

Course Description

A.  COVER PAGE

	Date of Submission (Please include Month, Day and Year)

	1. Course Title

Robotics Engineering Technology
	9. Subject Area

      History/Social Science          

      English

      Mathematics                          

      Laboratory Science

      Language other than English

      Visual & Performing Arts

              Intro          Advanced
 x     College Prep Elective

	2. Transcript Title(s) / Abbreviation(s)
	

	3.  Transcript Course Code(s) / Number(s)


	

	4. School

Contra Costa County ROP
	

	5. District


	

	6. City

Pleasant Hill
	10. Grade Level(s) for which this course is designed

             9                10             x    11             x    12

	7. School / District Web Site

www.cocoschools.org/rop
	11. Seeking “Honors” Distinction?

             Yes        x    No

	8. School Course List Contact 

Name:  Marie McClaskey
Title/Position: Director
Phone:   (925) 942-3368                                     Ext.: 
E-mail: mmcclaskey@cccoe.k12.ca.us
	12. Unit Value

      0.5 (half year or semester equivalent)          

  x    1.0 (one year equivalent) 

      2.0 (two year equivalent)                          

      Other: _______________________________

	13. Is this an Internet-based course?            Yes        x    No

If “Yes”, who is the provider?                UCCP        PASS/Cyber High        Other  
__

	14. Complete outlines are not needed for courses that were previously approved by UC.  If course was previously approved, indicate in which category it falls.

                  A course reinstated after removal within 3 years.  Year removed from list? ___________


Same course title?           Yes             No               


If no, previous course title? ___________________________________________________________ 

                   An identical course approved at another school in same district.  Which school? _________________


Same course title?           Yes             No               


If no, course title at other school? ______________________________________________________ 

                  Year-long VPA course replacing two approved successive semester courses in the same discipline

                  Approved Advanced Placement (AP) or International Baccalaureate (IB) course

                  Approved UC College Prep (UCCP) Online course

                  Approved CDE Agricultural Education course

                  Approved P.A.S.S./Cyber High course

                  Approved ROP/C course.  Name of ROP/C? ______________________________________________

                  Approved A.V.I.D. course

                  Approved C.A.R.T. course

                  Approved Project Lead the Way course

                  Other.  Explain: _____________________________________________________________________

	15. Is this course modeled after an UC-approved course from another school outside your district?          x    Yes             No  
      If so, which school(s)? Palo Alto HS
      Course title at other school  Engineering Technology


	16. Pre-Requisites

Algebra and Geometry; familiarity with computer operations

	17. Co-Requisites

Recommended:  Physics, Computer Programming or Architectural design

	18.   Is this course a resubmission?              Yes         x    No  
       If yes, date(s) of previous submission? _________________________________________________________

       Title of previous submission? ________________________________________________________________

	19. Brief Course Description 

Robotics Engineering Technology explores the interaction of science and technology. The program is designed to interest students in the field of robotics and motivate them to pursue advanced education in science and engineering. In this class, students will apply the scientific method and build on physics and mathematics concepts by investigative research that requires inquiry, data collection, and analysis. Included is instruction in the history and theory of robotic technology, computer control systems, and artificial intelligence. Computer programming is emphasized. Using the engineering design team concept as a model, students work in small groups to research, design, program, and construct robotic devices used in competition, including NASA�s U.S. FIRST. Integrated throughout the course are career preparation standards which include basic academic skills, communication, interpersonal skills, problem solving, workplace safety, technology and employment literacy.



B.  COURSE CONTENT

Please refer to instructions

20. Course Goals and/or Major Student Outcomes 

Students will:

· Develop an understanding of the relationship between science and technology

· Demonstrate ability to solve problems and think critically by completing challenging group and individual projects 
· Understand the key elements of how the concepts underlying a problem can lead to the design and production of a viable solution
· Conduct research and apply tools and technologies employed by robotics engineers in the solution of problems
· Demonstrate ability to solve problems and think critically by completing challenging group and individual projects 
· Understand the key elements of how the concepts underlying a problem can lead to the design and production of a viable solution
· Conduct research and apply tools and technologies employed by robotics engineers in the solution of problems
21. Course Objectives 
1. Students confirm scientific principles through investigative research, and synthesize and summarize their findings.

2. Students prepare written research reports applying the scientific method to the solution of an engineering problem.
3. Students participate in project-oriented technology education using engineering applications that reinforce academic core competencies.

4. Students understand the principles of robotic systems and use multiple components in developing a programmable logic controller demonstration.

5. Students demonstrate problem solving ability through classroom competition with projects reflecting engineering concepts.

6. Students design and build robotic devices, and enter their projects into competitions such as those sponsored by NASA (National Aeronautics and Space Administration). 
7. Students document their work, demonstrating principles of mathematics and science applied in the design of their projects.

8. Students address technological literacy through their projects by writing computer programs to control their robots, using conditional statements, loops, variables, timers and wait states.
22. Course Outline 


A.
Introduction to robotics engineering technology



1.
History and evolution of technology



2.
History and development of robots



3.
Theory of artificial intelligence



4.
Relationship between science, technology and society



5.
Robotics in media and literature

a.
Rossum’s Universal Robots by Karel Capek—Capek purportedly coined the term “Robot” in this 1920 play that explores the dangers of replacing workers with machines.

b.
I, Robot by Isaac Asimov—In this book Isaac Asimov puts forth his famous “three rules for robots.”

c.
“Marionettes, Inc.” from The Illustrated Man by Ray Bradbury—In this story with a plot twist, Ray Bradbury explores sexism in the 50’s using robot mates as a device.

d.
The Day the Earth Stood Still—This movie shows the tendency for people to think that robots should be designed to be human-like, which is not necessarily true.


B.
Safety unit



1.
Review of equipment safety rules



2.
Emergency guidelines



3.
Lab procedures


C.
Energy and power



1.
Energy source




a.
Electricity




b.
Solar




c.
Nuclear




d.
Stored

i.
Dry cell

ii.
Lead-acid

iii.
Rechargeable 

2.
Power source

a.
Electric motor

b.
Internal combustion engine

c.
Air compressor

3.
Environmental impact


a.
Renewable sources of energy


b.
Efficient use of energy


c.
Solar energy and alternate sources


d.
Hazardous waste concerns

D.
Physics concepts

1.
Friction

2.
Power

3.
Torque

4.
Simple machines

a.
Gears


i.
Compound ratios


ii.
Speed


iii.
Strength

b.
Pulleys

c.
Levers



6.
Hydraulics and pneumatics




a.
Principles of physics





i.
Force





ii.
Pressure





iii.
Work





iv.
Power




b.
Appropriate applications




c. 
Pneumatic fluid power system

E.
Electronics theory



1.
Basic concepts




a.
Voltage




b.
Watts




c.
Amps




d.
Resistance




e.
AC/DC



2.
Series and parallel circuits



3.
Electric motor



4.
Control systems and microprocessors



5.
Solenoids

F.
Quantitative measurement



1.
Volts, amps, and watts



2.
Resistance



3.
Lumens



4.
Pounds per square inch



5.
Torque



6.
Friction



7.
Measuring tools




a.
Voltmeter and ammeter




b.
Light meter and oscilloscope 




c.
Air pressure gauge




d.
Calipers and micrometers

G.
Engineering design


1.
Multi-view drawings with AutoCAD or other software

2.
Two-dimensional drawings to design electrical and mechanical components 

3.
Three-dimensional drawings using parametric design concepts to test and check functionality of robot


4.
Plotting


5.
Computer graphics and animation, to meet requirements of robotic competition


6.
Laboratory applications and problem solving



a.
Simulations




i.
Feedback




ii.
Modifications and testing

H.
Computer programming

1.
Control flow

2.
Conditions

3.
Multi-tasking

4.
Timers, timing and conditionals

5.
Loops

6.
And/Or logic

7.
Boolean logic

8.
C+, Visual Basic, or similar programming language

9.
Interfacing software and hardware


a.
Light


b.
Motors


c.
Analog and digital sensors


d.
Pneumatics


e.
Hydraulics

I.
Engineering technology

1.
Problem solving


a.
Identify problem


b.
Brainstorm


c.
Research


d.
Prioritize


e.
Design


f.
Assemble


g.
Test


h.
Modify


i.
Document

2.
Working in teams

3.
Time management

4.
Resource allocation

5.
Information accessing

6.
Systems analysis

7.
Documentation and written reports

8.
Computer simulation and/or build model

J.
Robotic design considerations

1.
Overview


a.
Purpose or application


b.
Size and weight


c.
Physical restraints


d.
Monetary restraints


e.
Time element

2.
Specifications


a.
Material composition


b.
Axle support

c.
Weight and balance

d.
Wheels

e.
Chassis design

f.
Cross bracing

g.
Square frame

h.
Treads

i.
Detailed parts specifications

3.
Sensors

a.
Light 

b.
Pressure 

c.
Rotational

d.
Infrared 

e.
Temperature 

f.
Cameras

K.
Machine operations

1.
Tools, calipers and micrometers

2.
Properties of materials

3.
Assembly techniques

L.
Final project

1.
Documentation of project and applied scientific principles involved


a.
Chronological documentation of each step


b.
Scientific journal

c.
Final report

2.
Exhibitions and competitions

a.
BotBall

b.
NASA sponsored US First Robotics Competition

c.
Local competitions

M.
Advanced robotics projects (optional)

1.
Mastery of area(s) of focus


a.
Programming


b.
Assembly


c.
Design


d.
Animation


e.
Testing

2.
Individual master project

3.
Internship

4.
Community service

a.
Mentoring elementary and middle school students in robotics education

b.
Demonstrations

N.
Career opportunities


1.
Resume writing


2.
Application and follow up


3.
Career outlook and post-secondary education

23. Texts & Supplemental Instructional Materials 
· Engineering our Digital Future: The Infinity Project, by Geoffrey C. Orsak, et al., Prentice Hall 2003
· Robotic Explorations, by Fred G. Martin, Prentice Hall, 2001
Reference:

· Materials from NASA Robotics Education Project 

· Materials from the Robotics Institute at Carnegie Mellon University 

· Robotics in literature:  Stories by Karel Capek, Isaac Asimov and Ray Bradbury

Equipment

· Mindstorms Robotics Invention Kits

· Machine tools

· Computer workstations, computer programming software, and CAD software such as Autodesk Inventor, ProE Desktop, Solidworks CAD, or 3D Studio Max
24. Key Assignments

1. Students participate in a series of class competitions to demonstrate the use of pulleys and gears and the trade-off between torque and speed.

2. Students learn a contemporary programming language such as Visual Basic or C+ and program their robots to operate autonomously and remotely.

3. Students lead a school team through the complete engineering process, while developing their own skills in research, problem solving, engineering, teamwork, and planning.

4. Students solve robotics problems through the engineering process of designing, building, executing, testing, and modifying robotic devices.

5. Students participate in a team-based comprehensive robotics competition such as the NASA sponsored US FIRST, which gives them an idea of what it means to manage an engineering process while helping them master skills and concepts in physics, programming, and problem solving.

6. Students complete an individual or team-based final robotics project that incorporates all the major scientific concepts and technical skills covered during the course.

25. Instructional Methods and/or Strategies 

A variety of strategies and techniques are used to instruct the students.  These include the following:

(
Project-based learning

· Student presentations and competitions

· Direct instruction (lectures, demonstrations, small and large group discussion, selected readings)

· Use of a variety of instructional materials and resources (professional journals, reference materials, textbooks, electronic media, scientific literature)

· Embedded assessments

· Collaborative learning opportunities

· Use of community resources including guest speakers and mentors

· Simulations

· Peer coaching and student mentoring

· Use of technology-based resources such as scientific instrumentation, internet

· Use of investigative research to enhance English language arts skills (journals, reports, essays, analyses, lab notebooks)

26. Assessment Methods and/or Tools 


Assessment of student performance will include but not be limited to:

· Classroom participation, effort, skill mastery and quality of work
30%


(
Completion of assignments/portfolio




20%

(
Individual projects/group projects/final project


30%

(
Tests and quizzes






20%

C. HONORS COURSES ONLY

Please refer to instructions

27. Indicate how this honors course is different from the standard course. 

D.  OPTIONAL BACKGROUND INFORMATION

Please refer to instructions

28. Context for Course (optional)

29. History of Course Development (optional)

In response to the growing number of students interested in the field of engineering, administrators from the San Ramon Valley and West Contra Costa School Districts and the Contra Costa County ROP investigated the possibility of offering a robotics class at DeAnza and Monte Vista High Schools.

NASA supports the critical need for more engineers and scientists in robotics, and provides support for the U.S. FIRST robotics competition, which is designed to interest high school students in the field of robotics.  A NASA engineer was consulted for this curriculum.  In addition, the instructor of the UC-approved “Engineering Technology” course at Palo Alto High was also consulted, and the essence of that curriculum is reflected in this curriculum.

This class provides students with the basic components essential to the engineering sciences, including critical thinking, research, design, testing, and technical writing skills.  At Monte Vista High School, this course will be an elective for the Research and Technology Academy, recognized by UC as a “Special Program.”

E.  ADDENDUM

ACADEMIC STANDARDS


STATE OF CALIFORNIA HIGH SCHOOL ACADEMIC STANDARDS INTEGRATED INTO THIS CURRICULUM

SCIENCE STANDARDS (from Science Content Standards for California Public Schools adopted by the California State Board of Education October 1998)

Physics

Motion and Forces

Standard 1.  Newton’s laws predict the motion of most objects. As a basis for understanding this concept:

a. 
Students know how to solve problems that involve constant speed and average speed.

b.
Students know that when forces are balanced, no acceleration occurs; thus an object continues to move at a constant speed or stays at rest (Newton’s first law).

d. 
Students know that when one object exerts a force on a second object, the second object always exerts a force of equal magnitude and in the opposite direction (Newton’s third law).

f. 
Students know applying a force to an object perpendicular to the direction of its motion causes the object to change direction but not speed (e.g., Earth’s gravitational force causes a satellite in a circular orbit to change direction but not speed).

i.
Students know how to solve two-dimensional trajectory problems.

Conservation of Energy and Momentum

Standard 2.  The laws of conservation of energy and momentum provide a way to predict and describe the movement of objects. As a basis for understanding this concept:

c.
Students know how to solve problems involving conservation of energy in simple systems, such as falling objects.

d.
Students know how to calculate momentum as the product mv.

e.
Students know momentum is a separately conserved quantity different from energy.

f.
Students know an unbalanced force on an object produces a change in its momentum.

h.
Students know how to solve problems involving conservation of energy in simple systems with various sources of potential energy, such as capacitors and springs.


Heat and Thermodynamics 

Standard 3.  Energy cannot be created or destroyed, although in many processes energy is transferred to the environment as heat. As a basis for understanding this concept:

a.
Students know heat flow and work are two forms of energy transfer between systems.

Electric and Magnetic Phenomena

Standard 5.  Electric and magnetic phenomena are related and have many practical applications. As a basis for understanding this concept:

a.
Students know how to predict the voltage or current in simple direct current (DC) electric circuits constructed from batteries, wires, resistors, and capacitors.

b.
Students know how to solve problems involving Ohm’s law.

c.
Students know any resistive element in a DC circuit dissipates energy, which heats the resistor. Students can calculate the power (rate of energy dissipation) in any resistive circuit element by using the formula Power = IR (potential difference) x I (current) = I2 R.

d.
Students know the properties of transistors and the role of transistors in electric circuits.

e.
Students know charged particles are sources of electric fields and are subject to the forces of the electric fields from other charges.

f.
Students know magnetic materials and electric currents (moving electric charges) are sources of magnetic fields and are subject to forces arising from the magnetic fields of other sources.

g.
Students know how to determine the direction of a magnetic field produced by a current flowing in a straight wire or in a coil.

h.
Students know changing magnetic fields produce electric fields, thereby inducing currents in nearby conductors.

o.
Students know how to apply the concepts of electrical and gravitational potential energy to solve problems involving conservation of energy.

Investigation and Experimentation

Standard 1.  Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in the other four strands, students should develop their own questions and perform investigations. Students will:

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.

b.
Identify and communicate sources of unavoidable experimental error.

c.
Identify possible reasons for inconsistent results, such as sources of error or uncontrolled conditions.

d.
Formulate explanations by using logic and evidence.

e.
Solve scientific problems by using quadratic equations and simple trigonometric, exponential, and logarithmic functions.

f.
Distinguish between hypothesis and theory as scientific terms.

g.
Recognize the usefulness and limitations of models and theories as scientific representations of reality.

l.
Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

m.
Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings. Examples of issues include irradiation of food, cloning of animals by somatic cell nuclear transfer, choice of energy sources, and land and water use decisions in California.

MATHEMATICS STANDARDS (from Mathematics Contents Standards for California Public Schools adopted by California State Board of Education December 1997):

Algebra I

Symbolic reasoning and calculations with symbols are central in algebra. Through the study of algebra, a student develops an understanding of the symbolic language of mathematics and the sciences. In addition, algebraic skills and concepts are developed and used in a wide variety of problem-solving situations.

2.0 
Students understand and use such operations as taking the opposite, finding the reciprocal, taking a root, and raising to a fractional power. They understand and use the rules of exponents.

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.

7.0 
Students verify that a point lies on a line, given an equation of the line. Students are able to derive linear equations by using the point-slope formula.

8.0 
Students understand the concepts of parallel lines and perpendicular lines and how those slopes are related. Students are able to find the equation of a line perpendicular to a given line that passes through a given point.

13.0 
Students add, subtract, multiply, and divide rational expressions and functions. Students solve both computationally and conceptually challenging problems by using these techniques.

15.0 
Students apply algebraic techniques to solve rate problems, work problems, and percent mixture problems.

Geometry

The geometry skills and concepts developed in this discipline are useful to all students. Aside from learning these skills and concepts, students will develop their ability to construct formal, logical arguments and proofs in geometric settings and problems.

1.0 
Students demonstrate understanding by identifying and giving examples of undefined terms, axioms, theorems, and inductive and deductive reasoning.

6.0
Students know and are able to use the triangle inequality theorem.

7.0 
Students prove and use theorems involving the properties of parallel lines cut by a transversal, the properties of quadrilaterals, and the properties of circles.

8.0
Students know, derive, and solve problems involving the perimeter, circumference, area, volume, lateral area, and surface area of common geometric figures.

9.0
Students compute the volumes and surface areas of prisms, pyramids, cylinders, cones, and spheres; and students commit to memory the formulas for prisms, pyramids, and cylinders.

10.0
Students compute areas of polygons, including rectangles, scalene triangles, equilateral triangles, rhombi, parallelograms, and trapezoids.

11.0 
Students determine how changes in dimensions affect the perimeter, area, and volume of common geometric figures and solids.

12.0 
Students find and use measures of sides and of interior and exterior angles of triangles and polygons to classify figures and solve problems.

13.0 
Students prove relationships between angles in polygons by using properties of complementary, supplementary, vertical, and exterior angles.

15.0
Students use the Pythagorean theorem to determine distance and find missing lengths of sides of right triangles.

16.0 
Students perform basic constructions with a straightedge and compass, such as angle bisectors, perpendicular bisectors, and the line parallel to a given line through a point off the line.

18.0 
Students know the definitions of the basic trigonometric functions defined by the angles of a right triangle. They also know and are able to use elementary relationships between them. For example, tan(x) = sin(x)/cos(x), (sin(x))2 + (cos(x)) 2 = 1.

19.0 
Students use trigonometric functions to solve for an unknown length of a side of a right triangle, given an angle and a length of a side.

20.0 
Students know and are able to use angle and side relationships in problems with special right triangles, such as 30°, 60°, and 90° triangles.

22.0 
Students know the effect of rigid motions on figures in the coordinate plane and space, including rotations, translations, and reflections.

ENGLISH-LANGUAGE ARTS STANDARDS (from English-Language Arts Content Standards adopted by the California State Board of Education December 1997)

Reading

2.0 
Reading Comprehension (Focus on Informational Materials)

Students read and understand grade-level-appropriate material…including a wide variety of classic and contemporary literature, magazines, newspapers, and online information.

Writing

1.0
Writing Strategies—Students write coherent and focused texts that convey a well-defined perspective and tightly reasoned argument. The writing demonstrates students’ awareness of the audience and purpose and progression through the stages of the writing process.

Research and Technology

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).

1.7 
Use systematic strategies to organize and record information (e.g., anecdotal scripting, annotated bibliographies).

1.8 
Integrate databases, graphics, and spreadsheets into word-processed documents. 

2.0 
Writing Applications (Genres and Their Characteristics)  
2.5 
Write job applications and resumés:

a. 
Provide clear and purposeful information and address the intended audience appropriately.

b. 
Use varied levels, patterns, and types of language to achieve intended effects and aid comprehension.

c. 
Modify the tone to fit the purpose and audience.

d. 
Follow the conventional style for that type of document (e.g., resumé, memorandum) and use page formats, fonts, and spacing that contribute to the readability and impact of the document.

Written and Oral English Language Conventions

1.0 
Students write and speak with a command of standard English conventions.

1.1 
Demonstrate control of grammar, diction, and paragraph and sentence structure and an understanding of English usage.

1.2 
Produce legible work that shows accurate spelling and correct punctuation and capitalization.

1.3 
Reflect appropriate manuscript requirements in writing.

1.0 
Listening and Speaking Strategies

Students formulate adroit judgments about oral communication. They deliver focused and coherent presentations that convey clear and distinct perspectives and demonstrate solid reasoning. They use gestures, tone, and vocabulary tailored to the audience and purpose.

Comprehension

1.8 
Use effective and interesting language, including:

a. 
Informal expressions for effect

b.
Standard American English for clarity

c. 
Technical language for specificity

2.0 
Speaking Applications (Genres and Their Characteristics)  
2.4 
Deliver multimedia presentations:

a. 
Combine text, images, and sound by incorporating information from a wide range of media, including films, newspapers, magazines, CD-ROMs, online information, television, videos, and electronic media-generated images.

b. 
Select an appropriate medium for each element of the presentation.

c. 
Use the selected media skillfully, editing appropriately and monitoring for quality.

CAREER PREPARATION STANDARDS   (Prepared by the California Association of Regional Occupational Centers and Programs, 2000)

Standard 1: Personal Skills

Students will understand how personal skill development affects their employability. This skill includes positive attitudes, self-confidence, honesty, responsibility, initiative, self-discipline, time management, and the capacity for lifelong learning. 

Standard 2: Interpersonal Skills

Students will understand key concepts on group dynamics, conflict resolution, and negotiation. This skill includes the ability to work cooperatively, accept supervision, assume leadership roles, and show respect for others. This standard includes an appreciation of cultural diversity in the workplace. 

Standard 3: Thinking and Problem-Solving Skills

Students will exhibit critical and creative thinking skills, logical reasoning, and problem-solving. These skills include applying basic skills in order to calculate, estimate, measure; identify, locate, and organize information/data; interpret and follow directions from manuals and other sources; analyze and evaluate information and solutions. 

Standard 4: Communication Skills

Students will understand principles of effective communication. This standard includes effective oral and written communication, listening skills, following and giving directions, requesting and giving information, and asking questions. 

Standard 5: Occupational Safety

Students will understand occupational safety issues, including the avoidance of physical hazards in the work environment. This includes the safe operation of equipment, avoidance of physical injuries, interpretation of warning and hazard signs and terminology, and following and understanding safety-related directions. 

Standard 6: Employment Literacy

Students will understand career paths and strategies for obtaining employment within their chosen field. This includes traditional job preparation skills, such as resumés, application forms, cover letters, sources of employment information, and interviewing skills, but also includes an overview of the industry and an understanding of labor market trends. It should also include an understanding of the importance of basic skills to the field and options for further training. Students should learn to develop a portfolio and should take responsibility for further professional growth. 

Standard 7: Technology Literacy

Students will understand and adapt to changing technology by identifying, learning, and applying new skills to improve job performance. Students should understand the role of technology in their chosen field and should be able to use all appropriate technology. Students should also feel confident in their ability to learn new technology by generalizing from what they know, adapting skills to new situations, and identifying and using sources of information and of further learning.

15

