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Engineering and Design Industry Sector

The Engineering and Design sector provides a strong foundation in engineering and design for students in California. Students are engaged in an instructional program that integrates academic and technical preparation and focuses on career awareness, career exploration, and career preparation in five pathways. Middle schools, high schools, Regional Occupational Centers and Programs, apprenticeship programs, community colleges, and four-year colleges and universities provide education and training in engineering-related occupations to prepare students for the vast scope of job opportunities in this field. The demand for engineers in a variety of specializations throughout the state and the nation will continue to remain high.
 

The five pathways in this sector emphasize real-world, occupationally relevant experiences of significant scope and depth. To prepare students for continued training, advanced educational opportunities, and direct entry to a career, the engineering and design programs offer the following components: classroom, laboratory, and hands-on contextual learning; project- and work-based instruction; internship, community classroom, and cooperative career technical education; work experience education; and leadership and interpersonal skills development.

Engineering and Design Industry Sector Pathways:

•
Architectural and Structural Engineering

•
Computer Hardware, Electrical, and Network Engineering

•
Engineering Design

•
Engineering Technology

•
Environmental and Natural Science Engineering

Architectural and Structural Engineering

Sample sequence of courses for the Architectural and Structural Engineering pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	
CTE Capstone Courses
	
Related Courses

	· Intro to Design Drafting

· Intro to CAD

· Principles of Engineering

· Tech Core
	· Architectural Design

· Design Drafting

· Technical Drafting

· Mechanical Drawing

· Engineering Technology
	· Advanced Architectural Design

· Computer Aided Design (CAD/CAM)

· Engineering Design
	· English Composition/
Writing

· Physics/Applied Physics

· Geology

· Chemistry

· Mathematics-Algebra

· Geometry

· Trigonometry

· Orientation to Apprenticeship


Sample of appropriate foundation and pathway standards for the Architectural Design course in the Architectural and Structural Engineering pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Geometry (grades eight through twelve) 15.0: Students use the Pythagorean theorem to determine distance and find missing lengths of sides of right triangles.

	Communications 2.3 Written and Oral English Language Conventions (grades eleven and twelve) 1.2: Produce legible work that shows accurate spelling and correct punctuation and capitalization.

	Career Planning and Management 3.3: Develop a career plan that is designed to reflect career interests, pathways, and postsecondary options.

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

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

	Sample appropriate pathway standards

	A3.0: Students understand the relationship between architecture and the external environment. 

	A4.0: Students understand the mechanics and properties of structural materials.

	A7.0: Students understand how to systematically complete an architectural project.


Sample analysis (or “unpacking”) of a standard for the Architectural Design course in the Architectural and Structural Engineering pathway:

	Standard
	Architectural and Structural Engineering Pathway A3.0: Students understand the relationship between architecture and the external environment.

	Standard subcomponent
	Architectural and Structural Engineering Pathway A3.4: Develop a complete set of architectural plans and drawings.

	Course level
	Introductory XConcentration Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Basic drafting concepts

2. Drawing layout

3. What drawings to include in a set of plans

4. Architectural standards

5. Styles of architecture
	1. Define and explain proportion and scale.

2. Lay out all appropriate information in an organized manner.

3. List the types of drawings to be included in set of plans.

4. Cite and explain with basic standards in building codes.

5. Describe at least six styles of architecture common in the U.S. and their distinguishing characteristics.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. How to develop and lay out drawings.

2. How to measure accurately 

3. How to complete design project that conforms to local building codes.
	1. Lay out drawings correctly.

2. Use scales to measure with 100 percent accuracy.

3. Complete a set of plans that conform to all local building codes.

	Topics/contexts
What must be taught?
	1. Basic knowledge concepts 1–5 above

2. Local building codes

3. Accurate measurement and layout techniques


Sample performance task based on the skills and concepts:
Standards: This sample performance task targets the following Engineering and Design sector foundation standards and Architectural and Structural Engineering (ASE) pathway standards:

	Standard #
	Standard

	Foundation: Communications 2.3 Written and Oral English Language Conventions (grades eleven and twelve) 1.2:
	Produce legible work that shows accurate spelling and correct punctuation and capitalization.

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

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

	Pathway: ASE A3.4
	Develop a complete set of architectural plans and drawings.


Assignment: Choose your favorite style of architecture and develop a full set of plans and drawings for a 4000 sq. ft. multi-level custom home. The architectural style you choose will help determine the location of your lot somewhere in the continental United States. The plans should include a plot plan (may be fictitious but drawn in proper format), complete floor plans for each level, and all four elevations. Include any additional drawings necessary to get your plans permitted. Create sketches to determine the proper layout and number of drawing sheets necessary [ASE A3.4].

Draw and letter all title blocks in architectural format. Please keep in mind that you will be graded on neatness as well as accuracy [Communications 2.3 Written and Oral English Language Conventions 1.2]. You will receive additional points for creativity [Problem Solving and Critical Thinking 5.1]. Produce a set of clean and smudge-free drawings, making sure that all information is clearly stated and your line work is well defined, using proper line weights and types. Use your text as a reference to make sure you have accurate information regarding architectural standards [ASE A3.4].

Performance task rubric: Your grade will be based on the following rubric. Individual teachers will determine the appropriate point and weight value for each level. 
	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	ASE A3.4: Develop a complete set of architectural plans and drawings.
	The set of architectural plans and drawings is clean, complete, and executed to a professional standard. 

Plans are innovative and use unique elements that work well with the architectural style.
	The set of architectural plans is clean and complete. 

Plans are competently executed with some creative touches.
	The set of architectural plans is complete. 

Some errors exist and the work may not be smudge-free.
	The set of architectural plans is incomplete and may contain errors and smudges.

	Communications 2.3 Written and Oral English Language Conventions (grades eleven and twelve) 1.2: Produce legible work that shows accurate spelling and correct punctuation and capitalization.
	All work is comprehensible and legible, with accurate spelling and correct punctuation and capitalization. 

Organization and presentation of work are flawless.
	All work is comprehensible and legible, with accurate spelling and correct punctuation and capitalization.
	Work is legible, but contains some errors in spelling, punctuation and/or capitalization. 

Work shows less than a desirable level of effort.
	Work contains many errors and omissions and shows little or no effort.

	Problem Solving and Critical Thinking 5.1:

Apply appropriate problem-solving strategies and critical thinking skills to work-related issues and tasks.
	Using logic and critical thinking skills, students produce a very accurate set of drawings. 

Scale and proportion are replicated accurately through analysis and observation. 

Creative solutions are used in an exceptional manner.
	Using logic and critical thinking skills, students produce an accurate set of drawings. 

Scale and proportion are replicated satisfactorily through analysis and observation. 

Creative solutions are used in an average manner.
	Using logic and critical thinking skills, students produce a set of drawings. 

Scale and proportion are replicated with some deficiencies through analysis and observation. 

Creative solutions are not used effectively.
	Using minimal logic and critical thinking skills, students produce a set of drawings. 

Scale and proportion are not replicated well. 

Creative solutions are not used.


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

Sample Pathway Occupations: Architectural and Structural Engineering 

	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)

	· Junior Drafter 

· CAD Technician

· Construction Apprentice

· Engineering Aide

· Drafting Apprentice
	· Drafter/Designer

· Plan Checker

· Engineering Technician

· Surveyor

· Estimator
	· Architect*

· Industrial Designer*

· Civil Engineer*

· Structural Engineer*

· Instructor*


Computer Hardware, Electrical, and Network Engineering

Sample sequence of courses in the Computer Hardware, Electrical, and Network Engineering pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	•
Tech Core

•
Electricity/
Electronics

•
Computer Fundamentals

•
Exploring Technology
	•
Computer Systems Design/
Maintenance

•
Electrical Codes and Systems

•
Computer and Communications Networking
	•
Essentials of Information Technology (A+)

•
Electrical/
Electronic Technology

•
Computer Networking and Administration
	•
Physics

•
English Composition 

•
Mathematics-Algebra, Geometry, Trigonometry

•
Orientation to Apprenticeship


Sample of appropriate foundation and pathway standards for the Computer Systems Design/Maintenance course in the Computer Hardware, Electrical, and Network Engineering pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Geometry (grades eight through twelve) 15.0: Students use the Pythagorean theorem to determine distance and find missing lengths of sides of right triangles.

	Communications 2.2 Writing Strategies and Applications (grades eleven and twelve) 1.6: Develop presentations by using clear research questions and creative and critical research strategies (e.g., field studies, oral histories, interviews, experiments, electronic sources).

	Communications 2.4 Listening and Speaking Strategies and Applications (grades nine and ten) 1.7: Use props, visual aids, graphs, and electronic media to enhance the appeal and accuracy of presentations.

	Career Planning and Management 3.3: Develop a career plan that is designed to reflect career interests, pathways, and postsecondary options.

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

	Sample appropriate pathway standards

	B4.0: Students understand computer systems and solve computer-related problems from an engineering perspective.

	B5.0: Students understand the design process and how to solve analysis and design problems.

	B3.0: Students know the fundamentals of the theory, measurement, control, and applications of electrical energy, including alternating and direct currents.


Sample analysis (or “unpacking”) of a standard for the Computer Systems Design/Maintenance course in the Computer Hardware, Electrical, and Network Engineering pathway: 
	Standard
	Computer Hardware, Electrical, and Networking Engineering Pathway B5.0: Students understand the design process and how to solve analysis and design problems.

	Standard subcomponent
	Computer Hardware, Electrical, and Networking Engineering Pathway B5.6: Build a prototype from plans and test it.

	Course level
	Introductory XConcentration Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. The appearance of components

2. Plans and diagrams
	1. Identify all device components.

2. Identify elements of plans/diagrams with 75 percent accuracy.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. How to place components as specified in plans or diagrams.

2. How to assemble a prototype device or system.

3. How to evaluate the performance of a prototype device or system.
	1. Place components with 75 percent accuracy.

2. Perform all assembly steps without error or hesitation.

3. Test a prototype device or system and determine if it meets design criteria.

	Topics/contexts

What must be taught?
	1. Basic knowledge of system components, their symbols, and their characteristics

2. Basic knowledge of fabrication and assembly

3. Knowledge of testing devices or system functions


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Engineering and Design industry sector foundation standards and Computer Hardware, Electrical, and Network Engineering (CHENE) pathway standards:

	Standard #
	Standard

	Foundation: Communications 2.4 Listening and Speaking Strategies and Applications (grades nine and ten) 1.7:
	Use props, visual aids, graphs, and electronic media to enhance the appeal and accuracy of presentations.

	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.

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

	Pathway: CHENE B5.6:
	Build a prototype from plans and test it.


Assignment: You will participate with a four-member prototype development and assembly team. Your team will brainstorm and develop a plan to assemble and evaluate an experimental electronic or computer-operated device, network, or system. Each of you will participate in identifying and correctly placing components in the assembly or system. Checks will be made by your teams to assure that the plans are being followed, or that modifications are made when necessary in order to produce a working product [CHENE B5.6].

Upon completion, the device or system will be tested to pre-formulated performance standards to determine if it functions as designed. Additionally, your team will produce a presentation that will include computer generated graphics in at least 12 slides that will be given in front of your classmates to demonstrate that the conditions of the assignment were met [2.4 Listening and Speaking Strategies and Applications 1.7; Leadership and Teamwork 9.3].
The completed project and presentation will give evidence that each team member will have the ability to: 

•
Identify components.

•
Fabricate assemblies or subassemblies.

•
Analyze information.

•
Find solutions to problems.

•
Evaluate the performance of a prototype and redesign, when necessary, on the basis of collected data.

[CHENE B5.6; Leadership and Teamwork 9.3]

Performance task rubric: Your grade will be based on the following rubric. Individual teachers will determine the appropriate point and weight values for each level.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	CHENE B5.6: Students understand the design process and how to solve analysis and design problems.
	The item is fabricated in a manner that meets industry standards for quality. 

Collected and interpreted data verify that it works as designed.
	The item is fabricated with only minor flaws when compared with industry standards. 

The project meets but does not exceed design criteria, according to collected data.
	Project has three or more minor flaws when compared with industry standards. 

The project failed to meet one or two design criteria, according to collected data.
	Project has one or more major flaws that preclude it from meeting industry standards. 

Data collection is incomplete. 

Project does not function as designed.

	Communications 2.4 Listening and Speaking Strategies and Applications (grades nine and ten) 1.7: Use props, visual aids, graphs, and electronic media to enhance the appeal and accuracy of presentations.
	The team produces and presents computer rendered and visually projected slides. 

The presentation is clear and comprehensive, and involves all team members. 
	The team produces and presents computer rendered and visually projected slides. 

Each member participates in an oral report that explains the project. 
	The team produces and presents a minimal computer rendered and visually projected slides presentation. 

Only some members participate in an oral report that explains the project. 
	The team fails to produce and presents visually projected slides. 

Only some members participate in an oral report that explains the project. 

	Leadership and Teamwork 9.3: Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals.
	The team is observed working cooperatively and effectively. 

All members participate and contribute. 

Effective use is made of the tools of TQM and QI.

Project is completed before the deadline.
	The team is observed working effectively. 

Most members participate and contribute. 

Effective use is made of the tools of TQM and QI.

Project is completed no later than the deadline.
	The team is observed working with a minimum of cooperation. 

Not all members participate and contribute. 

Minimal use is made of the tools of TQM and QI. 

Project is completed later than the deadline.
	The team is observed not working cooperatively. 

Not all members participate and contribute. 

Ineffective or no use is made of the tools of TQM and QI. 

Project is completed late.


Note: Foundation Demonstration/Application 11.0 is included in all the above.

Sample Pathway Occupations: Computer Hardware, Electrical, and Network Engineering 

	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)

	•
Electrician’s Helper

•
Telecommunications/
Security Equipment Installer

•
Computer Equipment Installer

•
Computer Repairer

•
Apprentice Electrician
	•
Electrician*

•
Telecommunications Technician

•
Computer Networking Technician*

•
Computer Technician*

•
Journeyman Electrician
	•
Electrical Engineer*

•
Telecommunications Engineer

•
Computer Engineer

•
Network Administrator

•
Instructor*


Engineering Design

Sample sequences of courses in the Engineering Design pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Intro to Drafting

· Intro to CAD

· Principles of Technology 

· Exploring Technology
	· Design Drafting

· Mechanical Drawing

· Architectural Design

· Engineering Technology
	· Computer-Aided Design (CAD)

· Advanced Architectural Design

· Engineering Design

· Electrical/
Mechanical Technology
	· Physics

· English Composition/Writing

· Mathematics-Algebra Geometry

· Trigonometry

· Calculus

· Metal/Materials Analysis


Sample of appropriate foundation and pathway standards for the Engineering Design course in the Engineering Design pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Geometry (grades eight through twelve) 15.1: Students use the Pythagorean theorem to determine distance and find missing lengths of sides of right triangles.

	Communications 2.3 Written and Oral English Language Conventions (grades eleven and twelve) 1.2: Produce legible work that shows accurate spelling and correct punctuation and capitalization.

	Career Planning and Management 3.3: Develop a career plan that is designed to reflect career interests, pathways, and postsecondary options.

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

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

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

	Sample appropriate pathway standards

	C2.0: Students understand the effective use of engineering design equipment. 

	C4.0: Students use proper projection techniques to develop orthographic drawings.

	C7.0: Students understand the sketching process used in concept development.


Sample analysis (or “unpacking”) of a standard for the Engineering Design course in the Engineering Design pathway:
	Standard
	Engineering Design Pathway C4.0: Students use proper projection techniques to develop orthographic drawings.

	Standard sub-component
	Engineering Design Pathway C4.2: Understand the orthographic projection process for developing multiview drawings.

	Course level
	Introductory Concentration XCapstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Drafting equipment

2. View layout

3. Orthographic projection

4. Multi-view drawing
	1. Identify and explain use of all drafting equipment.

2. Describe multi-view layouts. 

3. Define and explain orthographic projection.

4. Define steps used in orthographic projection to develop a multi-view drawing.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. How to correctly lay out drawing

2. How to measure accurately

3. Sketching techniques

4. How to transfer information from one view to another in a multi-view drawing
	1. Lay out drawing with 90 percent accuracy.

2. Use scales to measure with 100 percent accuracy. 

3. Use at least three different sketching techniques.

4. Transfer information from one view to another in a multi-view drawing with 90 percent accuracy.

	Topics/contexts
What must be taught?
	1. Basic knowledge of concepts 1–5 above

2. Basic knowledge of multi-view layouts

3. Accurate measurement and layout techniques


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Engineering and Design industry sector foundation standards and Engineering Design (ED) pathway standards:

	Standard #
	Standard

	Foundation: Communications 2.3 Written and Oral English Language Conventions (grades eleven and twelve) 1.2:
	Produce legible work that shows accurate spelling and correct punctuation and capitalization.

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

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

	Pathway: ED C4.2
	Understand the orthographic projection process for developing multiview drawings.


Assignment: Produce an orthographically projected multiview drawing using a three-dimensional object as a model. Use a scale to measure the object so that you have accurate measurements to lay out your drawing properly. Produce a sketch that shows your measurement and layout before you start on the final drawing [ED C4.2; Problem Solving and Critical Thinking 5.1].

Be certain to draw and letter the title block before you start laying out the actual drawing. 

Please keep in mind that you will be graded on neatness as well as accuracy [Communications 2.3 Written and Oral English Language Conventions 1.2]. Produce a clean and smudge-free drawing making sure that your lines are well defined. Use proper line weights and line types. Use your text as a reference to make sure you are using the correct techniques [ED C4.2].

Performance task rubric: Your grade will be based on the following rubric. Individual teachers will determine the appropriate point values and weights for each level.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	ED C4.2: Understand the orthographic projection process for developing multiview drawings.
	A clean drawing will be produced with three accurately placed views and all points projected in each view. 

All work is done to professional standards. 
	A clean drawing will be produced with three accurately placed views and most points projected in each view. 

Work is done in an average manner.
	A drawing will be produced with three views and most points projected in each view. 

Some errors exist, and the work may not be smudge free.
	A drawing is produced with inconsistencies in the placement of views. 

Points are not projected accurately. 

Information is missing.

	Communications 2.3 Written and Oral English Language Conventions (grades eleven and twelve) 1.2: Produce legible work that shows accurate spelling and correct punctuation and capitalization.
	Students produce legible work that shows accurate spelling and correct punctuation and capitalization. 

All work is done in a professional manner. 
	Students produce legible work that shows accurate spelling and correct punctuation and capitalization. 

All work is done in an average manner.
	Students produce work that shows spelling, punctuation, and capitalization with some errors. 

Work shows less than a desirable level of effort.
	Students produce work that shows spelling, punctuation, and capitalization with many errors and omissions. 

Work shows little or no effort.

	Foundation: Problem Solving and Critical Thinking 5.1:

Apply appropriate problem-solving strategies and critical thinking skills to work-related issues and tasks.
	Using logic and critical thinking skills, students produce a very accurate drawing from the model. 

Scale and proportion are replicated accurately through analysis and observation. 

Creative solutions are used in a professional manner. 
	Using logic and critical thinking skills, students produce an accurate drawing from the model. 

Scale and proportion are replicated satisfactorily with one or two errors. 

Solutions are somewhat creative.
	Using logic and critical thinking skills, students produce a drawing from the model. 

Scale and proportion are replicated with more than two errors. 

Solutions show little thought.
	Students do not produce a drawing from the model, or scale and proportion are not replicated well. 


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

Sample Pathway Occupations: Engineering Design 

	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)

	· Junior Drafter/Trainee

· Construction Apprentice

· Engineering Aide

· CAD Technician

· Design/Drafting Apprentice
	· Drafter/Designer

· Engineering Technician

· CAD/CAM Specialist

· Journeyman Drafter 
	· Architect*

· Industrial Designer*

· Structural Engineer*

· Civil Engineer*

· Instructor*


Engineering Technology

Sample sequence of courses in the Engineering Technology pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Technology Core

· Introduction to Electricity/ Electronics

· Metal Technology

· Introduction to Computers

· Introduction to Drafting/CADD

· Exploring Technology

· Introduction to Engineering Technology
	· Electro-Mechanical Systems

· Digital Logic Design

· Mechatronics/
Robotics
	· Telecommunications

· Electrical/Electronic Technology

· Industrial Engineering Technology
	· Physics

· Chemistry

· English Composition

· Trigonometry

· Orientation to Apprenticeship


Sample of appropriate foundation and pathway standards for the Introduction to Engineering Technology course in the Engineering Technology pathway:
	Sample appropriate foundation standards 

	Academics 1.1 Algebra I (grades eight through twelve) 5.0: Students solve multistep problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step.

	Academics 1.2 Investigation and Experimentation (grades nine through twelve) 1.a: Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.

	Communications 2.2 Writing Strategies and Applications (grades eleven and twelve) 1.6: Develop presentations by using clear research questions and creative and critical research strategies (e.g., field studies, oral histories, interviews, experiments, electronic sources).

	Career Planning and Management 3.3: Develop a career plan that is designed to reflect career interests, pathways, and postsecondary options.

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

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

	Demonstration and Application 11.0: Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals.

	Sample appropriate pathway standards

	D4.0: Students understand how the principles of force, work, rate, power, energy, and resistance relate to mechanical, electrical, fluid, and thermal engineering systems.

	D5.0: Students understand the design process and how to solve analyze and design problems.

	D6.0: Students understand industrial engineering processes, including the use of tools and equipment, methods of measurement, and quality assurance.


Sample analysis (or “unpacking”) of a standard for the Introduction to Engineering Technology course in the Engineering Technology pathway:
	Standard
	Engineering Technology Pathway D4.0: Students understand how the principles of force, work, rate, power, energy, and resistance relate to mechanical, electrical, fluid, and thermal engineering systems.

	Standard subcomponent
	Engineering Technology Pathway D4.4: Know how energy is transferred; know the effects of resistance in mechanical, electrical, fluid, and thermal systems.

	Course level
	XIntroductory Concentration Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Mechanical energy transfer and resistance

2. Thermal energy transfer and resistance

3. Electrical energy transfer and resistance

4. Fluid energy transfer and resistance

5. Energy transfer and resistance in everyday life
	1. Explain and give three examples of mechanical energy transfer and resistance.

2. Explain and give three examples of thermal energy transfer and resistance.

3. Explain and give three examples of electrical energy transfer and resistance.

4. Explain and give three examples of fluid energy transfer and resistance.

5. Explain five ways in which energy transfer and resistance are utilized in machines and systems that affect our everyday life. 

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. How to measure energy movement in the four energy systems

2. How to choose effective conductors and resistors for each energy system
	1. Use system specific instrumentation to measure energy movement with at least 70 percent accuracy.

2. Determine efficiency of conductors and resistors for each energy system to at least 70 percent accuracy.

	Topics/contexts
What must be taught?
	1. Physics of energy transfer for each of the energy systems

2. Measurement of energy movement

3. Choices of effective conductors and resistors


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Engineering and Design industry sector foundation standards and Engineering Technology (ET) pathway standards:

	Standard #
	Standard

	Foundation: Academics 1.1 Algebra I (grades eight through twelve) 5.0:
	Students solve multistep problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step.

	Foundation: Academics 1.2 Investigation and Experimentation (grades nine through twelve) 1.a:
	Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.

	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.

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

	Pathway: ET 4.4:
	Know how energy is transferred; know the effects of resistance in mechanical, electrical, fluid, and thermal systems.


Assignment: This activity will help identify and measure the flow of energy for fluid systems. Work in a team consisting of three other students [ET D4.4; Leadership and Teamwork 9.3]. The activities for each energy system are listed as follows. Be sure to keep clear, legible, and thorough lab notes for each activity, including all mathematical calculations [Academics 1.1 Algebra I 5.0; Academics 1.2 Investigation and Experimentation 1.a].
Using a small computer fan, a paper tube, and a turbine made from a fan blade and toy electric motor, your team will construct an apparatus that will cause a light-emitting diode connected across the motor to illuminate when air (a fluid) is pushed by the fan to spin the wind generator. This activity will demonstrate how energy can be transferred through the movement of a fluid [ET D4.4].

Your group will write a 500-word report describing the process for creating and testing the fluid energy demonstration project, your findings, and your assessment of the accuracy of those findings. Staple raw data from each task above to the back of your report [Academics 1.2 Investigation and Experimentation 1.a; Leadership and Teamwork 9.3].
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

	ET D4.4: Know how energy is transferred; know the effects of resistance in mechanical, electrical, fluid, and thermal systems.
	All student observations are validated by correct interpretations of gathered data. 

Tests on energy transfer are completed with above 90 percent accuracy. 
	Most student observations are validated by correct interpretations of gathered data. 

Tests on energy transfer are completed with 80 percent accuracy. 
	Student observations and interpretations of gathered data are flawed. 

Tests on energy transfer are completed with 70 percent accuracy. 
	Student observations of gathered data are incomplete or incorrect. 

Tests on energy transfer are completed with below 70  percent accuracy.

	Academics 1.1 Algebra 1 (grades eight through twelve) 5.0: Students solve multi-step problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step.
	All calculations in determining the transfer of energy are correct. 

Students derive and make correct use of formulae in every instance. 
	Most calculations in determining the transfer of energy are correct. 

Students derive and make correct use of formulae. 
	Some calculations in determining the transfer of energy have errors. 

Students have some errors in the use of formulae. 
	Many calculations in determining the transfer of energy have errors. 

Students have numerous errors in the use of formulae.

	Academics 1.2 Investigation and Experimentation (grades nine through twelve) 1.a: Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.
	Report accurately and thoroughly describes the process used, and makes good use of recorded lab data to explain findings. 

Report provides in-depth assessment of the accuracy of the findings and extrapolates possible conclusions. 

Raw findings are included. 
	Report accurately describes the process used, and makes good use of recorded lab data to explain findings. 

Report provides basic assessment of the accuracy of the findings. 

Raw findings are included.


	Report describes the process used, and makes some use of recorded lab data to explain findings. 

Report fails to assess accuracy of the findings or includes other omissions. 

Raw findings are included.


	Report is incomplete or raw findings are not included.



	Leadership and Teamwork 9.3 Understand how to organize and structure work individually and in teams for effective performance and the attainment of goals.
	The team is observed working cooperatively and effectively. 

All members participate and contribute. 

Effective use is made of the tools of TQM and QI.

Project is completed before the deadline.
	The team is observed working effectively.

Most members participate and contribute. Effective use is made of the tools of TQM and QI.

Project is completed no later than the deadline.
	The team is observed working with a minimum of cooperation. 

Not all members participate and contribute. 

Minimal use is made of the tools of TQM and QI. 

Project is completed later than the deadline.
	The team is observed not working cooperatively. 

Not all members participate and contribute. 

Ineffective or no use is made of the tools of TQM and QI. 

Project is completed late.


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

Sample Pathway Occupations: Engineering 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)

	· Electronic Mechanic Helper

· Telecommunications/
Security Equipment Installer

· Apprentice Technician

· HVAC Installer
	· Electronic Mechanic/Technician

· Telecommunications Technician

· Industrial Electronics Technician

· Facilities Technician

· Journeyman Engineer
	· Electrical Engineer*

· Telecommunications Engineer

· Facilities Maintenance Engineer

· Industrial Engineer

· Instructor*


Environmental and Natural Science Engineering 
Sample sequence of courses in the Environmental and Natural Science Engineering pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	•
Technology Core

•
Principles of Engineering

•
Introduction to Computers

•
Introduction to Drafting/CADD

•
Exploring Technology

•
Essentials of Environmental Engineering
	•
Computer Technology

•
Hydrology

•
Drafting and Computer Aided Design
	•
Telecommun-ications

•
Electrical/
Electronic Technology

•
Industrial Engineering Technology

•
Environmental Science and Technology
	•
Physics

•
Chemistry

•
Biology

•
Geology

•
English Composition/Writing

•
Trigonometry


Sample of appropriate foundation and pathway standards for the Essentials of Environmental Engineering course in the Environmental and Natural Science Engineering pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Algebra I (grades eight through twelve) 5.0: Students solve multistep problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step.

	Communications 2.2 Writing Strategies and Applications (grades eleven and twelve) 1.6: Develop presentations by using clear research questions and creative and critical research strategies (e.g., field studies, oral histories, interviews, experiments, electronic sources).

	Career Planning and Management 3.3: Develop a career plan that is designed to reflect career interests, pathways, and postsecondary options.

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

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

	Sample appropriate pathway standards

	E2.0: Students study and understand the fundamentals of earth science as they relate to environmental engineering.

	E4.0 Students understand how the principles of force, work, rate, power, energy, and resistance relate to mechanical, electrical, fluid, and thermal engineering systems.

	E5.0 Students understand the design process and how to solve analyze and design problems.

	E7.0 Students understand how computer hardware and software are combined to create systems and process information and data.


Sample analysis (or “unpacking”) of a standard for the Essentials of Environmental Engineering course in the Environmental and Natural Science Engineering pathway:
	Standard
	Environmental and Natural Science Engineering Pathway E2.0: Students study and understand the fundamentals of earth science as they relate to environmental engineering. 

	Standard sub-component
	Environmental and Natural Science Engineering Pathway E2.5: Use global positioning systems equipment and related technology to locate and evaluate soil or geological conditions or features.

	Course level
	XIntroductory Concentration Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Basic global positioning systems (GPS) concepts

2. Equipment storage and operation procedures, maintenance and upkeep procedures

3. Soil and geological sampling concepts
	1. Students will be able to explain the fundamentals of the global positioning systems and how the satellite constellation is arranged to provide the signals necessary for accurate position reports. 

2. Describe how to test, charge, or replace batteries and prepare equipment for proper and accurate operation and explain how to properly store the equipment. 

3. Describe how to record the GPS-obtained location of a soil sample and list three methods of determining the physical and chemical characteristics of that sample. 

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. How to set up global positioning systems

2. How to evaluate soil samples 
	1. Complete a GPS system setup correctly with instructor supervision.

2. Identify and evaluate at least three soil sample characteristics with 80 percent accuracy.

	Topics/contexts
What must be taught?
	1. Basic knowledge of global positioning systems

2. Locating and identifying characteristics of soil and geological samples 


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Engineering and Design foundation standards and Environmental and Natural Science (ENSE) pathway standards:

	Standard #
	Standard

	Foundation: Academics 1.1 Algebra I (grades eight through twelve) 5.0:
	Students solve multi-step problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step.

	Foundation: Communications 2.2 Writing Strategies and Applications (grades eleven and twelve) 1.6:
	Develop presentations by using clear research questions and creative and critical research strategies (e.g., field studies, oral histories, interviews, experiments, electronic sources).

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

	Pathway: ENSE E2.5
	Use global positioning systems equipment and related technology to locate and evaluate soil or geological conditions or features.


Assignment: You will be part of a three-member team. Your team will discuss and prepare a plan to set up a global positioning system (GPS) to locate and evaluate soil or geological conditions or features using the instruction sheet provided. Before you set up the system, you must:


1.
Using research data provided by the instructor, brainstorm at least two procedures that would allow for the use of GPS equipment to determine the location where soil, water, or geological samples are to be taken. Brainstorm two different methods of GPS set up using research data provided by the instructor [ENSE E2.5].


2.
Discuss the GPS system’s advantages and disadvantages using calculations, measurements, and equations provided in the instruction sheet [ENSE E2.5; Academics 1.1 Algebra I 5.0].


3.
Choose a system to set up [ENSE E2.5].


4.
Prepare and deliver a five-minute presentation of a summary of the chosen setup system [Communications 2.2 Writing Strategies and Applications 1.6].

Upon completion, your team will be allowed to set up your global positioning system. 
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

	ENSE E2.5: Use global positioning systems equipment and related technology to locate and evaluate soil or geological conditions or features. 
	Both methods of GPS setup make optimal use of the research data provided. 

All advantages and disadvantages of each system for locating and evaluating soil or geological conditions are clearly evaluated with reference to the relevant calculations and measurements. 

The selected system is perfectly appropriate for the given task.
	The selected GPS setup makes good use of the research data provided. 

The advantages and disadvantages of the system for locating and evaluating soil or geological conditions are clearly evaluated with reference to the relevant calculations and measurements. 

The selected system is appropriate for the given task. 
	The selected GPS setup makes minimal use of the research data provided. 

The advantages and disadvantages of each system for locating and evaluating soil or geological conditions are considered to a limited extent but not analyzed in depth.
	The selected GPS setup does not make use of the research data provided or is inappropriate for the given task.

	Academics 1.1 Algebra 1 (grades eight through twelve) 5.0: Students solve multi-step problems, including word problems, involving linear equations and linear inequalities in one variable and provide justification for each step.
	100 percent of measurements, calculations and solutions are accurate and meet professional standards.
	80 percent of calculations, measurements and solutions are correct.
	70 percent of calculations, measurements and solutions are correct. 
	60 percent or fewer of the calculations, measurements and solutions are correct.

	Communications 2.2 Writing Strategies and Applications (grades eleven and twelve) 1.6: Develop presentations by using clear research questions and creative and critical research strategies (e.g., field studies, oral histories, interviews, experiments, electronic sources).
	The presentation is complete, detailed, and well thought out and is an commensurate with professional standards. 

Students explain the logic behind their selected setup method, with reference to the data and the advantages and disadvantages of both methods considered.
	The presentation is complete and well thought out. 

Students explain the logic behind their selected setup method, with reference to the data and the advantages and disadvantages considered.
	The presentation is incomplete or poorly organized. 

Students explain the logic behind their selected setup method, but may not provide supporting evidence or information.
	The presentation is incomplete and poorly organized.

Students do not explain the logic behind the selected setup method.


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

Sample Pathway Occupations: Environmental and Natural Science Engineering 

	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)

	· Environmental Sampling Assistant

· Hazardous Material Remover

· Environmental Engineering Aide

· Environmental Apprentice
	· Environmental Sampling Technician

· Survey-Mapping Technician

· Environmental Engineering Technician

· Environmental Planner Assistant

· Journeyman Environmental Engineer
	· Survey-Mapping Engineer

· Environmental Engineer *

· Environmental Planner*

· Instructor*


� Employment Development Department, State of California, “Industry Employment Projections 2004–2014,” March 2005. � HYPERLINK "http://www.calmis.ca.gov/file/indproj/Cal$IndProj.xls" ��http://www.calmis.ca.gov/file/indproj/Cal$IndProj.xls�.





