he Engineering and Design industry sector provides a strong founda-
tion in engineering and design for students in California. The students
are engaged in an instructional program thar integrates academic and

technical preparation and focuses on career awareness, career exploration, and
career preparation in five pathways. To prepare students for the vast scope of
job opportunities in this field, middle schools, high schools, regional occupa-
tional centers and programs, apprenticeship programs, community colleges, and
four-year colleges and universities provide education and training in engineer-
ing-related occupations. The demand for engineers in a variety of specializations
throughout the state and the nation will 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
engincering and design programs offer the following components: classroom,
laboratory, and hands-on contextual learning; project- and work-based instruc-
tion; internships, commuaity 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 Networking Engineering
* Engineering Design '

*  Engineering Technology

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

Introductory * Physics

= Technology Core + Chemistry

« Introduction to Electricity/ Electronics * English Composition

* Metal Technology * Trigonometry

+ Introduction to Computers » Orientation to Apprenticeship

« Introduction to Drafting/ CADD
« Exploring Technology
* Intreduction to Engineering Technology

Concentration

» Electro-Mechanical Systems
+ Digital Logic Design

« Machatronics/Robotics

Capstone

* Telecommunications

* Electrical/Electronic Technology
» Industrial Engineering Technology

Sample of appropriate foundation and pathway standards for the Introduction to Engineer-
ing Technology course in the Engineering Technology pathway:
Foundation Academics 1.1 Algebra I (grades eight through twelve) 5.0 Stuaents solve multistep

standards problems, including word problems, involving linear equations and linear inequalities
in one variable and provide justification for each step.

Academics 1.2 [nvestigation and Experimentation (grades aine through twelve) 1.a:
Select and use appropriate tools and technology (such as computer-linked probes,
spreadsheets, and graphing calculators) to perform tests, collect dara, analyze relation-

ships, 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
rescarch strategies (e.g., field studies, oral histories, interviews, experiments, elecrronic

SOUICES).

Career Planning and Management 3.3: Develop a career plan that is designed ro
reflecr career interests, pathways, and postsecondary oprions.

Technology 4.1: Understand past, present, and furure technological advances as they
relare ro a chosen pachway.

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

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

ED D6.0: Students understand industrial engineering processes, including che use of

tools and equipment, methods of measurement, and quality assurance.

Sample analysis (“unpacking”) of a standard for the Introduction to Engineering Technology
course in the Engineering Technology pathway:

Standard Engineering and Design D4.0: Students understand how the principles of force,
waork, rate, power, energy, and resistance relate to mechanical, electrical, Auid, and

thermal engineering systerns.

Standard Engineering and Design D4.4: Know how energy is transferred; know the effects of
subcoamponent | resistance in mechanical, elecerical, fluid, and thermal systems.
Course fevel & Introductory (3 Concentration [ Capstone
Concepts Benchmarks
What do 1. Mechanical energy transfer and 1. Explain and give three examples
students need resistance of mechanical energy transfer and
to know? 2, Thermal energy transfer and resistance, T
7 . ) . :
At what levell resistance 2. Explain and give three examples of ( K
3. Electrical energy transfer and thermal energy cransfer and resistance.
resistance 3. Explain and give three examples of
4. Fluid energy transfer and resistance electrical energy transfer and resistance.
5. Energy transfer and resistance in 4. Explain and give three examples of
everyday life 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 lives.
Skills Benchmarks
What should 1. How to measure energy movemens in | 1. Use system—speciﬁc inscrumentation
students be the four energy systerms to measure energy moverenc with at
able to do? 2. How to choose effective conductors least 70 percent accuracy.
7 . . .
At what level? and resistors for each energy system 2, Determine efficiency of conductors

and resistors for each energy system to
at least 70 percent accuracy.

—

Topics and . Physics of energy transfer for each of the energy systems
contexts 2. Measurement of energy movement

What must 3. Choices of effective conductors and resistors

be taught?
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Standards: This sample performance task targets the following Engineering and Design
industry sector foundation and Engineering Technology pathway standards:

Standéhd_ ﬁdfﬁber ‘

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

Foundation: Academics 1.2 In- Select and use appropriate tools and technology {such as com-

vestigation and Fxperimentation | puter-linked probes, spreadsheets, and graphing calculators) to
{grades nine through twelve) 1.a | petform tests, collect data, analyze relationships, and display dara.

Founclation: Leadership and Understand how to organize and structure work individually and
Teamwork 9.3 in teams for effective performance and the atrainment of goals.
Foundation: Demonstration Students demonstrate and apply the concepts contained in the
and Application 11.0 foundation and pathway standards.

Pathway: ED 4.4 Know how energy is transferred; know the effects of resistance in

mechanical, electrical, fluid, and thermal systems.

Assignment: This activity will help identfy and measure the flow of energy for fluid sys-
tems. Work on a team consisting of three other students (ED 1D4.4; Leadership and Team-
work 9.3). The activitics for each energy system are listed as follows. Be sure to keep clear,
legible, and thorough laboratory notes for each activity, including alt mathematical calcula-
tions (Academics 1.1 Algebra I [grades eight through twelve] 5.0; Academics 1.2 Investiga-
tion and Experimentation {grades nine through twelve] 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 (ED 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 of the preceding tasks to the back of your report
{(Academics 1.2 Investigation and Experimentation [grades nine through twelve] 1.3; Lead-

ership and Teamwork 9.3).
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Performance task rubvic: Your grade will be based on the following rubric. Individual
teachers should determine how to weight the standards and assign points for each level.

ferrcd,' Lerigwr

effects of resistance

in méchanical,

elecrrical, Auid, and

thermal systems, . ..

All student abser-
vations are vali-
dated by correct
interpretations of
gathered data.
Tests on en-

ergy transfer are
completed with
above 90 percent
accutacy,

Maost student
observarions are
validated by cor-
rect interpreta-
tions of gathered
data.

Tests on energy
transfer are com-
pleted with 80

percent accuracy.

Student ob-
servations and

interpretations of
gathered data are

flawed.

Tests on energy
transfer are com-
pleted with 70

PCI'CCIH.‘ accuracy.

Student observa-
tions of gathered
data are incom-
plete ot incorrect.
Tests on en-

ergy transter are
completed with
below 70 percent
accuracy.

Acadcrru 3 Lik..

Algel_)ra T (gra.dcs

eight thrnurrh
twelve) 5.0:
Students solve .

mulistep problers;. -

including woid

probleris;; mvefvmg o

for zach: step.- -

All calcularfons in
determining the
transfer of energy
are correct.
Students derive
and male correct
use of formulae in
every instance.

Most calculations
in determining
the transfer of en-
SIgy are correct.
Students derive
and make correct
use of formulae.

Some calcu-
lations for
determining the
transfer of energy
have errors.
Students have
SOME eLrors in
the use of for-
mulae.

Many calculations
in determining the
rransfer of energy
have errors.
Students have
NUITIErous errors in
the use of formu-
lae.

Academics 1.2

Investigation and ..

Experificnta-

prbpriaté f_oék a.nd
technology {such
as computer—hnked :

analyze féia_fi_o_m
ships, and display
data.

Report accurately
and thoroughly
describes the
process used and
makes good use of
recorded laborata-
ry data to explain
findings.

Report provides
in-depth as-
sessment of the
accuracy of the
findings and ex-
trapolates possible
conclusions.

Raw findings are
included.

Report accu-
rately describes
the process used
and makes good
use of recorded
laberatory 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
faboratory data
to explain find-
ings.

Report fails to
2S5€S§ ACCULACy
of the findings
ot includes other
omissions,

Raw findings are

included.

Report is in-
complete, or raw
findings are not

included.
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5 Advanced -{ Proficient. '~ | Basic .~ | Unacceptable
The team is The team is The team is ob- The team is ob-

Teamwork 9.3: observed working | observed working | served working served not working
Understand how cooperatively and | effectively. with a minimum | cooperatively.
to organize and effectively. Most members of cooperartion, Nor all members
structure work All members participate and Not all members | parricipate and
individually and in participate and contribute. Bffec- | participate and contribute.
teams for effective contribute. tive use is made contribute. Ineffective or no
performance and the | pee toe yee is of the rools of Minimal use is use is made of the

arainment of goals. { Lo 4c o ihe rools | TQM and QL. made of the tools | twols of TOQM and
of TQM and QI. | Project is com- of TQM and QL. | Q1.

Project is com- plered no facer Project is com- Project is com-

pleted before the than the dead- pleted later than | pleted late.
deadline. line. the deadline.

Noze: Demonstration and Application 11.0 is included in all of the preceding items.

Sample of Pathway Occupations: This sample of pathway occupations is organized by level
of education and training required for workforce entry. Asterisked occupations require

certification or licensure.

‘(-.:.‘“-{%:&-_\’»'«h‘ﬁ; ., : ‘:i = ELis sk
High school (diploma) « Electronic Mechanic Helper

* Telecommunications/Security Equipment Installer
+ Apprentice Technician

+ HYAC Installer

Postsecondary training » Electronic Mechanic/Technician
(certification and/or * Telecornmunications Technician
AA degree) * Industrial Electranics Technician

+ Facilities Technician
* Journeyman Engineer

+ Flectrical Engineer®

* Telecommunications Engineer
* Facilities Maintenance Engineer
+ Industrial Enginzer

* Instructor*®

College or university
(bachelor’s degree
or higher)




