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Project Summary

Carnegie Mellon University (CMU) will lead a team consisting of California University of Pennsylvania

(CUP), Butler Community College (BCC), Community College of Beaver County (CCBC),

Westmoreland Community College (WCC), and the University of Pittsburgh’s Learning Research and

Development Center (LRDC), The Pennsylvania Department of Education (PADE), and high schools and

Career and Technical Centers across Pennsylvania (CTC). The team will work together to grow a

technically trained workforce capable of supporting the growing robotics industry statewide. This

partnership will significantly improve technician training in a region with a rich manufacturing history
and a steadily emerging robotics industry. The project begins in Western Pennsylvania where the majority
of the States robotics industry emanates and then expand across the commonwealth. This project will:

e Produce a larger number of science, technology, engineering, and mathematics (STEM) competent
students with entry level skills enabling them to support advanced manufacturing and robotics;

e Provide advanced technical training and the resources required to support the training to educate high
school and college faculty on how to design, build, program, perform systems integration,
troubleshoot, and maintain autonomous systems.

o Implement “college in the high school programs” enabling high students to receive college credits in:
electronics, parametric solid modeling, computer programming, and robotic engineering;

e Offer a Robotic Technician Certificate to technicians demonstrating entry level competency;

e Improve the quality of students pursuing Technology Education and Engineering Technology
undergraduate degrees regionally by improving high school teacher competency;

e Assess the impact the Robotics Corridor Project (RC) has on students’ development of technician
level skills, engineering problem solving methodologies, and STEM literacy.

What is the intellectual merit of the project? This project will build on ATE-funded Robotics Educators

(RE) work, instructional materials developed as part of the CUP/CMU Department of Defense (DoD)

funded robotic workforce development contract, CMU Robotics Institute faculty expertise, and CMU

Robotics Academy (RA) exemplary curriculum. This project industry advisory team includes members of

the Technology Collaborative, the Pittsburgh Technology Council, and New Century Careers; three

regional economic development organizations whose mission is to help increase Pennsylvania's
technology-based economy. Our economic development partners will solicit industry advisors for the
project assuring a strong industry presence that will play lead roles in content development,
implementation, and evaluation of instructional tools used in the project. The project evaluators is the

University of Pittsburgh’s Learning Research Development Center (LRDC), whose mission includes

designing learning environments and implementing teacher preparation and development programs that

provide a deeper grasp of STEM content. There will evaluate the content, the delivery style, and the
effectiveness of the program ability to train students and teachers. LRDC will collect feedback from
industry advisors, participating teachers, and affected students to evaluate and improve the RC training
materials. What are the broader impacts of the proposed activity? Project partners have the interests,

history, and capacity to replicate the RC project nationally. This project has a regional focus, but a

national audience. Based on CMU prior work, this project will motivate and inspire a larger percentage of

top U.S. students from all socioeconomic spheres to pursue STEM careers. The increased numbers of
technologically trained students will positively impact our country’s innovation ecosystem and defense
capacity. The RC project will make significant contributions in the following areas:

e The US innovation ecosystem is driven by STEM. The RC project will increase STEM teacher and
technician competency, which in turn will increase the number of STEM literate future workers.

e The DoD is in dire need of engineers and technicians to develop and maintain the robotically
controlled defense systems it is planning for the next decade, these needs cannot be outsourced due to
national security interests.

e The RC project will provide data on improving robotics training for teachers implementing robotics.
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STATEMENT OF WORK
Robotics Corridor, Community College Implementation, Phase 11
1.0 General

The Department of Defense (DoD) has mandated that one third of all military vehicles must be unmanned
by 2015. In order to design, manufacture, operate and maintain the number and types of military vehicles
necessary to satisfy the DoD’s mandate, there needs to be significant growth in the quality and number of
students pursuing technical study, particularly in the fields of computer science, robotics, and
engineering. The Robotics Corridor (RC) project addresses national military and commercial needs
through the development and dissemination of a continuum of robotics curriculum, as well as professional
development for educators enabling them to teach the curriculum, designed to train a future workforce
capable of designing, maintaining, and operating innovative robotic solutions. This project builds on RC
work started in 2005 by California University of Pennsylvania and Carnegie Mellon University.
Together, they have teamed with local robotics industry partners to develop an integrated robotics
curriculum designed to support a regional workforce that can be leveraged throughout both the defense
and commercial industrial communities. The second phase of this project involves dissemination through
community college partners.

Phase two of this project will begin statewide dissemination of the materials developed in phase one. The
RC team will partner with Western Pennsylvania community colleges to offer RC developed courses
through their colleges to vocational and pre-college students in the form of “college in the high school”
and certificate based programs. The project will expand the curriculum and outreach activities as a result
of stakeholder feedback. The project team will: develop additional robotics courses; expand professional
development for teachers; develop a technical certificate for students; and develop technical summer
camps for high school students, and host technical competitions at the partnering community college’s
site. Phase two includes wide dissemination of resulting curriculum from the Robotics Corridor Initiative
as well as further development of the Agile Robotics Associate and Baccalaureate programs at California
University.

2.0 Project Management

2.1 Lead Project Manager

A Project Manager shall be designated and shall be responsible for the planning,
organizing, and coordinating all activities of this statement of work. This shall include
personnel management, task planning and scheduling, and cost/schedule performance
monitoring. The manager will identify opportunities for complementary work and
information sharing and will assist in the identification of follow on projects which
support the overall goals of the Project. The Project Manager shall implement and
execute effective and economical Project management for this effort.

2.2 Project Managers at the Community College Level

Faculty from each Community College will be assigned at the beginning of the project.
This manager will be responsible for coordination of all community college activities,
budget and scheduling for the task. The project manager will implement and execute
effective and economical project management for each of the individual tasks. Reports
will be submitted as required to the Lead Project Manager.

3.0 Specific Tasks
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The RC team shall be responsible for the performance of the following tasks:

3.1 Expand Robotics Engineering Technology curriculum for resident and on-line courses in
support of a continuum of courses from high school through baccalaureate level

The goal of the RC project is to design a continuum of learning opportunities designed to
prepare a workforce to support robotics and automation industry growth. In Phase one, the
CALU/CMU Robotics Corridor (RC) team determined that the project will consist of the
following academic offerings:

1.

Four “College in the High School” (CHS) courses designed to prepare students to
design, build, program, integrate, and troubleshoot mobile robots.

a. Parametric Solid Modeling

b. Introduction to Programming

c. Electronics and Embedded Systems

d. Robotics Engineering
These courses will be offered at traditional high schools, Career Technical Centers
(CTC), and online, that will be offered through the Community College partner from
that region.

A Robotics Certificate that will confirm that the certificate holder has a set of
industry accepted baseline skills needed for entry level work in the robotics and
automation field. This certification will be made available through:

a. Career Technical Centers

b. Vocational High School Programs

c. Community Colleges

d. Colleges for incumbent workers

Define articulation agreements between community college partners and California
University of Pennsylvania. Students taking courses through the community college
partner will have the opportunity to transfer credits for courses taken through the
community college to CALU. Articulation agreements need to be developed
Certificate programs that align with industry needs regionally will be offered at each
regional community college.

A Robotics Minor (21 credits) available to undergraduate students studying at
CALU. The Robotics Minor will be marketed to students in the Technology
Education and Engineering Technology departments at California University.

A Robotics Associate Degree program that includes the four Agile Robotics courses
at its core, plus other robotics enabling courses like Programming, Parametric Solid
Modeling, Electronics and Embedded Systems;

Agile Robotics 101, Fundamentals of Mobile Robotics;

Agile Robotics 201, Operating Principles of Mobile Robotics;
Agile Robotics 301, Intro to Robotics Enabling Technologies; and
Agile Robotics 302, Integration of Robotics Systems.

oo oW

A 4 year baccalaureate degree — The Robotics Associate degree leads into one of the
existing CALU Engineering Technology degrees (Computer Engineering
Technology, Electrical Engineering Technology, Mechanical Engineering
Technology, Industrial Technology, Nanofabrication Manufacturing Technology)
Students will graduate with a major in Engineering Technology and a minor in
Robotics.
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3.1.1 Incorporate stakeholder feedback into RC program implementation and improvement

Phase one enabled the:

1. RC team to survey stakeholders to identify workforce/education needs

2. Development of Agile Robotics 101/201 into both onsite and online courses
3. Development of two “CHS” courses that will be offered through CALU and
partnering community colleges.

4. Implementation of professional development classes for teachers.

5. Development of an annual CALU technical robotics competition.

Phase two will enable the RC advisory board, comprised of industry advisors, CALU
faculty, community college partners, and CMU advisors, to solicit feedback from four
different stakeholders: industry, faculty, teacher partners, and students. The RC team will
evaluate the feedback and incorporate the feedback into the RC program implementation
and improvement.

The team will use this feedback to:

1. Complete the development of the CALU Robotics Technology associate degree,

2. Implement and improve learning opportunities for CALU faculty, community college
partners, and students,

3. Improve learning opportunities for teacher partners offering CHS programs in their
schools,

4. Implement the community college partnerships designed to expand the number of
students taking RC courses.

The RC advisory team will use the answers to the following questions to improve the RC
training materials:

e Are there ample opportunities for all stakeholders (including CALU faculty,
community college partners, partnering teachers, incumbent workers, and
students) to learn the skill sets necessary to design, program, integrate, and
troubleshoot robotics enabling systems and subsystems?

e Are the scope and sequence of the learning activities appropriate?

o |s proper scaffolding provided for all new learners to master the course goals, or
are there prerequisites that students should be required to take before they take a
particular course?

o Does the training methodology use a combination of hands-on, classroom-based,
student-centered activities that replicate the kind of problem solving activities
that will be found in today’s workplace?

o Do the teacher-training and classroom instructional materials:

0 Support teachers, making it possible for them to implement robotics
system instruction;

0 Use industry driven matrices to develop rubrics that enable all
stakeholders to identify what industry standard work looks like;

o Present analytical problems in the teacher training sessions that require
advanced understanding of STEM to solve engineering problems;

0 Use open ended problems designed to teach engineering processes and
the iterative nature of engineering design;
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0 Include input from all stakeholders, CALU faculty, community college
partners, industry advisors, CMU advisors, and partner teachers to create
the lesson plans, develop the multimedia instructional materials, design
the engineering problems, develop rubrics for evaluation, and define the
overarching program goals to meet the needs of all students in the RC
project;

0 Develop strategies that allow industry/high school and industry/college
partnerships to be formed;

o0 Develop curricula designed to prepare students to enter tomorrow’s
technical workforce?

o How well were the new training materials implemented in the classroom
environment?

¢ What improvements can be made to increase new learner understanding of both
robotics technology and the academic concepts that enable robotics technology?

o What are the challenges that faculty needs to overcome to successfully
implemented standards based, STEM rigorous, robotics enabling courses in their
schools?

3.1.2 Refine course content for the two foundational courses, Agile Robotics 101,
Fundamentals of Mobile Robotics and Agile Robotics 102, Operating Principles of
Mobile Robotics

The RC course improvement cycle pictured below shows the iterative process the team
will use to assess and improve the RC courses.

1. RC partners identify

/ workplace needs \

4. Assess the course and the professional 2 RC devel Is and h
development if applicable; modify based on ' team develops tools and teaches
teachers how to use them to address

assessment results L
% robotic pipeline needs

\ 3. Offer the course and
assess the training module /
implementation by securing
feedback from faculty,

industry partners, and
students.

Robotic Corridor Course Development, Implementation, and Evaluation Cycle

Course improvement and project evaluation will follow the development,
implementation, and evaluation cycle shown above. The RC team will seek feedback
regarding three components: industry evaluation of course materials and teacher/faculty
professional development, faculty evaluation of program implementation of RC courses,
and evaluation of RC instructional material used to implement the CHS program.

Industry evaluation of course materials and teacher/faculty professional development
An industry assessment team will review each RC course. They will be asked to evaluate
the scope and sequence of the course, the online training materials, the project-based
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4.2 Project Final Report - The Project Lead shall prepare and deliver a Project Final Report,
to all community college partners and other stakeholders.

5.0 Oral Presentations/Technical Meetings

51 The community college faculty partners shall submit a copy of all electronic presentation
materials to the Project Lead before meetings.

5.2 There shall be a kickoff meeting for this effort. At the kickoff meeting the Project
Manager shall present the baseline schedule, introduce the project team, provide an
overview of the project scope and plans for completing it, and identify any areas of
concern or additional information required by team members in order to complete the
project scope. The meetings shall be held at a location determined by mutual agreement.

5.3 The Project Manager shall conduct quarterly review meetings throughout this project on a
revolving schedule at each partner site on a mutually agreeable location to review
progress against the plan and plans for completion of the project.

5.4 The Project Manager shall conduct a final review meeting at the completion of this
project to present the results of this project. This meeting shall be held at a mutually
agreed upon location
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6.0 Deliverables
6.1 Develop a marketing plan that describes the Robotics Corridor project
To be completed
6.2 Develop a plan to implement professional development at all levels.
The evolution of the professional development programs that are offered as part of the RC project is
an iterative process. CMU had developed the first two courses, Introduction to Programming and

Introduction to Robotics Engineering.

RC partner responsibilities
The Robotics Corridor Project team will:

Identify robot industry and student educational needs
0 Survey industry and education partners to identify the requirements that need to be included
in each CHS (CHS) course.

Develop the training materials used to implement the CHS course

Use feedback from industry and education advisors to determine the course objectives.
Develop the course activities designed to meet the course objectives.

Identify the suggested scope and sequence.

Develop the multimedia training materials that will be used to deliver the instruction.
Develop the train the trainer materials given to teachers involved.

Develop and monitor a bulletin board where teachers can exchange ideas and find answers
to questions.

OO0OO0O0O0Oo

Deliver Professional Development Course to the community college partners
0 Deliver the train the trainer course for each CHS class.

Evaluate the Train the Trainer Courses
o0 Evaluate the implementation of the train the trainer course.
o0 Compile the data gathered and make improvements based on data to the train the trainer
course.

Evaluate each CHS course implementation
o Evaluate, each course offered in the CHS program, secure feedback from: industry, faculty,
partner teachers, and students.
0 Compile data from the evaluation of the CHS program.

Make improvements based on Data

6.3 Updated curriculum for Robotics 101 and 102 courses developed in task 3.1.3
A description of the process for updating the curriculum is described in section 3.1.2
Refining course content for Agile Robotics 101, Fundamentals of Mobile Robotics and
Agile Robotics 201, Operating Principles of Mobile Robotics.

Below is a description of the step-by-step implementation of the process.

Offer course to CALU students
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o0 Select the faculty to teach the course
0 Develop pretest designed to establish base line knowledge students have regarding
course objectives
o Offer the course
o Collect formative assessment data throughout the course in the form of:
O Pretest
Pretest data analysis
Faculty observation
Student test results
Industry observation
0 Student project results
0 Collect summative assessment data in the form of:
0 Student course survey
0 Faculty course survey
0 Student grades/final exam grades
0 Student culminating project results
0 Industry assessment of project results
o Convene advisory panel
0 Present data to advisory panel
0 Prioritize course improvement needs based on interpretation of collected
data and advisory panel input
o Develop a schedule to implement course improvements
0 Implement course improvements
0 Convene development team
o Discuss course modifications/plan implementation
0 Assign deliverables
o Monitor progress
o Present new course to all stakeholders

O O0OO0O0
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6.4 Revised curriculum and plan for technician certification developed in task 3.2.3

Recruit industry advisory board to be made up of CALU faculty, CMU advisors, industry
advisors, NOCTI personnel, and practicing teachers.

6.5 Plan for summer camp program in task

6.6 Identify needs of CC Training Facilities
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