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EXECUTIVE SUMMARY

ernment, and civil society gathered at the National Academy of Engi-

neering to develop a national action plan addressing the technology and
engineering (T&E) components of STEM (science, technology, engineering, and
mathematics) education and workforce needs. Taking Action Together: Develop-
ing a National Action Plan to Address the “T&E” of STEM was the fourth in a
series of public events organized by the PTC-MIT Consortium to raise awareness
of the T&E aspects of the impending STEM pipeline crisis and to gather input for
the design of a national agenda for action. After reviewing three case studies of
initiatives targeting technology and education in states and local communities,
representatives of the PTC-MIT Consortium and invited Forum participants iden-
tified common areas of interest and developed an action plan to move forward
a national T&E agenda. The plan proposes specific actions that will build and
strengthen the T&E pipeline in the United States to address the looming short-
age of talent prepared to enter T&E careers in the next decade.

o n September 7, 2006, 146 representatives of business, education, gov-

Participants at the Taking Action Together: Developing a National Action Plan to
Address the “T&E” of STEM Forum identified four major goals needed to move
our nation from dialogue to action:

1. Raise awareness among policy-makers, practitioners, and the general
public. Communicate the importance of design and innovation to our
society, and share successful examples.

2. Strengthen the pipeline of T&E talent. Develop consensus around both
a coherent set of standards and actions aligned to those standards, so
that all students will have a basic understanding of T&E and be able to
make educated decisions about careers in these areas.

3. Enhance T&E workforce education through research. Develop a na-
tional research agenda that provides data for decision-making.

4. Develop partnerships to focus resources. Aggressively partner with key
stakeholders in business and government to collaboratively engage and
mobilize the education community to create models that provide strate-
gies for STEM teacher recruitment, retention, and continued professional
development, and provide replication of best practice that can be trans-
ferred to education.

The action plan recommendations generated at this Forum have been added to
recommendations for action from the three previous meetings organized by the



PTC-MIT Consortium and grouped into the following five categories: (A) Capac-
ity Building, (B) Policy, (C) Focusing Existing Resources, (D) Awareness, and
(E) Research, Assessment, and Certification. This report combines all recom-
mendations to date into an overarching plan to set our nation on a course of
action—a plan developed and recommended by more than 300 policy-makers
and practitioners in the STEM stakeholder community who participated in the
series of four meetings.

National Action Plan Recommendations to Address
the “T&E"” of STEM
A. Capacity Building:
A.1.1. Ensure that all students have an opportunity to learn design.*

A.2.1. Provide increased opportunities for students to learn Global
Engineering.*

A.3.1. Strengthen the foundation of technology learning in schools and
connect it across the curriculum.*

A.4.1. Provide a Dissemination and Implementation Network across the
United States.*

A.5.1. Recruit new teachers, implement strategies and incentives to retain
teachers, and increase opportunities for professional development.

B. Policy:

B.1.1. Enhance the re-authorization of No Child Left Behind (NCLB) by
strengthening technology.*

B.2.1. Promote the adoption of T&E standards and assessments in all states.

C. Focusing Existing Resources:

C.1.1. Map and align standards, programs, and curricula at the K-post
graduate and workforce training levels to meet critical skill needs.

C.2.1. Bring together key stakeholders to focus existing programs and
resources on addressing the targeted STEM workforce needs in T&E.*

D. Awareness:

D.1.1. Promote T&E and early career exploration among students and
teachers, beginning in middle school, if not before.

D.2.1. Promote the need for T&E education among policy-makers and
the general public.
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E. Research, Assessment, and Certification:

E.1.1. Encourage rigorous research-based approaches to teaching and learning.

E.2.1. Assess and certify the acquisition of critical skills from the K-12 level
through professional practice.

E.3.1. Support the development of longitudinal evaluation efforts focusing
on programs that address T&E career pathways, focusing on jobs that
are at high risk of not being filled and have great consequences if
they are not filled.*

Over the next 18 months, the PTC-MIT Consortium will lead a national effort to
move this comprehensive national agenda forward and to create opportunities
for participants in this Forum and previous PTC-MIT Consortium events to imple-
ment these goals. The Consortium will also report on our nation’s progress in
meeting these goals. The following next steps were recommended:

1. Legislative briefings. The PTC-MIT Consortium will conduct a series of

legislative briefings to inform policy-makers of this national action agenda
and its recommendations.

. Funders Forum. The PTC-MIT Consortium will conduct a Funders Forum

to deepen the dialogue on the importance of T&E and to connect recom-
mended actions to funders' priorities for giving.

. Action committees. The PTC-MIT Consortium will form action committees

to develop activities addressing the specific recommendations for action in
this national agenda.

. National network. The PTC-MIT Consortium will invite a national network

of stakeholders and constituent groups to participate in a communications
strategy that will share information across organizations and agencies to
benchmark progress toward these national goals.

*Recommendations that also resulted from the three meetings preceding the Taking Action
Together Forum.
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“I think more young
women would consider
careers in engineering
if they had an oppor-
tunity to study design
in school.”

—Stacey Janssen, student
Washington Township H.S.
Washington, NJ

“Today'’s students are
versed in technology
and visually stimu-
lated due to cultural
norms. Students will
be excited to be able
to experiment with the
software and develop
these skills. 1 think
that modeling in 3D
will also capture and
motivate students to
consider careers in
technology education
and/or engineering.”

—Carl Sandness, teacher
Hibbing High School
Hibbing, MN

PART 1: BACKGROUND

STRATEGIC SIGNIFICANCE OF THE “T&E" oF STEM

mathematics) education in today’'s classroom has never been more evident.

The national security and economic competitiveness of the United States
rests on the skills developed through STEM education. But while such an emphasis
has been encouraging to those who have advocated on its behalf, two letters seem
to have gotten lost in the middle: the “T&E,” technology and engineering.

T he strategic significance of STEM (science, technology, engineering, and

Many policy-makers simply assume that if students learn science and math, they
will have a path to T&E. While a foundation in math and science is important,
preparing learners in these areas alone will not address critical STEM workforce
requirements. Students that have no exposure to or experience with engineer-
ing have a very low probability of choosing engineering as a career or taking the
courses needed to pursue a career in engineering. U.S. schools have supported
science and math education for decades, and the enrollments and graduation
rates in engineering have been dropping.' Design is a core element of engineer-
ing. The design process is a method of discovery, exploration, and problem-solv-
ing. Data show that learning design is motivating for students and excites them
about choosing engineering as a career.> Applying mathematics and science
principles to real-world challenges, through design, deepens the learning of
those principles. We need to enhance design capabilities at schools by train-

ing teachers and providing materials and real-world design projects that use the
latest approaches found in business and government. Students that learn design
have higher grades, higher motivation, better attendance, and lower anti-social
behavior. Learning design skills and how they are applied in business settings
fosters entrepreneurship, creativity, imagination, and innovation.® These skills
are also critical for global competitiveness.

" Chubin, National Action Council for Minorities in Engineering Testimony to the Government-
University-Industry Research Roundtable, 2002; National Science Foundation, Chapter 2, High-
lights of Science and Engineering Indicators 2006, 2006.

2 Passey, D., et al., The Motivational Effect of ICT on Pupils, Department for Education and Skills,
London 2004, p. 28; Passey, The Motivational Effect of ICT on Pupils (Executive Summary), 2004,
p6; Report from the Office of Her Majesty’s Chief Inspector of Schools, /CT in Schools: Effect of
Government Initiatives: Secondary Design and Technology, 2002, p. 4; Hodgson, T., & C. Allsop,
Beyond Pro/DESKTOP Computer Aided Design (CAD): The Transfer of CAD-based Design Model-
ling Skills from Schools to Higher Education, Department of Design and Technology, Loughbor-
ough University, UK, 2002, p. 7.

5 Ibid.



U.S. National Security and Defense Capability

T&E education represents an area of strategic learning and preparation needed to
support U.S. workforce needs in areas impacting economic and national security.

The United States faces critical workforce needs in the areas of engineering and
technology. A large percentage of the engineering workforce is eligible to retire.
The average age of the aerospace worker in industry is 44. The average age is

51 at NASA and 53 in the DoD. Over 26 percent of the aerospace workforce will
be eligible for retirement in 2008.* Currently, there are not sufficient numbers

of students in the pipeline to replace them. Less than 10 percent of high school
graduates pursue undergraduate degrees in engineering, and only about half of
them ultimately earn a degree in engineering.® In recent years, the enrollment
numbers in engineering have dropped even further.c The Department of Defense
(DoD) employs approximately 67 percent of all federal scientists and

engineers and approximately 90 percent of all federal mechanical engineers.”
This is also true for companies with national security contracts. Aerospace Indus-
tries Association President and CEO John Douglass has stated that “with $161
billion in sales . .. U.S. aerospace Is a strategic industry in the nation’s economy,
homeland security, and national defense.”

In all classified and many non-classified strategic jobs, we need to employ quali-
fied U.S. citizens. If the United States does not have the human resources to
satisfy these needs, U.S. national security will be at risk.

U.S. Standard of Living, Economic Security, and
Innovation Capability

Throughout our nation’s history, the skills and education of our workforce have
been a major determinant of the standard of living. The 21st century has brought
opportunities for most countries in the world to participate in the global knowl-
edge economy. According to the Council on Competitiveness, “Innovation will

be the single most important factor in determining America’s success through
the 21st Century,” adding, “Innovation fosters the new ideas, technologies, and
processes that lead to better jobs, higher wages and a higher standard of living.

# CFUSAI, 2002, http://fermat.nap.edu/books/0309091756/html/88.html

> Chubin, National Action Council for Minorities in Engineering Testimony to the Government-
University-Industry Research Roundtable, 2002.

¢ National Science Foundation, Chapter 2, Highlights of Science and Engineering Indicators 2006, 2006.
7 Department of Defense Briefing, Virginia, December 2005.

¢ U.S. Department of Labor, High Growth Industry Profile: Aerospace, http://www.doleta.gov/BRG/
Indprof/Aerospace_profile.cfm

® Council on Competitiveness, InnovateAmerica, 2004, Washington, DC, p. 5




PART 1;: BACKGROUND

For advanced industrial nations no longer able to compete on cost, the capacity
to innovate is the most critical element in sustaining competitiveness. But the
United States now finds itself at a potential inflection point—facing new realities
that pose significant challenges to our global innovation leadership.”

A knowledge economy depends on the development and use of technological
tools and systems. The ability to create, innovate, and continually improve these
tools and systems will differentiate between the leaders and the followers in

a global knowledge economy. If the United States intends to lead, we need to
ensure that we have a strong and secure workforce that includes sufficiently large
numbers of engineers who innovate and create, technologists who develop prac-
tical applications, and technicians who maintain technological systems.

The pressures of continual innovation in a global knowledge economy require a
workforce that is more than technology literate and fluent. A continually innova-
tive workforce requires a pipeline of innovative thinkers grounded in principles
of design and the design process. All students, therefore, need to become inno-
vators grounded in principles of design and the design process, to ensure that a
sufficiently large percentage will enter the 21st century workforce.

THE PTC-MIT CONSORTIUM

The mission of the PTC-MIT Consortium is to address the STEM workforce, with a
focus on the T&E of STEM, through a partnership with the federal government.

The Consortium represents more than 80 organizations with constituents across the
United States, including federal and state agencies; corporations; professional societ-
les; higher education; K-12 education; groups serving minorities, women, and per-

sons with disabilities; informal science centers; and community education programs.

Consortium Working Group members set strategic direction for the Consortium.
Working Group members include:

* ACT, Inc.

e Museum of Science, Boston

« Cambridge University

 Carnegie Mellon University

« Center for the Advancement of Scholarship on Engineering Education

 Design & Technology Education Association

 Education Development Center, Inc.

« Federal Aviation Administration

 Harvard University

* International Technology Education Association

« International Society for Technology in Education

10 Council on Competitiveness, National Innovation Initiative, http://www.compete.org/nii/



+ Massachusetts Institute of Technology

» Minnesota Department of Education

« National Council for Community & Education Partnerships
 Parametric Technology Corporation

+ Pennsylvania Department of Education

« State Educational Technology Directors Association

+ Society of Women Engineers

+ Texas Southern University

Contacts:

Dr. Ralph K. Coppola

Director of Worldwide Education
PTC

1890 Preston White Drive

Suite 200

Reston, VA 20191

Phone: 703-860-7540 x281
Mobile: 703-298-6630

E-mail: rcoppola@ptc.com

Dr. Jeffrey Hoffman
Professor of the Practice of Aerospace Engineering
Department of Aeronautics and Astronautics

& Director of the Massachusetts Space Grant Consortium
Massachusetts Institute of Technology
Phone: 617-452-2353
E-mail: jhoffmal@mit.edu

PREVIOUS CONSORTIUM ACTIONS TO ADDRESS

T&E WORKFORCE NEEDS

The Taking Action Together Forum is the fourth in a series of meetings focused
on addressing the needs of the T&E workforce. The following events organized
by the PTC-MIT Consortium laid the groundwork for the Forum: Taking Action
Together:

* Moving Beyond the Problem—Strategic Next Steps for Enhancing the STEM
Workforce, Meeting hosted by Senator Mike Enzi and Senator Edward M.
Kennedy, March 31, 2006, U.S. Capitol

« Congressional Reception and Poster Session: STEM: Education for the
Future: How American Educators Integrate the T&E into K-16 Classrooms,
hosted by the Senate STEM Education Caucus and the House STEM Educa-
tion Caucus, July 12, 2006, Rayburn House Office Building

* Business/Industry/Education Focus Group: /dentifying Workforce Needs for
the Aerospace/Defense/Industry, Needham, Mass., July 13, 2006
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You can tell when a
student is ready to
learn design.

The following findings and recommendations emerged as a result of these meetings:

An overarching STEM framework is needed to map standards, programs,
and curricula at the K-12 and undergraduate levels to critical skill needs.

A strong focus on design, a core part of engineering, must become in-
tegrated into academic instruction at the K-12 and undergraduate levels.
Learning design is a means by which students can learn innovation. It is
also a motivator that uses discovery, exploration, and problem-solving.

Global Engineering approaches, being used by business and government
professionals, must be integrated into academic preparation at the K-12
and undergraduate levels. Students need to learn how to work collabora-
tively in geographically distributed teams to prepare for their roles in a
global economy.

Employers want technicians and engineers with excellent academic prep-
aration and 7-10 years of real-world experience. Providing real-world
opportunities for K-12 and undergraduate students could cut workforce
preparation time by a decade.

While it is important for all students to be technologically “literate,” for
the United States to succeed in a highly competitive global economy, we
should aim to have all students become technologically “fluent.”

Rigorous research-based approaches to teaching and learning should be
the foundation of K-12 and undergraduate T&E programs.

Traditionally underrepresented groups, including women and minori-
ties must be engaged and recruited into T&E jobs to have enough people
to meet the workforce needs, to spark creativity and innovation through
diverse perspectives and approaches to problem-solving, and to communi-
cate and connect with various partners, clients, and members of the supply
chain in a global economy. Programs should be designed to involve these
populations.

Assessments and certifications are needed to create a baseline and to
benchmark achievements toward our national STEM workforce goals.

Roles Identified for Stakeholders: Building a Robust
“T&E" Pipeline

Congress

Support inclusion of key elements of technology in legislation, such as the
re-authorization of NCLB.

Build awareness for T&E within the STEM legislative community. Recognize
that it is nof enough to teach science and math to build the engineering
pipeline; students also need to learn T&E to build the STEM workforce.
Participate in events to heighten public visibility on this issue

Deepen support and incentives for STEM beyond the “bookend letters” of
science and math to include more robust support for T&E.



Provide support for programs and assessments that work and that address
the STEM workforce needs.

Federal Agencies

Support comprehensive efforts to strengthen T&E education in support of
an invigorated STEM workforce.

Contribute information to an overarching STEM framework.

Ensure funding for technology as a curriculum content area at the K-12 level.
Focus existing resources on addressing the STEM workforce needs.
Support assessment and evaluation of programs.

Build and support partnerships to leverage investments, successful pro-
grams, and resources.

Provide authentic, real-world, compelling content and expertise in high-
Interest areas, such as space exploration.

Use the latest collaboration tools to share information and expertise.

Business

Work with the PTC-MIT Consortium to provide in-kind resources and money.
Develop partnerships that support the T&E of STEM.

Define and disseminate job skill needs.

Provide real-world design challenges based on industry needs.

Provide internships for students and externships for teachers to help infuse
real-world problem-solving into the educational experience.

Share best practices.

Encourage the involvement of other businesses.
Host national activities.

Help to make STEM more visible.

Education

Collaborate across disciplines and programs.
Ensure that innovation is taught at early grade levels.

Ensure that technology and design are included as content areas in the
curricula.

Build proficiency and competency, leading to technological literacy and fluency.
Use authentic tools for instruction.

Embrace assessment and evaluation.

Support the technology career development of students.

James McLurkin,
Roboticist, Inventor,
Researcher, Teacher,
MIT Computer Science
and Artificial Intel-
ligence Lab, hanging
out with four of his
robot pals on the set
of the Discovery Chan-
nel mini-series “The
Science of Star Wars”.
James investigates the
science and engineer-
ing of robots. James
stated “My goal is to
understand where in-
telligence comes from,
how it works, and how
to construct artificial
intelligence on real
robots.”




PART 2: TAKING ACTION TOGETHER

DEVELOPING A NATIONAL ACTION PLAN TO ADDRESS
THE “T&E” oF STEM FORUM

PURPOSE

Forum Goals, Outcomes, and Deliverables

Goals

1. Raise awareness among stakeholders of the T&E of the STEM workforce
challenge and the current activities and programs in place by stakeholder
groups to address this issue.

2. Produce a national action plan, addressing the T&E workforce, by identify-
ing specific T&E activities and projects that will be implemented collabora-
tively.

Intended Outcomes
As a result of the Taking Action Together Forum, attendees will do the following:
« Understand the broad implications of this country’s insufficient production
of T&E workers for the business, education, and government sectors, and

articulate how surmounting this challenge aligns with the missions and
best interests of their own organizations

« Identify two to five projects that address these challenges by leveraging the
interdisciplinary, combined strengths of the group

« Agree to participate in one or two of the communal projects, as defined by
the group during the day’s workshop, which will then be monitored and
coordinated by the PTC-MIT Consortium

Deliverables
« Action plan for the two to five follow-up projects

« Consolidated Action Plan that includes the actions recommended in prior
PTC-MIT Consortium events



AGENDA

The Taking Action Together Forum brought 146 representatives of business,
education, government, and civil society to the National Academy of Engineer-
ing on September 7, 2006, to take action together in addressing the T&E com-
ponents of STEM. The following activities guided their work.

8:30-9:15
9:15-10:45

10:45-11:00
11:00-12:30

12:30-1:30
1:30-1:35

1:35-1:50
1:50-3:15
3:15-3:30
3:30-4:15
4:15-4:30
4:30

Registration, Continental Breakfast & Networking

Welcome and Plenary Session: T&E Around the Country
(Auditorium)

« Michael Golden, Deputy Secretary of the Office of
Information and Educational Technology, Pennsylvania
Department of Education

« Alice Seagren, Commissioner, Minnesota Department
of Education

« Richard Rosen, Vice President, External Business
Relations, Battelle

Break (Great Hall)

Morning Breakout Sessions: Identifying Common Interests

Lunch (available in the Great Hall) and Networking

Welcome from the National Academy of Engineering (NAE)
Norman Fortenberry, NAE (Auditorium)

Report on Morning Breakout Sessions (Auditorium)
Afternoon Breakout Sessions: Taking Action Together
Break (Great Hall)

Report on Afternoon Breakout Sessions (Auditorium)
Next Steps

Adjourn
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CASE STUDIES

The Forum opened with an examination of three PTC-MIT Consortium partners’
activities, presented by the plenary speakers:

« Metro High School: Richard Rosen, Vice President, External Business
Relations, Battelle

« State of Pennsylvania Design Program Partnership with the PTC:
Michael Golden, Deputy Secretary of the Office of Information & Educa-
tional Technology, Pennsylvania Department of Education

+ State of Minnesota Academic Competitiveness Highlighting Individual
Excellence and Valuing Education (ACHIEVE) program: Alice Seagren,
Commissioner, Minnesota Department of Education

These case studies, each addressing the needs of the T&E workforce, provided
participants with rich examples of T&E in action at the state and local levels.

Case Study #1: Metro High School

Students at the Metro High School in Columbus, Ohio, focus on an intensive
STEM-oriented curriculum to prepare them to succeed in college and in a global
information economy. Metro High School is designed to serve students who want
a personalized and extraordinary learning experience that prepares them for a
connected world in which math, science, and technology are vitally important.
The Metro School, developed by Battelle, is putting into action its long-term com-
mitment to address the needs of the STEM workforce and the insufficient number
of people going into STEM fields. In collaboration with the PTC-MIT Consortium,
Battelle is introducing design as a core part of the STEM component of the Metro
School, and will be doing outreach and collaboration to schools across the state
of Ohio, using Global Engineering and virtual collaboration/project management
tools and techniques.

Case Study #2: State of Pennsylvania Design Program
Partnership with PTC

The State of Pennsylvania Design Program Partnership with the PTC provides
more than 49 teachers with access to design software and training to integrate
and use the software in their middle and high school classes. Computers are
provided by Governor Rendell to students across the state. The partnership
focuses on the requirements of both comprehensive and technical high schools,
and is aligned with the state standards in Career & Work, Science & Technology,
and Mathematics. More than 300 students study design to reinforce the content
contained in science and tech-ed curriculums, using professional design software
to create projects and solve real-world problems in academic classes and career
technical programs across the state. Future plans include area businesses provid-
ing industry-specific real-world design challenges. Global Engineering will also




be introduced, to enable teachers and students to collaborate with universities
and local industry on design projects, building on the successful design program
already established. This partnership provides important connections with re-
gional workforce investment boards, economic development councils, industrial
resource centers, and companies—such as, FAY-PENN in southwest Pennsylvania
and the Delaware Valley IRC in southeast Pennsylvania.

Case Study #3: State of Minnesota Academic Competi-
tiveness Highlighting Individual Excellence and Valuing
Education (ACHIEVE) Program

The PTC-MIT Consortium is working with the State of Minnesota to design and
establish the world's first state-wide Global Engineering Education Program. This
initiative brings together the University of Minnesota and State of Minnesota area
schools and businesses to engage in collaborative geographically distributed de-
sign. The Consortium is assisting Minnesota in preparing teachers across the state
to use computer-aided design tools, and in connecting schools with local design
and manufacturing companies to develop partnerships, using Minnesota'’s High
Tech Association. The design program employs a train-the-trainer model. After
the partnership announcement with Governor Pawlenty in July 2006, more than
fifty teachers were trained in design before the school year began in September.
Governor Pawlenty also provided support for teacher professional development
to sustain the initiative.

MORNING BREAKOUT SESSIONS

Individuals had a choice of six breakout groups, which they joined based on their
organization type:

 Federal and state agencies and congressional staff, facilitated by Lenny
Sweeney, Pennsylvania Department of Education

« Corporations, facilitated by Ralph Coppola, Parametric Technology Corporation

 Professional societies and higher education, facilitated by Jeff Hoffman,
Massachusetts Institute of Technology, and Norman Fortenberry, Center
for the Advancement of Scholarship on Engineering Education, National
Academy of Engineering

* K-12 education, facilitated by Kendall Starkweather, International Technol-
ogy Education Association, and Mila Fuller, International Society for Tech-
nology in Education

+ Groups serving underrepresented populations, facilitated by Semahat
Demir, Society of Women Engineers (SWE), and Melissa Carl, SWE and
American Society of Mechanical Engineers

+ Informal science centers and community education programs, facilitated by
Patti Curtis, Museum of Science, Boston
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Session Goal

Each group developed a list of the top three priorities on which to take action to
address the T&E pipeline issue. These lists were reviewed by the Synthesis Team
(EDC and facilitators) during lunch, then combined and shared with the larger
group to structure the afternoon’s work and future actions of the PTC-MIT
Consortium.

Session Guiding Questions

Participants were asked to introduce themselves and then answer the following
questions:

1. Why Is your organization interested in this problem, and how does it align
with your organization’s mission?

2. What specific programs are the best models you have seen to address this
issue? Do you have data? (No need to specify, just answer yes or no)

3. What's important that is not being addressed?

4. From the list created in Question 3, what are your group'’s top three priori-
ties to work on?

(See Appendix B: Facilitators Guide and Data Collection Forms for more informa-
tion about the structure and action planning activities of this Forum.)

AFTERNOON BREAKOUT SESSIONS

The Synthesis Team (a subset of members of the PTC-MIT Consortium Steering
Committee and morning session facilitators) reviewed the action priority lists
developed by each breakout group and identified the following five priority
action areas:

1. Capacity-Building

2. Policy
3. Assessment, Research Evaluation, and Certification
4

. Recruitment, Retention, and Professional Development of T&E Teachers and
University Faculty

5. Awareness

Forum participants selected the topic of most interest to them, and then partici-
pated in an action planning session led by a facilitator.

Results of Action Planning Breakout Sessions

Not surprisingly, some of the recommended actions intersected across groups.
The information below summarizes the results and lists the key action steps
identified by participants.




Priority Action Area: Capacity-Building
Goal: Build core knowledge and skills for all students in T&E (design/systems/spa-

tial learning/technology applications), and help students develop an interest in
T&E, ultimately pursuing and persisting in courses that lead to T&E careers.

Project plan (action ideas, or a combination of ideas, suggested by the group):

« Document and share best practices and lessons learned in the T&E of

STEM.
+ Build international connections and explore successful models in the
United States and other countries, and adapt and implement appropriate “...in Standards for
lessons learned with the aim of strengthening the T&E workforce pipeline. Technological Litera-
 Enhance design and technology curriculum by infusing promising practices, cy...the International
as well as the use of professional-level tools, technologies, and approaches Technology Education

used in business and government, such as Global Engineering and real-
world design challenges.

Association has success-

fully distilled an essen-

tial core of technological

knowledge and skills

we might wish all K-12

students to acquire.”
—~William A. Wulf, President

« Inform policy-makers, parents, educators, industry, community leaders,
etc. that design and innovation need to be critical parts of T&E educational
experiences for both students and teachers, with opportunities to engage
in real-world problem-solving.

 Ensure that policy-makers, parents, educators, industry leaders, community
leaders, etc. understand that design and innovation are critical to both stu- .

, , ) ) : National Academy of
dent; .ar_ld teachers' real-world learning, and support the lmplemeqtatlop Engineering, Standards for
of initiatives and programs that use such approaches as Global Engineering Technological Literacy
and real-world design challenges to strengthen T&E in schools.

» Develop a template, portal, clearinghouse, or framework to pull all the Realizing
STEM programs together, determine what resources exist and what is being v
done, examine metrics, and determine which are successful.

» Use a gap analysis to determine where additional resources and programs
are needed.

Recommended actions:
« Ensure that all students have an opportunity to learn design. A.1.1.

« Provide increased opportunities for students to learn Global Engineering.
A2.1.

« Map and align standards, programs, and curricula at the K-12 post-gradu-
ate and workforce training levels to meet critical skill needs. C.1.1.

Priority Action Area: Policy

Goal: Develop national and regional policies and a commitment to strengthen
T&E education and workforce development by focusing efforts and investments.

Project plan (action ideas, or a combination of ideas, suggested by the group):

+ Inform legislators and the general public about the need for T&E education wm )
and how this need can be addressed. Y, -




“ISTE NETS are a
stepping stone to
more advanced
learning.”

—Chris Stephenson,
Executive Director
of the Computer Science
Teachers Association

National

Educational
Technology

Standards for Students

“ISTE NETS are the ‘gold
standard’ for the field.”

-Tim Magner, Director,
US Department of
Education, Office of
Educational Technology

PART 2: TAKING ACTION TOGETHER

+ Develop a compelling and easily understood case statement focusing on
the need for a highly educated and skilled T&E workforce.

* Integrate professional development of technology education teachers with
professional development for math and science teachers when addressing
areas of curricular synergy.

* Include T&E, at the K-12 and undergraduate levels, in both authorizing and
appropriating legislation focused on STEM at the national and state levels.

« Ensure that there are national assessments and certification for T&E, from
the K-12 levels through professional practice.

 Support the deployment of technology standards in all states, based on the
Educational Technology and Technology Education National Standards.

 Require a technology course for all students.

* Include Technology Education and Educational Technology in No Child Left
Behind (NCLB) and ensure that there is a national assessment that covers
both Technology Education and Educational Technology.

« Explore how year-long learning models can be used to enhance T&E educa-
tion with the infusion of internships for students, externships for teach-
ers, and real-world design challenges based on industry applications and
Issues.

« Ensure that all students have an opportunity to gain fundamental knowl-
edge of T&E and are able to use that knowledge to make educated deci-
sions about careers.

 Ensure that all students have a basic understanding of T&E, within the
STEM context, and are able to make educated decisions about career op-
tions in these areas.

Recommended actions:
» Promote the adoption of T&E standards and assessment in all states. B.2.1.

 Enhance the re-authorization of No Child Left Behind (NCLB) by strength-
ening technology. B.1.1.

« Promote the need for T&E education among policy-makers and the general
public. D.2.1.

Priority Action Area: Assessment, Research Evaluation, and
Certification

Goal: Gather the data needed to facilitate informed decisions by policy-makers and
practitioners, educators, and employers. (As a resource for this discussion, partici-
pants at the Forum were given the new book Tech Tally, published by the National
Academies Press, which is a framework for assessment and evaluation of T&E.)



Project plan (action ideas, or a combination of ideas, suggested by the group):

Provide data and real-time information to decision-makers to enable them to
make better decisions about policy, best practices, admissions, and employ-
ment. Data can also facilitate the development of a case statement about
the importance of T&E in addressing the STEM workforce. Comparative
data, such as TIMSS (Third International Mathematics and Science Study),
are important and yield good information, but these data are not sufficient;
TIMSS data, for example, do not address T&E. There is a significant need
for STEM data, especially in the area of T&E, as there are few data sets and
studies that focus on T&E. When studies are done, especially when they are
comparative and involve multiple variables, it is critical that the data are
disaggregated so that multiple research strategies can be employed.

Support studies and mechanisms that focus on longitudinal data collection,
as these data are valuable. Unfortunately, there is very little support for
education research in STEM at this critical time, when we need to synthe-
size findings and develop concentrated evaluation efforts that include com-
mon data standards for this field and solid, baseline data.

Create a registry of available evaluation data. Access to this information can
help set us on a solid path toward improvement. Timely feedback, evalua-
tion, and technical assistance will make program evaluations more helpful
to participants. The focus of STEM evaluations should be on education with
a link to the impact of education on the workforce. We are guided by these
general principles: (1) For project evaluation to have a positive impact in
building a robust STEM workforce, evaluations must be long-term and ex-
tend past the life of the grant projects, and (2) Ongoing research is needed
to judge the effects of the many STEM projects that are nascent.

Develop a national research agenda and plan that develops common data
definitions and standards, defines what needs to be taught, identifies most
effective teaching and learning models, produces more evaluation and
assessment experts, supports synthesis of findings across agencies, and
develops support to pursue the work.

Have good T&E data to support informed formative and summative deci-
sion-making.

Promote the adoption of T&E standards and assessment in all states.

Recommended actions:

Encourage rigorous research-based approaches to teaching and learning.
E.11.

Assess and certify the acquisition of critical skills from the K-12 levels
through professional practice. E.2.1.

Support the development of longitudinal evaluation efforts focusing on

“ACT’s research

suggests several critical
steps to advancing the
STEM education pipeline
and maintaining, even
enhancing, our nation’s
competitive position in
the global market. We
need to identify the
foundational skills that
are prerequisite to
successful performance
in the STEM professions,
and ensure that all stu-
dents are provided with a
rigorous core curriculum
that ensures they possess
these skills when they
leave school. Second,
we need a systematic
approach for measur-
ing students’ progress
in attaining these skills
as they move through
middle and high school
so that targeted instruc-
tional interventions can
be provided as necessary.
Finally, we need to
establish processes and
tools (e.g., skill-based
certificates) that enable
educators, trainers, and
the students themselves,
to verify to employers
and interested others
that the students have
acquired the critical
skills needed to

succeed and advance

in STEM careers.”

—Richard L. Ferguson, CEO
Chairman of the Board
ACT, Inc.
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programs that address T&E career pathways, focusing on jobs that are at
high risk of not being filled and have great consequences if they are not
filled. E.3.1.

Priority Action Area: Recruitment, Retention, and Professional
Development of T&E Teachers and University Faculty

Goal: Promote the need for activities targeted at recruitment, retention, and con-
tinual professional development of technology (technology education and educa-
tional technology) and engineering K-12 teachers and university faculty.

Project plan (action ideas, or a combination of ideas, suggested by the group):
* Build partnerships with companies that are engaged in authentic STEM work.

« Give teachers time to strategize and opportunities to collaborative across
disciplines.

« Make professional development mandatory.

Developing
 Have such organizations as ITEA and ISTE collaborate on mutually support-
Ive initiatives targeted at addressing all aspects of the technology issue.

 Have companies share activities and best practices, used in industry, with
teachers, including tools used in real-world applications, which teachers
can then adapt for their classrooms.

« Support and promote project-based learning.

« Ensure that teacher education institutions prepare teachers in the latest
approaches used in business and government. All teachers should be pre-
pared to use technology in the classroom.

« Use NCLB to support T&E. Colleges of education need to “shake things
up”; students coming out need to be trained to facilitate innovation, dis-
covery, exploration, and creative, real-world problem-solving.

« Take a positive approach to education reform, building on strengths and
addressing future needs. Student input in learning should be sought and
collected with online polls. Leverage the use of volunteers, such as retired
engineers and others with expertise in T&E, and focus resources on improv-
ing STEM education nationally.

 Support partnerships and consortia to focus existing resources on address-
ing the STEM workforce pipeline.

« Develop partnerships at the national and state levels among key stakehold-
ers, such as K-12 and undergraduate education and STEM companies, to
collaboratively develop and implement models that provide STEM strate-
gies for teacher recruitment, teacher retention, and continual professional
development.




» Develop an operational definition of STEM, identifying data collection
processes and gathering data, developing a marketing/public awareness
plan, and developing strategic models for STEM teacher recruitment and
STEM teacher professional development.

» Develop a consensus on the key definitions of T&E terminology.

 Recruit new teachers, implement strategies and incentives to retain
teachers, and increase opportunities for professional development.

« Map and align standards, programs, and curricula at the K-12 levels
through professional practice to meet critical skill needs.

Recommended actions:

* Recruit new teachers, implement strategies and incentives to retain
teachers, and increase opportunities for professional development. A.5.1.

+ Provide a dissemination and implementation network across the United
States. A.4.1.

Priority Action Area: Awareness

Goal: Build public awareness, among all stakeholder groups, of the relevance,

importance, and pervasiveness of T&E in society and the consequences and soci-
etal impact of strong and weak T&E education and workforce systems, identifying
the roles and responsibilities of business, education, government, and the public.

Project plan (action ideas, or a combination of ideas, suggested by the group):

 Build awareness among policy-makers, practitioners, and the general pub-
lic, which is essential to building a workforce strong in the T&E of STEM.
This awareness should define what the country needs to stay competitive
and what skills students need in the workforce.

 Define key workforce skills, align educational practice with these skills
needs and ensure that this is a priority in schools.

« Speak more frequently and in a consistent voice to the media, who relay
important information to and communicate with our intended audience.

 Provide the public with good role models. Demystify the role of an
engineer/inventor. There are few engineers on television, and they are not
represented in the public entertainment arena. Include writing and com-
munication skills in the engineering curriculum so that engineers are more
comfortable communicating with the media and the general public, and are
more willing to share what they do with the community more often.

« Communicate what is working, in terms of student achievement, and results.
State and local summits can be venues where communities can discuss
specific issues, develop goals, and elicit support for programs. National sum-
mits will draw greater attention to this issue, increasing awareness and encour-
aging collaborations, which can then increase interest in jobs in these fields.

“Engineering is all about
the invention of devices
and processes. Any
young engineer with
imagination can make
a huge contribution.
Women are really need-
ed because they think
differently than men and
they’re bringing a whole
new vision of creativ-
ity that will have far-
reaching impact on our
world.”

—Corrine Lengsfeld, Engineer

Changing Our World: True

Stories of Women Engineers,
p. 24
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“As an engineer, this time
of development is so
exciting. I have the ability
to improve people’s quality
of life in very visible ways.
The possibilities are
enormous! It’s engineers
that will turn those
possibilities into reality.”

—Ruthie Lyle, Engineer
Changing Our World: True
Stories of Women Engineers,
p. 124

“This is engineering at
its best. I bring people
and ideas together and
turn them into reality.”

—Dava Newman, Engineer
Changing Our World: True
Stories of Women Engineers,
p. 1M

“3D design is a very tan-
gible application of math
and science. It gives
students an experience
that may lead to their
choosing engineering as
a career.”

—Scott Mattingly, teacher
Beckendorff Junior High
Katy, TX

Make sure that policy-makers and the public know that for national security
reasons, many more well-educated and prepared engineers who are U.S.
citizens are needed to fill our national security jobs.

Make sure that businesses and government agencies know that they can
help by providing internships for students, externships for teachers, and
design challenges. These approaches can be used to infuse real-world
experiences into education.

Encourage technologists and engineers to work with scientists and math-
ematicians on this national effort. Together we need to create a clear
message that is sent throughout the nation, and provide examples of the
contribution that engineers make to society, in order to inspire interest in
both students and public relations groups.

Seek funding to catalyze “making the case” for the T&E of STEM. An
awareness campaign needs to be combined with serious follow-through
in schools. There needs to be an assessment of technology literacy and
fluency.

Make sure that T&E is included in today’'s biggest driver of educational
change, i.e., NCLB, and is part of the NCLB assessment plan.

Create summits at different levels that will involve different key stakehold-
ers, focusing on making the case and increasing awareness beyond the
STEM community.

Bring together key stakeholders to focus existing programs and resources
on addressing the targeted STEM workforce needs in T&E.

Promote T&E and early career exploration among students and teachers,
beginning in middle school, if not before.

Promote the need for T&E education among policy-makers and the general
public.

Recommended actions:

Bring together key stakeholders to focus existing programs and resources
on addressing the targeted STEM workforce needs in T&E. C.2.1.

Promote T&E and early career exploration among students and teachers,
beginning in middle school, if not before. D.1.1.

Enhance the re-authorization of No Child Left Behind (NCLB) by strength-
ening technology. B.1.1.

Strengthen the foundation of technology learning in schools and connect it
across the curriculum. A.3.1.



PART 3: RECOMMENDATIONS

The following Recommendations for Action represent suggestions from all four
events that were held by the PTC-MIT Consortium. (Those also suggested at the
meetings held prior to the Taking Action Together Forum are noted with an
asterisk [*¥].) The recommendations are categorized into five topical areas:

A. Capacity-Building

B. Policy

C. Focusing Existing Resources"

D. Awareness

E. Research, Assessment, and Certification

These topical categories are used to best represent the types of recommenda-
tions provided. Some of the topical categories were combined. For example,
“Capacity-Building” comprises all of the recommendations focusing on imple-
mentation, as well as recommendations in the category “Recruitment, retention,
and professional development of T&E teachers and university faculty.”

"' The afternoon sessions did not have a category on focusing existing resources, yet several
recommendations fell under that topic. Therefore, the category “Focusing Existing Resources” was
created for these recommendations.




RECOMMENDATIONS

‘swesgoud

uonednpa Ajyunwiwod pue s1ajuad A3ojouyds)
pUR 9DUIDS [eLLIOJUI SB YINS ‘Sarjied pajsassiul
1ayjo pue sdnois [oous z1-Y (§) pue ‘uonednpa
13Y31y () ‘Juswuisnos pue ssauisng (1) €7y

'SS9UISNQ pUR JUSWUISA0S Ul Siuonipeld

Aq pasn s|00} uonelogey|od 1saie| ay} SutAojdwa
JUSLULOAIAUD Wea) panguisip Ajjediydeld

-093 © Ul SWa)SAS Jo usisap sy} adeuew pue
‘U0 31RJOQPR||0D ‘9)R_ID SYUSPNIS IARH “Z° "W

J0qe| 1502-J9MO| Y)IM pROIqe SUONRIO0| Ul 3UOp 3q
ued sqol aunnoJ pus-IaMoy 3y} 3jiym ‘Aunod sy}
Ul 9pISal ued Jeyy sqol uunpejnuew sAeAoUUI
'3NR3LD ‘pUR-y31y Sy AJIUSPI 0} S31RIS pajuN
3y} Joj Anunpoddo ue sapinoid Ayjigeded siy
3uip|ing "8uliaauIBug [eqO|D UIBS| 0} SYUIPN]S 10}
saniunyoddo duipinoid Jou a1e UoneINPa 7|-H
pue U0NeINP3 JAYSIY ‘ISASMOH JUSWUOIIAUD
panqisip Ajjea1ydes30ag e ur suop S JUIWUID
-\03 pUP $35S3UISNq AQ suop Sulnpejnuew pue
ugISap 3uLUIBUS AU} JO YIN|A "S3ILIS patun
Y} J0J SLIIU JILIOU0I DIZAJRS B SI }| JUSW
-UOJIAUS pajnqguisip Ajediydei30a8 e Ul SwalsAs
J0 u3Isap sy} sI 3uLRauISuUT [eqo|n :ajeUOIIRY
« “Sundusuz

Jeqo]D uie3] 0} s3udpnjs 10} Sa1)
-junjioddo paseanul apinoid L7y

"S|9AQ| D)eIS pue [eIP3} A3 Je Siayew-Adijod (£)
pue ‘sdnoJd uoneINPa AJUNWLIOD pue SIBUN)
A3ojouyda} pue duans [eunoul (9) {(YGSN)
UONeNossy SpJeog |00y [euoneN pue (ISDN)
$2.NJL|SIST AILIS JO DUIIJUOY [PUONRN Se YaNnsS
‘suoneziuegdio pue sanuade eis pue [e1apay (§)
'sdnou z1-y (v) ‘uonesnpa 13y3iy (<) ‘(WLON)
SIIRWIYIR JO SIYIR3] JO [1DUNOY) [PUONRN

pue ‘(Q¥N) [PUN0) easay [euoneN ‘(Syvy)
32UIING JO JUSWDURAPY S} 10} UOIRDOSSY
ueduawy ‘(31S|) uoneanp3 ur ASojouyds|

10} A910S [euoneusdiu| ‘(y31]) UONRIOSSY
uoned>np3 Aojouyda] |euoijeudiu| se yans
‘suoneziuedio 3uidojanap-spiepuess (7) Juswu
-\03 pue sSauIsnqg wouj siauonipeld (1) "€ Ly

"8UIA|0S-W.|qold pliom-|eal Jo Sul

-pUBISI9pUN UB UIe3 0} ‘JUSLUISA0S 10 SS3UISNg
ur ssuonpeld Aq pauspt - pue sdiysulaul

u1 33e8us pue ‘sagua||eyd usisap 1o swsjqold
PHOM-|B3J UO }IOM WY} 9ARH "USISSP PIOM-|e3]
Ul S9DUBLIAXS YIM ‘S|9AJ| AlsIaAuN y3noay}
USHESISpUD| WO} SUSPNIS SPIN0Y] “Z° L*Y

"S19918) 2] JSPISUOD 0} pajen
-jow 3wod3q (¢) pue ‘sqol 381 Inoge ulea| (7)
'S19N0S-Wa|qoud pue SiojeAouul 3q 0} ules| (1)
S)uspnys ‘udisap 3uiuies| ydnoiy| :ajeuonpey
+uSisap used] o3 Ayjunyioddo ue
dAeY Sjudpnjs [je jey) aansug 1LY

Suipping-fidede) vy




"uonedNpa JaySiy pue ‘suonepunoj ‘sssuisng

"YAL13S pue ‘31S| ‘3Ll Se ydns suoneziuedio
'S3DUSSR JUSWUIINOS D1RIS PUB [RISPaS "€°§ Y

‘uoijesusdwod [euonippe pue saniunuoddo
Juawdoansp [euoIssaj0id Ujoq 10y ‘s3UIaS
JUSWILISAOS pue Ssauisng ul sdiysuiaixe spInoid
'S1ayoes} Adojouypa) Ayjenb

uleja. pue Peiye 0} SSAUDUI SN pue Ausp|

JUSWIUIDAOS pue SS3UISNq Ul SI9

-uonpeld Aq pasn 391 03 saydeoidde pue s|00}
MU UJIM S||IYS ,S194ea} 3dueyud 0} sanunuoddo
Juawdoansp |euoissajoid 3ul03U0 SpINoLd

uswdopRnsp

[euoIssaj01d panunuod pue ‘UoNUIRL JSYIes)
“JUBLLYINIDAI JOYDLI) 10} SaI83)e.)s apinoid Jey)
S|opow 91eald 0} SI9pjoyyelS 91—y ASY azijigow
pue 33e3ua A[9AIRIOGR||0D 0} ‘[9A3] 31BIS By}

1e pue Ajjeuoneu ‘sdiysisuped dopasq “z°s v

‘Ansnpur ur sqol uihed-1aydiy

pul} UBD SPJ3l} pajeaJ-39 1 Ul S|enuspasn

PO03 YNM SI9UDes] "Wway) 3dejdal 0} auladid
3y} U1 9jdoad ysnous jou ale 33y} pue ‘Jusawl
-2191 3ulleau a1e Aunod ay SSoude SISYIes)
A3ojouydal 0008 ay3 jo Auey :ajeuoney

JudwdojaA3p Jeuoissajord

10} sanunjioddo aseanul pue
‘S13Yde3)} uIe}d 0) SIAIUDUI
pue sai3ajesys yuawajdun
‘SI9YIL3} MIU JNIY °I°SY

"1peid Jeuoissajoud ysnoayy

uonedxnpa Alepuodas-jsod-y wouj ‘spAJ) ||e e
JuswAojdwa pue uonednpa \ILS Jo seale Ay Jo
,dIysIoumo, 10 0} UOIPIUUOD B Sey WNILOSUO)
3y} Ul uoieziuedio yoea ‘A1ojia) pue 33els Ans
Ul SSAIJRIIUL UOIRINPA JUSWS|dul pue S)euiwss
-SIp 0} A1jun0d 3y} $S0.0. Suoljeziuedio Jauyied
08 Uy} aJow JO yoeas pue s1amod ay} 33e1an)

UBD DIYM ‘WNILoSUO) [IIN-D1d YL "€

213yds |BI0] 3y} SPISINO S3UNOSAI

3unsIxa 0} $S9208 pUB LOIRIIUNWILIOD 10} SPIYSA
B 3pIn0Id pu SI9YRW-UOISDIP [BI0] 3Y} SS3e
0} SUONRZIURSIO JO SYIOMIBU BUNSIXa SN “T 1"

'SANSSI 953U} INOGR SUOISIAP UMO S)I Syl
DUISIP YIRS DUIS YMIIYIP SI SIAIRRIUI 9|qe|RIS
Bunuawadwi pue uneuIwassIq “pazI[euIP
SI WR)sAs [euoneanpa 'S ayL :djeuoiey

¥ S9)e)s pajyiun

3y} sso.de yiomjau uonejusdwadjdul
pue uoneuIWISSIP B IPINOId "L bYW

SSaUISNQ pue uoneINpa Jaysiy

wouj Joddns pue saljR10s |euoissajoud
'S|9AS| S)e)S pue |BI3P3) AU} e SADUIZL
JusWUIRA03 (Y1) UONRNOSSY Si0paliq
A3ojouyda] |euoiednp3 A3eiS Y} pue ‘3]G
"WY31| S YINS ‘SIap|oyyelS Z1-Y ASY "EUEY

"SDUANS [eLRIeW pUP ‘SdUANS [eaIsAyd
‘SULISAUISUD Se INS ‘pasu dI3ajelis e pue
$931I0YS 3B 3J3Y} 19ym Sd1doy Uo SanAipe
S04 “(sa130j0udR} Asn 0} moy duiules)) A3
-0|0UYI3} [RUONRINPS pUB ‘Yjew ‘3u3Is e yans
‘spalgns Jayio yum (usissp y3dnoJyy [enuajod
UBWINY pusixs pue swajqoid A0S 0} Moy
duiuies)) uonedxnpa A3ojouydR) yuIl "z €Y

AINJURD 1S1Z 3y}
ur uipiom pue ‘uiuies] ‘Suinl| jo spadse ||e ul
paiidde pue pasn sI ASojouyds} moy uies| pue
‘33pajmouy pue s||is A3ojouyda) ur uorepunoy

duous e dojansp 1snw sisules) e ‘suljpdid
1U3]e} Sy} 9seanUl 0} J3IO U| :djeuoijey

5 WNJNOLLIND 9Y) ssoJjoe }I }oD2uuod
pue sjooyds ui Sujuied] A3ojour)rsy
Jo uonepunoj ay} uay3udans L°cY




RECOMMENDATIONS

'sdnoig Ansnpul pue s3|qey

-punou ssauisng 1SN -V4SN -¥d13S -uoneanps
JO SjusWedap 31eIS ‘UONRINPS JO SpIROq IRIS
'(YgSN) uonenossy spieog [004dS [euonen pue
(ISON) S2.N1eSI3a7 91LIS JO SIUIIYUOY) |PUOIBN
:2UING JO WNISN 3y} pue ‘WIDN AN ‘Syvv
‘31S| V31| Se yans ‘suoneziuedio SuidoRAsp

-SpJepue)s ‘WNOSU0) |N-D1d dYlL €T d

"SJUSWLISSISSE pue spaepuels 39| dope 1o
dojanap 0y sue|d Suneaud ul uoneINpa Jo spusw
-}edap pue suoneziuedio JAIe[SI33] 1elS SA|OAU|

B3R SIU} Ul dUop
U33q SeY 1eY} YJOM S} WOJ) DU PUB 35N 0}
S3]e)S 3|qeu 0} [P1od Paseg-gaj e Lo SpJepur)s
3)RJS pUR [RUOIIRU BUNSIXD d|qR|IRAR Y|

'SaJR 33U} Ul JUSWSASIYIR JUIPNIS
SMIBLIWINS PUB SANRWLIO) 104 18 pajasie} sjua
-ssasse ydope 10 dojaAap pue 38| 10} SpIepuRlS
J0 195 B 1dope pnoys Sa1es || 1By} JuaWalels
3y} anss! 0 suoneziue§io dunew-spiepuels
3UIAU0D WINOSUOY) [[N-D1d Y} 9NeH “Z°Z°d

duippdid

IWALS 3} JO 91 S} 03 pajejal a3pajmouy

pue s||I¥S 4o Juswdo|aAsp ay} uo ssaidoid 3)els

pue ‘|euoISal ‘|leuoieu Iewyduq pue aping o}

papaau ale suejd pue Seod Je3|) :ajeuoney

"sa)e)s
[Ie Ul JUBWISSISSe pue spiepuels
381 jo uondope 3y} owoid "1°7°9

'YA13S pue ‘sa1anos [euoissajold ‘uon

-2NP3 4O SjuSWHLdap IS Se NS ‘[and| 71—
3y} 1e sdnoJd Jap|oyaxels uoneanpa Ay (1) pue
‘WIDN pue YN ‘SyvY 311 VALl Se yans ‘suon
-eziueg10 3uidojansp-spaepuels () ‘uonednpy

Jo uaunedsq ‘g ayl (7) ‘ssauuo) (1) "£°1L°d

JJaUpe3] payiend AjydiH e jo uoniuya(,

3y} Sunepdn pue ,UOIRASILILPY [00UDS 10}
ASojouyday,, uippe se suonedyIpow yans Yum
ASojouyda uo SuomRaS JULIND Y} UYIBUANS
(7) pue !, Aujigelunony pue ee( Jo s, pue
,ud1sa,, uo 3uisnaoy ,uonednp3 Aojouydsy,,
10§ o Mau ppy (1) seijiqe pue s|Ins W3LS
310D 3)eJisuowap pue dojaAsp 03 pue ,SIyUIY}
[ed180]0UY3}, SW03q 0} Ajunpoddo ayy

3NRY SURDLIBWY ||B JeY} INSUD 0} SAem 3uImO||oy
3y} Ul gTON Ul A3ojouyday dueyus "z 1g

"Ju3)e} UI210} YUM P3||l} J0 p0INOS

-Jn0 3q Jouued sqol NS Awndas jeuoneu
231D S,UOIeU INO JO Aueyy “WA)SAS uoneINpa
s,Aepoy jo Ayjenb sy uo spuadap ssauani
-}3dWO0d JIWOU0I S,MOLI0WO] djeuoiyey

+A3ojouyd3) SutuayiBuans

Aq (91DN) puiyad 331 PiIyd oN
JO uoljeziioyjne-al 9y} aueyuy “|°1'd

forjod g

G3INT0ANI 39 ATNOHS OHM

P21 Ul S3UI||RYD 1533 By} SSa.ppe 0} pasedaid
$134oea} Jo 31ped [euoissajold e pjing 0} djpy pue
SISP|OYNLIS dU} JO [|B 13U ||IM YaIym ‘suipdid

331 2y} Sulping pue saniunyoddo [euonedanpa

3unueyus uo pasnioj ‘uonednpa Jay3y pue ‘s

-ssauIsnq ‘sjooyds duowe sdiysiauiied ageinodug

AD3LVULS NOILY

NOLLYANIWWO0DIY




'sweldoid uoneanpa Ayunwiwod pue S1aju)d
A3ojouyay pue duaNS [ewojul pue ‘suonendod
pajuasaldaRpun SuIAIRs sdnoid ‘uonedanpa

1= ‘uonednpa J3ysly ‘sanNos [euolssajoud
'SSUISNG ‘SaDUIZE )L)S pue [RIIPI} SE LINS ‘B3R
SIY} BUISSaIppe Ul 1saIRjul Ue aAey jey) sdno.d
19410 pue WNWosuo) 1N-21d =Yyl "D

'SpaaU JaWUN 3y ssaippe 03 suejd Juswa|du|
oW 8uiaq jou ale

1B} SP33U Y} SS3IPPe 0} $2IN0SI 3y} UILIGO
W 8uaq Jou spaaU aY ssaJppe 0} ued e dojprdQ
'$30N0S31 UNSIXS YIM J9W 99 JouuRd

Spaau 1eym auILIRRp 0} SisAjeur deS e wiopag

(S)pasu paiynusp!
U 8uIssalppe U0 $321n0Sal SUISIXa SN0

"pasu 1ey)
uissalppe U0 pasndo} aq ued jey) Sanijiqeded

3unsixa ayy pue pasu ayy Ajnusp| "z

"SJUSWUOIIAUS SUILS}eRIY}-UOU

'3JeS Ul U0I1RI0GR||0d 0} saniunoddo may

pue ‘W3S JO I8 dY} 10} S32N0s3l Jo sweidoud
3unsixa IN0ge S31epuUNOQ [PUOIRZIURSIO SSO.R
PaJeys UOIIRWLIOJUI S| S I3} ‘SPasu 3210}
-JIOM \3LS JO Spadse SnoLieA U0 UOUIYR SN0}
suoneziuedio Auew ydnoyyy :ajeuoney

*»3181

Ul Spaau NIopHIOM AIILS paiasie)
9y} Suissaippe uo s334n0s31 pue
swei30ad Sunsixa sndoj 0} siapjoy
-9ye)s A3y sayjaso) Sung "1°7H)

"S31391005 [euoIssajold pue 'sdnoid 7| -y
‘uoneaNpa JaYs1y ‘sssuisng ‘1oge Jo Juswpeds
‘SN '(O@3) DUl 1BIU) Wawdopasq

UOReINp3 “WNIJosuo) [|N-J1d 9yl "€ 1D

"InJSsaINS e

U2IYM SS3SSe pUB ‘SR auiwise( sweidold
I3LS 2y} || uo uonewuojul 1o} 3dejd 03 08,
U} 99 0} 3SNOYBULIRSP PISeG-GI B S1ea))

IN3LS JO 381 9y} U0 SN0}
1ey} sweidold Jo $S02ns ay3 oy eI dopPnaq

J0J3 |eUOIlRU
siyy Jo 1ed aw023q 03 sweidoud Jopjoyayels |je
3)IAUI pue suopauud pue sdiysisupied Sjey|ed

'sded Aynuapl
pue uonedijdnp 3dnpai 0} swesgoid pue sjusw
-JS9AUI SUNSIXS USI[e puB AJJUSp! 0} YJOMILIRY

W3LS S,WNHOSUO) 1N-D1d 9yt 9sn "T° LD

"S|9A3| [B20] pUe ‘|RUOISA) ‘|euoiieu dy} Je dulRdid
Juawdopenap ||ys ayy ui sded dnewweidoud se
[loMm Se $32IAISS pue sweldoid Jo uonedijdnp uo
PIJSeM 3Je SDIN0SIY “PajusLISel) pue 3|gelJun
staulpdid 316 Walnd Y] :ajeuorjey
*Spasu [Iys

e313L1d 323w 0} S|2A3] Sujures)
3diopjiom pue denpess jsod-y
ayj je eymund pue ‘swesdoad
‘spaepuejs usjje pue dey\ “1°17

G3INT0ANI 38 ATNOHS OHM

$324n0s3Yy 3unysix3 sndo4 )

AD31VYLS NOLLYVY

NOILYANINWI0J3Y




RECOMMENDATIONS

'S)uspnys pue sdnoigd

Anunwwod ‘sanusde [e1apa) pue els ‘elpaw
Y} ‘s101eanpa ‘Ajunwiuiod Ayindas jeuoreu

3} ‘sauIsnpul JueA3Rs ‘sidew-Adljod ‘sysiw
-0U0D9 ‘SI93UIBUS ‘SWHly SUOIRRI AN “£°Z°a

J1|qnd [eI3uas 3y} pue siyew-Adijod
dunadiey sjuiod Suny|ey pue sadessaw dojpAd(

duipdid 381 sy

ur 3jdoad Juaniyns 3uiney Jou Jo SaUINDISUOD
3} UIAJIUSPI JUSLSSISSE JUSWSSRURW-YSI

e duIsn quawijels ased e dojpnsq "z a

"S3I|ILLRY JI3Y} puB USIP|IYD ISy} 10}

saniunyoddo qol ojur ajejsuedy [|im jeyl sa8eHoYS
13}I0M 3U} pUB SIIOM 2] 10} PA3U [RINLD Y}
10 31eme Ss3| I 21jgnd [e1aUas Y] :ajeuoIey

“1jqnd [esauasd ay) pue
sidjew-Ad1jod Suowe uonednpd

381 10} pad3u 3y} 3j0woid "L'T°d

‘leuoneutsju| A1ejoy se ydns ‘suor

-ez1ue310 NIAIIS PU ‘SISO JO SIdGUILL)
pUB ‘SpJe0q JUaWISaAUI 32I0PHOM “YGSN “ISON
‘UOI}eOSSY SIOUISAOT) [eUONIRN 3y} Se Yans
'sdn0JS [9A3]-91L1S pue [RUONRU JUSWIZRURW
Jaddn wouy Joddns Yum ‘SUOISIAIp [ea1UYIR) pue
321n0s31 uewny ays Auenored ‘ssauisng ‘S
-\J3S dUBpINg 4331ed Se YaNns ‘sdnoug |- ‘uon
-edNpa JBY31Y ‘winHosuo) [A-)Ld YL € 1L"a

100Lps 9ppil
Ul 3UIUUISSq SIIAISS SUBPING 13318 Paseq
-U21e3S31 ‘SAISUSYR1dWOD JO 35N S} 3)0WO0id

"S91e|eS pue ‘suonipuod 8unyiom ‘sqol
J21 INOGR PR} YIM SJUSWRIRIS 358 dojpAs(

'S19218)
I8 dlowold 0} PIPAW J3Yl0 pue So3PIA dopA(

“wn|noLINd AJlepuodas

-50d-% SN0JO3I B 0juI SUONRPIAXS DJOPIOM
d)e[suel} pue sIaaied 3] djowoid 0y ueyd
ssauaseme dijgnd/Bunayiew e dopasq "z L a

‘Aemuyied (NS © WOIH WY} LAIP 1O UO

LAY 13S UBD ey} SUOISDIP J31ed pue dILLIpede
AleurwiRid yew pue Wy} punode pLIom 3y}
210|dxa 0} UIS3q SUIPNIS ‘|O0LIS SPPILL U JUSW
-Aojdwia pue uoneanpa Alepuodas-jsod 0y pes)
1ey} SUOISDIP J331eD puR JILIPed. Ul Sl Nsal
‘looyds ur sadualadxa Aq padeys si pue aji|
Ajea suidaq yuswdojansp 1sa1e) :ajeuorjey

"310J3q j0U }I ‘JooYydS

3|ppiw ui Suluuidaq ‘sidaydes’} pue
sjuapn}s Suowe uonelojdxa 1331
Apea pue 371 3jowoid "1°1°a

A3iAT0ANI 39 ATNOHS OHM

ssaudiemy "d

AD31VYlS NOLLVY

NOLLYANIWWINO0D3Yd




'SODN pue "uj ‘[ Dy Se yans ‘sdno.d
uolen|eas ‘sqol pajesie} ayy ui siauoiypeld
‘suonepunoy ‘sieew-Adjod [esepaq "€ €3

"ylom JuawdoRnsp sy} Joj Suipuny uieyqo
0] JuaW)L)S 3sed e aledaud pue ‘ueld ssau
-ISnq e dojanap ‘swusiueyda dulpuny-j|as a1ojdx3

"UONeNeAS [RUIPNYISUO] 10}
JUSWYILLILLIOD UIR}GO PUB 3SBD 3y} e “Z°€"3

W3LS JO F'8] dY3 10} S|POZ DI0PIOM JO JUSW

-UIBJJR UO $32IN0S3J SND0J d|9y ||IM S|ROS 9D10pI0M
0} uonenens weidoid upauuo) :ajeuorey
+P3J11} Jou 31e A3y j1 saduanbasuod jeass
aney pue pajjy 3ulaq jou Jo ysu y3iy

je a1e jey) sqof uo Suisndo} ‘shkemyped
1934ed 3] ssaippe jey) swesdoid uo
Suisndoy spoyd uonjenjead jeurpnjiduoj
jo Judwdojandp ay) J10ddns "¢

'$SaUISN( pue ‘UuoNeINPa 19y3IY ‘$a1191D0S
leuoissajoud ‘sanuagde |esapay ‘A3ojouyds|

pue 3ullaauISU] 10} pJeog UONRYPIIIY

pue ‘p1eog 983]|0) 3y “2u| ‘[ DY Se yans ‘suon
-e71up310 UONRIIILD PUB JUIWISSISSY “€°T T

'sqol pue sweidoid Alepuodas-jsod 0} Anjus ured
0} Pasn 3q Ued Jey} UOIeWLIOjUI 33139p pue Jus
-$S35Se |eUOIIpeI} SSPN|AUI 0S| Jey} UOIRWIOUI
uonedIyIa) Jo oljojuod paseg-gapn e dopasQ

'SUONRZIUR310 SSOIIe S3UIpUl) JO SUIZISIUIUAS
3y} oddns pue eyep jo suoseduwiod 3)ey|oe} 0}
SpJepue)s pue suonIulap ejep uowwod dojRas(

JUSLDURAPE 131D 0} Aemyed

B JU3S3JdaI pUB S||INS [BINLD JI9Y} JUSWNIOp

pue 3]epl|eA [|Im Jey} siauonioeid pue sjuspnis

10} wei304d UOIRIIYILRD pUe JUIWISSISSe PASIOpUd
-uoneanpa Jaydiy/Ansnpui/zL-y e ysiiqeiss “z"z"a

"lood jua)e) 3y}
duidojansp Jo |e03 3y} p1emoy ssaidoid ainsesw
0} AJeSS3daU aJe SyleWLPUSY :3jeuorjey

-1pead jeuoissajord y3noay) [and)
T1-) Y} wody S|IYs Jed13Ld Jo uol)
-1sinboe ayj Ajn43> pue ssassy "1°7°3

"ssauIsnq pue ‘sdnois
L) 'SODN S[oAa] S1els pue [eISpaj du) 1
$S9DUIZL JUSWUISA0S ‘UoNeINP3 JBYSIH “€ 13

"9d1peid [BUONRINPS OJUI SBUIPUL YIRS
dje|suel} 0} SaI31eAS AJUSPI 1Ry} SIUSWNIOP INSS|

"pa13|dwiod 3.e S3aIpN)s se pue ssaidoud Ul yioq
2183531 JURARJaI JO S1duoneld pue siayew-Adijod
guiwoyur Ag 9pAd 3d1peId-UdIeasal 3y} paads

'S3UINSS UOIRINPS [eWIOJUI pU [PWIO} Ul 3d1peld
panodur ojul sUIpUL YIS JO UOIR|SURL]} 3U)
SE ||9M Se JUSWISSISSe pue ‘Sulules) ‘duiydesy jo 3ul
-pueISI9pUN [BJUSWEPUNY B JO AISA0DSIP 93RIN0OUT

"SuIuIe3| SUORYI| Ul S93R3US 1Ry} 3210}
-40M 3AIRdW0d Ajjeqojd a1ow e 3jowold "z 13

‘duluies| pue 3uiyoesy

0} sayoeoidde paseg-yd1easal 0} JUSWHWWO)D

B y3nouy} SWa)sAs [euoneanps Ino Jo Jusw
-9n01dwi [enuiuod 3UISeINOJUS SI [POS 9DIOPIOM
IN31S ay3 Suiutene jo Ued A9y v :ojeuonjey

L3uruied)
pue 3uiyded} o0} saydeoidde paseq
-yd4easas sno10311 33esnoduz *|°1°3

G@3iAT10ANI 39 ATNOHS OHM

AD31VYLS NOLLVY

uoEdIJILID) puUR ‘JUIUISSISSY “YIIe3sdY "I

NOILLYANIWINO0D3Y




APPENDICES

Appendix A: Participants in the Forum
Taking Action Together

Appendix B: Facilitators Guide and Data

b Collection Forms

Appendix C: Definitions of Key Terms

Appendix D: STEM Career Development Model




Appendix A: Participants in the Forum
Taking Action Together

ACT, Inc.

Air Force Association
The American Association for the
Advancement of Science (AAAS)

American Institute of Aeronautics
and Astronautics (AIAA)

American Institute of Chemical
Engineers (AIChE)

American Institutes for Research
American Society of Civil Engineers
American Society of Civil Engineers
Foundation

American Society of Mechanical Engineers
International

Appalachian Regional Commission

Arlington Public Schools

Association for Computing Machinery

Baltimore County Public Schools,
Office of Instructional Technology

Battelle
Battelle Aberdeen Operations

Biotechnology Institute

British School of Washington

Business-Higher Education Forum

Katharine Carter, Research Assistant

Nancy Segal, Assistant Vice President & Director

of the Washington, D.C., office

Douglas Birkey, Legislative Assistant
Lois O'Connor, Director of Development

Joan Abdallah, Director, K-16 Programs

Pramud Rawat, Chairman Baltimore Section

Darlene Schuster, Director, Institute for
Sustainability

Aimee Evan, Research Associate

Lisa Jennings, Program Manager, Diversity and
Pre-College Outreach

DariaMaresh, Manager, Extraordinary Women
Engineers Project

Kathryn Holmes, Government Relations
Representative

Concepcidn Reyna, Policy Advisor
Jeffrey Schwartz., Education Program

Camilla Gagliolo, Instructional Technology
Coordinator

David Bruggeman, Public Policy Analyst

Thea Jones, Supervisor

Rich Rosen, Vice-President External Business
Katy Delaney, Senior Manager Media Relations

Claire Cornell, Director of Development
Scott May, Vice President

Jennifer Arwas OBE, Head
Gareth Hall, Head of Design & Technology
Justin Wellner, Assistant Director
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Cable in the Classroom

California State University, Los Angeles

Center for Woman & Information Technology
(CWIT)

Chartwell Education Group, LLC

Civil Engineering Forum for Innovation
(CEFI)

Clemson University

College of Education, University of Maryland

The College of New Jersey
Consortium for School Networking (CoSN)
Council of Chief State School Officers

Delaware Valley Industrial Resource Center
(DVIRC)

Department of Defense (DoD)
Ordnance Technology Consortium

Department of Defense,
Office of the Assistant Secretary
for Reserve Affairs

Department of Energy (DOE)
National Nuclear Security Administration

Douglas Levin, Senior Director, Education Policy
Helen Soulé, Executive Director

Rhonda Yates, Senior Director, Strategic
Initiatives

Ethan B. Lipton, Associate Vice President for
Academic Affairs & Dean of Education Support
Services

Bria McElroy, Director of University Initiatives

Susan Sclafani, Managing Director

Susan Skemp, Executive Vice President

Bill Havice, Associate Dean

Davina Pruitt-Mentle, Director, Educational
Technology Policy, Research and Outreach

Ronald Todd, Research Professor

Keith Krueger, CEO

Scott Frein, Director of Advocacy

Anthony Girifalco, Executive Vice President

Michael Pahides, Senior Vice President —
Development & Education

Mel Payne, Project Director

Todd Borghesani, Serious Games Consultant

Ernie Gonzales, Director Youth Outreach
Programs

Chris Brengel, Program Analyst

(NNSA)/SMS Office of University Partnerships

Department of Energy
National Nuclear Security Administration

Draper Laboratory

Mary Martin, Physicist
Beverly Berger, Director, University Partnerships

Linda Fuhrman, Program Manager
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Education Development Center, Inc.

Federal Aviation Administration

Federation of American Scientists

FIRST (For Inspiration & Recognition
of Science & Technology)

General Mills, Inc

George Washington University

Global Wireless Education Consortium

Government-University-Industry
Research Roundtable (GUIRR)

HCI - SchoolBizMatch
Hewlett-Packard
Howard Hughes Medical Institute

Instructional Technology
at Duquesne University

International Society for Technology

in Education

International Technology Education
Association

Invention Innovation Centers Project
Ohio Space Grant Consortium (NASA)
Johns Hopkins University

Junior Engineering Technical Society (JETS)

Kennedy Krieger School - Greenspring

Siobhan Bredin, Project Director

Bethany Carlson, Research Associate

Vivian Guilfoy, Senior Vice President

Joseph Ippolito, Senior Project Director

Joyce Malyn-Smith, Director Strategic Initiatives,
Workforce & Human Development

Shelia Bauer, National Aviation and Space
Education Program Manager

Amy Corbett, Regional Administrator, New
England Region

Kay Howell, Vice-President for Information
Technologies

Michelle Roper, Information Technologies
Manager for the Digital Promise Project and
the Discover Babylon Project

Mildred Porter, Regional Director

Anita Hall, Program Manager

Shelly Heller, Assoc Dean
Natalie B. Milman, Assistant Professor

Susan Sloan, CEO

Spence M. (Sam) Armstrong, USAF & NASA
retired

Robyn Hickey, President
Dan Marcek, University Relations
Debra Felix, Program Officer

Debbie Piecka, Manager, Instructional Tech
Seminars and Doctoral Student

Mila Fuller, Director of Strategic Initiatives
Hilary Goldmann, Director, Government Affairs
Heather Istwany, Office Assistant
Barry Burke, Director, Center to Advance the
Teaching of Technology and Science
Kendall Starkweather, Executive Director/CEO
Wes Perusek, Director
Iman EIShehaby, Graduate student,
BIGSTEP fellow

Megan Balkovic, Director of Development

Jennifer Kraft, Education Technology Facilitator
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Maine Mathematics and Science Alliance

Maryland MESA, Johns Hopkins Applied
Physics Lab

Maryland Public Television
Maryland State Department of Education

Massachusetts Institute of Technology (MIT)

Mayo Clinic

Mechanical Engineering, Rensselaer
Polytechnic Institute

Minnesota Department of Education

Montgomery County Public Schools

Museum of Science, Boston
National Center for Technological Literacy

Material World Modules (MWM) Maryland

The National Academies

National Academy of Engineering

National Action Council for Minorities in
Engineering (NACME)

National Aeronautics and
Space Administration (NASA)

National Alliance of State Science
and Mathematics Coalitions

Francis Eberle, Executive Director

Rotunda Floyd, Executive Director

Robert J. Shuman, President & CEO
Mary M. Thurlow, Coordinator for Science

Jeffrey Hoffman, Professor of the Practice of
Aerospace Engineering, Department of
Aeronautics & Astronautics

Kari McCarron, Senior Legislative Assistant

Bruce Kelly, Director of Government Relations

Deborah Kaminski, Director of Outreach

Alice Seagren, Commissioner

W. Ed Ball, Curriculum Coordinator —
Pre-engineering and Technology Ed

Michelle Lipson, Instructional Specialist

Steve Mikulski, Instructional Specialist —
Tech Ed & Engineering

Sandra Navidi, Curriculum Coordinator

Patti Curtis, Managing Director, Washington Office

Stephen M. Priselac, Director

Jay Labov, Senior Advisor for Education and
Communications

Merrilea Mayo, Director, Government-University-
Industry Research Roundtable (GUIRR)

Norman Fortenberry, Director, Center for the
Advancement of Scholarship on
Engineering Ed

Greg Pearson, Program Officer

Tom Price, Senior Vice President Operations

Tony Springer, Lead Communication and
Education

Sharon S. Welch, Innovative Work Team Lead

Tammy Rowan, Technology Program Manager,
Office of Education (NASA)

Jessica Venable, Program Officer
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National Association of Secondary
School Principals

National Association of State Universities
and Land-Grant Colleges (NASULGC)

National Center for Education Evaluation
and Regional Assistance

National Council for Community
and Education Partnerships (NCCEP)

National Council of Teachers of Mathematics
National Education Association

National Governors Association

National Inventors Hall of Fame

National Science Board -

Commission on 21st Century Education in
Science, Technology, Engineering, and
Mathematics

National Science Center

National Science Foundation

The New England Council
North Carolina A&T State University

Office of Chief Scientist of the Army

Office of Minnesota Governor Tim Pawlenty

OSS Associates

Outreach George Lucas Education

Fund (GLEF), Thornburg Center (TCPD.org),

and National Institute for Community
Innovations (NICI).reform.net

Amanda Karhuse, Government Relations Manager
David Shulenburger, Academic Vice President
Howard Gobstein, Vice President, Science Policy
Gil Narro Garcia, Senior Research Analyst

Alex Chough, Director, External Relations

Ranjit Sidhu, Executive Vice President

Jim Rubillo, Executive Director

Andrea Prejean, Senior Policy Analyst

Charles Toulmin, Senior Policy Analyst

Brenda Wojnowsk, President, Inventive Education

Elizabeth Strickland, Sigma-Xi
National Science Board Fellow

Micki Bowman, Executive Actions Officer
Julia Clark, Program Director

Gerhard Salinger, Program Officer

Karen Zuga, Program Officer

Julie Dawson, Mananger of Federal Affairs

Miriam L. Wagner, Director of GEARUP

Patricia Frazier, Army Educational Outreach
Coordinator

Chris Graham, Federal Affairs Specialists
Billi Jo Zielinski, Deputy Director of Federal Affairs

Howard M. Brown, Chief Executive Officer

Bonnie Bracey Sutton, Independent Consultant,
STEM specialist, Digital Divide expert
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Parametric Technology Corporation

Pennsylvania Department of Education

Project Lead The Way
Puget Sound Center for Teaching,
Learning, and Technology

Rhode Island Department of Education

Science Communication Studies

Science, Technology, Engineering,
Mathematics Education Society (STEMES)

SK Management, Inc.
Society of Women Engineers

Society of Women Engineers and
American Society of Mechanical Engineers

Software & Information Industry Association
(SIIA)

State Educational Technology Directors
Association (SETDA)

Stevens Institute of Technology

Thornburg Center

TIES
(Teaching Institute for Essential Science)

Triangle Coalition for Science
and Technology Education

U. S. Department of Labor

U.S. Department of Education
Universities Space Research Association

Ralph Coppola, Director of Worldwide Education
Ronald Ray, Executive Advisor

Anna Ring, Marketing Manager

John Stuart, Senior Vice President

Michael Golden, Deputy Secretary, Office of
Information & Educational Tech

Lenny Sweeney, Career and Technical Education
Advisor

Richard Blais, Vice President
Niel Tebbano, Vice President

Karen Peterson, CEO

Peter McLaren, Science and Technology
Specialist

Joan Aron, President

Jun Ni, Ph.D. M.E., President and Founder

Steven Kussmann, President
Semahat Demir, Director of External Affairs

Melissa Carl, Washington Representative

Mark Schneiderman, Director of Education Policy

Mary Ann Wolf, Executive Director

Beth McGrath, Director, Center for Innovation in
Engineering & Science Education

Liesl Hotaling, Assistant Director,
Center for Innovation in Engineering
and Science Education

Vic Sutton, Associate

Jan Morrison, Executive Director

Vance Ablott, Executive Director

Paul Lyons, Senior Executive Fellow for
Engineering Entrepreneurship

Anthony Fowler, Director, Interagency Affairs

Constance Blackwood, Director of Education and
Public Outreach
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US Army Garrison, Fort Detrick

Virginia Department of Education

Walter Reed Army Institute of Research

Edward Nolan, Director, Community Support
Programs

Lynn Basham, Technology Education Specialist

Martin Jett, Chief, Department of Molecular
Pathology

Debra Yourick, Associate Director, Research,
Marketing and Policy Development
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Appendix B: Facilitators Guide and Data Collection Forms

Forum on Taking Action Together: Developing a
National Action Plan to Address the “T&E” of STEM

FACILITATORS GUIDE

Background: Forum Goals, Outcomes, and Deliverables

Goals

1. Raise awareness among stakeholders of the “T&E” of the STEM workforce challenge and
the current activities and programs in place by stakeholder groups to address this issue.

2. Produce an action plan that includes two to five discrete and powerful activities or projects
that participants identify as wanting to work on together to address the T&E of STEM
workforce concerns, and identifies ways in which stakeholder groups will work together to
leverage their own resources and/or seek additional funding to accomplish stated plans.

Outcomes
As a result of the September 7 workshop, attendees will:
= understand the broad implications of this country’s insufficient production of T&E workers
for the business, education, and government sectors, and articulate how surmounting this
challenge aligns with the missions and best interests of their own organizations
= identify two to five projects that address these challenges in some way by leveraging the
interdisciplinary, combined strengths of the group
= agree to participate in one or two of the communal projects, as defined by the group
during the day’s workshop, which will then be monitored and coordinated by the PTC-MIT
Consortium
Deliverables

=  Workshop materials, charts, and notes
= Action plans for two to five follow-up projects
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Morning Breakout Sessions Guide

Overview (Total Session Time: 90 minutes)

Breakout Groups
Individuals will select which breakout group to join, based on their organization type:
= Federal and state agencies and congressional staff—Facilitator: Lenny Sweeney
= Corporations—Facilitator: Ralph Coppola
= Professional societies and higher education—Facilitators: Jeff Hoffman, Norman
Fortenberry
= K-12 education—Facilitators: Kendall Starkweather, Mila Fuller
= Groups serving underrepresented populations—Facilitator: Semahat Demir, Melissa Carl
= Informal science centers and community education programs—Facilitator: Patti Curtis

Session Goal

Develop a list of the top three priorities on which to take action to address this issue. These lists
will be reviewed by the Synthesis Team (EDC and facilitators) during lunch, then combined and
shared with the larger group to inform the afternoon’s work and future actions of the
Consortium.

Session Guiding Questions and Recommended Timing

Refer participants to the Thinking/Planning Sheet (on page 4), which they will have received in
advance. You may wish to give the group some time at the beginning of the session to complete
the sheet and then ask them to introduce themselves and answer Questions 1-3 all at once, or
you may wish to have them go around the circle and answer the questions one at a time. NOTE:
The first question will serve as an introduction.

The recommended amount of time for Questions 1-3 combined is 70 minutes, which breaks
down like this:

1. Introduce yourself. Why is your organization interested in this problem, and how does it
align with your organization’s mission? (—1 minute per person = 20 minutes)

2. What specific programs are the best models you have seen to address this issue? Do you
have data? (no need to specify, just answer yes or no) (20 minutes total—10 minutes to
complete the individual Thinking/Planning Sheet on page 4, and 10 minutes——30
seconds per person—to share the information with the group)

What's important that is not being addressed? (—3 minutes per person = 30 minutes)

From the list created in Question 3, what are your group’s top three priorities to work on?
(—2 minutes per person = 20 minutes)

NOTE: If your group has difficulty narrowing the list to three, you can include up to five
priority areas.

Information Gathering
= Each group will have a note-taker who will use the attached template to take notes on a
laptop during the discussion and then give the completed notes to the Synthesis Team at
the end of the session.
= In order to ensure the accuracy of the recommended programs or models, the note-taker
will also collect the individual worksheets and supply them to the Synthesis Team.

How Information from This Session Will Be Used
The “action priority” and “successful models” lists from each breakout group will be reviewed by
the Synthesis Team during lunch and used to inform the afternoon’s work.
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Morning Breakout Sessions

Breakout Group Name:

Facilitator(s):

Question 1 Question 2 Question 3
Organization Why SUeEEES] AL DL \'I/'\Lhaéitlss II\Irr;I:cI)Br;?nnt
9 Interested Programs/Models 9
(Y/N) Addressed

Question 4: From the list created in Question 3, what are your group’s top
three priorities to work on?
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Morning Breakout Sessions: Thinking/Planning Sheet

Breakout Groups (by organization type): (1) Federal and state agencies and congressional staff,
(2) corporations, (3) professional societies and higher education, (4) K—12 education, (5) groups
serving underrepresented populations, and (6) informal science centers and community education
programs

Session Goal

Develop a list of the top three priorities on which to take action to address this issue. These lists will be
reviewed by the Synthesis Team (EDC and facilitators) during lunch, then combined and shared with
the larger group to inform the afternoon’s work and future actions of the Consortium.

Session Guiding Questions

1. Why is your organization interested in this problem, and how does it align with your organization’s
mission?

2. What specific programs are the best models you have seen to address this issue? Do you have
data? (no need to specify, just answer yes or no)

3. What's important that is not being addressed?

4. From the list created in Question 3, what are your group’s top three priorities to work on?

How Information from This Session Will Be Used
The action priority lists and thinking/planning sheets from each breakout group will be reviewed by the
Synthesis Team during lunch and used to inform the afternoon’s work.

Participant/Organization Name:

Breakout Group Name:

5A. Successful 2B. Have 3. What’s Important
1. Why Interested Pro -rams/ModeIs Data? That Is Not Being
9 (Y/N) Addressed

©2006 Education Development Center, Inc. 47




Afternoon Breakout Sessions Guide

Overview (Total Session Time: 90 minutes)

Breakout Groups (by Priority Action Area)
Three to five specific Priority Action Areas will have been determined by the Synthesis Team,
using the results of the morning sessions. Participants will select which group they wish to join.

Afternoon Session Goal

To work in cross-sector groups to translate the priorities that emerged from the morning session
into concrete plans of action. Each Breakout Group will develop one action plan that group
members wish to pursue.

Afternoon Session Guiding Questions and Recommended Timing
1. Introductions (15 minutes): Name; stakeholder segment you represent.

2. Cross-Sector Discussion (15 minutes): What are some current programs, policies, or
opportunities that impact this priority area, either directly or indirectly? (As a reference, each
group will be provided with a master list of programs generated in the morning sessions. This
is a chance for group members to share information across stakeholder boundaries, since
they were separated during the morning sessions.)

3. STRETCH BREAK (5 minutes): Tell participants to take a break and to start thinking about
actions we could take that would have an impact.

4. Brainstorm (15 minutes): What are some actions we could take that would impact this
priority area? (Remind group members not to censor their own or others’ ideas at this point;
they will get the chance to evaluate during the next step.)

5. Narrowing (15 minutes): Evaluate the brainstormed ideas and choose one on which to base
the group’s plan of action.

NOTE: As facilitator, your goal is to guide your group members so that they produce a broad
project plan with action steps, stakeholders, and a general timeframe (see Project Plan
Template). The path you and your group take to get there is up to you. Two options are
described below, but please feel free to use, alter, or ignore these options based on your own
judgment, experience, and assessment of your group.

e Option 1: Ask group members to look at the list of ideas and identify categories or themes
that seem to be particularly important to this group. Use these emerging classifications to
then pick the most promising actions and/or combine actions into a new one that the
group can rally behind.

e Option 2: Ask group members to consider the ideas with respect to such issues as
feasibility, potential impact, and opportunities for funding. Then, depending on the
number of brainstormed ideas, give each group member three to five “votes” that they
can distribute across their favorite ideas or give to a single idea. Eliminate the ideas from
consideration that receive the fewest votes and allow for discussion/advocating in
between rounds of voting until one idea or a combination of ideas remains.

NOTE: Strongly encourage group members to choose a single idea or to combine elements of
different ideas into one, rather than splintering in support of multiple ideas.

6. Planning (25 minutes): As a group, identify the ultimate goal(s) of the chosen action, the
broad action steps needed to reach the goal, the stakeholders—both at this meeting and
others—who need to be involved, and a general timeline (see Project Plan Template).
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Information Gathering and Reporting Out

= Each group will have a note-taker who will use the attached template to take notes on a
laptop during the discussion and then give the completed notes to the event coordinators at
the end of the session.

= Each group should nominate a designated reporter who will outline the group’s plan at the
end of the session to all attendees. The reporter should mention (1) the ultimate goal of the
group’s project plan, (2) the action steps the group envisions, and (3) who else needs to be
involved in order for the plan to succeed.

How Information from This Session Will Be Used
Following the forum, the PTC-MIT Consortium Steering Committeewill review the priorities and
action plans to determine how the group can best proceed.

Afternoon Breakout Sessions Note-Taking Template

Priority action area:

Facilitator name:

What are some current programs, policies, or opportunities that impact this priority
area, either directly or indirectly?
Programs/Policies/Opportunities Impact on Priority Action Area

Brainstorm: What are some actions we could take that would impact this priority area?

Project Plan: What action idea (or combination of ideas) is the group’s final choice?

Project Plan: What is the ultimate goal of the group’s chosen action?

Project Plan: Action Steps Stakeholders (Who needs Timeframe
to be involved to ensure
success?)

Project Plan: Who are some potential funders?
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Instructions: Use this template as a guide to the planning portion of
the afternoon sessions. Your group’s note-taker will fill in the official
version, which will be submitted to the PTC-MIT Consortium event
coordinators for follow-up and coordination of activities. This copy is

for your own reference during the discussion.

Project Plan Template (Afternoon Breakout Sessions)

Priority action area:

What action idea (or combination of ideas) is the group’s final choice?

What is the ultimate goal of the group’s chosen action?

Stakeholders (Who needs
to be involved to ensure
success?)

Action Steps Timeframe

Who are some potential funders?
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Appendix C: Definitions of Key Terms

Computer Aided Design (CAD): (1) The use of a computer to assist in the process
of designing a part, circuit, building or system. (2) The use of a computer to assist in
the process of creating, storing, retrieving, modifying, plotting, and communicating a
technical drawing in 2D or 3D.*

Design: An iterative decision-making process that produces plans by which
resources are converted into products or systems that meet human needs and wants
or solve problems.?

Design principle: Design rules regarding rhythm, balance, proportion, variety,
emphasis, and harmony, used to evaluate existing designs and guide the design
process.?

Design process: A systematic problem-solving strategy, with criteria and
constraints, used to develop many possible solutions to solve a problem or satisfy
human needs and wants and to winnow down the possible solutions to one final
choice.*

Education technology: “Educational Technology is concerned with technology in
education. It is involved in the use of technology as a ‘tool’ to enhance the teaching
and learning process across all subjects. Educational Technology is concerned about
teaching and learning with technology.”®

Engineer: “With a strong background in mathematics, the basic physical sciences,
and the engineering sciences, the engineer must be able to interrelate engineering
principles with economic, social, legal, aesthetic, environmental and ethical issues,
extrapolating beyond the technical domain. The engineer must be a conceptualizer, a
designer, a developer, a formulator of new techniques, a producer of standards—all
to help meet societal needs. The engineer must plan and predict, systematize and
evaluate—must be able to judge systems and components with respect to their
relation to the health, safety and welfare of people and to the loss of property.
Innovation must be central to the engineer.”®

Engineering: The profession of or work performed by an engineer. Engineering
involves knowledge of the mathematical and natural sciences (biological and
physical) gained by study, experience, and practice that are applied with judgment
and creativity to develop ways to use the materials and forces of nature for the
benefit on mankind.’

Engineering design: The systematic and creative application of scientific and
mathematic principles to practical ends, such as the design, manufacture, and
operation of efficient and economical structures, machines, processes, and systems.®

L ITEA (International Technology Education Association), Standards for Technological Literacy, 2002, p.
236.

2 Ibid., p. 237.

* Ibid.

* Ibid.

* ISTE (International Society for Technology in Education), National Educational Technology Standards,
2000.

® Engineering Education and Practice in the United States: Engineering Infrastructure Diagramming and
Modeling, National Academy Press, Washington, DC, 1986. p. 238

" Ibid.

® Ibid.

51



Engineering technician: “[Engineering technicians usually have a] minimum of two
years of post secondary education. ldeally in engineering technology, with emphasis
in technical skills, the engineering technician must be a doer, a builder of
components, a sampler and collector of data. The technician must be able to utilize
proven techniques and methods with a minimum of direction from an engineer or
engineering technologist. He/she shall not be expected to make judgments, which
deviate significantly from proven procedures. The technician should be able to
conduct routine tests, present data in a reasonable format, and be able to carry out
operational tasks following well-defined procedures, methods and standards.”®

Engineering technologist: “The Engineering technologist must be applications-
oriented, building upon a background of applied mathematics through the concepts
and applications of calculus. Based upon applied science and technology, the
technologist must be able to produce practical, workable results quickly; install and
operate technical systems; devise hardware from proven concepts; develop and
produce products; service machines and systems; manage construction and
production processes; ands provide sales support for technical products and
systems.”*°

Engineering technology: “[Engineering Technology] is that part of the
technological field which requires the application of scientific and engineering
knowledge and methods combined with technical skills in support of engineering
activities; it lies in the occupation spectrum between the craftsman and the engineer
at the end of the spectrum closest to the engineer.”*!

Global Engineering: Global Engineering is an approach to manufacturing that
facilitates rapid iteration and innovation necessary for successful product
development. It employs geographically distributed product or system design;
configuration or combination of separately designed components into systems;
collaboration cross diverse functional divisions or organizations; communication and
effective decision-making; control and management of product information and
product development processes that reduce product costs and deliver products to
market faster.'?

Innovation: “An improvement of an existing technological product, system or
method of doing something!”*?

Instructional technology: The use of computers, multimedia, and other
technological tools to enhance the teaching and learning process, sometimes referred
to as “educational technology.”**

Problem-solving: The process of understanding a problem, devising a plan,
carrying out the plan, and evaluating the plan in order to solve a problem or meet a
need or want.*®

° Ibid., pp. 76-77.
1‘; Engineering Education and Practice in the United States, p. 75.
Ibid.
12 Gerdes, Victor B. P.E., CRITICAL CAPABILITIES FOR SUCCESSFUL DISTRIBUTED
COLLABORATIVE PRODUCT
DEVELOPMENT, Proceedings of DETC 2004:ASME 2004 International Design Engineering Technical
Conferences and The Computers And Information In Engineering Conference, Salt Lake City, Utah USA,
September 28—October 2, 2004
DETC2004-57731.
B ITEA, Standards for Technological Literacy, 2001. p. 239
™ Ibid.
> 1bid., p. 240.
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Process: (1) Human activities used to create, invent, design, transform, produce,
control, maintain, and use products or systems. (2) A systematic sequence of actions
that combine resources to produce an output.®

Technological fluency: The capacity to use technology at a high level of proficiency
to address or solve problems.

Technological literacy: The ability to use, manage, understand, and assess
technology.*’

Technology: (1) Human innovation in action that involves the generation of
knowledge and processes to develop systems that solve problems and extend human
capabilities. (2) The innovation, change, or modification of the natural environment
to satisfy perceived human needs and wants.*

Technology Education: A study of technology, which provides an opportunity for
students to learn about the processes and knowledge related to technology that are
needed to solve problems and extend human capabilities.*®

18 | bid.
7 1bid., p. 242.
18 |bid. P. 242

19 “Dugger, W. & Naik,, N., “Clarifying Misconceptions between Technology Education and Educational
Technology” in The Technology Teacher, Sept. 2001, P. 31
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Appendix D: STEM Career Development Model

e Engineers, Technologists and Technicians design, develop, create, build, test and operate Em

systems, processes, structures, and products; and use scientific and math knowledge to solve
problems to improve the world around us.

The Science, Technology, Engineering & Mathematics (STEM)
Career Development Framework (Level 1)

Career Focus...
* Research
* Development
* Application
* Teaching

ACADEMIC FOUNDATION
STEM Career Awareness and Exploration
Literacy ~—» Fluency in Language Arts, Mathematics and Technology

© 2005, Education Development Center, Inc.
o o o o
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o Engineers, Technologists and Technicians design, develop, create, build, test and operate

systems, processes, structures, and products; and use scientific and math knowledge to solve
problems to improve the world around us.

The Science, Technology, Engineering & Mathematics
(STEM) Career Development Framework (Level 2)

Science Informatlon Technology
] Pﬁysical L] Programmmg/Software Engineering
= Life _ WNetwork Systems
® Sociat-_|

Elde

ACADEMIC i, MNICAL ... EMPLOYABILITY
* Academic Foundations . lnfotmauon Tedmology Applmums » Leadership and Management
« Communications » Systems Thinking and Deslgn * Ethics and Legal Responsibilities
=Innovation and Problem Solving . Mamematkn! mnldng and Application + Teamwork and Collaboration
« Sclentific Principles
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