Info-cib-spald-dec06item01
Attachment 2
Page 450 of 489

Transportation Industry Sector

Transportation plays a crucial role in our society; moving people and goods is central to everything America does. The Transportation industry sector continues to have significant growth of approximately 12 percent; this rapid growth will provide employment opportunities for years to come in a vast range of transportation-related occupations. The Transportation industry must continually adapt to changing technology and repair techniques as vehicle components and systems become increasingly sophisticated, including rocket technology, super-capacity jet airplanes, hybrid and hydrogen fuel cell technology automobiles, and diesel trucks that run on “bio-diesel” or other alternative fuels. The industry plays an important part in education through financial and in-kind support of the training and education of the current and future workforce.

The Transportation sector features three career pathways that provide opportunities from entry-level jobs requiring high school diplomas to progressive careers requiring advanced degrees. These pathways emphasize real-world, occupationally relevant experiences of significant scope and depth in Aviation/Aerospace, which includes aircraft maintenance, airport operations, and designing and flying various types of aircrafts; Collision Repair and Refinishing, which includes vehicle painting, repairing, and refinishing; and Vehicle Maintenance, Service, and Repair, which includes light-, medium-, and heavy-duty vehicle maintenance, service, and repairs. 

Transportation Industry Sector Pathways:

•
Aviation and Aerospace Transportation Services 

•
Collision Repair and Refinishing 

•
Vehicle Maintenance, Service, and Repair

Aviation and Aerospace Transportation Services

Sample course sequences in the Aviation and Aerospace Transportation Services pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Small Engines

· Exploring Technology

· Technology Core

· Basic Automotive
	· Electronics

· Auto 1
	· Avionics

· Radio Communications

· Aviation Aircraft Engines
	· Digital Electronics

· Algebra

· English Composition/Writing

· Chemistry

· Computer Technology


Sample of appropriate foundation and pathway standards for the Avionics course in the Aviation and Aerospace Transportation Services pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Mathematical Reasoning (grade seven) 2.8: Make precise calculations and check the validity of the results from the context of the problem.

	Academics 1.2 Physics (grades nine through twelve) 5.b: Students know how to solve problems involving Ohm’s law.

	Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.6: Write technical documents (e.g., a manual on rules of behavior for conflict resolution, procedures for conducting a meeting, minutes of a meeting):

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, and misunderstandings.

	Communications 2.3 Written and Oral English Language Conventions (grades nine and ten) 1.4: Produce legible work that shows accurate spelling and correct use of the conventions of punctuation and capitalization. 

	Technology 4.4: Understand the role and function of tools, equipment, and machines in the latest technology.

	Health and Safety 6.1: Know the policies, procedures, and regulations regarding health and safety in the workplace, including employers’ and employees’ responsibilities.

	Health and Safety 6.5: Use tools and machines safely and appropriately.

	Leadership and Teamwork 9.2: Understand the ways in which preprofessional associations, such as SkillsUSA, and competitive career development activities enhance academic skills, promote career choices, and contribute to employability.

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

	Sample appropriate pathway standards

	A1.0: Students understand the value and necessity of practicing personal and occupational safety and the environmental effects of collision repair and refinishing practices. 

	A2.0: Students understand the safe and appropriate use of tools and equipment common to the aviation and aerospace industries.

	A3.0: Students understand and apply measurement systems and the mathematical functions necessary to perform required maintenance and operation procedures.

	A3.1: Understand industry-standard measurement scales, devices, and systems used to perform design, fabrication, diagnostic, maintenance, and repair procedures.


Sample analysis (or “unpacking”) of a standard for the Avionics course in the Aviation and Aerospace Transportation Services pathway:

	Standard
	Aviation and Aerospace Transportation Services Pathway A3.0: Students understand and apply measurement systems and the mathematical functions necessary to perform required maintenance and operation procedures. 

	Standard subcomponent
	Aviation and Aerospace Transportation Services Pathway A3.1: Understand industry-standard measurement scales, devices, and systems used to perform design, fabrication, diagnostic, maintenance, and operation procedures.

	Course level
	Introductory Concentration XCapstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. How to select technology needed to perform task(s)

2. How to acquire and evaluate information

3. How to participate as a member of a team

4. How to interpret and communicate information

5. Shock hazards when servicing power supplies in electronic equipment
	1. Choose proper tools and equipment for a given task.

2. Give two examples of how to acquire and evaluate information from FAA regulations.

3. Give two objectives of the importance of participation as team member.

4. Give two examples of the importance of being able to interpret and communicate information from FAA regulations (written and/or oral).

5. Accurately explain the source, avoidance, and treatment of shock hazards when servicing power supplies in electronic equipment.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. Determine the relationship of voltage, current, and resistance in electrical circuits.

2. Read and interpret aircraft electrical circuit diagrams.

3. Inspect and service batteries.
	1. Use volt/ohm meter to measure voltage, current, and resistance in electrical circuits and explain the relationship between them. 

2. Accurately read and interpret complex aircraft electrical circuit diagrams to diagnose problem(s).

3. Accurately, correctly, and safely inspect and service batteries using all applicable safety procedures and equipment.

	Topics/contexts
What must be taught?
	1. Electrical theory

2. Basic electricity

3. Electronic components

4. Proper and safe use of tools and equipment.


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Transportation industry sector foundation standards and Aviation and Aerospace Transportation Services (AATS) pathway standards:

	Standard #
	Standard

	Foundation: Academics 1.1 Mathematical Reasoning (grade seven) 2.8:
	Make precise calculations and check the validity of the results from the context of the problem.

	Foundation: Academics 1.2 Physics (grades nine through twelve) 5.b:
	Students know how to solve problems involving Ohm’s law.

	Foundation: Communications 2.3 Written and Oral English Language Conventions (grades nine and ten) 1.4:
	Produce legible work that shows accurate spelling and correct use of the conventions of punctuation and capitalization. 

	Foundation: Health and Safety 6.5:
	Use tools and machines safely and appropriately.

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

	Pathway: AATS A3.1:
	Understand industry-standard measurement scales, devices, and systems used to perform design, fabrication, diagnostic, maintenance, and repair procedures.


Assignment: In this assignment, you will learn to perform basic electrical procedures consistent with safety standards [Health and Safety 6.5]. In teams [Leadership and Teamwork 9.3]:


1.
Calculate and measure capacitance and inductance [Academics 1.1 Mathematical Reasoning 2.8; AATS A3.1].


2.
Calculate and measure electrical power [Academics 1.1 Mathematical Reasoning 2.8; AATS A3.1].


3.
Measure voltage, current, resistance, and continuity [Academics 1.2 Physics 5.b; AATS A3.1].


4.
Determine the relationship of voltage, current, and resistance in electrical circuits [Academics 1.2 Physics 5.b].


5.
Read and interpret aircraft electrical circuit diagrams, including solid-state devices and logic functions [AATS A3.1].


6.
Write a report in which you explain your procedure and results, including a discussion of how this relates to Ohm’s law, and discuss the safety measures you observed [Academics 1.2 Physics 5.b; Communications 2.3 Written and Oral English Language Conventions (grades nine and ten) 1.4; Health and Safety 6.5].

Performance Task Rubric: Your grade will be determined by the following rubric.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	AATS A3.1: Understand industry-standard measurement scales, devices, and systems used to perform design, fabrication, diagnostic, maintenance, and repair procedures.
(50 points)
	Student properly selects and uses correct tools and measuring devices and scales in accordance with FAA and manufacturer regulations. 

Written report demonstrates complete understanding of purpose, operation, and function of all tools used in the assignment.
(50 points)
	Student properly uses correct tools and measuring devices in accordance with FAA and manufacturer regulations. 

Written report demonstrates general understanding of the purpose, operation, and function of all or nearly all tools used in the assignment.
(40 points)
	Student uses tools and measuring devices with assistance in selection and operation. 

Written report demonstrates limited understanding of purpose, operation, and function of the tools used in the assignment.
(30 points)
	Student is unable to use tools and measuring devices in accordance with FAA and manufacturer regulations. 

Written report indicates no understanding of purpose, operation, and function of tools used in the assignment.
(20 points)

	Academics 1.1 Mathematical Reasoning (grade seven) 2.8: Make precise calculations and check the validity of the results from the context of the problem.
(10 points)
	Student correctly and accurately measures voltage, current resistance, and conductivity in first attempt.
(10 points)
	Student correctly and accurately measures voltage, current resistance, and conductivity in two attempts.
(8 points)
	Student correctly and accurately measures voltage, current resistance, and conductivity with some assistance.
(7 points)
	Student correctly and accurately measures voltage, current resistance, and conductivity under direct supervision and with substantial assistance.
(6 points)

	Academics 1.2 Physics (grades nine through twelve) 5.b: Students know how to solve problems involving Ohm’s law.
(10 points)
	Student accurately determines unknown variable in voltage triangle using Ohm’s law and compares and evaluates calculated results to actual measurements.
(10 points) 
	Student accurately determines unknown variable in voltage triangle using Ohm’s law or compares and evaluates calculated results to actual measurements.
(8 points)
	Student accurately determines unknown variable in voltage triangle using Ohm’s law or compares and evaluates calculated results to actual measurements with limited assistance.
(7 points)
	Student is unable to calculate and/or accurately identify and measure variables or requires extensive assistance or direct supervision.
(6 points) 

	Communications 2.3 Written and Oral English Language Conventions (grades nine and ten) 1.4: Produce legible work that shows accurate spelling and correct use of the conventions of punctuation and capitalization. 
(10 points)
	Written report is clearly-phrased, technically correct, and contains no errors. 

Written report completely, accurately, and thoroughly covers procedure, results, Ohm’s law, and safety measures.
(10 points) 
	Written report is clearly-phrased, technically correct, and contains no more than four errors. 

Written report accurately and completely covers procedure, results, Ohm’s law, and safety measures.
(8 points) 
	Written report contains no more than eight errors, but may be somewhat confusing. 

Written report lists procedure, results, Ohm’s law, and safety measures, but does not accurately discuss them in detail. 
(7 points)
	Written report contains more than eight errors and/or is unclear or unreadable. 

Written report contains substantial omissions of procedure, results, Ohm’s law, or safety measures. 
(6 points)

	Health & Safety 6.5: Use tools and machines safely and appropriately.
(20 points)
	Student follows all safety regulations without reminders or prompting during measurement portion of task.

Student correctly describes and discusses each safety regulation in written report.
(20 points)
	Student follows all safety regulations during measurement portion of task, but may require limited reminders or prompting.

Student correctly describes and discusses all or nearly all safety regulations in written report.
(15 points)
	Student follows all or nearly all safety regulations, but requires significant reminders or prompting during measurement portion of task.

Student describes most safety regulations in written report. 
(10 points)
	Student does not follow most safety regulations despite reminders or prompting during measurement portion of task.

Written report contains significant errors and omissions in discussion of safety regulations. 
(5 points)


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

Sample pathway occupations: Aviation and Aerospace Transportation Services

	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)

	· Ground Support Crew

· Mechanic’s Assistant

· Flight Attendant

· Porter

· Apprentice/Intern

· Aircraft Detailer
	· Military Ground Crew

· Airframe and Power Plant Technician*

· Maintenance Worker*

· Ramp Service Worker*

· Dispatcher
	· Engineer

· Astronaut*

· Instructor*

· Pilot*


Collision Repair and Refinishing

Sample course sequences for Collision Repair and Refinishing pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Introduction to Automotive Technology

· Small Engines
	· Basic Collision Repair

· Basic Auto Refinishing

· Automotive Construction

· Steering and Suspension

· Auto 1
	· Advanced Collision Repair Technology

· Advanced Auto Refinishing
	· Electronics

· English Composition

· Chemistry

· Welding

· Algebra

· Computer Technology

· Physics


Sample of appropriate foundation and pathway standards for the Advanced Auto Refinishing course in the Collision Repair and Refinishing pathway:

	Sample appropriate foundation standards 

	Academics 1.1 Mathematical Reasoning (grade seven) 2.8: Make precise calculations and check the validity of the results from the context of the problem.

	Communications 2.2 Writing Strategies and Applications (grades nine and ten) 2.6: Write technical documents (e.g., a manual on rules of behavior for conflict resolution, procedures for conducting a meeting, minutes of a meeting):

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, and misunderstandings.

	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.

	Technology 4.4: Understand the role and function of tools, equipment, and machines in the latest technology. 

	Health and Safety 6.1: Know the policies, procedures, and regulations regarding health and safety in the workplace, including employers’ and employees’ responsibilities.

	Leadership and Teamwork 9.2: Understand the ways in which preprofessional associations, such as SkillsUSA, and competitive career development activities enhance academic skills, promote career choices and contribute to employability.

	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: Understand how to acquire, store and use materials and to allocate space efficiently. 

	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 value and necessity of practicing personal and occupational safety and the environmental effects of collision repair and refinishing practices.

	B9.0: Students understand the concepts, principles, and practices of painting and refinishing.


Sample analysis (or “unpacking”) of a standard for the Advanced Auto Refinishing course in the Collision Repair and Refinishing pathway:

	Standard
	Collision Repair and Refinishing Pathway B9.0: Students understand the concepts, principles, and practices of painting and refinishing 

	Standard subcomponent
	Collision Repair and Refinishing Pathway B9.4: Know how to mix, match, and apply paint.

	Course level
	Introductory Concentration XCapstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Understand different spray equipment.

2. Know how to match colors.

3. Understand spray equipment parts and their functions.
	1. Cite two different types of spray equipment and explain the selection, operation, maintenance, and use of each.

2. Explain the color wheel and its use.

3. Name the parts of a spray gun and explain the function of each.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. How to retrieve a paint formula from a computer system

2. How to mix color from a paint formula

3. How to apply color to a vehicle
	1. Retrieve color formulas from different computer systems.

2. Accurately mix a given volume of paint color using proper measurements.

3. Apply color to vehicle properly.

	Topics/contexts

What must be taught?
	1. Knowledge of paintings systems and parts, including their functions

2. Precise measuring

3. Use of computers to retrieve formulas

4. Application of color to a vehicle

5. Proper and safe use of tools and equipment


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Transportation industry sector foundation standards and Collision Repair and Refinishing (CRR) pathway standards:

	Standard #
	Standard

	Foundation: 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. 

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

	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: Technology 4.4 
	Understand the role and function of tools, equipment, and machines in the latest technology.

	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: CRR B9.4 
	Know how to mix, match, and apply paint.


Assignment: A vehicle has been brought to have a panel painted. In teams [Leadership and Teamwork 9.3]:


1.
Write a repair order for vehicle [Communications 2.2 Writing Strategies and Applications 2.6].


2.
Find a color formula on a computer and print it out [Technology 4.4; CRR B9.4]. 


3.
Measure, mix, and apply auto refinish to manufacturer’s specifications [Technology 4.4; CRR B9.4].


4.
Write a short report (500 words minimum) explaining how to match color using color wheel. Include definitions of hue, value, and chroma [Communications 2.2 Writing Strategies and Applications 2.6; CRR B9.4].


5.
Prepare and present an oral report, 3–5 min. in length, including the following information [Communications 2.4 Listening and Speaking Strategies and Applications 2.4]:
a. Mixing and matching paints [CRR B9.4]. 

b. Applying automotive paints [CRR B9.4].

c. Different types of painting equipment and functions [CRR B9.4].

Performance task rubric: Your grade will be determined by the following rubric.

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	CRR B9.4: Know how to mix, match, and apply paint.
(50 points)
	Student independently and properly matches paint, mixes a sufficient quantity of the correct tint, and applies auto refinish according to manufacturer’s specifications and industry manuals without errors.
(70 points)
	Student independently and properly mixes, matches within .1 gram and applies auto refinish to manufacturer’s specifications.
(60 points)
	With limited supervision, student properly mixes, matches, and applies auto refinish to manufacturer’s specifications within .2 grams.
(50 points)
	Student does not properly mix, match, or apply auto refinish or requires direct supervision or substantial assistance to do so. Student is unable to correctly measure color formula in two attempts. 
(45 points)


	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. 

d. Anticipate reader’s problems, mistakes, and misunderstand-ings.
(10 points)
	Work order is neat, detailed, clear, precise, and complete. 

Written report shows thorough understanding of color matching, color wheel, and the process of obtaining a color match. 

Written report includes accurate, complete definitions of hue, value, and chroma that demonstrate complete understanding of the concepts.
(10 points) 
	Work order is neat, clear, and complete. 

Written report shows understanding of color matching, color wheel, and the process of obtaining a color match. 

Written report includes accurate and complete definitions of hue, value, and chroma that demonstrate solid understanding of the concepts.
(8 points) 
	Work order may lack neatness, clarity, detail, or precision. 

Written report shows limited understanding of color matching, color wheel, and the process of obtaining a color match. 

Written report includes basic definitions of hue, value, and chroma that demonstrate limited understanding of the concepts.
(6 points)
	Work order lacks neatness, clarity, detail, and precision. 

Written report is unreadable, not present, or shows almost no understanding of color matching, color wheel, and the process of obtaining a color match. 

Written report either does not include definitions or includes inaccurate definitions. 
(4 points)

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

a. Include a well-defined thesis.

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. 
(10 points)
	Oral report is clear, to the point, within time limit, and well-structured. 

Student is able to accurately explain in oral report all aspects of mixing, matching, and applying paint. 

Student discusses applying paint using different types of refinishing equipment. 
(10 points)
	Oral report is clear, to the point, and within time limit. 

Student explains in oral report all aspects of mixing, matching, and applying paint.
(8 points)
	Oral report is clear, but may go over or under time restrictions or occasionally depart from topic. 

Student explains in oral report some aspects of mixing, matching, and applying paints.
(7 points)
	Student is unable to clearly deliver an oral report to class.
(6 points)

	Technology 4.4: Understand the role and function of tools, equipment, and machines in the latest technology.
(10 points)
	During mixing, measuring, and application of paint, student demonstrates thorough understanding of role and function of tools used. 

Student explains in an oral report the parts of all refinishing equipment and the uses of the equipment in the automotive field.
(10 points)
	During mixing, measuring, and application of paint, student demonstrates understanding of role and function of tools used. 

In oral report, student explains the parts of most refinishing equipment and the uses of the equipment in the automotive field.
(8 points)
	During mixing, measuring, and application of paint, student demonstrates limited understanding of role and function of tools used. 

Student explains in an oral report the parts or the uses of most refinishing equipment.
(7 points)
	During mixing, measuring, and application of paint, student demonstrates no understanding of role and function of tools used. 

Student is unable to explain in an oral report parts and uses of refinishing equipment.
(6 points)

	Health and Safety 6.5: Use tools and machines safely and appropriately.
(10 points)
	Student follows all safety regulations without reminders or prompting.
(10 points)
	Student follows all safety regulations but may require limited reminders or prompting.
(8 points)
	Student follows all or nearly all safety regulations but requires significant reminders or prompting. 
(6 points)
	Student does not follow most safety regulations despite reminders or prompting. 
(4 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.
(10 points)
	Teacher observes student taking leadership in organizing the group and coaching students on their assignments. 
(10 points)
	Teacher observes student dividing assignments evenly amongst the team members and structuring individual work effectively. 
(8 points)
	Teacher observes student delegating assignments to other students and inadequately structuring individual work. 
(6 points)
	Teacher observes student not engaging in group or individual work. 
(0 points)


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

Sample pathway occupations: Collision Repair and Refinishing
	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)

	· Collision Repair Intern or Apprentice

· Refinisher Helper

· Auto Detailer
	· Collision Repair Technician*

· Collision Repair Shop Owner

· Auto Refinish Technician*

· Auto Glass Installer*

· Assistant Manager
	· Insurance Claims Adjuster

· Collision Shop Manager

· Instructor*

· Paint Manufacturer Representative


Vehicle Maintenance, Service, and Repair
Sample course sequence in the Vehicle Maintenance, Service, and Repair pathway:

	CTE Introductory Courses
	CTE Concentration Courses
	CTE Capstone Courses
	
Related Courses

	· Introduction to Automotive Repair

· Small Engines

· Technology Core

· Exploring Technology
	· Brakes

· Electrical Systems and Electronics

· Steering and Suspension

· Outdoor Power Equipment

· Auto Fundamentals
	· Advanced Automotive

· Engine Performance/ Smog 

· Motorcycle 

· Diesel
	· Electronics

· Precision Machining

· Welding

· Algebra

· English Composition/
Writing


Sample of appropriate foundation and pathway standards for the Brakes course in the Vehicle Maintenance, Service, and Repair pathway:

	Sample appropriate foundation standards

	Academics 1.1 Mathematical Reasoning (grade seven) 2.8: Make precise calculations and check the validity of the results from the context of the problem.

	Academics 1.2 Investigation and Experimentation (grades nine through twelve) 1.l: Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

	Communications 2.2 Writing 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. 

d. Anticipate readers’ problems, mistakes, and misunderstandings.

	Career Planning and Management 3.6: Know important strategies for self-promotion in the hiring process, such as job applications, resume writing, interviewing skills, and preparation of a portfolio. 

	Technology 4.4: Understand the role and function of tools, equipment, and machines in the latest technology.

	Health and Safety 6.1: Know the policies, procedures, and regulations regarding health and safety in the workplace, including employers’ and employees’ responsibilities.

	Health and Safety 6.5: Use tools and machines safely and appropriately.

	Leadership and Teamwork 9.2: Understand the ways in which preprofessional associations, such as SkillsUSA, and competitive career development activities enhance academic skills, promote career choices, and contribute to employability.

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

	Sample appropriate pathway standards

	C1.0: Students understand the value and necessity of practicing personal and occupational safety and protecting the environment by using materials and processes in accordance with manufacturer and industry standards.

	C3.0: Students understand scientific principles in relation to chemical, mechanical, and physical functions for various engine and vehicle systems.

	C4.0: Students perform and document maintenance procedures in accordance with the recommendations of the manufacturer.

	C6.0: Students understand the application, operation, maintenance, and diagnosis of engines, including but not limited to two- and four-stroke and supporting subsystems.

	C7.0: Students understand the function, principles, and operation of electrical and electronic systems using manufacturer and industry standards.

	C8.0: Students understand the function and principles of automotive drivetrain, steering and suspension, brake, and tire and wheel components and systems in accordance with portable national industry standards, such as the National Automotive Technicians Education Foundation.


Sample analysis (or “unpacking”) of a standard for the Brakes course in the Vehicle Maintenance, Service, and Repair pathway: 

	Standard
	Vehicle Maintenance, Service, and Repair Pathway C8.0: Students understand the function and principles of automotive drivetrain, steering and suspension, brake, and tire and wheel components and systems in accordance with portable national industry standards, such as the National Automotive Technicians Education Foundation.

	Standard subcomponent
	Vehicle Maintenance, Service, and Repair Pathway C8.2: Diagnose, service, and repair disc brakes, drum brakes, antilock brakes, and other brake systems as developed.

	Course level
	Introductory XConcentration Capstone

	
	Concepts
	Benchmark

	What do students need to know? At what level?
	1. Identify brake systems.

2. Use technical manuals to determine minimum and maximum tolerances and wheel lug nut torque specifications.

3. Use troubleshooting guides and charts.
	1. Give basic definition of brake systems.

2. Give two examples of tolerances and wheel lug nut torque specifications from technical manuals. Discuss torque wrench and impact wrench.

3. Describe two different types of troubleshooting guides and charts and accurately diagnose problems using a sample troubleshooting guide or chart.

	
	Skills
	Benchmark

	What should students be able to do? At what level?
	1. Measure brake rotor tolerances using micrometers.

2. Identify brake components.

3. Properly torque wheel lug nuts.
	1. Use micrometer to measure brake rotor tolerances and determine if rotor meets minimum/maximum specifications.

2. Identify components used in disc brakes and in drum brakes.

3. Torque all wheel lug nuts to manufacturer specifications.

	Topics/contexts

What must be taught?
	1. Basics of brake system operation

2. Precision measurement tools, techniques, and skills

3. Documentation (in writing) of all work performed

4. Reading and interpretation of technical manuals and other technical information

5. Proper and safe use of tools and equipment required for performing tasks


Sample performance task based on the skills and concepts:

Standards: This sample performance task targets the following Transportation industry sector foundation standards and Vehicle Maintenance, Service, and Repair (VMSR) pathway standards:

	Standard #
	Standard

	Foundation: Academics 1.2 Investigation and Experimentation (grades nine through twelve) 1.1:
	Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

	Foundation: 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. 

d. Anticipate readers’ problems, mistakes, and misunderstandings.

	Foundation: Health and Safety 6.5
	Use tools and machines safely and appropriately.

	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 in the foundation and pathway standards.

	Pathway: VMSR C8.2
	Diagnose, service, and repair disc brakes, drum brakes, antilock brakes, and other brake systems as developed.


Assignment: A vehicle has been brought in for a brake problem. 


1.
Working in teams [Leadership and Teamwork 9.3]:


a.
Write a repair order [Communications 2.2 Writing Strategies and Applications 2.6; Demonstration and Application 11.0].


b.
Verify the customer’s complaint [VMSR C8.2].


c.
 Raise the vehicle using required safety equipment and procedures [Health and Safety 6.5; Demonstration and Application 11.0; VMSR C8.2].


d.
Properly remove the wheels and inspect the brake components [Demonstration and Application 11.0; VMSR C8.2].


e.
 Inspect and diagnose the brake system problem and/or need for repairs [Academics 1.2 Investigation and Experimentation 1.1; VMSR C8.2]. 


f.
Use micrometer to measure brake components for minimum/maximum manufacturer tolerances [Demonstration and Application 11.0; VMSR C8.2].


g.
Reinstall brake components [Demonstration and Application 11.0; VMSR C8.2].


2.
Write a short report (500-word minimum) in which you explain: 


a.
Various brake systems and how they operate [Communications 2.2 Writing Strategies and Applications 2.6; VMSR C8.2].


b.
Safety procedures used in performing a brake inspection and/or repair [Communications 2.2 Writing Strategies and Applications 2.6; Health and Safety 6.5, VMSR C8.2].


c.
Why it is important to measure brake components to specific tolerances [Communications 2.2 Writing Strategies and Applications 2.6, VMSR C8.2].


d.
Importance of following manufacturer recommendations [Communications 2.2 Writing Strategies and Applications 2.6, VMSR C8.2].

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

	Standard
	Advanced
	Proficient
	Basic
	Unacceptable

	VMSR C8.2: Diagnose, service, and repair disc brakes, drum brakes, antilock brake, and other brake systems as developed.
(60 points)
	Student properly diagnoses and repairs brake system according to manufacturer guidelines and specifications within manufacturer specified time limits. 

Student identifies minimum and maximum tolerances and accurately measures parallelism and thickness to manufacturer specifications. 
(60 points)
	Student properly diagnoses and repairs brake system according to manufacturer guidelines and specifications but may take additional time. 

Student identifies minimum and maximum tolerances and accurately measure minimum thickness to manufacturer specifications.
(50 points)
	Student properly diagnoses and repairs brake systems according to manufacturer guidelines with limited assistance. 

Student identifies some tolerances and measure minimum thickness.
(40 points)
	Student’s work is not performed to manufacturer specifications or acceptable brake system operation.

Student is unable to measure components or use micrometer correctly. 
(30 points) 

	Academics 1.2 Investigation and Experimentation (grades nine through twelve) 1.1: Analyze situations and solve problems that require combining and applying concepts from more than one area of science.
(10 points)
	Student quickly and accurately diagnoses brake systems. Student thoroughly, thoughtfully, and accurately determines causes of wear and/or malfunction based on information obtained in brake inspection and prior knowledge.
(10 points)
	Student accurately diagnoses brake systems. Student accurately determines causes of wear and/or malfunction based on information obtained in brake inspection and prior knowledge.
(8 points)
	Student diagnoses brake systems with limited assistance. With limited assistance, student determines causes of wear and/or malfunction based on information obtained in brake inspection and prior knowledge.
(6 points)
	Student is unable to diagnose brake system problem or determine cause of wear.
(4 points)

	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. 

d. Anticipate reader’s problems, mistakes, and misunder-standings.
(10 points)
	Repair order includes all customer information, lists all requested repairs, and contains correct calculations with no items missing. 

Written report is accurate, complete, and demonstrates thorough understanding of types of brake systems, how they operate, safety procedures, importance of brake tolerances, and importance of manufacturer recommenda-tions. 
(10 points)
	Repair order includes customer information, lists requested repairs, and contains correct calculations, but may include up to two errors or omissions. 

Written report is accurate, complete, and demonstrates solid understanding of types of brake systems, how they operate, safety procedures, importance of brake tolerances, and importance of manufacturer recommenda-tions.
 (8 points)
	Repair order includes customer information, lists requested repairs, and contains correct calculations, but may include up to three errors or omissions. 

Written report is mostly accurate and complete, and demonstrates understanding of types of brake systems, how they operate, safety procedures, importance of brake tolerances, and importance of manufacturer recommenda-tions. 
(7 points)
	Repair order includes customer information, lists requested repairs, and contains correct calculations, but may include up to four errors or omissions. 

Written report is inaccurate, incomplete, or indicates limited to no understanding of types of brake systems, how they operate, safety procedures, importance of brake tolerances, or importance of manufacturer recommenda-tions.
(6 points)

	Health & Safety 6.5: Use tools and machines safely and appropriately.
(10 points)
	Student follows all safety regulations without reminders or prompting.
(10 points)
	Student follows all safety regulations, but may require limited reminders or prompting.
(8 points)
	Student follows all or nearly all safety regulations, but requires significant reminders or prompting. 
(6 points)
	Student does not follow most safety regulations despite reminders or prompting. 
(4 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.
(10 points)
	Teacher observes student taking leadership in organizing the group and coaching students on their assignments. 
(10 points)
	Teacher observes student dividing assignments evenly amongst the team members and structuring individual work effectively. 
(8 points)
	Teacher observes student delegating assignments to other students and inadequately structuring individual work. 
(6 points)
	Teacher observes student not engaging in group or individual work. 
(0 points)


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

Sample pathway occupations: Vehicle Maintenance, Service, and Repair
	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)

	· Porter/Lot Person

· Lube Technician

· After Market Sales Rep

· Vehicle Maintenance Intern or Apprentice

· Parts & Service Counter Person

· Sales Person

· Vehicle Maintenance Technician
	· Line Technician

· Service Writer

· Motor Carrier

· Technical Writer

· Smog Technician*

· Driver

· Inspector
	· Fleet Manager or Director

· Shop Foreman

· Parts & Service Manager

· Instructor*

· Manufacturer’s Representative


