Salem-Keizer STEM Education
Preliminary Proposal
The purpose of this first STEM planning document is to begin to frame the ideas and discussions in order to more fully develop a formal STEM implementation plan for the Salem-Keizer School District 
INTRODUCTION
Rationale 

In the publication Building a Science Technology, Engineering and Math Education Agenda (National Governors Association) there is national data that supports the need to incorporate STEM education into our schools. 
· At all levels of educational attainment, STEM job holders earn 11 percent higher wages compared with their same-degree counterparts in other jobs.

· The top 10 bachelor-degree majors with the highest median earnings are all in STEM fields.

· The average annual wage for all STEM occupations was $77,880 in May 2009, significantly above the U.S. average of $43,460 for non-STEM occupations.

· Over the past 10 years, STEM jobs grew three times faster than non-STEM jobs. STEM jobs are expected to grow by 17 percent during the 2008–2018 periods versus 9.8 percent growth for non-STEM jobs.

· In 2010, the unemployment rate for STEM workers was 5.3 percent; for all other occupations, it was 10 percent.
The Oregon Department of Education goes further in defining the challenges ahead and the need for STEM education. “Our nation, state, and local communities face challenges that will only be solved with assistance from a well-trained and STEM educated citizenry.  The growing world demand on energy has created a need to develop new and cost effective resources.  An aging population will require increased services from the health care industry.  Finally, driving an economy that thrives on innovation requires a growing number of innovators.  Increasingly, the solutions to these problems have required a coherent and coordinated effort from all four disciplines in STEM.  Many of the problems faced will require some form of engineered solution.  However, those solutions will rely heavily on the knowledge base in science and mathematics as well as the analytical power of sophisticated technological tools.”
South Metro-Salem STEM Partnership
To meet these challenges and opportunities Salem-Keizer signed an MOU to join the efforts of thirteen surrounding districts to form the South Metro STEM Partnership. Salem-Keizer supports and provides shared leadership in shaping the direction of this partnership. The mission of the partnership is to “collectively optimize PK-20 STEM education by utilizing a full spectrum of public and private resources and model instructional practices to develop a career-ready, diverse, and adaptable workforce that enhances the regional economy and community.” 

One of primary functions of the partnership has been to establish a STEM Learning Community with district representatives and three teachers from each district in addition to after school program providers. This group has defined the instructional characteristics of STEM for the partnership and will be developing a shared network of instructional resources as well as designing professional development opportunities throughout this year. The Salem Keizer School District STEM team has been involved with the work of this group.
DEFINING STEM

Taken separately, the four STEM subjects are defined by the National Research Council as:

· Science is the study of the natural world, including the laws of nature associated with physics, chemistry, and biology and the treatment or application of facts, principles, concepts, or conventions associated with these disciplines. 

· Technology comprises the entire system of people and organizations, knowledge, processes, and devices that go into creating and operating technological artifacts, as well as the artifacts themselves. 

· Engineering is a body of knowledge about the design and creation of products and a process for solving problems. Engineering utilizes concepts in science and mathematics and technological tools.

· Mathematics is the study of patterns and relationships among quantities, numbers, and shapes. Mathematics includes theoretical mathematics and applied mathematics.
The Oregon Department of Education defines STEM education as: “An approach to teaching and lifelong learning that emphasizes the natural interconnectedness of four separate STEM disciplines. The connections are made explicit through collaboration between educators resulting in real and appropriate context built into instruction, curriculum, and assessment. The common element of problem-solving is emphasized across all STEM disciplines allowing students to discover, explore, and apply critical thinking skills.”
STEM GOALS
Each grade band (K-5, 6-8, 9-12) may have unique goals and objective around STEM education. California Department of Education has defined STEM goals at each of these levels in general terms. Salem-Keizer can use these STEM goals to guide the development of their own. 
Elementary Grades 

· Provides the introductory and foundational STEM courses that lead to success in challenging and applied courses in secondary grades.

· Introduces awareness of STEM fields and occupations.

· Provides standards-based, structured inquiry-based and real-world problem-based learning that interconnects STEM subjects.

· Stimulates student interest in “wanting to” rather than “having to” take further STEM related courses. 

· Bridges and connects in-school and out-of-school learning opportunities.

Middle Grades

· Introduces an interdisciplinary program of study consisting of rigorous and challenging courses.

· Continues to provide standards-based, structured inquiry-based and real world problem-based learning that interconnects STEM-related subjects.

· Bridges and connects in-school and out-of-school learning opportunities.

· Increases student awareness of STEM fields and occupations, especially for underrepresented populations.

· Increases student awareness of the academic requirements of STEM fields and occupations. 

· Begins student exploration of STEM related careers, especially for underrepresented populations.

High School

· Provides a challenging and rigorous program of study focusing on the application of STEM subjects. 

· Offers courses and pathways for preparation in STEM fields and occupations. 

· Bridges and connects in-school and out-of-school learning opportunities.

· Provides opportunities for student exploration of STEM related fields and careers, especially for underrepresented populations. 

· Prepares students for successful post-secondary employment, education, or both.

INSTRUCTIONAL CHARACTERISTICS AND PRACTICES
The characteristics of STEM instruction have been developed by the South Metro-Salem Partnership Learning Community. This will be the defining document whereby instruction, materials and activities can be evaluated for their “STEMness”. There are a number of sources for STEM curriculum and activities but they may need to be modified to meet as many of the STEM defining characteristics as possible. 

The South Metro-Salem STEM Learning Community has described the instructional characteristics and practices that define STEM in the classroom. These are to:
· Integrate Science, Technology, Engineering, and Math
· Align to the Next Generation Science Standards 

· Develop the communication and literacy skills of the Common Core State Standards

· Focus instruction on problem-solving, critical thinking and argumentation skills through inquiry and design

· Include effective instructional strategies that develop collaboration and teamwork
· Provide authentic, real-world experiences through contextual learning (may include community connections)

· Provide career awareness through postsecondary and career relevant connections 
· Form partnerships with business, industry, agencies, and nonprofits (may occur outside the school)

· Promote active citizenship in the community
· Use standards-based performance assessments
· Purposeful inclusion of all students regardless of gender, disability, ethnicity, race, language, socioeconomic status, gender identity and sexual orientation

By defining STEM and the instructional characteristics and practices we can begin to develop activities, lessons, projects, courses, and programs that meet these criteria. A rubric or matrix of these practices can also be used to show instructional progress over time.
DISTRICT STEM DELIVERY MODEL
There are a wide variety of models for the delivery of STEM into schools with varying degrees of difficulties. Considering Salem-Keizer’s current work on deconstructing, sequencing and implementing the Next Generation of Science Standards (NGSS) this may provide the opportune time for including STEM into this work. The following model would support this effort and provide STEM education for all students.


This model would allow STEM instruction to be available to all students in their science classes K-12. The NGSS already has science, engineering and math standards embedded within them and as a result only the technology standards would need to be considered for additional consideration. Three excellent sources for the technology standards are the 2014 National Assessment of Educational Progress (NAEP) Technology and Engineering, the 2007 ISTE National Education Technology Standards, and the 2007 ITEEA Standards for Technological Literacy. Technology standards should also be integrated across all disciplines as appropriate.
STEM instruction should not only be practiced within the core science classes but math classes should also be aware of STEM connections and opportunities and should be integrated whenever possible. Collaborations between science, math and other subject areas will further STEM success in the school district.

In addition to placing STEM instruction within all of the core science classes and other content areas when possible, there remain additional STEM opportunities for students wanting to go beyond the core science classroom experiences. This includes STEM electives at middle and high school. STEM electives could be interdisciplinary or transdisciplinary courses or programs of study. A delivery model for STEM electives would include part of the science, technology, engineering, and math standards in addition to their own goals and objectives. The STEM instructional practices would be used as guidelines for classroom instruction as well. This model is shown below.




After school programs are yet another way to provide STEM opportunities and experiences for students. Afterschool programs could support a variety of STEM interests that include robotics, gardening, RIDES, TRAC and other opportunities. Salem Schools Foundation already supports much of this work and it is an excellent opportunity to engage industry and other community partners. After school programs are not meant to supplant the opportunities and experiences of STEM for all students in the regular school program but to serve as an extension and a compliment to the school day program.
PROCESS FOR IMPLEMENTATION
In order to develop and carryout an implementation plan there needs to be an organization framework, process and support system developed. Teachers, district and building administration, and community partners need to be involved from the very beginning. The district’s Learning Community representatives may serve a leadership role and start to plan this process and structure. The process may follow this progression:
STEM Leadership Team (Fall 2013)

- Current Learning Community Team


- Serve as links to the South Metro-Salem Partnership Learning Community


- Serve on district STEM Committee

District STEM Committee (Spring 2014)
- Composed of district representatives (K-5, 6-8, 9-12), administrators, community partners

- Finalize a STEM implementation plan
- Develop STEM certification criteria and process
- Develop professional development opportunities

STEM Curriculum Committee (2014-2015)

- Teachers and community partners


- Develop STEM activities, projects, lessons, units, or work samples


- Serve as “STEMbassadors” to their schools
RECOMMENDATIONS FOR SUCCESSFUL IMPLEMENTATION
For the Salem-Keizer School District there are some specific ideas and recommendations necessary for successful STEM implementation for all students.

Elementary Grades (K-5)

· Without time for science STEM will not be an opportunity available for all students and all schools. Literacy and math can be embedded in STEM instruction. Literacy in the context of content has been found to be highly engaging and effective. Expect district-wide a certain number of hours each week are dedicated to science (STEM) instruction. A minimum of three hours per week is recommended. 
· Use STEM instructional practices matrix in science instruction

· Modify current lessons and GLAD units to meet the STEM instructional criteria. 
· Revise LiveBinders to support the literacy in STEM instruction

· Expect an easy to do STEM work sample at each grade level chosen from district examples or created by teachers. This should not be a large scale assessment, but rather a simple opportunity to provide students with a STEM opportunity.
· Include STEM components in the NGSS deconstructed standards and instructional expectations.
· Support for STEM afterschool programs
Middle Grades (6-8)

· Increase the amount of time allocated to science instruction. Project-based STEM instruction takes longer amounts of time. A full year of science at grades 6 and 7 district-wide is recommended. A seven period day would provide opportunities for all students to participate in STEM classes and elective courses.
· Use STEM instructional practices matrix in science instruction

· Create STEM electives for students interested in additional STEM experiences.

· Require an easy to do STEM work sample at each grade level chosen from district examples or created by teachers. This should not be a large scale assessment, but rather a simple opportunity to provide students with a STEM opportunity.
· Include STEM components in the NGSS deconstructed standards and instructional expectations.
· Support for STEM afterschool programs

High School
· Support the Physics first sequence of science in high school
· Use STEM instructional practices matrix in science instruction

· Recognize current or create new STEM electives for students interested in additional STEM experiences.

· Require an easy to do STEM work sample at each grade level chosen from district examples or created by teachers. This should not be a large scale assessment, but rather a simple opportunity to provide students with a STEM opportunity.
· Include STEM components in the NGSS deconstructed standards and instructional expectations.

· Provide a program of study (9-12) for STEM certification (to be defined)
· Support STEM afterschool programs

There may be an opportunity at all levels to be “STEM Certified” as a class, course, or school. This is a process that could be developed by the District STEM Committee.
DISTRICT SUPPORT AND SUSTAINABILITY
Professional Development
In order to maximize the effectiveness and sustainability of STEM implementation long-term professional development will be a critical part of the process. The South Metro-Salem Partnership Learning Community will be planning for partnership-wide professional development in the summer of 2014. This will be based on needs of teachers who have been surveyed on the STEM instructional practices. Survey results of Salem-Keizer teachers at all levels cite NGSS instruction and authentic experiences and community connections as the areas they are weakest in. This provides an excellent opportunity for professional development on the new science standards in the context of authentic community connections. Professional development needs to go well beyond a one year exposure but a long term plan of 3-5 years should be developed to continue district support of STEM.
In addition, for ongoing sustainability of STEM instruction it would be of great benefit to have STEM coaches available to support the classroom instruction. As in all supports and professional development funding is a recognized issue.

Administrative Support
Success is also dependent on both district administrative leadership and support and building administrative leadership and support. A culture and expectation of STEM instruction will need to be a part of the district’s long-range goals and strategic plan. The direct connection between College and Career Ready efforts and STEM may be the best leverage point for this.

EVALUATION
An initial survey of district data has been collected for the South Metro-Salem Partnership and growth can be monitored over time.

This proposal was developed by the Salem-Keizer STEM Planning Team
Jon Yoder – STEM Specialist

Maureen Foelkl – Chapman Hill Elementary School

Mark Madland – Leslie Middle School

Greg Smith – West Salem High School
ADDITIONAL RESOURCES ON STEM EDUCATION
Oregon Department of Education

The Oregon STEM Education Initiative is a document that suggests a framework for STEM education at the state, regional, and local level in Oregon. There are six general components of STEM Education outlined with objectives and outcomes for each. These are:

Effective Instruction

Effective Learning Environment

Coherent Standards, Content and Policies

Effective Leadership

Research and Evaluation

Community Engagement

National Research Council

In response to a request from Congress, the NRC held a workshop* in May 2011 about successful education in science, technology, engineering, and mathematics (the disciplines that are collectively referred to as STEM). Drawing on the workshop presentations and several NRC reports on teaching, learning, and assessment in the STEM disciplines, the Committee on Highly Successful Schools or Programs for K-12 STEM Education issued Successful K-12 STEM Education: Identifying Effective Approaches in Science, Technology, Engineering, and Mathematics in June 2011. This report considers various STEM-focused school models, highlights research on effective STEM education practices, and identifies conditions that promote school- and student-level success.

Description - Successful K-12 STEM Education: Identifying Effective Approaches in Science, Technology, Engineering, and Mathematics
Science, technology, engineering, and mathematics (STEM) are cultural achievements that reflect our humanity, power our economy, and constitute fundamental aspects of our lives as citizens, consumers, parents, and members of the workforce. Providing all students with access to quality education in the STEM disciplines is important to our nation's competitiveness. However, it is challenging to identify the most successful schools and approaches in the STEM disciplines because success is defined in many ways and can occur in many different types of schools and settings. In addition, it is difficult to determine whether the success of a school's students is caused by actions the school takes or simply related to the population of students in the school.

Successful K-12 STEM Education defines a framework for understanding "success" in K-12 STEM education. The book focuses its analysis on the science and mathematics parts of STEM and outlines criteria for identifying effective STEM schools and programs. Because a school's success should be defined by and measured relative to its goals, the book identifies three important goals that share certain elements, including learning STEM content and practices, developing positive dispositions toward STEM, and preparing students to be lifelong learners. A successful STEM program would increase the number of students who ultimately pursue advanced degrees and careers in STEM fields, enhance the STEM-capable workforce, and boost STEM literacy for all students. It is also critical to broaden the participation of women and minorities in STEM fields.

Successful K-12 STEM Education examines the vast landscape of K-12 STEM education by considering different school models, highlighting research on effective STEM education practices, and identifying some conditions that promote and limit school- and student-level success in STEM. The book also looks at where further work is needed to develop appropriate data sources. The book will serve as a guide to policy makers; decision makers at the school and district levels; local, state, and federal government agencies; curriculum developers; educators; and parent and education advocacy groups.

After the report’s release, Congress requested that the National Science Foundation (NSF) identify methods for tracking and evaluating the implementation of the improvements recommended by Successful K-12 STEM Education. In response, the NSF has requested that the NRC appoint an expert committee to develop a strategic plan for evaluating progress toward the report’s recommendations. Overseen by the NRC’s Board on Science Education (BOSE) and Board on Testing and Assessment (BOTA) the Committee to Develop an Evaluation Framework for Successful K-12 STEM Education released Monitoring Progress Toward Successful K-12 STEM Education: A Nation Advancing? 

Description - Monitoring Progress Toward Successful K-12 STEM Education: A Nation Advancing? 

Following a 2011 report by the National Research Council (NRC) on successful K-12 education in science, technology, engineering, and mathematics (STEM), Congress asked the National Science Foundation to identify methods for tracking progress toward the report's recommendations. In response, the NRC convened the Committee on an Evaluation Framework for Successful K-12 STEM Education to take on this assignment. The committee developed 14 indicators linked to the 2011 report's recommendations. By providing a focused set of key indicators related to students' access to quality learning, educator's capacity, and policy and funding initiatives in STEM, the committee addresses the need for research and data that can be used to monitor progress in K-12 STEM education and make informed decisions about improving it.


The recommended indicators provide a framework for Congress and relevant deferral agencies to create and implement a national-level monitoring and reporting system that: assesses progress toward key improvements recommended by a previous National Research Council (2011) committee; measures student knowledge, interest, and participation in the STEM disciplines and STEM-related activities; tracks financial, human capital, and material investments in K-12 STEM education at the federal, state, and local levels; provides information about the capabilities of the STEM education workforce, including teachers and principals; and facilitates strategic planning for federal investments in STEM education and workforce development when used with labor force projections. All 14 indicators explained in this report are intended to form the core of this system. Monitoring Progress Toward Successful K-12 STEM Education: A Nation Advancing? summarizes the 14 indicators and tracks progress towards the initial report's recommendations.

Technology and Engineering Literacy Framework for the 2014 NAEP

Because of the growing importance of technology and engineering in the educational landscape, the National Assessment Governing Board sought to create the first-ever national assessment in Technology and Engineering Literacy. The 2014 National Assessment of Educational Progress (NAEP) Technology and Engineering framework is a statement about what should be expected of students in terms of their knowledge and skills with technology, written to be the basis for an assessment of technology and engineering literacy appropriate for all students. In the framework, technology is defined as "any modification of the natural world done to fulfill human needs or desires" and engineering is "a systematic and often iterative approach to designing objects, processes, and systems to meet human needs and wants." The framework broadly defines technological and engineering literacy as "the capacity to use, understand, and evaluate technology as well as to understand technological principles and strategies needed to develop solutions and achieve goals." The framework provided here describes the essential knowledge and skills that will be assessed on the NAEP Technology and Engineering Literacy Assessment, divided into three major areas—Technology and Society, Design and Systems, and Information and Communication Technology.
The National Assessment Governing Board is an independent, bipartisan board that sets policy for the National Assessment of Educational Progress (NAEP), commonly known as The Nation's Report Card.

The Bayer Facts of Science Education XVI: US STEM Workforce Study (International Communications Research)
This executive summary highlights the work skills necessary in today’s workforce and the difficulty companies have in meeting their employment needs.
High Quality STEM Education for English learners: Current Challenges and Effective Practices

http://www.ncela.gwu.edu/meetings/stemforum  

On July 11, 2011, the U.S. Department of Education's Office for English Language Acquisition (OELA) hosted a forum on educating English learners in the science, technology, engineering and mathematics (STEM) fields.

STEM Education Coalition

http://www.stemedcoalition.org/
The central mission of the STEM Education Coalition is to inform federal and state policymakers on the critical role that STEM education plays in U.S. competitiveness and future economic prosperity. 
Prepare and Inspire: K-12 Education in Science, Technology, Engineering, and Math 

(STEM) for America’s Future (President’s Council of Advisors on Science and Technology)

The President’s Council of Advisors on Science and Technology (PCAST) is an advisory group of 

the nation’s leading scientists and engineers, appointed by the President to augment the science and technology advice available to him from inside the White House and from cabinet departments and other Federal agencies. PCAST is consulted about and often makes policy recommendations concerning the full range of issues where understandings from the domains of science, technology, and innovation bear potentially on the policy choices before the President. PCAST is administered by the White House Office of Science and Technology Policy 
(OSTP). 

State Departments of Education

North Carolina:

https://www.ncstem.org/sites/default/files/STEMAttributes.pdf 
https://www.ncstem.org/sites/default/files/Nov1STEMAttributesRubric_ELEMENTARY_v3_11012012.pdf
https://www.ncstem.org/sites/default/files/Nov1STEMAttributesRubric_MIDDLE_v3_11012012.pdf
https://www.ncstem.org/sites/default/files/Nov1STEMAttributesRubric_HIGH_v3_11012012.pdf
Colorado


http://www.cde.state.co.us/StandardsAndInstruction/Curriculum/STEM.asp 
Districts/Schools

Orange County Public Schools


https://www.ocps.net/cs/services/cs/currareas/STEM/Pages/default.aspx 
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