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Manufacturing and Product Development Industry Sector

The Manufacturing and Product Development industry sector is an important part of California’s economy, producing a wide range of products, including computers, communications equipment, electronic components, high-tech instruments, apparel, metal products, chemicals, plastics, aircraft, ships, missiles/space products, and search and navigation equipment. Small manufacturers are an important part of electronics, multimedia, and other emergent regional industrial clusters.

The Manufacturing and Product Development industry sector provides a foundation in manufacturing processes and systems, for all industrial and technology education students in California. Students are engaged in an instructional program that integrates technical preparation and academics with a focus on career awareness, career exploration, and skill preparation in four pathways: Machine and Forming Technology, Welding Technology, Graphic Arts Technology, and Multimedia Technology. Manufacturing and Product Development pathways emphasize real-world, occupationally relevant experiences of significant scope and depth in manufacturing and graphic communication. Middle schools, high schools, regional occupational centers and programs, apprenticeship programs, community colleges, and four-year colleges and universities provide educational and training programs that prepare individuals for a vast scope of career manufacturing and product development opportunities.

Manufacturing and Product Development Industry Sector Pathways:

•
Graphic Arts Technology 

•
Integrated Graphics Technology 

•
Machine and Forming Technology 

•
Welding Technology 

Graphic Arts Technology Pathway

Sample sequence of courses for the Graphic Arts Technology pathway: 

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Exploring Technology

· Technology Core

· Drafting 

· Orientation to Graphic Arts Apprenticeship
	· Graphic Arts/ Communications

· Communications Technology

· Photography Lab
	· Composition, Lithography, and Platemaking

· Composition, Make-up, and Typesetting

· Desktop Publishing

· Commercial Photography
	· Commercial Art

· Principles of Technology

· English Composition

· Computer Science/ Applications

· Algebra


Sample appropriate foundation and pathway standards for the Graphic Arts/Communications course in the Graphic Arts Technology pathway:
	Sample appropriate foundation standards 

	Academics 1.4 Visual and Performing Arts (grades nine through twelve) 2.3: Develop and refine skill in the manipulation of digital imagery (either still or video).

	Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.6: Write technical documents:

a. Report information and convey ideas logically and correctly.

b. Offer detailed and accurate specifications.

c. Include scenarios, definitions and examples to aid comprehension (e.g., troubleshooting guide).

d. Anticipate readers’ problems, mistakes, misunderstandings.

	Technology 4.2: Understand the use of technological resources to gain access to, manipulate, and produce information, products, and services.

	Responsibility and Flexibility 7.1: Understand the qualities and behaviors that constitute a positive and professional work demeanor.

	Technical Knowledge and Skills 10.7: Understand how graphic arts processes produce visual images to inform, educate, and serve manufacturing and personal needs.

	Demonstration and Application 11.0: Students demonstrate and apply the concepts contained in the foundation and pathway standards.

	Sample appropriate pathway standards

	A2.0: Students understand graphic arts functions and copy preparation, including applications of desktop publishing and electronic imaging software.

	A3.0: Students understand image generation processes and procedures required to reproduce single-color and multicolor printing.

	A5.0: Students understand the functions, processes, and procedures required for the reproduction of printed products and the factors affecting the image transfer process.

	A8.0: Students understand contemporary photography and its applications.

	A9.0: Students understand the proper health and safety procedures and guidelines for the graphic arts environment, including the storage and recycling of raw materials and waste products.


Sample analysis (or “unpacking”) of a standard for the Graphic Arts/Communications course in the Graphic Arts Technology pathway:

	Standard
	Graphic Arts Technology Pathway A2.0: Students understand graphic arts functions and copy preparation, including applications of desktop publishing and electronic imaging software.

	Standard subcomponent
	Graphic Arts Technology Pathway A2.3: Know desktop publishing and electronic imaging software principles and procedures used to prepare graphic arts products. 

	Course level
	 Introductory X Concentration  Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Available desktop publishing and electronic imaging software packages and their capabilities, advantages, and disadvantages

2. Computer-based photographic retouching materials and techniques

3. Strategies for effective presentation using retouching process and products
	1. List five software suites typically used for desktop publishing and electronic imaging with capabilities, advantages, and disadvantages of each.

2. Cite digital materials and techniques used to remove dust spots, add or replace missing color information, replace missing parts of the image.

3. Orally compare, using three original images and retouched copies of each, the degree of retouching success in color, sharpness and detail, and composition achieved using an identified retouching process on each image. 

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. Ability to retouch photographs using image editing program: remove dust spots, add or replace missing color information, replace missing parts of the image

2. Identify appropriate software tools for specific image editing problems.


	1. Use image-editing program to resolve problems on three photographs: remove dust spots, add or replace missing color information, replace missing parts of the image.

2. Select and effectively use re-touch software and provide specific reasons for this selection, with reference to capabilities, advantages, and disadvantages of the software.

	Topics/contexts
What must be taught?
	1. Basic knowledge of image editing and desktop publishing software

2. Each step of the process of resolving image editing problems via digital retouching techniques

3. Effective presentation strategies and skills


Sample performance task(s) based on the skills and concepts:

Standards: This sample performance task targets the following Manufacturing and Product Development industry sector foundation standards and Graphic Arts Technology (GAT) pathway standards.

	Standard #
	Standard

	Foundation: Academics 1.4 Visual and Performing Arts (grades nine through twelve) 2.3:
	Develop and refine skill in the manipulation of digital imagery (either still or video).

	Foundation: Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.6a, b, d: 
	Write technical documents: 

a. Report information and convey ideas logically and correctly. 

b. Offer detailed and accurate specifications.

c. Anticipate reader’s problems, mistakes, and misunderstandings.

	Foundation: Responsibility and Flexibility 7.1:
	Understand the qualities and behaviors that constitute a positive and professional work demeanor.

	Foundation: Demonstration and Application 11.0:
	Students demonstrate and apply the concepts contained in the foundation and pathway standards.

	Pathway: GAT A2.3:
	Know desktop publishing and electronic imaging software principles and procedures used to prepare graphic arts products.

	Pathway: GAT A8.1:
	Understand current photographic technologies, processes, and materials used in the graphic arts.


Assignment: Working in teams of three, employ an image editing process to retouch three photos and remove dust spots, add or replace missing color information, and replace missing parts of the photograph [GAT A8.1].

1.
Research: Use the library and classroom reference materials to develop an understanding of digital photography retouching technologies, processes, and materials [Communications 2.2 Writing Strategies and Applications 2.6; GAT A8.1].


2.
Materials: Through research, identify the retouching software your team will be using. Given a set of prints, select three and their digital equivalents. You will need access to a computer loaded with the team-selected software [Demonstration and Application 11.0; GAT A8.1].


3.
Criteria: Examine each of the three digital photographs carefully and decide what problems need to be retouched. Are there dust spots or scratches? Is the color faded? Can you tell what the original color was supposed to be? Write down all of the problems of each photograph and next to them list what each solution is going to be. Call this document your “Road Map to Retouching” and turn this in with your finished retouching projects [GAT A2.3; GAT A8.1; Communications 2.2 Writing Strategies and Applications 2.6; Demonstration and Application 11.0].


4.
Procedure: Retouch a copy of each image, not the original. When you present your work, we will be able to see your work before and after. Use screen shots to help clarify your process and ease of understanding. Use a word processing program to print out your “Road Map to Retouching.” Use proper grammar and spelling [GAT A2.3; GAT A8.1; 1.4 Visual and Performing Arts (grades nine through twelve) 2.3; Communications 2.2 Writing Strategies and Applications 2.6; Demonstration and Application 11.0].


5.
Prepare a final report. Discuss how you arrived at your retouching decisions. Include a copy of your “Road Map to Retouching.” Refer to each original photograph and your retouched copies when describing what the image problems were and how you accomplished each retouching task [Communications 2.2 Writing Strategies and Applications 2.6; Responsibility and Flexibility 7.1; Demonstration and Application 11.0; GAT A8.1].

Performance task rubric: Your grade will be based on the following rubric. Individual teachers should determine how to weight the standards and assign points for each level.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	GAT A2.3: Know desktop publishing and electronic imaging software principles and procedures used to prepare graphic arts products.
(30 points)
	In the “Road Map to Retouching,” student identifies appropriate software and techniques for each flaw or issue identified in original photographs and images, demonstrating extensive familiarity with software and procedures. 

Student uses each technique efficiently and skillfully with minimal help from instructor or classmates. 
(30 points)
	In the “Road Map to Retouching,” student identifies appropriate software and techniques for each flaw or issue identified in original photographs and images, demonstrating familiarity with software and procedures. 

Student uses each technique skillfully, but requires help from instructor or classmates. 
(25 points)
	In the “Road Map to Retouching,” student identifies appropriate software and techniques for some flaws and issues identified in original photographs and images, demonstrating limited familiarity with software and procedures. 

Student applies each technique with difficulty and requires substantial help from instructor or classmates. 
(15 points)
	In the “Road Map to Retouching,” student selects inappropriate software or techniques for flaws or issues in original photographs and images. 

Student cannot use techniques without extensive help from instructor or classmates. 
(0 points)

	GAT A8.1: Understand current photographic technologies, processes, and materials used in the graphic arts.
(25 points)
	The project report, including the “Road Map to Retouching,” reflection paragraph, work, and results, displays a complete understanding of the problems in the photographs used, the origins of these problems, the processes and materials available to correct such problems, the reasons each process or material might be chosen, and the potential advantages and limitations of the software and hardware available to the student. 
(25 points)
	The project report, including a “Road Map to Retouching,” reflection paragraph, work, and results, displays an understanding of at least three of the following four elements: the problems in the photographs used, the origins of these problems, the processes and materials available to correct such problems, the reasons each process or material might be chosen, and the potential advantages and limitations of the software and hardware available to the student. 
(17 points)
	The project report, including a “Road Map to Retouching,” reflection paragraph, work, and results, displays an understanding of at least two of the following: the problems in the photographs used, including the origins of these problems, the processes and materials available to correct such problems, the reasons each process or material might be chosen, and the potential advantages and limitations of the software and hardware available to the student. 
(8 points)
	The project report, including a “Road Map to Retouching,” reflection paragraph, work, and results, does not demonstrate understanding of the problems in the photographs used, including the origins of these problems, the processes and materials available to correct such problems, the reasons each process or material might be chosen, and the potential advantages and limitations of the software and hardware available to the student. 
(0 points)

	Academics 1.4 Visual and Performing Arts (grades nine through twelve) 2.3: Develop and refine skill in the manipulation of digital imagery (either still or video).
(15 points)
	Three images were skillfully retouched by using a selected image editing process. 

Color, composition, sharpness, and detail were restored with all flaws corrected. 

The   resulting retouched images are at a professional or near-professional standard. 
(15 points)
	Three images were retouched by using a selected image-editing process. 

Color, composition, sharpness, and detail were restored with all flaws corrected. 

The results were not suitable for professional work, but still they are of high quality, without detectable errors, graininess, or digital artifacts. 
(10 points)
	Two or three images were retouched by using a selected image editing-process. 

Most color, composition, sharpness, and detail were restored, but flaws were left uncorrected. 

The final images still visibly require further retouching. 
(5 points)
	The images were not retouched, or the processes used yielded images that are visibly of lower-quality than the original images. 
(0 points)

	Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.6 a, b, d: Write technical documents. Report information and convey ideas logically and correctly. Offer detailed and accurate specifications.

Anticipate reader’s problems, mistakes, misunder-standings.
(15 points)
	The final report and “Road Map to Retouching” are well written with detailed examples. Reflection is well-written, thoughtful, and complete. 
(15 points)
	The final report and “Road Map” are fairly well written with examples. Reflection is complete. 
(10 points)
	The final report and “Road Map” are poorly organized, with limited examples. Reflection is incomplete, vague, or absent. 
(5 points)
	Student fails to write the report, the “Road Map,” or reflection for assignment. 
(0 points)

	Responsibility and Flexibility 7.1: Understand the qualities and behaviors that constitute a positive and professional work demeanor.
(15 points)
	Student demonstrates enthusiasm, focus, and maturity throughout the project.

Student is always on task. 
(15 points)
	Student demonstrates enthusiasm, focus, and maturity most of the time.

Student is almost always on task.
(10 points)
	Student works some of the time, but wastes significant periods of project time, sometimes loses focus, becomes frustrated, or needs frequent reminders to stay on task. 
(5 points)
	Student wastes most project time, loses focus, becomes frustrated, and/or ignores reminders to stay on task. 
(0 points)


Note: Demonstration and Application standard 11.0 is included in all the above.
Sample pathway occupations: Graphic Arts Technology 

	Sample of pathway occupations organized by level of education and training required for workforce entry. Asterisked occupations require certification or licensure.

	
High School 
(diploma)
	Postsecondary Training (certification and/or an AA degree)
	
College/University
(Bachelor’s degree or higher)

	· Desktop Publisher

· Graphic Art Equipment Operator.

· Network Installer*

· Pre-Press Designer

· Graphic Art Apprentice
	· Commercial Photographer

· Production Manager

· Network Administrator*

· Graphic Artist (Journeyman)
	· Publisher, Editor

· Product Developer

· Industrial Technology Educator*, Trade/Craft Trainer*

· Network Engineer*

· Graphic Designer


Integrated Graphics Technology Pathway

Sample sequence of courses in the Integrated Graphics Technology pathway: 

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Exploring Technology

· Drafting/ Communications

· Technology Core

· Graphic Arts

· Graphic Communications Apprenticeship Awareness
	· Video Production

· Communications Technology

· Photography Lab

· Graphic Communications

· Graphic Communications Apprenticeship Explorations
	· Animation

· Broadcasting Production

· Multimedia

· Orientation to Graphic Communications Apprenticeship
	· Principles of Technology

· Principles of Design

· Commercial Photography

· Journalism

· Algebra


Sample of appropriate foundation and pathway standards for the Exploring Technology course in the Integrated Graphics Technology pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Mathematics Number Sense (grade seven) 1.2: Add, subtract, multiply, and divide rational numbers (integers, fractions, and terminating decimals) and take positive rational numbers to whole-number powers.

	Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.3: Write expository compositions, including analytical essays and research reports:

a. Marshal evidence in support of a thesis and related claims, including information on all relevant perspectives.

b. Convey information and ideas from primary and secondary sources accurately and coherently.

c. Make distinctions between the relative value and significance of specific data, facts, and ideas.

d. Include visual aids by employing appropriate technology to organize and record information on charts, maps, and graphs.

e. Anticipate and address readers’ potential misunderstandings, biases, and expectations.

f. Use technical terms and notations accurately.

	Communications 2.4 Listening and Speaking Strategies and Applications (grades eleven and twelve) 1.8: Use effective and interesting language, including:

a. Informal expressions for effect

b. Standard American English for clarity

c. Technical language for specificity

	Communications 2.5 Multimedia: Understand the importance of technical and computer-aided design, drawing, and graphic technologies essential to the language of the industry; read, interpret, and create drawings, sketches, and schematics by using manufacturing and product development industry conventions and standards; interpret and understand detailed information provided from technical documents, both print and electronic, and experienced people; and use computers, calculators, multimedia equipment, and other devices in a variety of applications.

	Technology 4.1: Understand past, present, and future technological advances as they relate to a chosen pathway.

	Problem Solving and Critical Thinking 5.2: Understand the systematic problem-solving models that incorporate input, process, outcome, and feedback components.

	Responsibility and Flexibility 7.1: Understand the qualities and behaviors that constitute a positive and professional work demeanor.

	Leadership and Teamwork 9.3: Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals.

	Technical Knowledge and Skills 10.6: Apply the design process in the development, evaluation, and refinement of a manufacturing prototype.

	Demonstration and Application 11.0: Students demonstrate and apply the concepts contained in the foundation and pathway standards.

	Sample appropriate pathway standards

	B1.0: Students understand the application of basic integrated graphic design principles to achieve specific goals.

	B2.0: Students understand integrated graphic multimedia functions and applications of electronic imaging software.

	B5.0: Students understand integrated graphic multimedia technologies.


Sample analysis (or “unpacking”) of a standard for the Exploring Technology course in the Integrated Graphics Technology pathway:

	Standard
	Integrated Graphics Technology Pathway B1.0: Students understand the application of basic integrated graphic design principles to achieve specific goals.

	Standard subcomponent
	Integrated Graphics Technology Pathway B1.1: Produce sketches, rough layouts, and comprehensive layouts for an integrated graphic product, using design principles to guide the process. 

	Course level
	 Introductory  Concentration Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Design and function of various animation devices

2. Concept of persistence of vision

3. Importance of producing a variety of sketches and rough layouts as part of the design process

4. Understand the role of form, function, and color in producing sketches and layouts 
	1. Define zeotrope, phenakistascope, praxinoscope, and mutoscope and describe how they function.

2. Explain the phenomenon of persistence of vision and give examples.

3. Provide three sketches or rough layouts for a potential project, with adequate accompanying written documentation.

4. Describe a selected design in terms of form, function, and color choices. 

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. Ability to produce accurately scaled sketches and layouts.

2. Work within material parameters to produce feasible designs.

3. Develop appropriate sketch sequences for animated strips or discs.
	1. Produces a sketch or layout for a given project which shows correct proportioning and accurate dimensions to a given scale.

2. Complete one design model from sketches or layouts within material parameters.

3. Produce animated sequence which plays correctly in a given device.

	Topics/contexts
What must be taught?
	1. Ideation and graphic design process leading to model development

2. The use of graphic design principles in sketches, rough layouts, and comprehensive layouts

3. Basics of sequencing and the animation process


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Manufacturing and Product Development industry sector foundation standards and the Integrated Graphics Technology (IGT) pathway standards.

	Standard #
	Standard

	Foundation: Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.3:
	Write expository compositions, including analytical essays and research reports:

a.
Marshall evidence in support of a thesis and related claims, including information on all relevant perspectives.

b.
Convey information and ideas from primary and secondary sources accurately and coherently.

c.
Make distinctions between the relative value and significance of specific data, facts, and ideas.

d.
Include visual aids by employing appropriate technology to organize and record information on charts, maps, and graphs.

e.
Anticipate and address readers’ potential misunderstandings, biases, and expectations.

f.
Use technical terms and notations accurately.

	Foundation: Technology 4.1: 
	Understand past, present, and future technological advances as they relate to a chosen pathway.

	Foundation: Leadership and Teamwork 9.3:
	Know how to work cooperatively and collaboratively with others to achieve goals.

	Foundation: Technical Knowledge and Skills 10.6:
	Apply the design process in the development, evaluation, and refinement of a manufacturing prototype.

	Foundation: Demonstration and Application 11.0:
	Students demonstrate and apply the concepts contained in the foundation and pathway standards.

	Pathway: IGT B1.1:
	Produce sketches, rough layouts, and comprehensive layouts for an integrated graphic product, using design principles to guide the process.


Assignment: Working in groups of two or three, create a functional animation device and short animation.


1.
Read the handout on the persistence of vision and review the unit on animation. Conduct research on an early manual stop-motion animation device. Understand how the device works and how it fits into the history of animation [Technology 4.1].


2.
Create a working model of a zoetrope, phenakistascope, praxinoscope, or mutoscope from the materials provided [Leadership and Teamwork 9.3; Technical Knowledge and Skills 10.6; IGT B1.1].


a.
Sketch three potential designs for your animation device. Each should be to scale, properly dimensioned, and make effective use of design principles and the materials provided.


b.
Choose one of the sketches to produce.


c.
Construct working model from the chosen sketch and the provided materials.


3.
Design an animated strip or disc to be played in your model [Leadership and Teamwork 9.3; Technical Knowledge and Skills 10.6; IGT B1.1].


a.
Develop two possible options for the content of the animation strip or disc and create rough sketches. Animation should be no more than five and no less than two seconds long.


b.
Choose the animation content to produce.


c.
Produce the animation strip or disc:

•
Registration should be accurate.

•
Image sequencing should be accurate.

•
Depicted movement should be smooth and consistent.

•
Animation should play within the given time period. 


4.
Write a research paper of at least 500 words [Communications 2.2 Writing Strategies and Applications 2.3; Leadership and Teamwork 9.3].


a.
Include a cover sheet.


b.
Cite at least two sources. 


c.
Discuss the historical context of the animation device.


d.
Discuss the function and style of the working model, with reference to design principles.


e.
Explain how persistence of vision works in your model and animation.


f.
Explain the design reasoning behind the animated strip or disc.

Performance task rubric: Your grade will be based on the following rubric. Individual teachers should determine how to weight the standards and assign points for each level.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	IGT B1.1: Produce sketches, rough layouts, and comprehensive layouts for an integrated graphic product, using design principles to guide the process.
(25 points)
	Sketches of animation device are skillfully penciled (even line width, clean lines, arcs, circles), crisp (no smudges/erasure marks), to scale (full scale), properly dimensioned (dimension lines, numbers, notes), and make effective use of design principles and the materials provided. 

Design is innovative and may be exceptionally durable, aesthetically pleasing, or exhibit other unique positive design qualities.

Animation strip displays proper registration and sequencing. 

Movement is smooth and consistent. 

Animation is two to five seconds long. 

Animation tells a story or uses graphic elements in a thoughtful or unique manner.
(25 points)
	Sketches of animation device are well penciled (even line width, clean lines, arcs, circles), crisp (few smudges/erasure marks) to scale (full scale), properly dimensioned (most dimension lines, numbers, notes), and make effective use of design principles and the materials provided.

Animation strip displays proper registration and sequencing. Movement is smooth and consistent. 

Animation is two to five seconds long. 
(20 points)
	Sketches of animation device are penciled with adequate penciling (acceptable lines, arcs, circles, corrections/erasures apparent) to scale but may exhibit flaws in proportion or dimensioning, 

Use of design principles and provided materials is flawed or inconsistent but functional.

Animation strip contains two to five minor flaws in registration and sequencing. 

Movement may be jerky or inconsistent. 

Animation is two to five seconds long.
(15 points)
	Sketches are incomplete, exhibiting rough to sloppy penciling, not to scale, or do not produce functional working models.

Animation strip is incomplete, non-functional, or contains major flaws. 
(0 points)

	Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.3: Write expository compositions. 
(15 points)
	Paper is at least 500 words long and includes a cover page and more than two properly cited sources. 

Information is accurate and coherent. 

Facts, technical terms, and ideas related to persistence of vision and design reasoning are relevant and accurate, and the choice of model design and animation strip are well-explained. 

Visual aids are employed effectively to convey information. 
(15 points)
	Paper is at least 500 words long and includes a cover page and two properly cited sources. 

Information is accurate and coherent. 

Facts, technical terms, and ideas related to persistence of vision and design reasoning are relevant and accurate, and the choice of model design and animation strip are well-explained. 
(10 points)
	Paper is at least 500 words long and includes a cover page and two properly cited sources. 

Information is accurate but may be poorly presented or lacking in detail. 

Persistence of vision, design reasoning and the choice of model design and animation strip are explained. 
(5 points)
	Paper is incomplete, incoherent, or does not cite at least two sources. 

Concepts are not discussed or developed sufficiently. 
(0 points)

	Technology 4.1: Understand past, present, and future technological advances as they relate to a chosen pathway.
(15 points)
	Paper demonstrates thorough understanding of the chosen device in the context of animation history and technology. 

In-depth insight or examples of the technological and historical context are provided. 
(15 points)
	Paper demonstrates thorough understanding of the chosen device in the context of animation history and technology. 
(10 points)
	Paper demonstrates some understanding of the chosen device in the context of animation history or technology but does not discuss in depth. 
(5 points) 
	Paper does not demonstrate understanding of the chosen device in the context of animation history or technology. 
(0 points)


	Leadership and Teamwork 9.3: Understand how to organize and structure work individually and in teams for effective performance and attainment of goals. 
(15 points)
	Student sets and meets timelines, organizes materials, and completes assignments before they are due and with accuracy. 
(15 points)
	Student sets and meets timelines, organizes materials, and completes assignments on time and with accuracy. 
(10 points)
	Student minimally sets and meets timelines, organizes materials, and completes assignments with some confusion. 
(5 points)
	Student struggles with setting and meeting timelines, organization, and/or completion of assignments.

Or, assignment is completed inaccurately. 
(0 points)

	Technical Knowledge and Skills 10.6:

Apply the design process in the development, evaluation, and refinement of a manufacturing prototype. 
(15 points)
	Model is elegant and well-crafted. 

Model functions efficiently and smoothly as designed. 
(15 points)
	Model is well-crafted. 

Model functions efficiently as designed. 
(10 points)
	Model functions as designed. 
(5 points)
	Model does not function. 
(0 points)


Note: Demonstration and Application standard 11.0 is included in all the above.

Sample pathway occupations: Integrated Graphics Technology 
	Sample of pathway occupations organized by level of education and training required for workforce entry. (Asterisked occupations require certification or licensure.)

	
High School 
(diploma)
	Postsecondary Training (certification and/or an AA degree)
	
College/University
(bachelor’s degree or higher)

	· Special Effects Animator

· Desktop Publisher

· Web Designer

· Video Graphics Helper

· Special Effects Apprentice
	· Special Effects Editor

· Advertising Design 

· Webmaster

· Multimedia /Digital Editor

· Special Effects Journeyman
	· Special Effects Engineer

· Publications Management

· Multimedia Author

· Multimedia/Digital Producer

· Industrial and Technology Educator*


Machine and Forming Technology Pathway

Sample sequence of courses in the Machine and Forming Technology pathway: 

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Exploring Technology

· Metalworking

· Technology Core

· Drafting

· Orientation to Machine and Forming Apprenticeship
	· Plastics/
Composites

· Machine Shop

· Manufacturing I

· Sheet Metal

· Iron Working
	· Plastics/
Composites

· Machine Tool Operations

· Manufacturing II

· Foundry/
Metallurgy
	· Applied Physics

· Welding

· Robotics

· Computer-aided Drafting/Design

· Algebra


Sample of appropriate foundation and pathway standards for the Machine Tool Operations course in the Machine and Forming Technology pathway:

	Sample of appropriate foundation standards

	Academics 1.1 Mathematics Number Sense (grade seven) 1.2: Add, subtract, multiply, and divide rational numbers (integers, fractions, and terminating decimals) and take positive rational numbers to whole-number powers.

	Academics 1.1 Mathematics Number Sense (grade seven) 1.3: Convert fractions to decimals and percents and use these representations in estimations, computations, and applications.

	Academics 1.2 Science Investigation and Experimentation (grades nine through twelve) 1.a: Select and use appropriate tools and technology to perform tests, collect data, analyze relationships, and display data.

	Problem Solving and Critical Thinking 5.1: Apply appropriate problem-solving strategies and critical thinking skills to work-related issues and tasks.

	Health and Safety 6.4: Understand the safe and appropriate use of tools and equipment in the school manufacturing facility.

	Technical Knowledge and Skills 10.5: Complete a comprehensive working sketch and drawing of a product to be produced.

	Demonstration and Application 11.0: Students demonstrate and apply the concepts contained in the foundation and pathway standards.

	Sample appropriate pathway standards

	C1.0: Students understand the planning and layout operations used in machine tool and materials forming processes.

	C2.0: Students understand how materials can be processed through the use of machine tools, such as milling, drilling, turning, and shaping machines, and forming equipment, such as dies, presses, and rolls.

	C5.0: Students understand the purposes and processes of inspection and quality control in machining and forming manufacturing processes.

	C6.0: Students understand various machining and forming manufacturing systems that require standard hand and machine tools.

	C9.0: Students understand the development of emerging machining and forming technology systems.

	C10.0: Students understand industrial forming processes and their application to specific types of materials.


Sample analysis (or “unpacking”) of a standard for the Machine Tool Operations course in the Machine and Forming Technology pathway:

	Standard
	Machine and Forming Technology Pathway C2.0: Students understand how materials can be processed through the use of machine tools, such as milling, drilling, turning, and shaping machines, and forming equipment, such as dies, presses, and rolls.

	Standard subcomponent
	Machine and Forming Technology Pathway C2.2: Use machine tools, such as machine lathes, milling machines, drilling machines, power hacksaws, and band saws, and forming equipment, such as presses, brakes, ironworkers, and stake benches, to cut, shape, combine, and form manufactured parts or products that meet the standards of the National Institute of Metalworking Skills, the Manufacturing Skill Standards Council, or similar standards.

	Course level
	Introductory  Concentration XCapstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Material (ferrous, non-ferrous, thermoplastic, extruded/cast bar, tubing) qualities

2. Turning operations

3. Measuring operations

4. Finishing operations
	1. Using knowledge of material qualities, explain why the selected material is most appropriate for a given task. 

2. Explain the steps involved in and the machines and tools used during the safe and proper execution of the following machine tool operations: turning, facing, countersinking, boring, tapping, thread chasing, beveling. 

3. Use a steel rule to measure the length of a turning, depth of a shoulder, or machined slot to within 0.032". 

4. Explain the unique sizing and functional quality of knurling as a finishing option.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. Turn material to a specified diameter. 

2. Turn material to a specified thread relief. 

3. Set gearbox and chase 18TPI. 
	1. Turn diameter to within +/- 0.001 inch of target. 

2. Turn thread relief to within +/- 0.001 inch of target. 

3. Diameter of bolt thread measures at a +/-0.025" tolerance using the micrometer and three-wire technique.

	Topics/contexts

What must be taught?
	1. Engine lathe setup and operations

2. Lathe tool design, grinding

3. Qualities of materials

4. Thread chasing techniques and tools

5. Measuring with a steel rule to within 1/32"


Sample performance task based on the skills and concepts:

Standard: This sample performance task targets the following Manufacturing and Product Development industry sector foundation standards and Machine and Forming Technology (MFT) pathway standards.

	Standard #
	Standard

	Foundation: Academics 1.1 Mathematics Number Sense (grade seven) 1.2
	Add, subtract, multiply, and divide rational numbers (integers, fractions, and terminating decimals) and take positive rational numbers to whole-number powers. 

	Foundation: Health and Safety 6.4
	Understand the safe and appropriate use of tools and equipment in the school manufacturing facility. 

	Pathway: MFT C1.1
	Interpret scaled machine tool and materials forming prints; gather design and materials information; perform calculations; and use the detail to plan, lay out, and produce parts or finished products that meet the standards of the National Institute for Metalworking Skills, the Manufacturing Skill Standards Council, or similar standards. 

	Pathway: MFT C2.2
	Use machine tools, such as machine lathes, milling machines, drilling machines, power hacksaws, and band saws, and forming equipment, such as presses, brakes, ironworkers, and stake benches, to cut, shape, combine, and form manufactured parts or products that meet the standards of the National Institute of Metalworking Skills, the Manufacturing Skill Standards Council, or similar standards.

	Pathway: MFT C5.2
	Know how to perform continuous online quality control inspection of machine and formed parts.


Assignment: You will design and build a working prototype for a specialty storage container that meets specific working criteria, including making the part-to-print and producing it on schedule [MFT C1.1; MFT C2.2; MFT C5.2].

You will select an appropriate material and finish for your prototype. The finished product must be part-to-print. [MFT C1.1].

Your product will: 


1.
Include one smooth-running, no interference 3/8" – 16 thread [Academics 1.1 Mathematics Number Sense 1.2; MFT C1.1; MFT C2.2].


a.
Maximum thread backlash of 0.020"


2.
Be produced from a researched materials choice [Academics 1.1 Mathematics Number Sense 1.2; MFT C1.1; MFT C2.2].


a.
Wall thickness minimum of 0.060"


b.
Minimum of two surface finishes


c.
Dimensions held to close tolerances


3.
Follow your student-developed production schedule [Academics 1.1 Mathematics Number Sense 1.2; Health and Safety 6.4; MFT C5.2].


a.
An online quality assurance schedule must be included.


b.
All safety procedures must be observed.

Performance task rubric: Your grade will be based on the following rubric. Individual teacher should determine how to weigh the standards and assign points for each level.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	MFT C1.1: Interpret scaled machine tool and materials forming prints; gather design and materials information; perform calculations; and use the detail to plan, lay out, and produce parts or finished products that meet the standards of the National Institute for Metalworking Skills, the Manufacturing Skill Standards Council, or similar standards. 
(20 points)
	Student successfully completes part-to-print container with all machined tolerances held to +/- 0.001. 
(20 points)
	Student successfully completes part-to-print container with all machined tolerances held to +/- 0.025. 
(15 points)
	Student successfully completes part-to-print container with all machined tolerances held to +/- 0.005. 
(10 points)
	Student successfully completes part-to-print container with all machined tolerances held to +/- 0.006 or greater. (0 points)

	MFT C2.2: Use machine tools, such as machine lathes, milling machines, drilling machines, power hacksaws, and band saws, and forming equipment, such as presses, brakes, ironworkers, and stake benches, to cut, shape, combine, and form manufactured parts or products that meet the standards of the National Institute of Metalworking Skills, the Manufacturing Skill Standards Council, or similar standards. 
(35 points)
	Student follows proper machine tool protocols, as judged by the instructor, in performing ten container operations: chucking, facing, turning, grooving (slotting), thread chasing, cut-off, center drilling, drilling and tapping, live center turning, and finishing.

No material waste is evident. 

No machine or tool damage occurs. 
(35 points)
	Student follows proper machine tool protocols, as judged by the instructor, in performing nine or eight of ten container operations: chucking, facing, turning, grooving (slotting), thread chasing, cut-off, center drilling, drilling and tapping, live center turning, and finishing. 

Material waste is minimal. 

No machine or tool damage occurs. 
(25 points)
	Student follows proper machine tool protocols, as judged by the instructor, in performing seven or six of ten container operations: chucking, facing, turning, grooving (slotting), thread chasing, cut-off, center drilling, drilling and tapping, live center turning, and finishing.

Some material waste is evident.

No machine or tool damage occurs. 
(15 points)
	Student follows proper machine tool protocols, as judged by the instructor, in performing five or fewer than ten container operations: chucking, facing, turning, grooving (slotting), thread chasing, cut-off, center drilling, drilling and tapping, live center turning, and finishing.

Material waste is evident. 

Machine or tool damage occurs. 
(0 points)

	MFT C5.2: Know how to perform continuous online quality control inspection of machine and formed parts. 
(10 points)
	Student employs step-by-step procedure sheet to conduct continuous, notated quality control inspection of machined parts. 

Five of five operations meet design specifications: facing, turning, machined threads, tapped threads, thread fit (end cap fit). 
(10 points)
	Student employs step-by-step procedure sheet to conduct continuous, notated quality control inspection of machined parts. 

Four of five operations meet design specifications: facing, turning, machined threads, tapped threads, thread fit (end cap fit). 
(8 points)
	Student employs step-by-step procedure sheet to conduct continuous, notated quality control inspection of machined parts. 

Three of five operations meet design specifications: facing, turning, machined threads, tapped threads, thread fit (end cap fit). 
(6 points)
	Student employs step-by-step procedure sheet to conduct continuous, notated quality control inspection of machined parts. 

One or two of five operations meet design specifications: facing, turning, machined threads, tapped threads, thread fit (end cap fit). 
(0 points)

	Academics 1.1 Mathematics Number Sense (grade seven) 1.2: Add, subtract, multiply, and divide rational numbers (integers, fractions, and terminating decimals) and take positive rational numbers to whole-number powers. 
(15 points)
	Student can convert 1/16, 1/8, 3/16, 1/4, 5/16, 3/8, 7/16, 1/2, 9/16, 5/8, 11/16, 3/4, 13/16, 7/8, and 15/16 inch measurements to three-place decimal (0.XXX) equivalents from memory without error. 
(15 points)
	Student can convert 1/8, 1/4, 3/8, 1/2, 5/8, 3/4, and 7/8 inch measurements to three-place decimal (0.XXX) equivalents from memory without error. 
(10 pts)
	Student can convert 1/8, 1/4, 3/8, 1/2, 5/8, 3/4, and 7/8 inch measurements to three-place decimal (0.XXX) equivalents using paper/pencil calculations with at least 90 percent accuracy. 
(5 points)
	Student can convert 1/8, 1/4, 3/8, 1/2, 5/8, 3/4, and 7/8 inch measurements to three-place decimal (0.XXX) equivalents using paper/pencil calculations with less than 90 percent accuracy. 
(0 points)

	Health and Safety 6.4: Understand the safe and appropriate use of tools and equipment in the school manufacturing facility. 
(20 points)
	Student demonstrates safe workplace practices in material handling, machine operations, and handling of tooling, fluids and lubricants.

Student wears proper eye protection at all times.

Student maintains a clean work environment.

Student achieves a score of 99–100 percent on a written 25-item engine lathe safety examination. 
(20 points) 
	Student demonstrates safe workplace practices in material handling, machine operations, and handling of tooling, fluids and lubricants.

Student wears proper eye protection at all times.

Student maintains a clean work environment. 

Student achieves a score of 97–98 percent on a written 25-item engine lathe safety examination. 
(15 points)
	Student demonstrates safe workplace practices in material handling, machine operations, and handling of tooling, fluids and lubricants.

Student wears proper eye protection at all times. 

Student maintains a clean work environment. 

Student achieves a score of 95–96 percent on a written 25- item engine lathe safety examination. 
(10 points)
	Student demonstrates safe workplace practices in material handling, machine operations, and handling of tooling, fluids and lubricants.

Student wears proper eye protection at all times.

Student maintains a clean work environment. 

Student achieves a score of less than 95 percent on a written 25-item engine lathe safety examination. 
(0 points)


Sample pathway occupations: Machine and Forming Technology

	Sample of pathway occupations organized by level of education and training required for workforce entry. (Asterisked occupations require certification or licensure.)

	
High School 
(diploma)
	Postsecondary Training (certification and/or an AA degree)
	
College/University
(bachelor’s degree or higher)

	· Machine Operator 

· Maintenance Mechanic 

· Assembler 

· Installation Apprentice 

· Electro-Mechanical Helper 
	· CNC Programmer 

· Machine Technician 

· Tooling Journeyman 

· Industrial Electrician* 

· Manager 
	· Manufacturing Engineer* 

· Mechanical Engineer* 

· Design Engineer 

· Tooling Engineer 

· Industrial Technology Educator*


Welding Technology Pathway

Sample sequence of courses in the Welding Technology pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Technology Core 

· Metalworking 

· Welding Fundamentals 

· Exploring Technology 

· Orientation to Welding Apprenticeship 
	· Welding – Combination I

· Welding Fabrication, Ironworking 

· Welding – Electric 

· Technical Drafting 

· Manufacturing/Materials Processing 
	· Welding – Specialized 

· Foundry 

· Welding – Combination II 

· Computer Aided Drafting 

· Computer-Aided Manufacturing 
	· Machining 

· Applied Physics 

· Robotics 

· Algebra

· Geometry 


Sample of appropriate foundation and pathway standards covered in the Welding–Electric course in the Welding Technology pathway: 

	Sample appropriate foundation standards

	Communications 2.4 Listening and Speaking Strategies and Applications (grade eight) 2.4: Deliver persuasive presentations:

a. Include a well-defined thesis (i.e., one that makes a clear and knowledgeable judgment).

b. Differentiate fact from opinion and support arguments with detailed evidence, examples, and reasoning.

c. Anticipate and answer listener concerns and counterarguments effectively through the inclusion and arrangement of detail, reason, examples, and other elements.

d. Maintain a reasonable tone.


	Career Planning and Management 3.2: Understand the scope of career opportunities and know the requirements for education, training, and licensure.

	Problem Solving and Critical Thinking 5.3: Use critical thinking skills to make informed decisions and solve problems.

	Health and Safety 6.3: Know how to safely and appropriately handle, store, transport, transform, and dispose of hazardous and nonhazardous materials and chemicals in the school manufacturing facility.

	Leadership and Teamwork 9.3: Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals.

	Technical Knowledge and Skills 10.11: Understand the need to obtain and maintain industry-standard, technical certifications significant to an industry sector.

	Sample appropriate pathway standards

	D1.0: Students understand the planning and layout operations used in welding processes.

	D4.0: Students understand finishing processes and the differences between various types of finishing materials used in the manufacture of welded parts and products.

	D5.0: Students understand the purposes and processes of inspection and quality control in welding manufacturing processes.

	D9.0: Students understand how a manufacturing company is organized and the elements of welding production management.


Sample analysis (or “unpacking”) of a standard for the Welding – Electric course in the Welding Technology pathway:

	Standard
	Welding Technology Pathway D1.0: Students understand the planning and layout operations used in welding processes.

	Standard subcomponent
	Welding Technology Pathway D1.1: Interpret scaled welding prints; gather design and materials information; perform calculations; and use the detail to plan, lay out, and produce parts or finished products.

	Course level
	Introductory X Concentration  Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Common welding symbols 

2. Commonly used materials
	1. Can define a list of 25 welding symbols on a written examination with 100 percent accuracy. 

2. Identify ten commonly welded material samples by name, and correctly spell each name by sample number on a written examination. Additionally describe, in comparative terms, one advantage and one disadvantage (welding or end use) of each material.

	
	Skills 
	Benchmark

	What should students be able to do? At what level?
	1. How to read a welding print 

2. How to calculate costs for production 

3. How to calculate tools and materials required for a project 

4. How to calculate time required for a project 
	1. Given a welding print, answer the instructor’s questions about tolerances, finishing, materials, and fabrication with 100 percent accuracy. 

2. Prepare a complete and accurate cost estimate for a sample production run, given details, materials costs and quantities by the instructor. 

3. Prepare a complete and accurate list of tools and materials required for a sample production run when given details by the instructor. 

4. Prepare a reasonable time estimate for a sample production run when given details by the instructor. 

	Topics/contexts

What must be taught?
	1. How to interpret prints and gather design and materials information from them

2. Calculating project costs

3. Calculating resources necessary for production of parts or finished products


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Manufacturing and Product Development industry sector foundation standards and Welding Technology (WT) pathway standards.

	Standard #
	Standard

	Foundation: Communications 2.4 Listening and Speaking Strategies and Applications (grade eight) 2.4:
	Deliver persuasive presentations:

a. Include a well-defined thesis (i.e., one that makes a clear and knowledgeable judgment).

b. Differentiate fact from opinion and support arguments with detailed evidence, examples, and reasoning.

c. Anticipate and answer listener concerns and counterarguments effectively through the inclusion and arrangement of details, reasons, examples, and other elements. 

d. Maintain a reasonable tone. 

	Foundation: Leadership and Teamwork 9.3: 
	Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals.

	Pathway: WT D1.1:
	Interpret scaled welding prints; gather design and materials information; perform calculations; and the use of detail to plan, lay out, and produce parts or finished products.

	Pathway: WT D4.1:
	Know the steps to be taken and the choices to be made in finishing welded materials.

	Pathway: WT D9.3:
	Know how scheduling, quality control, accident prevention, and inventory control are used efficiently and appropriately in a welding production management system.


Assignment: Traction Bars 


1.
Design Problem: You and your production team have just completed a 50-unit run of traction bars for a customer who sells aftermarket custom car parts. The original order called for a primer finish. The customer has requested a change order, which will require that 20 units be prepared for chrome plating. 


2.
Research/Historical References: Using the resource materials in the manufacturing lab library, the Internet, and local industry advisers, research metal plating and determine what problems must be considered which do not arise when a painted finish is all that is required [Leadership and Teamwork 9.3; WT D1.1]. 


3.
Materials: Based on your research, determine which (and what quantities) of the following you must have to properly prepare 20 parts for plating [Leadership and Teamwork 9.3; WT D1.1].


a.
Power tools 


b.
Hand tools 


c.
Consumable materials 


4.
Criteria: Examine each of the 50 parts that your production team has completed and prepare a finishing schedule which includes all 50 parts. The schedule should include [Leadership and Teamwork 9.3; WT D4.1; WT D9.3] the following information: 


a.
Criteria used to determine which 20 parts would be prepped for plating and which would receive primer


b.
What tools, consumables and/or chemicals are to be used, and in what order


c.
Who is responsible for each phase of the process


d.
How quality control will be ensured 


e.
How much additional time and expense prep for plating will add to the manufacturing process


5.
Communicate and Present: Present your production process design to the instructor and panel of community judges as if they were the contractor’s representatives and your team is clarifying finish options and potential outcomes based on the change order. Remember, a good production team has already considered every issue that might be brought up before they ever begin their presentation. Always be prepared to answer any questions about your proposal [Communications 2.4 Listening and Speaking Strategies and Applications 2.4; Leadership and Teamwork 9.3]. 

Performance task rubric: Your grade will be based on the following rubric. 

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	WT D1.1: Interpret scaled welding prints; gather design and materials information; perform calculations; and the use of detail to plan, lay out, and produce parts or finished products. 
(20 points)
	Research into metal plating and finish requirements is thorough and yields accurate estimates of the power tools, hand tools, and consumable materials required for the task.

Extensive quality, cost, and durability differences between the options are clearly explained and understood with reference to scaled prints, researched information, and production processes. 
(20 points)
	Research into metal plating and finish requirements yields accurate estimates of the power tools, hand tools, and consumable materials required for the task. 

Many quality, cost, and durability differences between the options are clearly explained and understood with reference to scaled prints, researched information, and production processes. 
(15 points)
	Research into metal plating and finish requirements yields mostly accurate estimates of the power tools, hand tools, and consumable materials required for the task. 

Limited quality, cost, and durability differences between the options are clearly explained and understood with reference to scaled prints, researched information, and production processes. 

Some tools or materials may have been omitted or miscalculated.
(10 points)
	Research into metal plating and finish requirements is incomplete or yields inaccurate results. 

Numerous tools or materials may have been omitted or the amounts miscalculated. 
(0 points)

	WT D4.1: Know the steps to be taken and the choices to be made in finishing welded materials. 
(20 points)
	The finishing schedule includes accurate and thoroughly explained estimates of time and materials required for the process and indicates the order in which steps should be taken. 

Criteria for part selection are clear and students indicate to client in the presentation how much additional time and expense prep for plating will add to the manufacturing process, and explain why. 
(20 points)
	The finishing schedule includes accurate estimates of time and materials required for the process and indicates the order in which steps should be taken. 

Criteria for part selection are clear and students indicate to client in the presentation how much additional time and expense prep for plating will add to the manufacturing process.
(15 points)
	The finishing schedule includes general or vague estimates of time and materials required for the process and indicates the order in which steps should be taken. 

Criteria for part selection and additional time and expense are mentioned but not fully explicated.
(10 points)
	The finishing schedule does not include accurate estimates of time and materials required for the process or omits the order in which steps should be taken. 

Criteria for part selection and additional time and expense are not mentioned. 
(0 points)

	WT D9.3: Know how scheduling, quality control, accident prevention, and inventory control are used efficiently and appropriately in a welding production management system. 
(20 points)
	The finishing schedule includes superior measures to ensure quality control. 

Each task is clearly assigned, and the schedule is comprehensive and professional. 
(20 points)
	The finishing schedule provides some measures to ensure quality control. 

Each task is clearly assigned. 
15 points)
	The finishing schedule may lack clarity on task assignment or quality control measures, or be difficult to interpret. 
(10 points)
	The finishing schedule is incomplete or unusable. 
(0 points)

	Communications 2.4 Listening and Speaking Strategies and Applications (grade eight) 2.4: 

Deliver persuasive presentations. 
(20 v)
	Presentation is professional and persuasive. 

Facts and ideas are clearly supported with evidence, detail and logic. 

Listener concerns (e.g., additional expense and cost) are anticipated and fully addressed within the presentation. 
(20 points)
	Presentation is competent and thorough. 

Facts and ideas are supported with evidence, detail and logic. 

Listener concerns (e.g., additional expense and cost) are addressed within the presentation or in questions. 
15 points)
	Presentation is poorly organized and not convincing. 

Facts and ideas are sometimes supported with evidence and logic but not consistently.

Most listener concerns (e.g., additional expense and cost) are addressed in questions. 
(10 points)
	Presentation is incomplete, shows minimal effort, or student does not present. 
(0 points)

	Leadership and Teamwork 9.3: Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals. 
(20 points)
	Student sets and meets timelines, organizes materials, and exhibits leadership in the group.

Student completes assignments accurately and before they are due. 
(20 points)
	Student sets and meets timelines, organizes materials, and completes assignments accurately and on time. 

Student completes a full share of work. 
(15 points)
	Student meets timelines, organizes materials, and completes assignments. 

Student may not participate fully in group work. 
(10 points)
	Student struggles with setting and meeting timelines or hinders the group. 

Or, student does not complete work on assignments. 
(0 points)


Sample pathway occupations: Welding Technology

	Sample of pathway occupations organized by level of education and training required for workforce entry. Asterisked occupations require certification or licensure.

	
High School 
(diploma)
	Postsecondary Training (certification and/or an AA degree)
	
College/University
(bachelor’s degree or higher)

	· Welder 

· Cutter, Solder, Brazier 

· Welding Apprentice* 

· Plastics Assembler 

· Foundry helper 
	· Certified Welder* 

· Welding Journeyman*

· Boilermaker* 

· Composite Fabricator 

· Foundry Core, Pattern Maker 
	· Manufacturing Engineer 

· Quality Control Inspector 

· Industrial Technology Educator* 

· Pressurized Vessel Engineer* 

· Fabrication Designer 


