical techniques to evaluate design solutions and apply statistics to inform design decisions related to their game design. 
	10 days
	KS 1.1.2

KS 1.2.2

KS 1.3.1

KS 1.4.2

KS 2.1.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 2.1.7

KS 3.1.2

KS 3.2.1

KS 3.2.2

KS 3.2.3

KS 3.2.4

KS 4.1.1

KS 4.1.2

KS 4.2.1

KS 4.2.2

KS 4.1.2

KS 6.2.1

KS 7.1.3

KS 7.2.4

KS 7.3.1

KS 7.3.2

KS 8.1.1

KS 8.1.2

KS 8.1.3

KS 8.1.4

KS 10.1.1

KS 10.1.2

KS 10.1.3

KS 12.2.1

KS 12.4.1

KS 12.4.2

KS 13.1.2

KS 13.2.1



	Lesson 1.2 Visualization and Solid Modeling 

This lesson focuses on building student spatial visualization skills. The role of modeling as a means to represent and communicate ideas, designs, and problem solutions is emphasized. Students are introduced to technical sketching and practice sketching isometric views and orthographic projections to represent three-dimensional objects. As part of the design process, students develop basic 3D solid models of simple designs and produce technical drawings using CAD. The lesson culminates in a design project in which students design and prototype a product using additive manufacturing (3D printing). 
	10 days
	KS 1.2.2

KS 2.1.3

KS 2.1.5

KS 7.3.2

KS 8.1.3

KS 12.5.1

KS 13.1.1

KS 13.1.2

KS 13.3.2

KS 13.3.3

KS 13.3.4

KS 13.3.6

KS 13.5.1

KS 13.5.2

KS 13.6.1

KS 13.6.2

    

	Lesson 1.3 CAD Fundamentals 
This lesson focuses on building CAD skills to develop 3D models and technical drawings. Students learn the importance of precision measurement and use dial calipers to make precise measurements, as they come to understand the concepts of precision and accuracy and their implication on engineering design and manufacturing. Students apply statistics to quantify the precision and accuracy of measurements and of measuring tools. Multiple CAD topics are introduced, and students apply the engineering design process and their new CAD skills to design and 3D print a protective case for a product. 
	10 days
	 KS 1.1.2

KS 1.2.2

KS 1.2.3

KS 1.3.2

KS 2.1.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 3.1.1

KS 3.2.2

KS 3.2.3

KS 7.3.2

KS 8.1.2

KS 8.1.3

KS 8.1.4

KS 10.1.2

KS 10.1.3

KS 10.1.4

KS 13.1.1

KS 13.1.2

KS 13.3.3

KS 13.3.5

KS 13.3.6

KS 13.3.7

KS 13.5.1

KS 13.5.2

KS 13.6.1

KS 13.6.2

    

	Lesson 1.4 Product Improvement 
Students work within teams to apply the design process and the skills and knowledge gained in this unit to evaluate and improve the design of a consumer product to meet stakeholder needs. Students will learn effective presentation techniques and present their solutions to an audience. 
	10 days
	KS 1.2.2

KS 1.2.4

KS 1.3.1

KS 1.3.2

KS 2.1.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 5.1.1

KS 5.1.2

KS 7.3.2

KS 8.1.1

KS 3.2.3

KS 3.2.4

KS 4.1.1

KS 4.1.2

KS 8.1.5

KS 12.4.1

KS 13.1.2

KS 13.3.2

KS 13.3.6

KS 13.5.1

KS 13.5.2

KS 13.6.2




	Activity Timeframes

	Activity Title:
	Timeframe (days)

	Activity 1.1.1 Design as a Process
	1 day

	Activity 1.1.2 Iterate and Redesign
	2 days

	Activity 1.1.3 Concept Sketching
	2 days

	Activity 1.1.4 Targeting Success Using Data
	2 days

	Project 1.1.5 Design a Game
	3 days

	Activity 1.2.1 Isometric Sketching
	2 days

	Activity 1.2.2 3D Solid Modeling
	2 days

	Activity 1.2.3 Multiview Drawings
	2 days

	Activity 1.2.4 Fundamentals of Dimensioning
	2 days

	Activity 1.2.5 Sketches, Extrusions, and Revolutions, Oh My!
	2 days

	Project 1.2.6 Charmed I'm Sure
	3 days

	Activity 1.3.1 Measure It! 
	2 days

	Activity 1.3.2 Making Holes in CAD
	2 days

	Activity 1.3.3 Constraining a Sketch
	1 day

	Activity 1.3.4 CAD Modeling Skills
	2 days

	Activity 1.3.5 Documenting a Design
	1 day

	Activity 1.3.6 I Section That!
	1 day

	Project 1.3.7 Design a Protective Case
	4 days

	Problem 1.4.1 Sweet Improvement 
	5 days


	CPI #
	Cumulative Progress Indicator (CPI)

	8.2.12.A.1
	Design and create a technology product or system that improves the quality of life and identify trade-offs, risks, and benefits.

	8.2.12.B.1
	Design and create a product that maximizes conservation and sustainability of a scarce resource, using the design process and entrepreneurial skills throughout the design process.

	8.2.12.B.2
	Design and create a prototype for solving a global problem, documenting how the proposed design features affect the feasibility of the prototype through the use of engineering, drawing, and other technical methods of illustration.

	8.2.12.B.3
	Analyze the full costs, benefits, trade-offs, and risks related to the use of technologies in a potential career path.

	8.2.12.C.1
	Analyze the ethical impact of a product, system, or environment, worldwide, and report findings in a web-based publication that elicits further comment and analysis.

	8.2.12.C.2
	Evaluate ethical considerations regarding the sustainability of resources that are used for the design, creation, and maintenance of a chosen product.

	8.2.12.C.3
	Evaluate the positive and negative impacts in a design by providing a digital overview of a chosen product and suggest potential modifications to address the negative impacts.

	8.2.12.E.1
	Use the design process to devise a technological product or system that addresses a global issue, and provide documentation through drawings, data, and materials, taking the relevant cultural perspectives into account throughout the design and development process.

	8.2.12.F.1
	Determine and use the appropriate application of resources in the design, development, and creation of a technological product or system.

	8.2.12.F.2
	Explain how material science impacts the quality of products.

	8.2.12.F.3
	Select and utilize resources that have been modified by digital tools (e.g., CNC equipment, CAD software) in the creation of a technological product or system.

	8.2.12.G.1
	Analyze the interactions among various technologies and collaborate to create a product or system demonstrating their interactivity.


	Evidence of Learning

	Formative Assessments:

1. Daily question and response as we go along in the topic

2. Students will be asked to provide examples of certain ideas, or to apply ideas to samples of their own choosing.

3. Student work will be assessed according to the PLTW rubrics

4. Students sketching accuracy

5. Peer review ability

6. Ability to work together with other students

	Summative Assessment:
1. Carnival game design and improvement based on a PLTW rubric.

2. Students will be grades on their CAD skills based on a PLTW rubric.

3. Consumer product project based on a PLTW rubric.


	Additional Materials

	Digital Tools & Resources :
• Microsoft Office (Excel, Word, PowerPoint)

• 3D solid modeling software - Autodesk Fusion 360 

• Dial calipers 

• 3D prototyper 

• Mechanical prototyping equipment
• Stratasys uPrint SE Plus 3-d printer

	Primary & Secondary Resources
• PLTW student website 

• Rulers, meter sticks 
• Scientific calculators
• PLTW resource package 

	Modifications/Differentiation of Instruction
Differentiation Strategies for Special Education Students
· Remove unnecessary material, words, etc., that can distract from the content

· Use of off-grade level materials 

· Provide appropriate scaffolding

· Limit the number of steps required for completion 

· Time allowed  

· Level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials

· Use technology, if available and appropriate

· Varied homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language. 

· Use audio and visual supports, if available and appropriate 

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Ability to work at their own pace 

· Present ideas using auditory, visual, kinesthetic, & tactile means

· Provide graphic organizers and/or highlighted materials

· Strategy and flexible groups based on formative assessment 

· Differentiated checklists and rubrics, if available and appropriate

 

 

Differentiation Strategies for Gifted and Talented Students
· Increase the level of complexity 

· Decrease scaffolding 

· Variety of finished products

· Allow for greater independence

· Learning stations, interest groups 

· Varied texts and supplementary materials

· Use of technology 

· Flexibility in assignments

· Varied questioning strategies 

· Encourage research

· Strategy and flexible groups based on formative assessment or student choice

· Acceleration within a unit of study

· Exposure to more advanced or complex concepts, abstractions, and materials

· Encourage students to move through content areas at their own pace

· After mastery of a unit, provide students with more advanced learning activities, not more of the same activity

· Present information using a thematic, broad-based, and integrative content, rather than just single-subject areas
Differentiated Strategies for ELL Students
· Remove unnecessary materials, words, etc., that can distract from the content

· Provide appropriate scaffolding

· Limit the number of steps required for completion 

· Gradually increase the level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials, including visuals

· Use technology, if available and appropriate

· Differentiate homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language. 

· Use audio and visual supports, if available and appropriate

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Allow students to work at their own pace 

· Presenting ideas through auditory, visual, kinesthetic, & tactile means

· Role play

· Provide graphic organizers, highlighted materials

· Strategy and flexible groups based on formative assessment 
Differentiation Strategies for At Risk Students
· Remove unnecessary materials, words, etc., that can distract from the content

· Provide appropriate scaffolding 

· Limit the number of steps required for completion 

· Gradually increase the level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials

· Use technology, if available and appropriate

· Differentiate homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language 

· Use audio and visual supports, if available and appropriate

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Presenting ideas through auditory, visual, kinesthetic, & tactile means

· Provide graphic organizers and/or highlighted materials

· Strategy and flexible groups based on formative assessment
504 Plans
Students can qualify for 504 plans if they have physical or mental impairments that affect or limit any of their abilities to:

· walk, breathe, eat, or sleep

· communicate, see, hear, or speak

· read, concentrate, think, or learn

· stand, bend, lift, or work
Examples of accommodations in 504 plans include:

· preferential seating

· extended time on tests and assignments

· reduced homework or classwork

· verbal, visual, or technology aids

· modified textbooks or audio-video materials

· behavior management support

· adjusted class schedules or grading

· verbal testing

· excused lateness, absence, or missed classwork

· pre-approved nurse's office visits and accompaniment to visits

· occupational or physical therapy



	Unit 2 Overview

	Content Area: Introduction to Engineering Design - Project Lead The Way

	Unit Title: Unit 2 : Assembly Design – 40 Days

	Target Course/Grade Levels: Introduction to Engineering Design - Project Lead The Way / 9-12

	Unit Summary: This unit emphasizes the design of systems of components. Students are introduced to the concept of reverse engineering and how to investigate and document the design of multi-component systems. Students learn various techniques used to connect components in a system, how systems are designed to allow desired interaction between components, and how to identify and select the materials from which products are made. They are also introduced to methods to improve the manufacturability of a product and reduce production costs. Students learn to apply two methods to create 3D assembly models in CAD and apply those techniques to design and document assemblies. 
21st-Century Life & Career Skills: All students will demonstrate the creative, critical thinking, collaboration, and problem-solving skills needed to function successfully as both global citizens and workers in diverse ethnic and organizational cultures.

	Learning Targets

	Standards: 8.2 Technology Education, Engineering, and Design All students will develop an understanding of the nature and impact of technology, engineering, technological design, and the designed world, as they relate to the individual, global society, and the environment.

	Content Statements: 
A. Nature of Technology: Creativity and Innovation: Technology products and systems impact every aspect of the world in which we live.
B. Design: Critical Thinking, Problem Solving, and Decision-Making: The design process is a systematic approach to solving problems.    
C. Technological Citizenship, Ethics, and Society : Knowledge and understanding of human, cultural, and societal values are fundamental when designing technology systems and products in the global society
D. Communication and Collaboration: Digital tools facilitate local and global communication and collaboration in designing products and systems.
E.  Resources for a Technological World: Technological products and systems are created through the application and appropriate use of technological resources.
F.  The Designed World: The designed world is the product of a design process that provides the means to convert resources into products and systems.

	Students will be able to showcase the following technical skills:

A. CAD and Drafting Experience 

• Create and/or modify 3D solid computer models of complex parts 

• Create 3D solid computer models of part assemblies 

• Create technical CAD drawings of complex parts and assemblies from 3D solid models 

• Animate a 3D solid CAD assembly model to accurately simulate mechanical motion 

• Create hand drawn isometric sketches 

• Identify errors and omission in technical sketches and drawings

B. Design Process Experience 

• Design a mechanical product/system to solve a problem using an engineering design process 

• Document in detail the engineering design process used to create a mechanical solution to a problem 

• Develop user-driven, specific and measurable design requirements to specify a successful design or problem solution 

• Create a detailed and comprehensive design brief 
• Brainstorm/recommend improvements to a mechanical consumer product based on reverse engineering 

• Design, develop and implement a testing protocol to test at least one aspect of an engineering solution or design 

• Produce a technical presentation to communicate a solution to a mechanical problem or product design 
• Work collaboratively on a design team to design a solution to a problem

C. Computational and Analytical Skills 

• Use a spreadsheet application to find a trend line (mathematical model) to represent data and interpret the model within the context of the data using grade appropriate mathematics 

• Use appropriate techniques to optimize a design or problem solution 

• Collect and analyze data to make predictions and inform engineering decisions 

• Perform precision measurement using common engineering tools 

• Use material properties to help identify an unknown material 

• Choose and justify material choice for a design or solution 

• Determine a mathematical equation that describes a relationship between two quantities and use it to define parametric relationships in CAD 

• Describe a mechanical system with respect to its structure, behavior and function 

	Students will be able exhibit the following professional skills: 

• Team collaboration 

• Project management 

• Problem-solving 

• Communication skills 

• Presentation skills 

• Technical writing 

• Ethical practice 
• Global perspective

	Students will be able show understanding of the following concepts: 

• Careers in Engineering
• Engineering disciplines 

• STEM careers related to course content 

• Professional ethics 

• Design Process 

• Define the problem – design brief 

• Generate concepts – brainstorming and decision matrices 

• Develop a solution – technical drawing 

• Construct and test a prototype 

• Evaluate a solution 

• Present a solution 

• Design teams 

• Technical Sketching and Drawing 

• Isometric views 

• Orthographic projections 

• Alternate views - sectional views and detail views 

• Working drawings 

• Measurement 

• Linear measurement 

• Unit conversion 

• Precision and Accuracy 

• Dimensioning 

• Physical property analysis

• Statistics 

• Measures of central tendency 

• Measures of variation 

• Box plots 

• Histograms 

• Normal Distribution 

• Inferential Reasoning 

• Modeling in Engineering 

• Graphical modeling 

• Mathematical modeling 

• Computer 3D solid modeling 
• Physical modeling and prototyping


	Unit 2 Framework

	C1 : Creativity and Problem Solving - Strategic and systematic design and inquiry processes guide the 

        development of an effective solution to the problem

D1 : Engineering Mindset – 

        Successful STEM professionals exhibit specific personal and professional characteristics that 

        lend themselves to the creative, collaborative, and solution-driven nature of their profession

O1.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal.  
KS 1.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

O1.2 Demonstrate curiosity, creativity, flexibility, and adaptability to change. 

KS 1.2.2 Seek out and use feedback to improve work and positively influence one’s personal and professional development. 

KS 1.2.3 Reflect critically on past experiences to inform future progress. 

K 1.2.4 Successfully adjust to changes that impact work. Adapt to varied roles, job responsibilities, and schedules.

O1.3 Persevere to solve a problem or achieve a goal. 

KS 1.3.2 Demonstrate persistence in accomplishing a difficult challenge

O1.4 Make judgments and decisions based on evidence. 

KS 1.4.1 Find relevant data in credible sources such as literature, databases, and policy documents. 

KS 1.4.2 Collect, analyze, and interpret information relevant to the problem or opportunity at hand to support engineering decisions. 

KS 1.4.3 Evaluate point of view, reasoning, and use of evidence and rhetoric, in oral or written communication and identify deficiencies, limitations and biases. 

KS 1.4.4 Draw valid conclusions based on supporting evidence while acknowledging the limitations, opposing views, and biases.

D2 : Design Process –

        An engineering design process is an iterative, systematic approach to problem solving.

O2.1 Apply an iterative design process to creatively address a need or solve a problem. 

KS 2.1.1 Synthesize an ill-formed problem into a meaningful, well-defined problem using relevant information. 

KS 2.1.2 Define measurable visual, functional, and structural design requirements (criteria) and realistic constraints against which solution alternatives can be evaluated and optimized. [Note that criteria and constraints should include considerations of cost, safety, reliability, manufacturability, and aesthetics, as well as possible social, cultural, and environmental impacts.] 

KS 2.1.3 Apply effective techniques and appropriate guidelines to generate multiple creative ideas and potential solutions to a problem. 

KS 2.1.4 Carry out a plan to compare competing solution ideas and justify the selection of a solution path with respect to design requirements and constraints. 

KS 2.1.5 Develop a potential solution and implement a plan to test and evaluate the solution with respect to design criteria and constraints. 

KS 2.1.6 Identify design flaws of and potential enhancements to a proposed design solution. 

D3 : Experimental Design – 

        An experimental design process is a systematic approach to investigate a phenomenon and 

        gain knowledge.

O3.1 Design and perform an experimental protocol to investigate a phenomenon and/or gain knowledge. 

KS 3.1.1 Develop a testable hypothesis, experimental controls and important variables (independent and dependent) address a problem or answer a question. 

KS 3.1.2 Identify best strategies and appropriate tools for data collection, documentation, and analysis. KS 3.1.3 Summarize the objective and relevancy of an experiment. 

KS 3.1.4 Read and accurately follow established protocols and instructions. 

KS 3.1.5 Identify possible sources of errors, if they exist, redesign and repeat the experiment when appropriate.

C2 : Professional Practices and Communication Professional practice is guided by professional ethics 

         and standards and requires effective communication and collaboration.

D4 : Career Awareness  - 

        STEM professionals use professional skills and knowledge to pursue opportunities and create 

        sustainable solutions to improve and enhance the quality of life of individuals and society

O4.1Demonstrate awareness of the education and skills required for professional practice in an engineering field. 

KS 4.1.1 Define engineering as the creation of solutions, such as new and improved products, technologies, systems and processes), to meet the needs of people and society. 

KS 4.1.2 Identify technical and nontechnical skills common to all engineering disciplines that are gained from specialized and intense education, training, and experience, including problem-solving, the design process, data processing and interpretation, handling uncertainty, systems thinking, and modeling.

O4.2 Analyze the role of engineering professionals in society. 

KS 4.2.1 Describe the discipline of mechanical engineering and a variety of sub-disciplines and technical roles related to mechanical engineering 

KS 4.2.2 Identify and describe contemporary engineering issues of local, global and cultural significance.

D5 : Project Management –

        Project management involves planning, executing, controlling, and closing the work of a team 

        to successfully meet goals.

O5.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 5.1.3 Make and execute a plan to gain additional knowledge and learning to accomplish a goal.

D6 : Professionalism and Ethics –

        Successful engineering professionals exhibit personal and professional characteristics and 

        behaviors that involve considerations of the impact of their work on individuals, society, and

        the natural world.

O6.1 Apply personal and professional ethical standards as they relate to the habits and characteristics of an engineering professional.

KS 6.1.1 Explain that engineers have a responsibility to serve the public interest, their clients, and the profession with a high degree of honesty, integrity, and accountability. This responsibility is defined in professional codes of ethics.

O6.2 Consider the impact of potential engineering solutions on future generations to inform the development of sustainable solutions.

KS 6.2.1 Explain that different engineering solutions can have significantly different impacts on individuals, society, and the natural world.

KS 6.2.3 Evaluate a solution to a complex, real-world problem and identify the need for trade-offs to address a range of criteria and constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. 

D7 : Collaboration –

        Successful engineering professionals demonstrate an ability to function on 

        multidisciplinary teams

O7.1 Facilitate an effective team environment to promote successful goal attainment.

KS 7.1.2 Monitor, solicit, negotiate, and balance diverse views and beliefs to reach shared understanding, common ground and workable solutions. Identify basic resolution strategies and employ those strategies as necessary and appropriate. 

KS 7.1.3 Develop ideas and create products through positive interdependence among all teammates

O7.2 Contribute individually to overall collaborative efforts.

KS 7.2.3 Present all work to be/being done individually in a timely manner to the team to gather feedback, inform revision, and gain consensus. 

O7.3 Analyze and evaluate the work of others to provide helpful feedback

KS 7.3.2 Provide effective feedback to peers.

D8 : Communication – 

        Successful engineering professionals demonstrate effective communication with a variety of 

        audiences using multiple modalities.

O8.1 Communicate effectively with an audience based on audience characteristics.
KS 8.1.1 According to best practices, effectively document engineering or scientific work in an organized notebook so someone unfamiliar with the work can follow and understand the process

KS 8.1.2 Use sketches, tables, charts, and graphs when appropriate to clearly communicate information and in making arguments and claims in oral, written, and visual presentations. 

KS 8.1.3 Initiate and participate in a range of open and effective interactions (one-on-one, in groups, and teacher-led) with diverse participants and across cultures, building on others' ideas and expressing one's own clearly and persuasively. 

KS 8.1.4 Present information, findings, and supporting evidence clearly, concisely, and logically in writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

KS 8.1.5 Present information, findings, and supporting evidence clearly, concisely, and logically, such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task. 

KS 8.1.6 Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings, reasoning, and evidence, and to add interest. 

KS 8.1.7 Practice active listening.

C3 : Technical Knowledge and Skills Every career field requires technical literacy and career-specific 

        knowledge and skills to support professional practice.

D9 : Engineering Design – 

        Engineers analyze the visual, functional, and structural elements of existing products for many 

        reasons, including knowledge attainment, product or process improvement, and failure 

        analysis.

O9.1 Analyze a consumer product using reverse engineering techniques to document visual, functional, and structural aspects of the design.
KS 9.1.1 Describe the processes and purposes of reverse engineering.
KS 9.1.2 Perform a visual analysis of a natural or man-made object and describe the apparent visual principles and elements of design. 

KS 9.1.3 Perform a functional analysis of a product or system to determine the purpose, inputs and outputs, and operation of a product or system. 

KS 9.1.4 Perform a structural analysis of a product or system to determine the materials used, the form of component parts, as well as the configuration and interaction of component parts when assembled (if applicable). 

KS 9.1.5 Describe methods to rigidly join parts of an assembly (including press fits, special joints, adhesives, mechanical fasteners) 

KS 9.1.6 Identify joints that allow movement between interfacing parts in an assembly and the degrees of freedom that it removes from the movement between parts (including slots, hinges, ball and socket, rotating knobs)

O9.2 Optimize performance of a mechanical part or assembly.

KS 9.2.1 Apply the principles of design for manufacturability and assembly of mechanical products. 

KS 9.2.4 Describe how design quality concepts such as performance, usability, accessibility, reliability, safety, etc. impact product development.

D10 : Engineering Science – 

          The practice of engineering requires the application of mathematical principles and common 

          engineering tools, techniques, and technologies.

O10.1 Using a variety of measuring devices, measure and report quantities accurately and to a precision appropriate for the purpose.
KS 10.1.2 Describe the accuracy and precision of a measurement or measuring device and differentiate between the two. 

KS 10.1.3 Use dimensional analysis and unit conversions to transform data to consistent units or to units appropriate for a particular purpose or model. 

KS 10.1.4 Choose a measurement device based on the level of precision and accuracy needed.

O10.2 Apply scientific knowledge related to frictional forces, to solve a problem or design a physical system
KS 10.2.1 Explain that friction is a force that opposes motion. 

O10.3 Apply basic materials science concepts to inform a design process.

KS 10.3.1 Describe different types of materials and their common usages in product design. 

KS 10.3.2 List material properties that are important to design, including mechanical, chemical, electrical, and magnetic properties. 

KS 10.3.3 Conduct non-destructive tests (e.g. hardness, flexure, conductivity) on different material types to investigate material properties. 
KS 10.3.4 Explain how design criteria and constraints (e.g. cost, performance, safety, risk, aesthetics, environmental impact) often limit the material choices available for a given design. 

KS 10.3.5 Select and justify the use of materials for prototyping and manufacturing products.

D11 : Systems Thinking – 

          Systems thinking is a set of analytical skills used to understand systems, predict their 

          behavior and modify them to produce desired effects.

O11.1 Apply systems thinking to consider how an engineering problem and its solution may be thought of as containing subsystems and as being a sub-system of a larger system.

KS 11.1.1 Describe a system in terms of its components and/or subsystems and their interactions. For example, describe the components of an electronic circuit, including source, path, and load; describe how an electronic circuit provides power to a larger system to produce mechanical motion; describe the subsystems of a building, including power system, communication system, lighting system, ventilation system, water system, sewer system, safety system, social system, transportation system, structural system, and so on; describe how the water system and sewer system interact in your home. Predict what the effect of making a change to a component of a system will have on the system as a whole. 

KS 11.1.2 Describe a system using a black box model indicating inputs and outputs, boundaries 

D12 : Computational Thinking – 

          Computational thinking is a critical part of a problem-solving process that supports the 

          ability to interpret complex, open-ended problems across all disciplines.

O12.1 Apply problem decomposition skills to break down data, problems, and processes into manageable parts.

KS 12.1.1 Separate a complex process into multiple subprocesses that can be implemented in an organized way to complete the larger process.

O12.2 Use algorithms to create a solution with or without the use of a computer program.

KS 12.2.2 Write a set of ordered instructions (with or without a computer) involving multiple discrete steps to accomplish a complex task or achieve a desired result.

O12.5 Apply abstraction to generalize problems and solutions.

KS 12.5.1 Identify what has been made more general by an abstraction and what details have been hidden or removed.

D13 : Modeling – 

          Modeling is used to represent ideas and simulate objects, processes, or systems to help us 

          understand, evaluate, and predict the behavior of real phenomena.

O13.1 Develop models and simulations to represent information, processes, and/or objects to an appropriate level of abstraction for the intended purpose.

KS 13.1.1 Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the model accurately represents the real object or phenomenon. List differences (potential or real) between model behavior and the behavior of the real object, system, or process that it represents, and identify limitations of the model. (Limitations may include specific characteristics being studied, accuracy, precision, range of conditions, and so on.) 

KS 13.1.2 Develop a model to accurately represent information or important characteristics of an object, data, process, or design idea for an intended purpose. [Notes on scope: the intended purpose may vary and could include organizing information to show relationships; providing a visual representation of the object/design to demonstrate how the object might “look”; a functional model to demonstrate the operation; a prototype of a specific component to test fit, performance, durability, or compatibility with other components in a system; and so on. The model could be a conceptual model, a mathematical model, a computer/virtual model, or a physical model, as appropriate for the testing scenario.]

O13.3 Use engineering graphics to represent physical objects.

KS 13.3.1 Identify three-dimensional objects generated by rotation of a two-dimensional object. 

KS 13.3.2.Build a physical representation of an object or system based on graphical representations of the object or system. (Includes building solid objects, electrical circuits, mechanical devices, and complex systems according to technical drawings.) 

O13.4 Apply appropriate engineering tolerances to specify the allowable variation, size of individual features, and orientation and location between features of an object.

KS 13.4.1 Identify and differentiate among a limit dimension, unilateral tolerance, and bilateral tolerance. 

KS 13.4.2 Determine the specified dimension, tolerance, upper limit, and lower limit for any given dimension and related tolerance (or any distance that is dependent on the given dimensions) show on a technical drawing. 

KS 13.4.3 Determine the allowance between two mating parts of an assembly based on dimensions given on a technical drawing. 

KS 13.4.4 Identify the need for and specify appropriate dimensions to create a clearance fit or interference fit where appropriate.

O13.5 Create and interpret a computer model or simulation of simple objects, assemblies, or systems to inform engineering decisions and solve problems.

KS 13.5.1 Create a computer model to represent an object or conceptual idea and inform design decisions. 

KS 13.5.2 Correctly build and constrain a three-dimensional solid computer model to accurately represent the physical characteristics and behaviors of a design idea or real object. Scope: This could include the appropriate application of geometric (horizontal, vertical, parallel, perpendicular, tangent, concentric) and dimensional constraints, as well as modeling other physical properties (density, color, texture, and so on). 

KS 13.5.3 Create relationships among part features and dimensions using parametric formulas 

KS 13.5.4 Correctly apply joints to constrain multi-component models and/or simulate realistic relative motion of the component parts.

O13.6 Create technical drawings using 3D computer-aided design (CAD) software to document a design according to standard engineering practices.

KS 13.6.1 Generate an annotated multiview technical drawing using CAD software to fully describe a simple part. 

KS 13.6.2 Apply appropriate and sufficient annotation (including dimensioning) methods to a drawing to fully describe an object or system using accepted technical drawing techniques. 

KS 13.6.3 Generate an assembly drawing using CAD software to identify component parts and show details of assembly using part identification numbers, a parts list, and other annotations, as appropriate.




	Unit 2 Lessons

	Lesson Title: 
	Timeframe (Periods)
	Knowledge & Skills

	Lesson 2.1 Put it Together 
Students continue to build skills in CAD. Methods to physically join parts into an assembly (including mechanical fasteners and adhesives as well as press fits and hinges) are presented. Interference and clearance fits are introduced, and students learn to apply tolerances to achieve desired fits between interacting parts. CAD assembly modeling is introduced, and students learn to create simple bottom-up assemblies that realistically simulate physical assemblies. Assemblies are documented in CAD with assembly drawings. Students are challenged to iterate on an earlier design project to incorporate skills and knowledge that they have learned in this lesson. 


	11 days
	KS 2.1.1

KS 2.1.2
KS 2.1.3

KS 2.1.4

KS 4.1.1

KS 4.1.2

KS 4.2.1

KS 4.2.2

KS 8.1.1

KS 8.1.2
KS 8.1.3

KS 8.1.4

KS 8.1.5

KS 9.1.5

KS 9.1.6

KS 10.1.2

KS 10.1.4

KS 10.2.1

KS 13.1.2

KS 13.3.6
KS 13.4.1

KS 13.4.2 

KS 13.4.3

KS 13.4.4

KS 13.5.1

KS 13.5.2

KS 13.6.1

KS 13.6.2

KS 13.6.3



	Lesson 2.2 Take it Apart 
Lesson 2.2 exposes students to the application of engineering principles and practices to reverse engineer a consumer product. Reverse engineering involves disassembling and analyzing a product or system in order to understand and document the visual, functional, and/or structural aspects of its design. In this lesson, students assess all three aspects of a product’s design. Students are introduced to a second method of CAD assembly modeling, top-down modeling and use it to model the consumer product they have reverse-engineered. Students will also conduct a case study of a common consumer product to identify ways to improve the manufacturability and ease of assembly of the product. Then they apply the design process again to design and prototype (3D print) an integrated accessory for the reversed engineered product and present the design. 
	17 days
	KS 1.1.2

KS 1.2.2

KS 1.2.3

KS 1.2.4

KS 1.4.1

KS 1.4.2

KS 1.4.3

KS 2.1.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 4.1.2

KS 6.1.1

KS 6.2.1

KS 7.1.2

KS 7.2.3

KS 7.3.2

KS 8.1.1

KS 8.1.2

KS 8.1.3

KS 8.1.4

KS 9.1.1

KS 9.1.2

KS 9.1.3

KS 9.1.4

KS 9.1.5

KS 9.1.6

KS 9.2.1

KS 9.2.4

KS 11.1.1

KS 11.1.2

KS 12.1.1

KS 12.2.2

KS 12.5.1

KS 13.1.1

KS 13.1.2

KS 13.3.1

KS 13.4.2

KS 13.4.4 KS 13.5.1

KS 13.5.2

KS 13.5.3

KS 13.5.4

KS 13.6.2

KS 13.6.3



	Lesson 2.3 A Material World 
Students investigate a variety of materials through experimentation to identify properties that determine material selection. The types of materials investigated include wood, metals, ceramics, plastics, and composites. Properties investigated may include density, conductivity, strength, flexibility, hardness, and so on. Students are then tasked with selecting materials to serve specific purposes. They learn how to assign specific materials to CAD model components and to differentiate between assigning the physical properties of a material to a part and only changing the visual appearance of the part. Finally, students work on a team to imagine the future through research of innovative materials and brainstorm a new consumer product composed of one or more advanced material. 


	8 days
	KS 1.4.4
KS 2.1.1

KS 2.1.3

KS 2.1.6

KS 3.1.1 KS 3.1.2

KS 3.1.3

KS 3.1.4

KS 3.1.5

KS 4.1.1
KS 6.2.1

KS 6.2.3

KS 8.1.1
KS 8.1.2

KS 8.1.3

KS 8.1.4

KS 8.1.6

KS 8.1.7

KS 9.2.4

KS 10.1.2

KS 10.1.3

KS 10.1.4

KS 10.3.1

KS 10.3.2

KS 10.3.4

KS 10.3.5

KS 13.1.1

KS 13.1.2

KS 13.5.1

KS 13.5.2

    

	Lesson 2.4 Fix It 
Students work collaboratively to reverse engineer and troubleshoot a non-working multi-component mechanical device then re-design the device, produce working drawings, and produce new parts to correct the design and produce a working physical model. 
	5 days
	KS 1.1.2

KS 1.2.2

KS 1.2.3

KS 1.3.2

KS 5.1.3

KS 8.1.1

KS 8.1.2

KS 8.1.3

KS 8.1.5

KS 8.1.6

KS 8.1.7

KS 9.1.3

KS 9.1.4

KS 9.1.6

KS 13.1.2

KS 13.3.2

KS 13.4.2

KS 13.4.4

KS 13.5.1

KS 13.5.2

KS 13.6.1
KS 13.6.2
KS 13.6.3



	Activity Timeframes

	Activity Title:
	Timeframe (days)

	Activity 2.1.1 Tolerate This! 
	3 days

	Activity 2.1.2 Hold It Together! 
	2 days

	Activity 2.1.3 Putting It Together
	2 days

	Activity 2.1.4 Document the Assembly 
	1 day

	Activity 2.2.1 What Is Reverse Engineering?
	1 day

	Activity 2.2.2 Visual Analysis
	1 day

	Activity 2.2.3 Functional Analysis and the Black Box
	1 day

	Activity 2.2.4 Structural Analysis and Product Disassembly 
	2 days

	Activity 2.2.5 CAD Design Tools
	2 days

	Activity 2.2.6 Top-down or Bottom-up?
	4 days

	Activity 2.2.7 Design for Manufacturability and Assembly
	3 days

	Project 2.2.8 Design an Integrated Assembly
	3 days

	Activity 2.3.1 Material Properties
	3 days

	Activity 2.3.2 Evaluating Materials
	2 days

	Activity 2.3.3 CAD Material Appearance and Analysis
	1 day

	Project 2.3.4 Imagine the Future
	2 days

	Problem 2.4.1 Troubleshoot an Assembly
	5 days


	CPI #
	Cumulative Progress Indicator (CPI)

	8.2.12.A.1
	Design and create a technology product or system that improves the quality of life and identify trade-offs, risks, and benefits.

	8.2.12.B.1
	Design and create a product that maximizes conservation and sustainability of a scarce resource, using the design process and entrepreneurial skills throughout the design process.

	8.2.12.B.2
	Design and create a prototype for solving a global problem, documenting how the proposed design features affect the feasibility of the prototype through the use of engineering, drawing, and other technical methods of illustration.

	8.2.12.B.3
	Analyze the full costs, benefits, trade-offs, and risks related to the use of technologies in a potential career path.

	8.2.12.C.1
	Analyze the ethical impact of a product, system, or environment, worldwide, and report findings in a web-based publication that elicits further comment and analysis.

	8.2.12.C.2
	Evaluate ethical considerations regarding the sustainability of resources that are used for the design, creation, and maintenance of a chosen product.

	8.2.12.C.3
	Evaluate the positive and negative impacts in a design by providing a digital overview of a chosen product and suggest potential modifications to address the negative impacts.

	8.2.12.E.1
	Use the design process to devise a technological product or system that addresses a global issue, and provide documentation through drawings, data, and materials, taking the relevant cultural perspectives into account throughout the design and development process.

	8.2.12.F.1
	Determine and use the appropriate application of resources in the design, development, and creation of a technological product or system.

	8.2.12.F.2
	Explain how material science impacts the quality of products.

	8.2.12.F.3
	Select and utilize resources that have been modified by digital tools (e.g., CNC equipment, CAD software) in the creation of a technological product or system.

	8.2.12.G.1
	Analyze the interactions among various technologies and collaborate to create a product or system demonstrating their interactivity.


	Evidence of Learning

	Formative Assessments:

1. Daily question and response as we go along in the topic

2. Students will be asked to provide examples of certain ideas, or to apply ideas to samples of their own choosing.

3. Student work will be assessed according to the PLTW rubrics

4. Students CAD skills
5. Peer review ability

6. Ability to work together with other students

	Summative Assessment:

1. Creating & assembling 3-d printed parts project based on a PLTW rubric.

2. Reverse engineering project based on a PLTW rubric.

3. Material composition assignment based on a PLTW rubric.

4. Troubleshooting & redesigning of a multi-component mechanical device project based on a PLTW rubric.


	Additional Materials

	Digital Tools & Resources :
• Microsoft Office (Excel, Word, PowerPoint)

• 3D solid modeling software - Autodesk Fusion 360 

• Dial calipers 

• 3D prototyper 

• Mechanical prototyping equipment
• Stratasys uPrint SE Plus 3-d printer

	Primary & Secondary Resources
• PLTW student website 

• Rulers, meter sticks 
• Scientific calculators
• PLTW resource package 

	Modifications/Differentiation of Instruction
Differentiation Strategies for Special Education Students
· Remove unnecessary material, words, etc., that can distract from the content

· Use of off-grade level materials 

· Provide appropriate scaffolding

· Limit the number of steps required for completion 

· Time allowed  

· Level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials

· Use technology, if available and appropriate

· Varied homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language. 

· Use audio and visual supports, if available and appropriate 

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Ability to work at their own pace 

· Present ideas using auditory, visual, kinesthetic, & tactile means

· Provide graphic organizers and/or highlighted materials

· Strategy and flexible groups based on formative assessment 

· Differentiated checklists and rubrics, if available and appropriate

 

 

Differentiation Strategies for Gifted and Talented Students
· Increase the level of complexity 

· Decrease scaffolding 

· Variety of finished products

· Allow for greater independence

· Learning stations, interest groups 

· Varied texts and supplementary materials

· Use of technology 

· Flexibility in assignments

· Varied questioning strategies 

· Encourage research

· Strategy and flexible groups based on formative assessment or student choice

· Acceleration within a unit of study

· Exposure to more advanced or complex concepts, abstractions, and materials

· Encourage students to move through content areas at their own pace

· After mastery of a unit, provide students with more advanced learning activities, not more of the same activity

· Present information using a thematic, broad-based, and integrative content, rather than just single-subject areas
Differentiated Strategies for ELL Students
· Remove unnecessary materials, words, etc., that can distract from the content

· Provide appropriate scaffolding

· Limit the number of steps required for completion 

· Gradually increase the level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials, including visuals

· Use technology, if available and appropriate

· Differentiate homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language. 

· Use audio and visual supports, if available and appropriate

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Allow students to work at their own pace 

· Presenting ideas through auditory, visual, kinesthetic, & tactile means

· Role play

· Provide graphic organizers, highlighted materials

· Strategy and flexible groups based on formative assessment 
Differentiation Strategies for At Risk Students
· Remove unnecessary materials, words, etc., that can distract from the content

· Provide appropriate scaffolding 

· Limit the number of steps required for completion 

· Gradually increase the level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials

· Use technology, if available and appropriate

· Differentiate homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language 

· Use audio and visual supports, if available and appropriate

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Presenting ideas through auditory, visual, kinesthetic, & tactile means

· Provide graphic organizers and/or highlighted materials

· Strategy and flexible groups based on formative assessment
504 Plans
Students can qualify for 504 plans if they have physical or mental impairments that affect or limit any of their abilities to:

· walk, breathe, eat, or sleep

· communicate, see, hear, or speak

· read, concentrate, think, or learn

· stand, bend, lift, or work
Examples of accommodations in 504 plans include:

· preferential seating

· extended time on tests and assignments

· reduced homework or classwork

· verbal, visual, or technology aids

· modified textbooks or audio-video materials

· behavior management support

· adjusted class schedules or grading

· verbal testing

· excused lateness, absence, or missed classwork

· pre-approved nurse's office visits and accompaniment to visits

· occupational or physical therapy


	


	Unit 3 Overview

	Content Area: Introduction to Engineering Design - Project Lead the Way

	Unit Title: Unit 3 : Thoughtful Product Design – 38 Days

	Target Course/Grade Levels: Introduction to Engineering Design - Project Lead The Way / 9-12

	Unit Summary: This unit introduces students to a broader interpretation of the word design to include universal principles that contribute to successful product design. Students are exposed to design principles (other than the visual design principles presented in Unit 2) that can impact the appeal, usability, safety, and sustainability of a product. Design topics that are introduced or reinforced include product life-cycle, sustainability, manufacturability, human- centered design, and systems thinking. 
21st-Century Life & Career Skills: All students will demonstrate the creative, critical thinking, collaboration, and problem-solving skills needed to function successfully as both global citizens and workers in diverse ethnic and organizational cultures.

	Learning Targets

	Standards: 8.2 Technology Education, Engineering, and Design All students will develop an understanding of the nature and impact of technology, engineering, technological design, and the designed world, as they relate to the individual, global society, and the environment.

	Content Statements: 
A. Nature of Technology: Creativity and Innovation: Technology products and systems impact every aspect of the world in which we live.
B. Design: Critical Thinking, Problem Solving, and Decision-Making: The design process is a systematic approach to solving problems.    
C. Technological Citizenship, Ethics, and Society : Knowledge and understanding of human, cultural, and societal values are fundamental when designing technology systems and products in the global society
D. Communication and Collaboration: Digital tools facilitate local and global communication and collaboration in designing products and systems.
E.  Resources for a Technological World: Technological products and systems are created through the application and appropriate use of technological resources.
F.  The Designed World: The designed world is the product of a design process that provides the means to convert resources into products and systems.

	Students will be able to showcase the following technical skills:

A. CAD and Drafting Experience 

• Create and/or modify 3D solid computer models of complex parts 

• Create 3D solid computer models of part assemblies 

• Create technical CAD drawings of complex parts and assemblies from 3D solid models 

• Animate a 3D solid CAD assembly model to accurately simulate mechanical motion 

• Create hand drawn isometric sketches 

• Identify errors and omission in technical sketches and drawings

B. Design Process Experience 

• Design a mechanical product/system to solve a problem using an engineering design process 

• Document in detail the engineering design process used to create a mechanical solution to a problem 

• Develop user-driven, specific and measurable design requirements to specify a successful design or problem solution 

• Create a detailed and comprehensive design brief 
• Brainstorm/recommend improvements to a mechanical consumer product based on reverse engineering 

• Design, develop and implement a testing protocol to test at least one aspect of an engineering solution or design 

• Produce a technical presentation to communicate a solution to a mechanical problem or product design 
• Work collaboratively on a design team to design a solution to a problem

C. Computational and Analytical Skills 

• Use a spreadsheet application to find a trend line (mathematical model) to represent data and interpret the model within the context of the data using grade appropriate mathematics 

• Use appropriate techniques to optimize a design or problem solution 

• Collect and analyze data to make predictions and inform engineering decisions 

• Perform precision measurement using common engineering tools 

• Use material properties to help identify an unknown material 

• Choose and justify material choice for a design or solution 

• Determine a mathematical equation that describes a relationship between two quantities and use it to define parametric relationships in CAD 

• Describe a mechanical system with respect to its structure, behavior and function 

• Optimize the structure and/or function of a mechanical system 

• Identify frictional forces in a mechanism and revise the design to reduce friction to improve function and/ or efficiency 

• Use computer, mathematical and physical representations to model behaviors of a mechanical system or process and communicate thinking. Describe the purpose and limitations of each model. 

• Design an electromechanical system to control motion and automate a device 

	Students will be able exhibit the following professional skills: 

• Team collaboration 

• Project management 

• Problem-solving 

• Communication skills 

• Presentation skills 

• Technical writing 

• Ethical practice 
• Global perspective

	Students will be able show understanding of the following concepts: 

• Careers in Engineering
• Engineering disciplines 

• STEM careers related to course content 

• Professional ethics 

• Design Process 

• Define the problem – design brief 

• Generate concepts – brainstorming and decision matrices 

• Develop a solution – technical drawing 

• Construct and test a prototype 

• Evaluate a solution 

• Present a solution 

• Product life cycle

• Design teams 

• Technical Sketching and Drawing 

• Isometric views 

• Orthographic projections 

• Alternate views - sectional views and detail views 

• Working drawings 

• Measurement 

• Linear measurement 

• Unit conversion 

• Precision and Accuracy 

• Dimensioning 

• Tolerance, fit and allowance 

• Physical property analysis

• Statistics 

• Measures of central tendency 

• Measures of variation 

• Box plots 

• Histograms 

• Normal Distribution 

• Inferential Reasoning 

• Modeling in Engineering 

• Graphical modeling 

• Mathematical modeling 

• Computer 3D solid modeling 
• Physical modeling and prototyping


	Unit 3 Framework

	C1 : Creativity and Problem Solving - Strategic and systematic design and inquiry processes guide the 

        development of an effective solution to the problem

D1 : Engineering Mindset – 

        Successful STEM professionals exhibit specific personal and professional characteristics that 

        lend themselves to the creative, collaborative, and solution-driven nature of their profession

O1.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 1.1.1 Explain the limitations of one’s knowledge and skills in pursuit of accomplishing a goal. 

KS 1.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

KS 1.1.3 Make and execute a plan to gain additional knowledge and learning to accomplish a goal.

O1.2 Demonstrate curiosity, creativity, flexibility, and adaptability to change. 

KS 1.2.1 Ask new probing questions to expand and build upon an idea and explore personal curiosities throughout a creative process. 

KS 1.2.2 Seek out and use feedback to improve work and positively influence one’s personal and professional development. 

KS 1.2.3 Reflect critically on past experiences to inform future progress. 

K 1.2.4 Successfully adjust to changes that impact work. Adapt to varied roles, job responsibilities, and schedules.

O1.3 Persevere to solve a problem or achieve a goal. 

KS 1.3.1 Demonstrate risk taking in engineering, scientific, or computational processes. 

KS 1.3.2 Demonstrate persistence in accomplishing a difficult challenge

O1.4 Make judgments and decisions based on evidence. 

KS 1.4.1 Find relevant data in credible sources such as literature, databases, and policy documents. 

KS 1.4.2 Collect, analyze, and interpret information relevant to the problem or opportunity at hand to support engineering decisions. 

KS 1.4.3 Evaluate point of view, reasoning, and use of evidence and rhetoric, in oral or written communication and identify deficiencies, limitations and biases. 

KS 1.4.4 Draw valid conclusions based on supporting evidence while acknowledging the limitations, opposing views, and biases.

D2 : Design Process –

        An engineering design process is an iterative, systematic approach to problem solving.

O2.1 Apply an iterative design process to creatively address a need or solve a problem. 

KS 2.1.1 Synthesize an ill-formed problem into a meaningful, well-defined problem using relevant information. 

KS 2.1.2 Define measurable visual, functional, and structural design requirements (criteria) and realistic constraints against which solution alternatives can be evaluated and optimized. [Note that criteria and constraints should include considerations of cost, safety, reliability, manufacturability, and aesthetics, as well as possible social, cultural, and environmental impacts.] 

KS 2.1.3 Apply effective techniques and appropriate guidelines to generate multiple creative ideas and potential solutions to a problem. 

KS 2.1.4 Carry out a plan to compare competing solution ideas and justify the selection of a solution path with respect to design requirements and constraints. 

KS 2.1.5 Develop a potential solution and implement a plan to test and evaluate the solution with respect to design criteria and constraints. 

KS 2.1.6 Identify design flaws of and potential enhancements to a proposed design solution. 

KS 2.1.7 Strategically iterate steps of the design process to improve and optimize a solution.

D3 : Experimental Design – 

        An experimental design process is a systematic approach to investigate a phenomenon and 

        gain knowledge.

O3.1 Design and perform an experimental protocol to investigate a phenomenon and/or gain knowledge. 

KS 3.1.1 Develop a testable hypothesis, experimental controls and important variables (independent and dependent) address a problem or answer a question. 

O3.2 Use appropriate statistical methods and visualization techniques to justify claims based on evidence. 

KS 3.2.3 Apply inferential reasoning to make and/or support claims about populations based on data. KS 3.2.4 Draw conclusions related to the hypothesis and support conclusions using experimental data.

C2 : Professional Practices and Communication Professional practice is guided by professional ethics 

         and standards and requires effective communication and collaboration.

D4 : Career Awareness  - 

        STEM professionals use professional skills and knowledge to pursue opportunities and create 

        sustainable solutions to improve and enhance the quality of life of individuals and society

O4.1Demonstrate awareness of the education and skills required for professional practice in an engineering field. 

KS 4.1.1 Define engineering as the creation of solutions, such as new and improved products, technologies, systems and processes), to meet the needs of people and society. 

O4.2 Analyze the role of engineering professionals in society. 

KS 4.2.2 Identify and describe contemporary engineering issues of local, global and cultural significance.

D5 : Project Management –

        Project management involves planning, executing, controlling, and closing the work of a team 

        to successfully meet goals.

O5.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 5.1.1 Explain the limitations of one’s knowledge and skills in pursuit of accomplishing a goal. 

KS 5.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

KS 5.1.3 Make and execute a plan to gain additional knowledge and learning to accomplish a goal.

D6 : Professionalism and Ethics –

        Successful engineering professionals exhibit personal and professional characteristics and 

        behaviors that involve considerations of the impact of their work on individuals, society, and

        the natural world.

O6.1 Apply personal and professional ethical standards as they relate to the habits and characteristics of an engineering professional.

KS 6.1.1 Explain that engineers have a responsibility to serve the public interest, their clients, and the profession with a high degree of honesty, integrity, and accountability. This responsibility is defined in professional codes of ethics.

KS 6.1.2 Acknowledge and respect the local, national and international perspectives and ideas of others. Demonstrate respect and empathy for teammates, mentors, employers/teachers, clients and other professional contacts, and those impacted by engineering decision

O6.2 Consider the impact of potential engineering solutions on future generations to inform the development of sustainable solutions.

KS 6.2.1 Explain that different engineering solutions can have significantly different impacts on individuals, society, and the natural world.

KS 6.2.2 Describe the life cycle of a product or service. 

KS 6.2.3 Evaluate a solution to a complex, real-world problem and identify the need for trade-offs to address a range of criteria and constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. 

KS 6.2.4 Take action for collective well-being and sustainable development using an ethical decision-making process. (This includes using natural resources effectively and efficiently, and considering the safety of those affected by a product and the potential effects on individual and public health.)

D7 : Collaboration –

        Successful engineering professionals demonstrate an ability to function on 

        multidisciplinary teams

O7.1 Facilitate an effective team environment to promote successful goal attainment.

KS 7.1.1 Develop and follow team norms. 

KS 7.1.2 Monitor, solicit, negotiate, and balance diverse views and beliefs to reach shared understanding, common ground and workable solutions. Identify basic resolution strategies and employ those strategies as necessary and appropriate. 

KS 7.1.3 Develop ideas and create products through positive interdependence among all teammates

O7.2 Contribute individually to overall collaborative efforts.

KS 7.2.1 Describe one’s individual role and expectations of performance within the team, including communication protocol and rules of engagement per the team norms. 

KS 7.2.2 Support other team members, prompting and offering assistance, if needed, to meet team goals. 

KS 7.2.3 Present all work to be/being done individually in a timely manner to the team to gather feedback, inform revision, and gain consensus. 

KS 7.2.4 Critically and realistically self-evaluate personal contributions and collaboration effectiveness within a team. [ongoing]

O7.3 Analyze and evaluate the work of others to provide helpful feedback

KS 7.3.1 Describe the purpose and positive outcomes of a peer review process. 

KS 7.3.2 Provide effective feedback to peers.

D8 : Communication – 

        Successful engineering professionals demonstrate effective communication with a variety of 

        audiences using multiple modalities.

O8.1 Communicate effectively with an audience based on audience characteristics.
KS 8.1.1 According to best practices, effectively document engineering or scientific work in an organized notebook so someone unfamiliar with the work can follow and understand the process

KS 8.1.2 Use sketches, tables, charts, and graphs when appropriate to clearly communicate information and in making arguments and claims in oral, written, and visual presentations. 

KS 8.1.3 Initiate and participate in a range of open and effective interactions (one-on-one, in groups, and teacher-led) with diverse participants and across cultures, building on others' ideas and expressing one's own clearly and persuasively. 

KS 8.1.4 Present information, findings, and supporting evidence clearly, concisely, and logically in writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

KS 8.1.5 Present information, findings, and supporting evidence clearly, concisely, and logically, such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task. 

KS 8.1.6 Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings, reasoning, and evidence, and to add interest. 

KS 8.1.7 Practice active listening.

C3 : Technical Knowledge and Skills Every career field requires technical literacy and career-specific 

        knowledge and skills to support professional practice.

D9 : Engineering Design – 

        Engineers analyze the visual, functional, and structural elements of existing products for many 

        reasons, including knowledge attainment, product or process improvement, and failure 

        analysis.

O9.1 Analyze a consumer product using reverse engineering techniques to document visual, functional, and structural aspects of the design.
KS 9.1.1 Describe the processes and purposes of reverse engineering. 
KS 9.1.2 Perform a visual analysis of a natural or man-made object and describe the apparent visual principles and elements of design. 

KS 9.1.3 Perform a functional analysis of a product or system to determine the purpose, inputs and outputs, and operation of a product or system. 

KS 9.1.4 Perform a structural analysis of a product or system to determine the materials used, the form of component parts, as well as the configuration and interaction of component parts when assembled (if applicable). 

O9.2 Optimize performance of a mechanical part or assembly.

KS 9.2.2 Define basic fabrication processes and analyze if a product can be built as designed. 

KS 9.2.3 Use computer-aided engineering tools (e.g. generative design and shape optimization) to optimize design performance of a mechanical part or assembly. 

KS 9.2.4 Describe how design quality concepts such as performance, usability, accessibility, reliability, safety, etc. impact product development.

D10 : Engineering Science – 

          The practice of engineering requires the application of mathematical principles and common 

          engineering tools, techniques, and technologies.

O10.1 Using a variety of measuring devices, measure and report quantities accurately and to a precision appropriate for the purpose.
KS 10.1.1 Explain that all measurements are an approximation of the true value of a quantity. 

KS 10.1.2 Describe the accuracy and precision of a measurement or measuring device and differentiate between the two. 

KS 10.1.3 Use dimensional analysis and unit conversions to transform data to consistent units or to units appropriate for a particular purpose or model. 

KS 10.1.4 Choose a measurement device based on the level of precision and accuracy needed.

O10.3 Apply basic materials science concepts to inform a design process.

KS 10.3.1 Describe different types of materials and their common usages in product design. 

KS 10.3.2 List material properties that are important to design, including mechanical, chemical, electrical, and magnetic properties. 
KS 10.3.4 Explain how design criteria and constraints (e.g. cost, performance, safety, risk, aesthetics, environmental impact) often limit the material choices available for a given design. 

KS 10.3.5 Select and justify the use of materials for prototyping and manufacturing products.

D11 : Systems Thinking – 

          Systems thinking is a set of analytical skills used to understand systems, predict their 

          behavior and modify them to produce desired effects.

O11.1 Apply systems thinking to consider how an engineering problem and its solution may be thought of as containing subsystems and as being a sub-system of a larger system.

KS 11.1.1 Describe a system in terms of its components and/or subsystems and their interactions. For example, describe the components of an electronic circuit, including source, path, and load; describe how an electronic circuit provides power to a larger system to produce mechanical motion; describe the subsystems of a building, including power system, communication system, lighting system, ventilation system, water system, sewer system, safety system, social system, transportation system, structural system, and so on; describe how the water system and sewer system interact in your home. Predict what the effect of making a change to a component of a system will have on the system as a whole. 

KS 11.1.2 Describe a system using a black box model indicating inputs and outputs, boundaries 

KS 11.1.3 Predict the local and global risks and impacts of an engineering decision/solution (e.g., society, the economy, the environment), including some that were not anticipated.

O11.2 Assess the sustainability of an engineering solution based on the impacts (within the system or interrelated systems) that result from implementation of the solution.

KS 11.2.1 Define sustainability, and identify principles that help guide development of sustainable solutions (e.g. generative design and life cycle assessment) 

KS 11.2.2 Explain the benefits of human-centered design and apply principles to align product design with intended use.

D12 : Computational Thinking – 

          Computational thinking is a critical part of a problem-solving process that supports the 

          ability to interpret complex, open-ended problems across all disciplines.

O12.1 Apply problem decomposition skills to break down data, problems, and processes into manageable parts.

KS 12.1.1 Separate a complex process into multiple subprocesses that can be implemented in an organized way to complete the larger process.

O12.2 Use algorithms to create a solution with or without the use of a computer program.

KS 12.2.1 Use existing correct algorithms as building blocks for constructing a new algorithm to help ensure the new algorithm is correct. 

KS 12.2.2 Write a set of ordered instructions (with or without a computer) involving multiple discrete steps to accomplish a complex task or achieve a desired result.

O12.4 Collect, organize, and analyze data to help define and/or solve a problem.

KS 12.4.1 Populate a spreadsheet application with data and organize the data to be useful in accomplishing a specific goal. 

KS 12.4.2 Use the functions and tools within a spreadsheet application to manipulate, analyze, and present data in a useful way, including graphs, regression analyses, and descriptive statistical analyses.

O12.5 Apply abstraction to generalize problems and solutions.

KS 12.5.1 Identify what has been made more general by an abstraction and what details have been hidden or removed.

D13 : Modeling – 

          Modeling is used to represent ideas and simulate objects, processes, or systems to help us 

          understand, evaluate, and predict the behavior of real phenomena.

O13.1 Develop models and simulations to represent information, processes, and/or objects to an appropriate level of abstraction for the intended purpose.

KS 13.1.1 Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the model accurately represents the real object or phenomenon. List differences (potential or real) between model behavior and the behavior of the real object, system, or process that it represents, and identify limitations of the model. (Limitations may include specific characteristics being studied, accuracy, precision, range of conditions, and so on.) 

KS 13.1.2 Develop a model to accurately represent information or important characteristics of an object, data, process, or design idea for an intended purpose. [Notes on scope: the intended purpose may vary and could include organizing information to show relationships; providing a visual representation of the object/design to demonstrate how the object might “look”; a functional model to demonstrate the operation; a prototype of a specific component to test fit, performance, durability, or compatibility with other components in a system; and so on. The model could be a conceptual model, a mathematical model, a computer/virtual model, or a physical model, as appropriate for the testing scenario.]

O13.2 Apply mathematical (including graphical) models and interpret the output of models to test ideas or make predictions.

KS 13.2.1 Build and/or use a mathematical model (algorithm, table of values, equation, graph) to represent data, describe relationships, describe processes, and to make predictions in the context of the problem. For example: create displacement/time graphs (Cartesian); create polar graphs to describe displacement caused by a cam (and cam shape). 

KS 13.2.5 Use mathematical modeling to optimize design criteria.

O13.5 Create and interpret a computer model or simulation of simple objects, assemblies, or systems to inform engineering decisions and solve problems.

KS 13.5.1 Create a computer model to represent an object or conceptual idea and inform design decisions. 

KS 13.5.2 Correctly build and constrain a three-dimensional solid computer model to accurately represent the physical characteristics and behaviors of a design idea or real object. Scope: This could include the appropriate application of geometric (horizontal, vertical, parallel, perpendicular, tangent, concentric) and dimensional constraints, as well as modeling other physical properties (density, color, texture, and so on). 

KS 13.5.4 Correctly apply joints to constrain multi-component models and/or simulate realistic relative motion of the component parts.

O13.6 Create technical drawings using 3D computer-aided design (CAD) software to document a design according to standard engineering practices.

KS 13.6.1 Generate an annotated multiview technical drawing using CAD software to fully describe a simple part. 

KS 13.6.2 Apply appropriate and sufficient annotation (including dimensioning) methods to a drawing to fully describe an object or system using accepted technical drawing techniques. 




	Unit 3 Lessons

	Lesson Title: 
	Timeframe (Periods)
	Knowledge & Skills

	Lesson 3.1 Responsible Design 
Lesson 3.1 begins with students reverse engineering a multi-material consumer product, then identifying and researching the component materials and the material properties that likely contribute to their selection for use in the product. Students are introduced to life cycle analysis and the principles of sustainable development then compare the life cycle of common competing products. The importance of identifying measurable design criteria to define a successful solution and that can be used to evaluate a potential solution is emphasized in this lesson. 
	12 days
	KS 1.1.1
KS 1.1.2

KS 1.2.1
KS 1.4.1
KS 1.4.2

KS 1.4.3

KS 1.4.4

KS 2.1.1
KS 2.1.2

KS 2.1.3
KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 4.2.2

KS 5.1.1

KS 6.1.1

KS 6.1.2

KS 6.2.1

KS 6.2.2

KS 6.2.3

KS 6.2.4

KS 7.1.2

KS 7.1.3

KS 7.2.1

KS 7.2.2

KS 7.2.3

KS 7.3.1

KS 7.3.2

KS 8.1.1

KS 8.1.2

KS 8.1.3

KS 8.1.4

KS 8.1.5

KS 8.1.6

KS 8.1.7

KS 9.1.1
KS 9.1.2

KS 9.1.3

KS 9.1.4

KS 9.2.4

KS 10.1.1 KS 10.3.1

KS 10.3.2

KS 10.3.4

KS 10.3.5

KS 11.1.2

KS 11.1.3

KS 11.2.1

KS 12.2.2 KS 13.1.1

KS 13.1.2

KS 13.3.3

KS 13.2.5

KS 13.6.2



	Lesson 3.2 More Than Parts
Students are introduced to the concept of human-centered design as they are led through a design experience focused on user needs, perceptions and behaviors and the design trade-offs necessary in every design process. Students also apply systems thinking to engineering design and consider the ethical implications of engineering decisions. A modern CAD feature, generative design is introduced as a tool to optimize design solutions. Students use the output from a generative design algorithm to explore and select a design alternative. Finally in pairs, students identify a product and apply human-centered design principles and systems thinking to design a product as they practice collaboration and communication skills. Final products are presented through a short commercial. 
	13 days
	KS 1.1.3
KS 1.2.1
KS 1.2.2
KS 1.4.1
KS 1.4.2

KS 1.4.3

KS 1.4.4

KS 2.1.1

KS 2.1.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 2.1.7

KS 3.1.1

KS 3.2.3

KS 3.2.4

KS 4.1.1

KS 6.1.1

KS 6.1.2

KS 6.2.1

KS 6.2.2

KS 6.2.3

KS 6.2.4

KS 7.1.3

KS 7.2.2

KS 7.2.4

KS 8.1.1

KS 8.1.2

KS 8.1.3

KS 8.1.4

KS 8.1.5

KS 8.1.6

KS 8.1.7

KS 9.1.3

KS 9.2.2
KS 9.2.3

KS 9.2.4

KS 10.3.2

KS 10.3.5

KS 11.1.1

KS 11.1.3

KS 11.2.1

KS 12.1.1

KS 12.2.2

KS 12.4.1

KS 12.4.2

KS 13.1.2

KS 13.2.1

KS 13.2.5

KS 13.5.1

KS 13.5.2

KS 13.5.4


	Lesson 3.3 Solve a Problem 
In teams, students act as an engineering consultant group to solve a problem from a list of problems gathered from school and/or community stakeholders. As part of the design process, the team applies the engineering design process to develop a sustainable solution that includes consideration of material choices and the life cycle of the design solution. As part of the design process students meet with the client to understand user needs, develop effective design criteria to inform the design and create a project design brief. Students also practice important project management skills including developing a task and delivery schedule to manage and monitor project work and periodically reporting out on project process. 
	13 days
	KS 1.1.2
KS 1.1.3

KS 1.2.1

KS 1.2.2

KS 1.2.4

KS 1.3.1

KS 1.3.2

KS 1.4.2

KS 1.4.4

KS 2.1.4

KS 2.1.5

KS 3.2.4

KS 4.2.2
KS 5.1.1

KS 5.1.2

KS 5.1.3

KS 6.1.1

KS 6.1.2

KS 6.2.2

KS 6.2.3

KS 7.1.1
KS 7.1.2

KS 7.1.3

KS 7.2.1
KS 7.2.2
KS 7.3.2

KS 8.1.1

KS 8.1.5

KS 8.1.6

KS 9.1.3

KS 10.1.1

KS 10.1.2
KS 10.1.3

KS 10.1.4

KS 10.3.4
KS 11.1.1

KS 11.1.3

KS 11.2.1

KS 12.1.1

KS 12.2.1
KS 12.2.2

KS 12.5.1

KS 13.1.2

KS 13.2.1

KS 13.5.1

KS 13.5.2

KS 13.6.1
KS 13.6.2




	Activity Timeframes

	Activity Title:
	Timeframe (days)

	Activity 3.1.1 Reverse Engineer a Product
	2 days

	Activity 3.1.2 Product Life Cycle
	3 days

	Activity 3.1.3 Sustainable Design
	2 days

	Activity 3.1.4 Design Criteria and Constraints
	1 day

	Activity 3.2.1 Human-Centered Design
	2 days

	Activity 3.2.2 Whole-systems Thinking
	2 days

	Activity 3.2.3 Generative Design
	2 days

	Activity 3.2.4 When Is “Good” Good Enough?
	2 days

	Project 3.2.5 Gadget Design
	5 days

	Activity 3.3.1 Establishing a Team
	1 day

	Activity 3.3.2 Project Scheduling
	2 days

	Project 3.3.3 The Engineering Consultant
	10 days


	CPI #
	Cumulative Progress Indicator (CPI)

	8.2.12.A.1
	Design and create a technology product or system that improves the quality of life and identify trade-offs, risks, and benefits.

	8.2.12.B.1
	Design and create a product that maximizes conservation and sustainability of a scarce resource, using the design process and entrepreneurial skills throughout the design process.

	8.2.12.B.2
	Design and create a prototype for solving a global problem, documenting how the proposed design features affect the feasibility of the prototype through the use of engineering, drawing, and other technical methods of illustration.

	8.2.12.B.3
	Analyze the full costs, benefits, trade-offs, and risks related to the use of technologies in a potential career path.

	8.2.12.C.1
	Analyze the ethical impact of a product, system, or environment, worldwide, and report findings in a web-based publication that elicits further comment and analysis.

	8.2.12.C.2
	Evaluate ethical considerations regarding the sustainability of resources that are used for the design, creation, and maintenance of a chosen product.

	8.2.12.C.3
	Evaluate the positive and negative impacts in a design by providing a digital overview of a chosen product and suggest potential modifications to address the negative impacts.

	8.2.12.E.1
	Use the design process to devise a technological product or system that addresses a global issue, and provide documentation through drawings, data, and materials, taking the relevant cultural perspectives into account throughout the design and development process.

	8.2.12.F.1
	Determine and use the appropriate application of resources in the design, development, and creation of a technological product or system.

	8.2.12.F.2
	Explain how material science impacts the quality of products.

	8.2.12.F.3
	Select and utilize resources that have been modified by digital tools (e.g., CNC equipment, CAD software) in the creation of a technological product or system.

	8.2.12.G.1
	Analyze the interactions among various technologies and collaborate to create a product or system demonstrating their interactivity.


	Evidence of Learning

	Formative Assessments:

1. Daily question and response as we go along in the topic

2. Students will be asked to provide examples of certain ideas, or to apply ideas to samples of their own choosing.

3. Student work will be assessed according to the PLTW rubrics

4. CAD efficiency
5. Peer review ability

6. Ability to work together with other students

	Summative Assessment:

1. Life cycle analysis project based on a PLTW rubric.

2. Alternative design & commercial of a product project based on a PLTW rubric.

3. Consultation project based on a PLTW rubric.


	Additional Materials

	Digital Tools & Resources :
• Microsoft Office (Excel, Word, PowerPoint)

• 3D solid modeling software - Autodesk Fusion 360 

• Dial calipers 

• 3D prototyper 

• Mechanical prototyping equipment
• Stratasys uPrint SE Plus 3-d printer

	Primary & Secondary Resources
• PLTW student website 

• Rulers, meter sticks 
• Scientific calculators
• PLTW resource package 


	Unit 4 Overview 

	Content Area: Introduction to Engineering Design - Project Lead the Way

	Unit Title: Unit 4 : Making Things Move – 40 Days

	Target Course/Grade Levels: Introduction to Engineering Design - Project Lead The Way / 9-12

	Unit Summary: This unit focuses on familiarizing students with basic engineering knowledge related to simple mechanical and electrical systems and the use of mathematical models to represent design ideas and to inform design decisions. Students will apply their new knowledge in the design of an electromechanical solution. Students also learn advanced CAD skills to support the design, documentation, and communication of engineering solutions. 
21st-Century Life & Career Skills: All students will demonstrate the creative, critical thinking, collaboration, and problem-solving skills needed to function successfully as both global citizens and workers in diverse ethnic and organizational cultures.

	Learning Targets

	Standards: 8.2 Technology Education, Engineering, and Design All students will develop an understanding of the nature and impact of technology, engineering, technological design, and the designed world, as they relate to the individual, global society, and the environment.

	Content Statements: 
A. Nature of Technology: Creativity and Innovation: Technology products and systems impact every aspect of the world in which we live.
B. Design: Critical Thinking, Problem Solving, and Decision-Making: The design process is a systematic approach to solving problems.    
C. Technological Citizenship, Ethics, and Society : Knowledge and understanding of human, cultural, and societal values are fundamental when designing technology systems and products in the global society
D. Communication and Collaboration: Digital tools facilitate local and global communication and collaboration in designing products and systems.
E.  Resources for a Technological World: Technological products and systems are created through the application and appropriate use of technological resources.
F.  The Designed World: The designed world is the product of a design process that provides the means to convert resources into products and systems.

	Students will be able to showcase the following technical skills:

A. CAD and Drafting Experience 

• Create and/or modify 3D solid computer models of complex parts 

• Create 3D solid computer models of part assemblies 

• Create technical CAD drawings of complex parts and assemblies from 3D solid models 

• Animate a 3D solid CAD assembly model to accurately simulate mechanical motion 

• Create hand drawn isometric sketches 

• Identify errors and omission in technical sketches and drawings

B. Design Process Experience 

• Design a mechanical product/system to solve a problem using an engineering design process 

• Document in detail the engineering design process used to create a mechanical solution to a problem 

• Develop user-driven, specific and measurable design requirements to specify a successful design or problem solution 

• Create a detailed and comprehensive design brief 
• Brainstorm/recommend improvements to a mechanical consumer product based on reverse engineering 

• Design, develop and implement a testing protocol to test at least one aspect of an engineering solution or design 

• Produce a technical presentation to communicate a solution to a mechanical problem or product design 
• Work collaboratively on a design team to design a solution to a problem

C. Computational and Analytical Skills 

• Use a spreadsheet application to find a trend line (mathematical model) to represent data and interpret the model within the context of the data using grade appropriate mathematics 

• Use appropriate techniques to optimize a design or problem solution 

• Collect and analyze data to make predictions and inform engineering decisions 

• Perform precision measurement using common engineering tools 

• Use material properties to help identify an unknown material 

• Choose and justify material choice for a design or solution 

• Determine a mathematical equation that describes a relationship between two quantities and use it to define parametric relationships in CAD 

• Describe a mechanical system with respect to its structure, behavior and function 

• Optimize the structure and/or function of a mechanical system 

• Identify frictional forces in a mechanism and revise the design to reduce friction to improve function and/ or efficiency 

• Use computer, mathematical and physical representations to model behaviors of a mechanical system or process and communicate thinking. Describe the purpose and limitations of each model. 

• Design an electromechanical system to control motion and automate a device 

	Students will be able exhibit the following professional skills: 

• Team collaboration 

• Project management 

• Problem-solving 

• Communication skills 

• Presentation skills 

• Technical writing 

• Ethical practice 
• Global perspective

	Students will be able show understanding of the following concepts: 

• Careers in Engineering
• Engineering disciplines 

• STEM careers related to course content 

• Professional ethics 

• Design Process 

• Define the problem – design brief 

• Generate concepts – brainstorming and decision matrices 

• Develop a solution – technical drawing 

• Construct and test a prototype 

• Evaluate a solution 

• Present a solution 

• Product life cycle

• Design teams 

• Technical Sketching and Drawing 

• Isometric views 

• Orthographic projections 

• Alternate views - sectional views and detail views 

• Working drawings 

• Measurement 

• Linear measurement 

• Unit conversion 

• Precision and Accuracy 

• Dimensioning 

• Tolerance, fit and allowance 

• Physical property analysis

• Statistics 

• Measures of central tendency 

• Measures of variation 

• Box plots 

• Histograms 

• Normal Distribution 

• Inferential Reasoning 

• Modeling in Engineering 

• Graphical modeling 

• Mathematical modeling 

• Computer 3D solid modeling 
• Physical modeling and prototyping


	Unit 4 Framework

	C1 : Creativity and Problem Solving - Strategic and systematic design and inquiry processes guide the 

        development of an effective solution to the problem

D1 : Engineering Mindset – 

        Successful STEM professionals exhibit specific personal and professional characteristics that 

        lend themselves to the creative, collaborative, and solution-driven nature of their profession

O1.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 1.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

KS 1.1.3 Make and execute a plan to gain additional knowledge and learning to accomplish a goal.

O1.2 Demonstrate curiosity, creativity, flexibility, and adaptability to change. 

KS 1.2.1 Ask new probing questions to expand and build upon an idea and explore personal curiosities throughout a creative process. 

KS 1.2.2 Seek out and use feedback to improve work and positively influence one’s personal and professional development. 

KS 1.2.3 Reflect critically on past experiences to inform future progress. 

K 1.2.4 Successfully adjust to changes that impact work. Adapt to varied roles, job responsibilities, and schedules.

O1.3 Persevere to solve a problem or achieve a goal. 

KS 1.3.1 Demonstrate risk taking in engineering, scientific, or computational processes. 

KS 1.3.2 Demonstrate persistence in accomplishing a difficult challenge

O1.4 Make judgments and decisions based on evidence. 

KS 1.4.1 Find relevant data in credible sources such as literature, databases, and policy documents. 

KS 1.4.2 Collect, analyze, and interpret information relevant to the problem or opportunity at hand to support engineering decisions. 

KS 1.4.4 Draw valid conclusions based on supporting evidence while acknowledging the limitations, opposing views, and biases.

D2 : Design Process –

        An engineering design process is an iterative, systematic approach to problem solving.

O2.1 Apply an iterative design process to creatively address a need or solve a problem. 

KS 2.1.1 Synthesize an ill-formed problem into a meaningful, well-defined problem using relevant information. 

KS 2.1.2 Define measurable visual, functional, and structural design requirements (criteria) and realistic constraints against which solution alternatives can be evaluated and optimized. [Note that criteria and constraints should include considerations of cost, safety, reliability, manufacturability, and aesthetics, as well as possible social, cultural, and environmental impacts.] 

KS 2.1.3 Apply effective techniques and appropriate guidelines to generate multiple creative ideas and potential solutions to a problem. 

KS 2.1.4 Carry out a plan to compare competing solution ideas and justify the selection of a solution path with respect to design requirements and constraints. 

KS 2.1.5 Develop a potential solution and implement a plan to test and evaluate the solution with respect to design criteria and constraints. 

KS 2.1.6 Identify design flaws of and potential enhancements to a proposed design solution. 

KS 2.1.7 Strategically iterate steps of the design process to improve and optimize a solution.

D3 : Experimental Design – 

        An experimental design process is a systematic approach to investigate a phenomenon and 

        gain knowledge.

O3.1 Design and perform an experimental protocol to investigate a phenomenon and/or gain knowledge. 

KS 3.1.1 Develop a testable hypothesis, experimental controls and important variables (independent and dependent) address a problem or answer a question. 

KS 3.1.2 Identify best strategies and appropriate tools for data collection, documentation, and analysis. KS 3.1.3 Summarize the objective and relevancy of an experiment. 

KS 3.1.4 Read and accurately follow established protocols and instructions. 

KS 3.1.5 Identify possible sources of errors, if they exist, redesign and repeat the experiment when appropriate.

O3.2 Use appropriate statistical methods and visualization techniques to justify claims based on evidence. 

KS 3.2.1 Graphically represent experimental data for a single count or measurement with charts and/or plots on the real number line, such as dot plots, box plots and histograms.

KS 3.2.4 Draw conclusions related to the hypothesis and support conclusions using experimental data.

C2 : Professional Practices and Communication Professional practice is guided by professional ethics 

         and standards and requires effective communication and collaboration.

D5 : Project Management –

        Project management involves planning, executing, controlling, and closing the work of a team 

        to successfully meet goals.

O1.1 Demonstrate independent thinking and self-direction in pursuit of accomplishing a goal. 

KS 1.1.1 Explain the limitations of one’s knowledge and skills in pursuit of accomplishing a goal. 

KS 1.1.2 Plan and use time effectively in pursuit of accomplishing a goal without direct oversight. 

KS 1.1.3 Make and execute a plan to gain additional knowledge and learning to accomplish a goal.

D7 : Collaboration –

        Successful engineering professionals demonstrate an ability to function on 

        multidisciplinary teams

O7.1 Facilitate an effective team environment to promote successful goal attainment.

KS 7.1.3 Develop ideas and create products through positive interdependence among all teammates

O7.2 Contribute individually to overall collaborative efforts.

KS 7.2.2 Support other team members, prompting and offering assistance, if needed, to meet team goals. 

KS 7.2.3 Present all work to be/being done individually in a timely manner to the team to gather feedback, inform revision, and gain consensus. 

KS 7.2.4 Critically and realistically self-evaluate personal contributions and collaboration effectiveness within a team. [ongoing]

O7.3 Analyze and evaluate the work of others to provide helpful feedback

KS 7.3.2 Provide effective feedback to peers.

D8 : Communication – 

        Successful engineering professionals demonstrate effective communication with a variety of 

        audiences using multiple modalities.

O8.1 Communicate effectively with an audience based on audience characteristics.
KS 8.1.1 According to best practices, effectively document engineering or scientific work in an organized notebook so someone unfamiliar with the work can follow and understand the process

KS 8.1.2 Use sketches, tables, charts, and graphs when appropriate to clearly communicate information and in making arguments and claims in oral, written, and visual presentations. 

KS 8.1.3 Initiate and participate in a range of open and effective interactions (one-on-one, in groups, and teacher-led) with diverse participants and across cultures, building on others' ideas and expressing one's own clearly and persuasively. 

KS 8.1.4 Present information, findings, and supporting evidence clearly, concisely, and logically in writing in which the development, organization, and style are appropriate to task, purpose, and audience. 

KS 8.1.5 Present information, findings, and supporting evidence clearly, concisely, and logically, such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task. 

KS 8.1.6 Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings, reasoning, and evidence, and to add interest. 

C3 : Technical Knowledge and Skills Every career field requires technical literacy and career-specific 

        knowledge and skills to support professional practice.

D9 : Engineering Design – 

        Engineers analyze the visual, functional, and structural elements of existing products for many 

        reasons, including knowledge attainment, product or process improvement, and failure 

        analysis.

O9.1 Analyze a consumer product using reverse engineering techniques to document visual, functional, and structural aspects of the design.
KS 9.1.2 Perform a functional analysis of a product or system to determine the purpose, inputs and outputs, and operation of a product or system. 

KS 9.1.3 Perform a structural analysis of a product or system to determine the materials used, the form of component parts, as well as the configuration and interaction of component parts when assembled (if applicable). 

KS 9.1.4 Describe methods to rigidly join parts of an assembly (including press fits, special joints, adhesives, mechanical fasteners) 

D10 : Engineering Science – 

          The practice of engineering requires the application of mathematical principles and common 

          engineering tools, techniques, and technologies.

O10.1 Using a variety of measuring devices, measure and report quantities accurately and to a precision appropriate for the purpose.
KS 10.1.1 Explain that all measurements are an approximation of the true value of a quantity. 

KS 10.1.4 Choose a measurement device based on the level of precision and accuracy needed.

O10.2 Apply scientific knowledge related to frictional forces, to solve a problem or design a physical system
KS 10.2.1 Explain that friction is a force that opposes motion. 

KS 10.2.2 Determine the coefficient of friction between two surfaces. 

KS 10.2.3 Identify the force of friction between two interacting components in a mechanism, explain how the frictional force impacts the function and efficiency

O10.3 Apply basic materials science concepts to inform a design process.

KS 10.3.2 List material properties that are important to design, including mechanical, chemical, electrical, and magnetic properties. 

KS 10.3.3 Conduct non-destructive tests (e.g. hardness, flexure, conductivity) on different material types to investigate material properties. 

KS 10.3.5 Select and justify the use of materials for prototyping and manufacturing products.

O10.4 Understand how different machine elements influence motion of a mechanical system.

KS 10.4.1 Describe different types of motion (e.g. rotary, oscillating, linear, reciprocating, intermittent, and irregular). 

KS 10.4.2 Explain how cams and followers can be used to move objects in periodic or irregular motion. 

KS 10.4.3 Select and use simple mechanisms (e.g. cams, gears, pulleys and belts, sprockets and chains, springs, levers) to create and control motion to solve a problem. 

KS 10.4.4 Use mechanisms in a design to transform a motion without changing its type (e.g. slow to fast rotary motion, magnifying linear movement, or changing axis of motion)

O10.5 Integrate an electrical circuit with a machine to solve a problem.

KS 10.5.1 Calculate circuit resistance, current, and voltage within a circuit. 

KS 10.5.2 Design and build an electrical circuit that includes a motor, a switch and variable resistance to power and control the speed of a mechanism.

D11 : Systems Thinking – 

          Systems thinking is a set of analytical skills used to understand systems, predict their 

          behavior and modify them to produce desired effects.

O11.1 Apply systems thinking to consider how an engineering problem and its solution may be thought of as containing subsystems and as being a sub-system of a larger system.

KS 11.1.1 Describe a system in terms of its components and/or subsystems and their interactions. For example, describe the components of an electronic circuit, including source, path, and load; describe how an electronic circuit provides power to a larger system to produce mechanical motion; describe the subsystems of a building, including power system, communication system, lighting system, ventilation system, water system, sewer system, safety system, social system, transportation system, structural system, and so on; describe how the water system and sewer system interact in your home. Predict what the effect of making a change to a component of a system will have on the system as a whole. 

KS 11.1.2 Describe a system using a black box model indicating inputs and outputs, boundaries 

D12 : Computational Thinking – 

          Computational thinking is a critical part of a problem-solving process that supports the 

          ability to interpret complex, open-ended problems across all disciplines.

O12.1 Apply problem decomposition skills to break down data, problems, and processes into manageable parts.

KS 12.1.1 Separate a complex process into multiple subprocesses that can be implemented in an organized way to complete the larger process.

O12.2 Use algorithms to create a solution with or without the use of a computer program.

KS 12.2.2 Write a set of ordered instructions (with or without a computer) involving multiple discrete steps to accomplish a complex task or achieve a desired result.

O12.3 Formulate solutions that use automation to solve a problem.

KS 12.3.1 Automate a human-powered device using a mechanical and/or electrical system.

O12.4 Collect, organize, and analyze data to help define and/or solve a problem.

KS 12.4.1 Populate a spreadsheet application with data and organize the data to be useful in accomplishing a specific goal. 

KS 12.4.2 Use the functions and tools within a spreadsheet application to manipulate, analyze, and present data in a useful way, including graphs, regression analyses, and descriptive statistical analyses.

D13 : Modeling – 

          Modeling is used to represent ideas and simulate objects, processes, or systems to help us 

          understand, evaluate, and predict the behavior of real phenomena.

O13.1 Develop models and simulations to represent information, processes, and/or objects to an appropriate level of abstraction for the intended purpose.

KS 13.1.1 Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the Recognize that models use abstraction to represent a simplified version of a complex phenomenon and there is no guarantee that the model accurately represents the real object or phenomenon. List differences (potential or real) between model behavior and the behavior of the real object, system, or process that it represents, and identify limitations of the model. (Limitations may include specific characteristics being studied, accuracy, precision, range of conditions, and so on.) 

KS 13.1.2 Develop a model to accurately represent information or important characteristics of an object, data, process, or design idea for an intended purpose. [Notes on scope: the intended purpose may vary and could include organizing information to show relationships; providing a visual representation of the object/design to demonstrate how the object might “look”; a functional model to demonstrate the operation; a prototype of a specific component to test fit, performance, durability, or compatibility with other components in a system; and so on. The model could be a conceptual model, a mathematical model, a computer/virtual model, or a physical model, as appropriate for the testing scenario.]

O13.2 Apply mathematical (including graphical) models and interpret the output of models to test ideas or make predictions.

KS 13.2.1 Build and/or use a mathematical model (algorithm, table of values, equation, graph) to represent data, describe relationships, describe processes, and to make predictions in the context of the problem. For example: create displacement/time graphs (Cartesian); create polar graphs to describe displacement caused by a cam (and cam shape). 

KS 13.2.2 Represent data for two quantitative variables on a scatter plot, and describe how the variables are related. 

KS 13.2.3 Fit a function to the data and use the function to solve problems and/or make predictions in the context of the data. 

KS 13.2.4 In mathematical models, interpret the rate of change (slope) and the y-intercept (constant term) in the context of the data. 

KS 13.2.5 Use mathematical modeling to optimize design criteria.

O13.3 Use engineering graphics to represent physical objects.

KS 13.3.2.Build a physical representation of an object or system based on graphical representations of the object or system. (Includes building solid objects, electrical circuits, mechanical devices, and complex systems according to technical drawings.) 

KS 13.3.3 Hand sketch isometric views of a simple object or part at a given scale using the actual object, a detailed verbal description of the object, pictorial view of the object, or set of orthographic projections. 

KS 13.3.4 Identify errors and omissions in orthographic projections and multiview drawings (including errors in line locations, line types, Identify errors and omissions in orthographic projections and multiview drawings (including errors in line locations, line types, number of views, scale, dimensioning, and view orientation) to fully detail an object or part using the actual object, a detailed verbal description of the object, or a pictorial and isometric view of the object.

KS 13.3.6 Identify necessary/appropriate views to fully detail a part or assembly. 

O13.4 Apply appropriate engineering tolerances to specify the allowable variation, size of individual features, and orientation and location between features of an object.

KS 13.4.2 Determine the specified dimension, tolerance, upper limit, and lower limit for any given dimension and related tolerance (or any distance that is dependent on the given dimensions) show on a technical drawing. 

KS 13.4.3 Determine the allowance between two mating parts of an assembly based on dimensions given on a technical drawing. 

KS 13.4.4 Identify the need for and specify appropriate dimensions to create a clearance fit or interference fit where appropriate.

O13.5 Create and interpret a computer model or simulation of simple objects, assemblies, or systems to inform engineering decisions and solve problems.

KS 13.5.1 Create a computer model to represent an object or conceptual idea and inform design decisions. 

KS 13.5.2 Correctly build and constrain a three-dimensional solid computer model to accurately represent the physical characteristics and behaviors of a design idea or real object. Scope: This could include the appropriate application of geometric (horizontal, vertical, parallel, perpendicular, tangent, concentric) and dimensional constraints, as well as modeling other physical properties (density, color, texture, and so on). 

KS 13.5.3 Create relationships among part features and dimensions using parametric formulas 

KS 13.5.4 Correctly apply joints to constrain multi-component models and/or simulate realistic relative motion of the component parts.

O13.6 Create technical drawings using 3D computer-aided design (CAD) software to document a design according to standard engineering practices.

KS 13.6.1 Generate an annotated multiview technical drawing using CAD software to fully describe a simple part. 

KS 13.6.2 Apply appropriate and sufficient annotation (including dimensioning) methods to a drawing to fully describe an object or system using accepted technical drawing techniques. 

KS 13.6.3 Generate an assembly drawing using CAD software to identify component parts and show details of assembly using part identification numbers, a parts list, and other annotations, as appropriate.




	Unit 4 Lessons

	Lesson Title: 
	Timeframe (Periods)
	Knowledge & Skills

	Lesson 4.1 You’ve Got to Move It 
Students begin the lesson by reverse engineering a mechanical device to identify simple machines and mechanisms that influence motion and contribute to the function of the device. Students identify different types of motion (rotary, oscillating, linear, reciprocating, and so on) and investigate mechanisms that cause motion (including cams, gears, pulleys, chain and sprockets) and later use these mechanisms to create, transform and control motion to solve a problem. Students take a deep dive into how cams transform motion and use motion graphs to design a cam to create a desired motion. They practice CAD skills by developing models of the mechanisms they investigate and simulating motion in the CAD environment. To support efficient CAD modeling, students also learn to use mathematical functions to represent relationships in dimensional properties of a modeled object within the 3D environment. 
	17 days
	KS 1.1.2

KS 1.2.1
KS 1.2.2
KS 1.4.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 2.1.7

KS 3.1.1

KS 3.1.2

KS 3.2.1

KS 3.2.4
KS 7.1.3

KS 7.2.2

KS 7.2.3

KS 7.3.2

KS 8.1.2

KS 8.1.3

KS 8.1.5

KS 8.1.6

KS 9.1.2

KS 9.1.3

KS 9.1.4

KS 10.1.1

KS 10.1.4
KS 10.3.5

KS 10.4.1

KS 10.4.2

KS 10.4.3

KS 10.4.4

KS 11.1.1

KS 11.1.2

KS 12.1.1

KS 12.4.1

KS 12.4.2

KS 13.1.2

KS 13.2.1

KS 13.2.2

KS 13.2.3 KS 13.2.4

KS 13.2.5 KS 13.3.2

KS 13.3.4

KS 13.4.2

KS 13.4.4

KS 13.5.1

KS 13.5.2

KS 13.5.3

KS 13.5.4

KS 13.6.1



	Lesson 4.2 May the Force Be With You 
In lesson 4.2 students investigate forces that resist motion. First students study spring forces and develop a mathematical model to determine the relationship between spring displacement and force for a given spring. Students then use a spring scale to study the force of friction and consider ways to reduce friction, especially in machine design. Finally, students apply their knowledge of mechanisms, springs and friction to design an automaton to create a desired motion with minimal frictional resistance. As part of the automata design process, each student creates a CAD assembly model of their design, CAD technical drawings, and a physical working model of their design. 
	11 days
	KS 1.1.2

KS 1.2.2

KS 1.2.3

KS 1.3.1

KS 1.4.1
KS 1.4.2 KS 1.4.4

KS 2.1.2

KS 2.1.3

KS 2.1.4

KS 2.1.5

KS 2.1.6

KS 2.1.7

KS 3.1.1

KS 3.1.2

KS 3.1.3

KS 3.1.4

KS 3.1.5

KS 3.2.4

KS 5.1.2

KS 7.3.2

KS 8.1.1

KS 8.1.2

KS 8.1.3

KS 8.1.5

KS 10.1.4

KS 10.2.1

KS 10.2.2

KS 10.2.3

KS 10.3.2

KS 10.3.5

KS 10.4.1

KS 10.4.2

KS 10.4.3

KS 10.4.4

KS 12.1.1

KS 12.2.2

KS 12.4.1
KS 12.4.2

KS 13.1.1

KS 13.1.2

KS 13.2.1

KS 13.2.2

KS 13.2.3 KS 13.2.4

KS 13.3.2

KS 13.3.3

KS 13.3.6

KS 13.4.3

KS 13.4.4

KS 13.5.1

KS 13.5.2

KS 13.5.3

KS 13.5.4

KS 13.6.1

KS 13.6.2

KS 13.6.3


	Lesson 4.3 Automating Motion 
In lesson 4.3 students learn about simple electrical circuits and how to transform electrical power to motion using a motor. Students design and install a circuit to run a hobby motor to power their previously designed automaton. Students build a simple variable resistor as part of their circuit and develop a mathematical model to inform the design of a motor speed control mechanism. Students then revise their physical automaton to incorporate the new electrical system and demonstrate their use of the resulting electromechanical system to control the automaton motion. 
	8 days
	KS 1.1.2

KS 1.2.3
KS 1.2.4
KS 1.3.1
KS 1.3.2

KS 3.2.1

KS 8.1.2

KS 8.1.4

KS 8.1.5

KS 8.1.6

KS 10.1.4

KS 10.3.5

KS 10.4.4

KS 10.5.1

KS 10.5.2

KS 11.1.1

KS 12.3.1

KS 12.4.1

KS 12.4.2

KS 13.1.2

KS 13.2.1

KS 13.2.2

KS 13.2.3 KS 13.2.4

KS 13.3.2



	Lesson 4.4 Make It Move 
In the final lesson of Unit 4, students collaborate to develop an electromechanical system to solve a problem. To solve the problem, team members work closely together to apply the knowledge and skills they have gained in this course and create a public display to present the solution. 
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	Activity Timeframes

	Activity Title:
	Timeframe (days)

	Activity 4.1.1 Reverse Engineer a Mechanism
	2 days

	Activity 4.1.2 Cams Make the World Go Round
	3 days

	Activity 4.1.3 Mechanisms of Motion
	2 days

	Activity 4.1.4 Modeling Mechanical Motion
	2 days

	Activity 4.2.1 Force Springs Eternal
	2 days

	Activity 4.2.2 Friction Is a Real Drag
	2 days

	Activity 4.2.3 Fighting Friction
	1 day

	Activity 4.2.4 Friction: Design Friend or Foe
	1 day

	Project 4.2.5 Automata Design Challenge
	5 days

	Activity 4.3.1 Circuit Basics
	3 days

	Activity 4.3.2 Fun with Motors
	2 days

	Problem 4.3.3 Automata Redesign
	3 days

	Problem 4.4.1 All Together Now
	4 days


	CPI #
	Cumulative Progress Indicator (CPI)

	8.2.12.A.1
	Design and create a technology product or system that improves the quality of life and identify trade-offs, risks, and benefits.

	8.2.12.B.1
	Design and create a product that maximizes conservation and sustainability of a scarce resource, using the design process and entrepreneurial skills throughout the design process.

	8.2.12.B.2
	Design and create a prototype for solving a global problem, documenting how the proposed design features affect the feasibility of the prototype through the use of engineering, drawing, and other technical methods of illustration.

	8.2.12.B.3
	Analyze the full costs, benefits, trade-offs, and risks related to the use of technologies in a potential career path.

	8.2.12.C.1
	Analyze the ethical impact of a product, system, or environment, worldwide, and report findings in a web-based publication that elicits further comment and analysis.

	8.2.12.C.2
	Evaluate ethical considerations regarding the sustainability of resources that are used for the design, creation, and maintenance of a chosen product.

	8.2.12.C.3
	Evaluate the positive and negative impacts in a design by providing a digital overview of a chosen product and suggest potential modifications to address the negative impacts.

	8.2.12.E.1
	Use the design process to devise a technological product or system that addresses a global issue, and provide documentation through drawings, data, and materials, taking the relevant cultural perspectives into account throughout the design and development process.

	8.2.12.F.1
	Determine and use the appropriate application of resources in the design, development, and creation of a technological product or system.

	8.2.12.F.2
	Explain how material science impacts the quality of products.

	8.2.12.F.3
	Select and utilize resources that have been modified by digital tools (e.g., CNC equipment, CAD software) in the creation of a technological product or system.

	8.2.12.G.1
	Analyze the interactions among various technologies and collaborate to create a product or system demonstrating their interactivity.


	Evidence of Learning

	Formative Assessments:

1. Daily question and response as we go along in the topic

2. Students will be asked to provide examples of certain ideas, or to apply ideas to samples of their own choosing.

3. Student work will be assessed according to the PLTW rubrics

4. Students sketching accuracy

5. Peer review ability

6. Ability to work together with other students

	Summative Assessment:

1. Using different mechanisms for solving problems project based on a PLTW rubric.
2. Project involving using spring and mechanisms to create motion based on a PLTW rubric.

3. Electrical circuit project based on a PLTW rubric.

4. Electromechanical system project based on a PLTW rubric.


	Additional Materials

	Digital Tools & Resources :
• Microsoft Office (Excel, Word, PowerPoint)

• 3D solid modeling software - Autodesk Fusion 360 

• Dial calipers 

• 3D prototyper 

• Mechanical prototyping equipment
• Stratasys uPrint SE Plus 3-d printer

	Primary & Secondary Resources
• PLTW student website 

• Rulers, meter sticks 
• Scientific calculators
• PLTW resource package 

	Modifications/Differentiation of Instruction
Differentiation Strategies for Special Education Students
· Remove unnecessary material, words, etc., that can distract from the content

· Use of off-grade level materials 

· Provide appropriate scaffolding

· Limit the number of steps required for completion 

· Time allowed  

· Level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials

· Use technology, if available and appropriate

· Varied homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language. 

· Use audio and visual supports, if available and appropriate 

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Ability to work at their own pace 

· Present ideas using auditory, visual, kinesthetic, & tactile means

· Provide graphic organizers and/or highlighted materials

· Strategy and flexible groups based on formative assessment 

· Differentiated checklists and rubrics, if available and appropriate

 

 

Differentiation Strategies for Gifted and Talented Students
· Increase the level of complexity 

· Decrease scaffolding 

· Variety of finished products

· Allow for greater independence

· Learning stations, interest groups 

· Varied texts and supplementary materials

· Use of technology 

· Flexibility in assignments

· Varied questioning strategies 

· Encourage research

· Strategy and flexible groups based on formative assessment or student choice

· Acceleration within a unit of study

· Exposure to more advanced or complex concepts, abstractions, and materials

· Encourage students to move through content areas at their own pace

· After mastery of a unit, provide students with more advanced learning activities, not more of the same activity

· Present information using a thematic, broad-based, and integrative content, rather than just single-subject areas
Differentiated Strategies for ELL Students
· Remove unnecessary materials, words, etc., that can distract from the content

· Provide appropriate scaffolding

· Limit the number of steps required for completion 

· Gradually increase the level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials, including visuals

· Use technology, if available and appropriate

· Differentiate homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language. 

· Use audio and visual supports, if available and appropriate

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Allow students to work at their own pace 

· Presenting ideas through auditory, visual, kinesthetic, & tactile means

· Role play

· Provide graphic organizers, highlighted materials

· Strategy and flexible groups based on formative assessment 
Differentiation Strategies for At Risk Students
· Remove unnecessary materials, words, etc., that can distract from the content

· Provide appropriate scaffolding 

· Limit the number of steps required for completion 

· Gradually increase the level of independence required

· Tiered centers, assignments, lessons, or products 

· Provide appropriate leveled reading materials

· Deliver the content in “chunks”

· Varied texts and supplementary materials

· Use technology, if available and appropriate

· Differentiate homework and products 

· Varied questioning strategies 

· Provide background knowledge

· Define key vocabulary, multiple-meaning words, and figurative language 

· Use audio and visual supports, if available and appropriate

· Provide multiple learning opportunities to reinforce key concepts and vocabulary

· Meet with small groups to reteach idea/skill

· Provide cross-content application of concepts

· Presenting ideas through auditory, visual, kinesthetic, & tactile means

· Provide graphic organizers and/or highlighted materials

· Strategy and flexible groups based on formative assessment
504 Plans
Students can qualify for 504 plans if they have physical or mental impairments that affect or limit any of their abilities to:

· walk, breathe, eat, or sleep

· communicate, see, hear, or speak

· read, concentrate, think, or learn

· stand, bend, lift, or work
Examples of accommodations in 504 plans include:

· preferential seating

· extended time on tests and assignments

· reduced homework or classwork

· verbal, visual, or technology aids

· modified textbooks or audio-video materials

· behavior management support

· adjusted class schedules or grading

· verbal testing

· excused lateness, absence, or missed classwork

· pre-approved nurse's office visits and accompaniment to visits

· occupational or physical therapy
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