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Introduction

In September 2019, the Pennsylvania State Board of Education (SBE) directed the Pennsylvania
Department of Education (PDE) to begin the process of updating Pennsylvania’s science
standards to align them with current research and best practices, including a review of the Next
Generation Science Standards. Currently, the SBE regulations include two sets of standards
related to science: Academic Standards for Science and Technology and Academic Standards for
Environment and Ecology. Both sets of standards were adopted in 2002. In addition to the
science standards, the SBE also requested the PDE to consider technology, environment, and
ecology standards in the updating process. PDE developed a comprehensive plan with the SBE
approval to review and update the standards. The plan includes reviewing the state’s current
standards, outlining the various components that must be addressed when updating the
standards, and developing a proposed timeline for making the changes. PDE’s examination of
the current standards includes input from the public. A series of stakeholder engagement
sessions were held across the state and virtually; the public was invited to attend and provide
input. Informing the examination and alignment to research and evidence, PDE sought to
identify current research and best practices regarding science standards. This report captures
the current research and best practices regarding science standards as well as the feedback
from 14 stakeholder engagement sessions held across the Commonwealth.

The first section of the report—The National and International Landscape—provides context for
updating the content covered in the current Pennsylvania standards in science and technology
(including computer literacy) and the separate standards in environment and ecology. To
inform standards revision in all these areas, this section includes overviews of key national and
international frameworks and standards in science, environment and ecology, technology, and
computer science. As further context, it also provides an overview of the current frameworks
for national and international assessments in science.

The second section—A Comparison of State Science Standards—provides further national
context. It includes an overview of the status of state science standards following the
publication of the most recent national science standards documents, such as A Framework for
K—12 Science Education and the Next Generation Science Standards. It also includes profiles for
14 states that outline the approach each took in developing its science standards.

The third section—Commonwealth of Pennsylvania Context—describes current STEM (science,
technology, engineering, and mathematics) initiatives, state policies impacting science
standards, and the history of science standards in Pennsylvania. It concludes with an overview
of the current science standards in Pennsylvania.

AMERICAN INSTITUTES FOR RESEARCH® | AIR.ORG 1
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The last section of the report—Pennsylvania Stakeholder Engagement Feedback—summarizes
the feedback provided by the stakeholders across 14 in-person and virtual sessions about what
they envision Pennsylvania’s updated Academic Standards for Science and Technology and
Academic Standards for Environment and Ecology should include.

What Are Standards?

Academic standards are learning goals for what students should know and be able to do at a
specific grade level, by the end of a grade band, or for a specific course. High-quality standards
provide guidance for districts, schools, teachers, parents, and students to ensure that what is
taught will help students develop the skills and understanding necessary to be college and
career ready and successful and productive citizens. Although content standards provide a
foundation for learning, they do not specify how to teach the content. Curricula provide
teachers an outline of what should be taught and how it should be taught in classrooms.
Standards-aligned assessments provide information on student achievement to students,
parents, educators, and other stakeholders.

Overview of Current Science Education Research

As detailed in the following sections, there is a history of almost three decades of national and
state efforts to develop and refine science content standards. The development of standards
has been an iterative process informed by the success and challenges of previous standards,
science education research, changes in scientific knowledge, and advances in cognitive science.
State science standards also are informed by local contexts, including the local ecology, natural
resources, and needs of state businesses and industries. Notable recent efforts include the
National Research Council’s (NRC’s) A Framework for K—12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas in 2012 and a multistate effort that resulted in the
development of the Next Generation Science Standards, published in 2013. The research behind
the NRC framework is extensive, and this report presents many of the salient findings from the
NRC framework.

In response to the rapid growth of science knowledge, newer standards emphasize core
disciplinary ideas versus lists of science facts that can become rapidly outdated. Further, newer
standards include broader concepts, often referred to as crosscutting concepts, which apply
across the science disciplines. Standards documents also specify skills, ways of thinking, or
habits of mind that better reflect the nature of modern science. Although standards do not
specify how to teach, they do present a sequence, or progression, of knowledge and skills
across the grades. Brain science and advances in theories of learning have played a key role in
revisions of learning progressions in recent years.

AMERICAN INSTITUTES FOR RESEARCH® | AIR.ORG 2
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The national and state emphasis on the interrelationships among STEM subject areas also is
reflected in many current science standards. The use of technology has been critical to scientific
inquiry, and new technologies are developed as science advances. Similarly, engineering design
supports scientific endeavors and is influenced by science. Mathematics, as a language of
science, while not included in most science standards, is necessary to ensure that student
learning in mathematics and science are synchronized to support student learning.

As the people of Pennsylvania look to update their science standards, they can look to the
growing body of science learning research, national and international frameworks for science
education, and current national and state standards. The following section presents the current
landscape of science learning research, frameworks, standards, and state science standards.

The National and International Landscape

This section provides both a national and international context for updating the current
Pennsylvania science standards—standards for science and technology including computer
literacy and standards for environment and ecology. When updating state standards, it is
important to consider what is happening at the national and international levels. The section
starts with an overview of the most recent national science education standards documents
published in the United States—A Framework for K—12 Science Education and the Next
Generation Science Standards. To evaluate other relevant content covered in the Pennsylvania
standards, this section includes overviews of key national and international frameworks and
standards in environmental education, technology in education, and computer science. In
addition, this section provides an overview of the national and international assessments in
science currently conducted in the United States, which are important benchmarks to inform
the development of new standards.

National Science Framework and Standards

Overview of A Framework for K—12 Science Education: Practices, Crosscutting

Concepts, and Core Ideas

In 2012, the NRC published A Framework for K—12 Science Education: Practices, Crosscutting
Concepts, and Core Ideas (referred to as the “NRC framework” in this report), providing a vision
for science education. This vision addresses the growing concern that science standards needed
to be updated to be more cohesive across disciplines and grade levels and include scientific and
engineering practices to ensure that all students in the United States gain the foundational
knowledge and practices required to be considered scientifically literate. Prior to the
publication of the NRC framework, it had been a decade since the last nationally recognized
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documents had been written: the American Association for the Advancement of Science’s
(AAAS’s) Benchmarks for Science Literacy (1993) and the National Science Education Standards
(1996). Since then, there have been advancements in science and technology and major strides
in teaching and learning research, which the NRC drew on to write its K-=12 framework. In
developing the K-12 framework, the NRC incorporated the data it garnered from stakeholders
and research, specifically citing the National Science Education Standards, the Benchmarks for
Science Literacy, the Science Framework for the 2009 National Assessment of Educational
Progress, the Science College Board Standards for College Success, and the National Science
Teachers Association’s (NSTA's) Science Anchors project as its starting point. In this section, we
will summarize the research that led to the vision, scientific and engineering practices,
crosscutting concepts, and disciplinary core ideas (DCls) included in A Framework for K-12
Science Education.

The NRC framework is built around the integration of three major dimensions—scientific and
engineering practices, crosscutting concepts, and DCls—and provides grade band endpoints for
what students are expected to know and be able to do by the end of Grades 2, 5, 8, and 12.
“Practices” are the scientific and engineering practices that students need to understand and
participate in to engage in science. Equal emphasis is given to scientific inquiry and engineering
design practices, and students are expected to not only learn content but also understand and
develop the methods of scientists and engineers. “Crosscutting concepts” are key ideas that
apply across all science disciplines and unify the study of science and engineering. “DCls”
describe the content or ideas that students should understand in four disciplines: physical
sciences; life sciences; Earth and space sciences; and engineering, technology, and applications
of science. For the DCls, the framework provides a set of grade band endpoints. The framework
emphasizes the integration of all three major dimensions into standards, curriculum,
instruction, and assessment. Furthermore, the dimensions are introduced progressively to
students across Grades K-12 as they are developmentally ready to learn them based on
learning progressions research.

Learning progressions are emphasized in the NRC framework as a result of new research
findings described in studies such as Taking Science to School: Learning and Teaching Science in
Grades K-8. This NRC report found that “the capacity of young children—from all backgrounds
and socioeconomic levels—to reason in sophisticated ways is much greater than has long been
assumed” (NRC, 2012, p. 24). It also describes learning progressions, positing that students
need more than a couple of weeks to conceptualize their learning. To “master” a discipline,
students need to have multiple opportunities to experience it in consistent ways. These
experiences should take place over several years and increase in developmentally appropriate
complexity. This finding changed the thinking about what students at the K-5 level should be
able to do in science. Previously, students were not expected to develop explanations about

AMERICAN INSTITUTES FOR RESEARCH® | AIR.ORG 4



A National Landscape Scan and Pennsylvania Stakeholder Feedback

phenomena until middle school; however, based on this new research, the NRC framework
suggests that standards and curriculum documents reconsider elementary students’ ability to
develop explanations rather than just describe what they are learning in science. The NRC used
this new understanding to provide a set of grade band endpoints for the DCls in the framework.

In addition to the research on learning progressions, the NRC explored research on the
difference between a novice and an expert. This body of literature was important in addressing
the concern that students are required to learn too many DCls but without the depth of
understanding necessary for them to internalize the ideas and apply them in new situations.
What the NRC learned was that novices know a lot of pieces of information but not necessarily
how this information is interrelated. On the other hand, experts have a greater depth of
knowledge of “principles” and “theoretical constructs,” which they can apply to understand
new situations. This new understanding helped the NRC set the expectation that students who
graduate high school should learn science more like an expert than a novice. This means that
the learning of science facts should not be learned in isolation, and that students should be able
to identify crosscutting concepts across disciplines and participate in the practices of science
and engineering. The idea of crosscutting concepts is not new, but “they echo many of the
unifying concepts and processes in the National Science Education Standards, the common
themes in the Benchmarks for Science Literacy, and the unifying concepts in the Science College
Board Standards for College Success and the NSTA Science Anchors project” (NRC, 2012, p. xv).
What is unique to the NRC framework is that it particularly highlights the need to include both
scientific and engineering practices because advancements in science depend on engineering
practices, and engineering design principles are informed by science knowledge. Prior to the
introduction of A Framework for K—12 Science Education, engineering practices were not in
science standards. The NRC believes that by focusing on both DCls and scientific and
engineering practices, students will develop a deeper understanding of science, and they will be
better prepared to apply this knowledge to new situations. However, they acknowledge that
the research shows that restructuring how we teach science will require additional instructional
support.

A Framework for K=12 Science Education was also informed by research on motivation
(Ormerod & Duckworth, 1975; Renninger, 2003) and equity (Coley, Vitkin, Seaton, & Yopchick,
2005; Ross, Medin, Coley, & Atran, 2003; Tarlowski, 2006). These bodies of research are
especially important when thinking about preparing all students in science. Research on
motivation and equity found that students are more likely to appreciate science and recognize
its importance in their daily lives if they learn it in a way that is connected to the natural
guestions that they have about life. Therefore, one of the criteria used in determining which
DCls to include in the framework is whether they are connected to student experiences and/or
societal or personal concerns that could be addressed with scientific or technological
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knowledge. Equity research also found that there is a need in science to include cultural
diversity and recognize it as an asset to both students and advancing science. Students bring
with them experiences and skills that they can use to connect them with science in distinct
ways. By incorporating pedagogical practices that acknowledge the benefit of students’
cultures, we increase our ability to create lifelong science learners. This research was
incorporated in the design of the framework by connecting core ideas to questions that
students may ask and by including “rigorous standards that apply to all students” (NRC, 2012,
p. 29).

In summary, the NRC framework was the first step in a process to develop new national
standards for K—12 science education. The vision laid out by the NRC focuses on a limited set of
DCls that build coherently across grade levels, can be covered in depth, incorporate
crosscutting concepts, and emphasize engagement in scientific and engineering practices.
Integrating the practices, crosscutting concepts, and DCls will prepare students to understand
science well enough to apply it to their everyday lives and inspire them to consider science
careers. Drawing on current research in teaching and learning and standards-based education
reform, the NRC framework provided the sound, evidence-based foundation for the Next
Generation Science Standards (NGSS), published in 2013, which describe the science all K-12
students should know and be able to do. By the end of 2019, the NGSS was formally adopted by
20 states and the District of Columbia. According to the NSTA, 24 other states have used the
recommendations from the NRC framework to develop their own state science standards.

Overview of the Next Generation Science Standards

The NGSS (2013) is a set of science standards grounded in the research described in A
Framework for K—12 Science Education. These standards were developed through a
collaborative, state-led effort, managed by Achieve Inc., consisting of 26 lead state partners,*
the NRC, the NSTA, and the AAAS. The NGSS focus on a limited set of DCls in the natural
sciences and in engineering, technology, and applications of science that build coherently
across the grade levels. The NGSS also emphasize the importance of crosscutting concepts that
apply across disciplines, as well as the practices used by scientists and engineers that K-12
students should develop. The intent is a set of standards based on the recommendations in the
NRC framework that provides a coherent, internationally benchmarked science education
program for all K-12 students.

1 A lead state partner is a state in which a state partnership agreement was signed by the chief state school officer and the state
board of education chair. The agreement included a commitment by the state to convene in-state, broad-based committees, of
50-150 members, to provide feedback and guidance to the state throughout the process of developing the NGSS.
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Using the NRC framework as the basis, the NGSS integrate DCls, crosscutting concepts, and
scientific and engineering practices to provide performance expectations (PEs) that describe
what students should know and be able to do across Grades K—=12. Based on the expectations
outlined in the framework at the endpoints for four grade bands (K-2, 3-5, 6-8, and 9-12), the
NGSS provide PEs at each grade level in elementary school (K-5) and by grade band for middle
school (6—8) and high school (9—12). The PEs are organized by disciplinary core and component
ideas in the four major domains: physical sciences; life sciences; Earth and space sciences; and
engineering, technology, and applications of science. The NGSS provide educators with a
coherent set of science standards that should promote rigorous science instruction for all
students, but they do not serve as a curriculum document or limit what may be taught in the
classroom, particularly for more advanced high school science courses. The NGSS provide goals
to be met by certain grade levels but leave curricular and instructional decisions to states,
districts, and teachers. In states that have adopted the NGSS (or revised their science standards
based on the NRC framework), tools and resources are provided to states and districts for

implementation and evaluation of their curriculum’s alignment with the NGSS.

Environment and Ecology Standards

Overview of the Framework for Assessing Environmental Literacy

The Framework for Assessing Environmental Literacy (Hollweg et al., 2011), developed by the
North American Association for Environmental Education (NAAEE), is a guide for large-scale
national and international assessment developers, especially developers of the Program for
International Student Assessment (PISA). According to survey conducted by NAAEE in 2014,
most states, including Pennsylvania, have adopted plans for integrating environmental
education into their K-12 curriculum or were in the process of adopting plans (NAAEE, 2014a).
The framework identifies and describes the knowledge, skills, dispositions, and behaviors that
15-year-old students should demonstrate being environmentally literate citizens. According to
the framework, an assessment of environmental literacy should identify one or more of the
seven skills (also referred to as competencies) to assess within the context of a local, regional,
or global situation that involves the environment. The framework also suggests seven themes
for setting the context. Students demonstrate knowledge of the competencies by incorporating
environmental literacy knowledge and dispositions in their responses. The NAAEE posits that
testing behaviors on a large-scale international assessment would be difficult because of the
cultural differences across countries but could be considered for testing at the national level.
This framework was not developed primarily for educators, so it does not contain grade band
distinctions. Instead, it provides guidance for the development of tasks, questions, assessment
time, and relative scoring weights for each component of the assessment, all of which are
based on research related to the evaluation of environmental education dating back to the
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1970s. For learning expectations by grade band, NAAEE created the K—12 Environmental

Education: Guidelines for Excellence (2014a) and its companion piece, K=12 Environmental

Education: Guidelines for Excellence Executive Summary (2014b). Both provide guidance for
setting expectations for fourth- (age 10), eighth- (age 14) and twelfth grade (age 18) students.

Overview of Four-Dimensional Ecology Education Framework

In 2018, the Ecological Society of America published the Four-Dimensional Ecology Education
Framework (4DEE framework). The four dimensions of the framework are Core Ecological
Concepts, Ecology Practices, Human-Environment Interactions, and Crosscutting Themes. The
four dimensions of the framework include 21 general elements. For example, the Core
Ecological Practices include the following elements: organisms, populations, communities,
ecosystems, landscapes, biomes, and biosphere. Ecology Practices include approaches and
methods used in doing ecology, including natural history, fieldwork, quantitative reasoning,
computational thinking, designing and critiquing investigations, and collaboration. Human-
Environment Interactions include dependence on the environment, human-accelerated
environmental change, how humans can use ecological systems to shape and manage
resources/ecosystems/the environment, ethical dimensions and communicating and applying
ecology. Cross-Cutting Themes include structure and function, pathways and transformations of
matter and energy, systems, and spatial and temporal scales and processes. According to the
Ecological Society of America (2018), “goal is for the four dimensions to be taught as integrated
units, courses, and curricula” (p. 2).

Education Technology Standards

Overview of the International Society for Technology in Education Standards

The International Society for Technology in Education (ISTE) standards were developed by a
global group of educators of the same name as the standards. The standards are defined as a
framework for innovation in education. They identify and describe skills that learners need to
succeed at work and in life. The ISTE provide separate standards for students, educators,
technology coaches, and educational leaders. In addition, there is a set of computational
thinking competencies for educators. Because the purpose of this overview is to aid in
standards development for students, we describe only the seven key ISTE standards for
students: (1) empowered learner, (2) digital citizen, (3) knowledge constructor, (4) innovative
designer, (5) computational thinker, (6) creative communicator, and (7) global collaborator.
Each standard has four subparts. These standards were developed based on literature reviews
in the field of technology education, expert reviews, and public feedback. Unlike the other
standards described in this section of the report, the ISTE standards are not delineated by age
or grade bands.
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Technology and Engineering Education Standards

Overview of the Standards for Technological and Engineering Literacy

The Standards for Technological and Engineering Literacy: Defining the Role of Technology and
Engineering in STEM Education (STEL) are the most recently updated standards developed by
the International Technology and Engineering Educators Association (ITEEA) in a joint project
with its Council on Technology and Engineering Teacher Education (CTETE). The new standards
define the knowledge, skills, and abilities necessary for all students to become technologically
and engineering literate and provide a launching point for continuing study in more specialized
fields. The STEL describe eight core disciplinary standards with a set of specific benchmarks for
four grade bands—PK-2, 3-5, 6-8, and 9—12—as well as eight technology and engineering
practices to be applied across a range of contexts.

Computer Science Framework and Standards

Overview of the K—=12 Computer Science Framework

The K—12 Computer Science Framework (CS framework) is a set of national standards that
states and districts can implement so that all students can become computationally literate.
The development of these standards was led by a collaborative effort of the Association for
Computing Machinery, Code.org, the Cyber Innovation Center, and the National Math and
Science Initiative. In addition, writers from 14 states and four districts worked together to write
the standards. The CS framework focuses on an integrated set of core concepts and core
practices that students should know and be able to do. Similar to the NRC framework for K-12
science education, the CS framework reflects learning progressions across grade levels, with the
earliest introduction to computer science beginning in prekindergarten. Furthermore, weaved
throughout the CS framework are four key themes: equity, powerful ideas, computational
thinking, and breadth of application. The intent of these standards is to provide guidance for
states, districts, and organizations to use to develop rigorous computer science standards and
curriculum for all students, teacher certification and development, and course pathways.

The CS framework is organized by core practices, core concepts, crosscutting concepts, and
guidance. There are seven core “practices,” which provide an overview of what students need
to be able to do by Grade 12. Narratives of how students’ skills should progress from
kindergarten to Grade 12 are provided for each practice, rather than by grade band
distinctions. On the other hand, the five core “concepts” are delineated by grade bands
(Grades 2, 5, 8, and 12). The core concepts represent computer science disciplines and are
accompanied by subconcepts and one or more of the five “crosscutting” concepts. In addition,
elaboration and examples, boundary statements, and connections to the framework are
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provided for each concept. Comparable to the NRC framework, the CS framework provides an
overview of standards for computer science education standards but does not serve as a
curriculum or dictate classroom pedagogy. Therefore, Chapter 7 in the CS framework provides
guidance for states, districts, and organizations on how to develop their computer science
standards using the CS framework as a guide.

Overview of the K—=12 Computer Science Standards

The Computer Science Teachers Association (CSTA) put together a task force of educators to
create the K—12 Computer Science Standards based on the CS framework. The CSTA K-12
Computer Science Standards provide a set of performance expectations for students by
integrating the core concepts and practices from the CS framework. They use the guidance and
descriptions from the CS framework to flesh out the standards, which are organized by levels
(1A, 1B, 2, 3A, and 3B) and grade bands. Each level provides performance expectations for all
students, except those in level 3B, which provide expectations for high school students who
want to go beyond what is necessary for all students, by taking elective or specialty courses.
The grade bands demarcated are Grades K-2 (ages 5-7), Grades 3-5 (ages 8—11), Grades 6—8
(ages 11-14), Grades 9-10 (ages 14-16), and Grades 11-12 (ages 16—18). Although not
explicitly stated in the standards document, the levels seem to correspond to the grade bands
in the following way: 1A (Grades K-2), 1B (Grades 3-5), 2 (Grades 6-8), 3A (Grades 9-10), and
3B (Grades 11-12). According to the CSTA, these standards are intended to help create
computer science curriculum documents so that all students can be introduced to computer
science starting in elementary school and high school students can receive a computer science,
mathematics, or science graduation credit.

Overview of National and International Assessments

When developing new standards, it is important to consider what is in student assessments
administered at the national and international level. In the United States, nationally
representative data on student achievement in science come primarily from two sources:

(1) the National Assessment of Educational Progress (NAEP) and (2) participation in
international assessments, such as the Trends in International Mathematics and Science Study
(TIMSS) and PISA. NAEP is a congressionally mandated project of the National Center for
Education Statistics (NCES), within the U.S. Department of Education’s Institute of Education
Sciences (U.S. Department of Education, 2018). NAEP measures students’ performance at
Grades 4, 8, and 12 with assessments designed specifically for national and state information
needs. In addition, NAEP data are used in studies that provide comparisons of proficiency
standards across state assessments; insights from high school transcripts, including courses
taken; and in-depth looks at how different demographic groups perform across several types of
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schools. The TIMSS assessments enable the United States to benchmark its performance to that
of other countries at Grades 4 and 8, and PISA assesses the level of scientific literacy of 15-year-
old students. NAEP, TIMSS, and PISA are conducted regularly to monitor student outcomes in
science across time. These national and international assessments provide another benchmark
to inform the development of new science standards.

Overview of the National Assessment of Educational Progress

NAEP—also known as the “Nation’s Report Card” —is a congressionally mandated assessment
program administered by the NCES and overseen by the National Assessment Governing Board.
For nearly 30 years, the main NAEP assessments at Grades 4, 8, and 12 have been conducted
periodically in reading, mathematics, science, and other subjects, including (most recently)
technology and engineering literacy (TEL). NAEP assessments in science are conducted about
every 4 years, and the results have been reported at the national, state, and urban district levels.

NAEP frameworks are developed by a committee of subject matter experts, practitioners,
researchers, educators, business leaders, and policymakers to develop a set of assessment
standards that define what U.S. students should know and be able to do in a particular subject
at Grades 4, 8, and 12. The frameworks are designed to remain stable for as long as possible to
report trends in student achievement. However, they are periodically updated in response to
changes in national and international standards and curricula. The most recent NAEP science
framework was developed in 2009 (prior to the publication of the NRC framework and the
NGSS) and guided science assessments in 2009, 2011, 2015, and 2019. The next science
assessment based on the current framework is planned for 2023; then a new framework will be
developed for 2027 and beyond. Technology and engineering literacy assessments were
conducted in 2014 and 2018, and the next assessment is planned for 2023. No TEL assessments
are planned beyond 2023. Some technology and engineering topics in TEL may be incorporated
into the next NAEP science framework for the 2027 assessment.

Trends in International Mathematics and Science Study

TIMSS is the flagship study of the International Association for the Evaluation of Educational
Achievement (IEA) and is coordinated by the TIMSS & PIRLS International Study Center at
Boston College. The NCES conducts the TIMSS in the United States. TIMSS is designed to
measure trends in mathematics and science achievement at Grades 4 and 8 and has been
administered every 4 years since 1995. The most recent assessment was in 2019, providing a
24-year trend line. The United States has participated in every administration of TIMSS (1995,
1999, 2003, 2007, 2011, 2015, and 2019). TIMSS aligns broadly with mathematics and science
curricula in the participating countries and, therefore, to reflect students’ school-based
learning. As an international study, TIMSS provides valuable information on how U.S. students
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compare to students around the world. Since the late 1990s, TIMSS has played a role in U.S.
education policy discussions, informed curricular reform efforts in the states, and has been the
principal vehicle for international benchmarking by the states. In the first administration of
TIMSS in 1995, five U.S. states participated as benchmarking participants. Since then, 18 states
have participated in TIMSS benchmarking in one or more assessment years. TIMSS data on
curricula in top-performing nations also have informed curricular reform efforts in various
states.

The TIMSS framework specifies the content that participating countries have agreed should be
the focus of an international assessment. Although the assessments are intended to include
content covered across countries, some topics are not covered to the same extent in all
countries. Thus, the TIMSS frameworks are reviewed each assessment cycle and updated as
appropriate with input from the participating countries.

Program for International Student Assessment

PISA has assessed 15-year-old students’ reading, mathematics, and science literacy every

3 years since the first assessment in 2000. The major domain of the study rotates between
reading, mathematics, and science in each cycle (starting with reading in 2000), although results
for all three subjects are reported in each assessment cycle. Science was the focal subject in
two assessments (2006 and 2015). PISA is coordinated by the Organization for Economic
Cooperation and Development, an intergovernmental organization of industrialized countries.
All PISA assessments between 2000 and 2018 were conducted in the United States by NCES.

PISA frameworks are updated prior to each assessment for the focal subject (i.e., every 9 years),
and the science framework will be updated for the 2024 assessment. The assessment content
of PISA is developed by international subject expert teams, but the assessment is not designed
to align to the content of curricula in the participating countries.

Comparing NAEP, TIMSS, and PISA

All three assessment frameworks—NAEP, TIMSS, and PISA—include a content dimension
(describing the science content covered in the assessments) and a cognitive dimension
(describing the processes and skills students should be able to demonstrate when engaging
with the content). In addition, PISA includes a third dimension for context (i.e., personal, local,
national, and global issues that require some understanding of science and technology). PISA
requires that all questions on the assessment involve one of these contexts. Neither TIMSS nor
NAEP include an analogous context dimension in their frameworks, although there are some
guestions in both assessments that involve local, regional, or global issues. Table 1 compares
the dimensions of the three frameworks.
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Table 1. Comparison of the NAEP, TIMSS, and PISA Science Framework Dimensions

Framework NAEP PISA
Dimensions (Grades 4, 8, 12) (15-year-olds)
Content Content areas Content domains Content domains Content knowledge
Physical science Physical science Chemistry Physical systems
Life science Life science Physics Life systems
Earth and space Earth science Biology Earth and space systems
sciences Earth science Procedural knowledge
Epistemic knowledge

Cognitive Science practices Cognitive domains Scientific competencies
Identifying science Knowing Explain phenomena
Principles Applying scientifically
Using science Reasoning Evaluate and design
principles Science practices (related to inquiry) scientific inquiry
Using scientific Interpret data and evidence
inquiry scientifically
Using technological
design
Context Not applicable Not applicable Personal
Local
National
Global

Source. Adapted from National Assessment Governing Board (2014); International Association for the Evaluation
of Educational Achievement (2017); and Organization for Economic Cooperation and Development (2017).

The NAEP science framework covers three content areas (life science, physical science, and
Earth and space sciences), divided into topics and grade-specific content statements that define
the content to be assessed. Four science practices apply across Grades 4, 8, and 12: identifying
science principles (e.g., demonstrating knowledge/understanding of science concepts), using
science principles (e.g., explaining and predicting phenomena), using scientific inquiry (e.g.,
designing investigations, analyzing data, and drawing conclusions based on evidence), and using
technological design (e.g., developing and evaluating solutions to problems). For each science
practice, the framework also describes a set of general performance expectations that apply
across content domains.

Like NAEP, TIMSS has three content domains at Grade 4 (life science, physical science, and earth
science). However, at Grade 8, there are four domains because TIMSS splits physical science into
separate chemistry and physics domains; therefore, it also covers more content in these areas
than NAEP. Each content domain covers several topics with grade-specific content objectives.
Three cognitive domains apply across Grades 4 and 8: knowing (the ability to recall, recognize,
describe, and provide examples of facts, concepts, and procedures), applying (using knowledge to
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compare/contrast and classify, develop explanations, and solve practical problems), and
reasoning (using evidence and science understanding to analyze, synthesize, draw conclusions,
and generalize). TIMSS also specifies five science practices related to inquiry to be covered in the
assessments (asking questions based on observations, generating evidence, working with data,
answering the research question, and making an argument from evidence).

In PISA, the content dimension is knowledge, which includes content knowledge in three areas
(physical systems, living systems, and Earth and space systems) as well as procedural
knowledge (how science content knowledge is developed) and epistemic knowledge (the
rationale for procedures and justification for their use). The PISA framework covers three
scientific competencies: explain phenomena scientifically, evaluate and design scientific inquiry,
and interpret data and evidence scientifically.

The NAEP and TIMSS frameworks cover similarly defined content areas in the physical, life, and
Earth/space sciences, and both describe a set of topics in each content area and the grade-
specific objectives to be assessed. In contrast, the PISA framework does not specify the exact
content to be covered in the assessment. Rather, it provides a broad set of exemplar topics in
each area of content knowledge, such as “structure of matter” in physical systems,
“ecosystems” in living systems, and “Earth’s history” in Earth and space systems. Tasks in the
PISA assessment may require knowledge in one of the broad topics, although the assessment is
not restricted to content reflected in the exemplar topics in the framework.

The assessments have considerable overlap between the abilities, skills, and procedures included
in the cognitive dimensions of the three assessments. One key difference between PISA and the
NAEP and TIMSS assessments is that PISA does not include a competency that directly
corresponds to the knowing cognitive domain in TIMSS or the NAEP science practice of identifying
science principles. Also, PISA places more emphasis on competencies related to scientific inquiry.

As an assessment of scientific literacy—the application of science concepts and procedures to a
range of real-life situations—PISA is a measure of students’ readiness for postsecondary
education, careers, and participation in the world that reflects outcomes of learning. By placing
the emphasis on age, PISA intends to show what 15-year-olds (i.e., students near the end of
secondary schooling) have learned inside and outside the classroom throughout their lives, not
just in a specific grade. In contrast, the TIMSS and NAEP assessments focus on science content
that would typically be covered in the curriculum by Grades 4 and 8 (as well as Grade 12 for
NAEP). The content covered in NAEP and TIMSS is not intended to be the same, however,
because the NAEP reflects the content and skills expected of students in the United States,
whereas TIMSS reflects a consensus across the participating countries about what science is
most important to be covered in the assessment.

AMERICAN INSTITUTES FOR RESEARCH® | AIR.ORG 14



A National Landscape Scan and Pennsylvania Stakeholder Feedback

Comparing NAEP, TIMSS, and PISA to the NRC framework and NGSS

The NAEP and international assessment frameworks were resources for the development of the
NRC’s A Framework for K—12 Science Education, which was the basis for the NGSS. It is
important to note, however, the different purposes of the NGSS versus the NAEP, TIMSS, and
PISA frameworks. The purpose of the NGSS is to elaborate for each grade level a set of concrete
student outcomes (performance expectations) that describe what all students should know and
be able to do in the natural sciences as well as in engineering, technology, and applications of
science. The NGSS thus provides goals to be met by each grade level that can help guide K-12
curriculum development but leaves curricular and instruction decisions to states, districts, and
teachers. In contrast, the NAEP, TIMSS, and PISA frameworks are explicitly intended to guide
the development of assessments either at specific grades (4, 8, and 12) or, in the case of PISA,
for a specific age group (15-year-olds). None of these assessment frameworks are based on any
particular curriculum, and they are not expected to cover the same content as the NGSS or
state science standards.

With the publication of the NRC framework and the adoption of the NGSS by many states, it is
important to know how these national standards documents compare with the frameworks for
assessing U.S. student achievement in STEM areas. NCES thus commissioned a study conducted
in 2015 to compare the NGSS with the NAEP assessment frameworks in science, TEL, and, to a
lesser extent, mathematics (Neidorf et al., 2015). The main goal of the study was to determine
the extent to which the NGSS performance expectations align with the content objectives and
practices in the NAEP science framework and the NAEP TEL framework. Together, these
comparisons explored how completely the full range of content and practices in the NGSS are in
the NAEP assessments as well as the unique aspects of each.

A key feature of the NGSS performance expectations is that they integrate content and
practices. The integration of the three dimensions of the NRC framework is one of the strengths
of the NGSS in terms of providing guidance on student outcomes, but the specification of
specific combinations of content and practices may restrict the range of expectations at each
grade level. Like the NGSS, the NAEP science and TEL frameworks include a content dimension
and a practice dimension. Unlike the NGSS, however, the NAEP frameworks describe the two
dimensions separately rather than in an integrated fashion. This allows for NAEP’s content and
practices to be combined in a variety of ways to produce a broad range of performance
expectations and resulting assessment tasks at each grade. The NAEP frameworks provide
examples of how content statements and practices are combined to produce grade-specific
performance expectations.
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Based on the results of the 2015 comparison study, substantial content overlap exists between
the NGSS and the NAEP assessment frameworks, although numerous topics differ in depth,
breadth, detail, or focus. The degree of content alignment varies by grade and content domain. In
the natural sciences, NGSS and NAEP are most similar in life science and most distinct in physical
science. Life science was the only content area rated as similar overall at two grades (8 and 12).
Physical science was rated as similar only at Grade 12, and Earth and space sciences were rated as
similar only at Grade 8. None of the content areas was rated as similar overall at Grade 4.
Alignment was lowest at Grade 4 due in part to NAEP content not included in the NGSS until
Grade 5 (for instance, properties and changes of state, such as solids, liquids, and gases; the
interdependence of organisms in ecosystems; gravitational force; and the moon’s cycle and
phases). Although alignment was greater in middle school and high school (Grades 8 and 12 in
NAEP), there are still NGSS topics covered at a different grade level in NAEP or vice versa. For
example, the periodic table, cell differentiation, and Earth’s layers and magnetic field are included
at Grade 8 in NAEP but not until high school in the NGSS, whereas formulas for kinetic energy and
electric force, genetic variation and effects of mutation, and exothermic and endothermic
reactions are included in middle school in the NGSS but not until Grade 12 in the NAEP. Unique
content also appears in both the NGSS and the NAEP. Chemical reaction rates and equilibrium are
covered in the NGSS in high school but not in NAEP. In comparison, NAEP assesses properties of
acids and bases at Grade 8, which is not in the NGSS in middle school or high school.

Most scientific and engineering practices in the NGSS are well covered in the four NAEP science
practices: identifying science principles, using science principles, using scientific inquiry, and
using technological design. However, NGSS expectations in engineering design are beyond what
is covered in the NAEP science practice of “using technological design.” The design process
covered in the NGSS much more closely aligns with the NAEP TEL framework at all grade levels.

With respect to TIMSS, a recent curriculum analysis conducted as part of U.S. participation in
2019 TIMSS evaluated the extent to which the topics assessed in TIMSS are in the NGSS. Based
on the results of the 2019 study, it is apparent that most of the TIMSS framework topics are
covered to some extent in the NGSS and NAEP, although sometimes at a higher grade level.
Some topics included in TIMSS at Grade 4 are not in the NGSS until Grade 5, such as food
chains/webs in ecosystems, changes of state involving gases (evaporation and condensation),
and models of the Sun/Earth/moon system (not covered in the NAEP until Grade 8). At Grade 8,
TIMSS includes multiple topics that are not in the NGSS until high school, including the role of
DNA in inherited traits, subatomic particles, the periodic table, the role of electrons in chemical
bonds, and the role of nuclear fusion in the Sun/stars, which are primarily covered in Grade 12
in the NAEP. Other topics assessed in TIMSS are not a focus at any grade level in the NGSS,
including mixtures and solutions, acids and bases, and human health (transmission and
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prevention of diseases, food sources and nutrients in a balanced diet, the role of the body’s
immune system). Human health also is not in the NAEP assessment at any grade level.

A Comparison of State Science Standards

The publication of A Framework for K—12 Science Education in 2012 by the NRC played a pivotal
role in the states’ development of new science standards. Since 2013, 44 states and the District of
Columbia have instituted new science standards influenced by the NRC framework and/or the
resulting NGSS. As discussed earlier, 20 states and the District of Columbia have formally adopted
the NGSS, and 24 states have developed new science standards based on the NRC framework,
representing about 71% of U.S. K—12 students. Table 2 provides an overview of the status of state
science standards.
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Table 2. Status of State Science Standards (including the District of Columbia)

Formally adopted NGSS

Standards revised based on NRC

Framework for K-12 Science Education

State-developed standards

New Jersey North Dakota
New Mexico Oklahoma*
Oregon South Carolina
Rhode Island South Dakota
Vermont Tennessee*
Washington Utah

West Virginia*

Wisconsin

Wyoming

Arkansas Alabama Florida*
California* Alaska North Carolina
Connecticut* Arizona Ohio*
Delaware Colorado Pennsylvania
District of Columbia Georgia Texas

Hawaii Idaho Virginia*
Illinois Indiana

lowa* Louisiana*

Kansas Massachusetts*

Kentucky* Minnesota

Maine Mississippi

Maryland Missouri

Michigan* Montana

Nevada Nebraska

New Hampshire New York*

Note. The asterisks represent states selected for comparison with Pennsylvania by PDE and the American Institutes
for Research (AIR). The 26 NGSS Lead State Partners are in italic.
Source: The information in the table was obtained from NSTA (2014).

The PDE, in consultation with AIR, identified 14 states across the country to provide a set of
profiles on the approach each took in developing science standards as well as assessment and
graduation requirements in science. The information in each state profile came from each
state’s department of education website (see Table 3 for an outline of the content covered in
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the state profiles). The heading above each state profile is hyperlinked to the corresponding
state website.

Table 3. Outline of Content Covered in the State Profiles

What is the state’s NGSS adoption status?

a. Was the state one of the 26 NGSS Lead State Partners?

b. Did it formally adopt the NGSS?

c. Did the state recently revise its science standards in response to the NGSS? If not,
are there plans to revise them in the future?

In what year did the state adopt and implement its latest science standards?

Description of the approach, structure, and content of the state’s new standards

a. How did the state use the NRC framework and the NGSS?

b. Do the state’s new standards follow the same basic structure and content as the
NGSS? Were any substantial changes made to the content? Were state-specific
standards added?

What is the grade-level structure (e.g., grade specific, course specific, grade bands)
of the standards?
How does the state incorporate standards related to technology and engineering (for
nonadopter states)?
Do public documents on the state website describe implementation plans for the
new standards (e.g., related to curriculum, instruction, teacher development,
assessment)?

4. What are the state’s assessment and graduation requirements in science?

California

California was one of the NGSS Lead State Partners. The state adopted the NGSS in 2016, and
new science standards based on the NGSS were implemented starting in the 2018-19 academic
year. Implementation documents are available on the state’s website. The 2016 Science
Framework for California Public Schools includes grade-specific standards for K-8 in the NGSS
domains of physical sciences; life sciences; Earth and space sciences; and engineering,
technology, and applications of science. Standards for the high school grade band (9—12) can be
taught using two different models. The three-course model highlights Earth and space science,
which is then integrated into three courses: living earth (integrating biology and Earth science),
chemistry in the earth system (integrating chemistry and Earth science), and physics of the
universe (integrating physics and earth and space science). The four-course model is based on
the Science Domains Model, where one course is assigned to one domain: life science,
chemistry, physics (subdomains of physical science), and Earth and space sciences. The
engineering, technology, and applications of science discipline is incorporated into both
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models. Besides this modeling difference in high school, the content and layout of the
standards reflect that of the NGSS.

California conducts state science assessments at Grades 5 and 8 and once in high school at
either Grade 10, 11, or 12. The California Science Test is an online assessment based on the
California NGSS (California Assessment of Student Performance and Progress, 2020). Local

education agencies determine whether to administer the test at Grade 10 or 11. If students
have not taken the assessment by the beginning of Grade 12, they are registered for it
automatically. Students who repeat Grade 12 are not reassessed. Students assigned to take an
alternate assessment typically take the California Alternate Assessment for Science. High school
graduation requires two units in science that must include one unit of biological sciences and
one of physical sciences.

Connecticut

Connecticut was not an NGSS Lead State Partner, but the state adopted the NGSS in 2015. The
new science standards were implemented in the 2018-19 academic year. Implementation
documents are available on the state’s website. Connecticut does not have a separate set of
standards for science on its state website; however, a link is provided to the NGSS website,
which indicates that the state adopted all of the K-12 standards in the science domains
(physical science, life science, Earth and space science) and in engineering, technology, and
applications of science without revision.

Connecticut conducts state science assessments at Grades 5, 8, and 11. High school graduation
currently requires two units of science. Starting with classes graduating in 2020, three credits in
science will be required, including at least one credit in life science and one credit in physical
science.

Florida

Florida was not an NGSS Lead State Partner and has not adopted the NGSS. The state last revised
its standards in 2008 and implemented them in the 2014—15 academic year. Implementation
documents are available on the state’s website. The Next Generation Sunshine State Standards
for Science are provided in five content areas: life science, physical science, Earth and space
science, nature of science, and computer science. In life science, physical science, Earth and space
science, and the nature of science, standards are provided at each grade level for K-8 and by
grade band for high school (Grades 9-12). Computer science standards are provided for four
grade bands (K-2, 3-5, 6-8, and 9—12). The nature of science content includes standards related
to the practice of science; the characteristics of scientific knowledge; the role of theories, laws,
hypotheses, and models; and science and society. Computer science content includes standards
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related to personal, community, global, and ethical impact; communication and collaboration;
computer systems and computing; and computer practices and programming. This area covers
some of the content in the NGSS engineering, technology, and applications of science discipline.
In addition, Florida has separate standards related to engineering and technology education for
its career and technical education courses for Grades 6-8.

Florida conducts state science assessments at Grades 5 and 8 and requires a high school end-of-
course examination in biology. High school graduation requires three units in science that must
include two lab units. Students must earn one credit in Biology | and two credits in other
equally rigorous science courses. One credit in computer science (equivalent in rigor) may be
substituted for a science course.

lowa

lowa was one of the NGSS Lead State Partners. The state adopted the NGSS in 2015 and
implemented its new standards in the 2016—17 academic year. Implementation documents are
available on the state’s website. The lowa Science Standards are grade specific for K-8 and
organized by content area for the high school grade band (9—-12). Although lowa’s standards
follow the same content and layout as the NGSS, educators have the flexibility to arrange the
standards in any order within a grade level and within high school course offerings to suit the
needs of students and science programs.

lowa conducts state science assessments at Grades 5, 8, and 11. High school graduation
requires three units in science, one in biology, one in physical science, and one other science
credit.

Kentucky

Kentucky was one of the NGSS Lead State Partners. The state adopted the NGSS in 2013, and
new science standards were implemented starting in the 2015-16 academic year.
Implementation documents are available on the state’s website. The Kentucky Academic
Standards for Science cover the K—12 NGSS standards in the domains of physical sciences; life
sciences; Earth and space sciences; and in engineering, technology, and applications of science.
The standards are organized by primary science (Grades K-3), intermediate science (Grades 4—
5), middle level science (Grades 6—8), and high school science (Grades 9—-12). As shown on the
website, each standard aligns with relevant state standards in Mathematics and
English/language arts. Other than minor differences in the organization of the grade bands, the
Kentucky Academic Standards for Science mirror the layout and content of the NGSS.
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Kentucky conducts state science assessments at Grades 4 and 7 and requires a high school end-
of-course examination in biology. High school graduation requires three units of lab science
that must include physical science, life science, and Earth and space science.

Louisiana

Louisiana was not an NGSS Lead State Partner. Although the state has not formally adopted the
NGSS, they recently revised their standards based on the NRC framework. The new standards
were adopted in 2017 and implemented starting in the 2018—19 academic year.
Implementation documents are available on the state’s website. The Louisiana Student
Standards for Science incorporate DCls, crosscutting concepts, and scientific and engineering
practices. Grade-specific standards are provided for Grades K-8, organized by DCls in life
science, physical science, and Earth and space sciences. High school standards (Grades 9-12)
are organized by course: Chemistry, Earth Science, Environmental Science, Life Science, and
Physics. Some NGSS DCls in engineering, technology, and the application of science are
reflected in the science standards, but there are no separate performance expectations in
engineering design, as there are in the NGSS.

Louisiana conducts state science assessments at Grades 3—8 and requires a high school end-of-
course examination in biology. High school students can obtain one of two types of diplomas—
the TOPS university diploma and the career diploma—and each has different graduation
requirements for science. Students who choose the TOPS university diploma require four units
in science that must include Biology I, Chemistry |, and two additional units. Students can
choose two courses from among Earth Science, Environmental Science, Physical Science,
Agriscience Il, Advanced Chemistry, Advanced Placement (AP) Environmental Science or
International Baccalaureate (IB) Environmental Systems, Advanced Physics, or Advanced
Biology. Students who choose the career diploma require two units in science: one unit in
Biology |; and one additional unit in either Chemistry I, Physical Science, Earth Science,
Agriscience Il, Environmental Science, Project Lead the Way (PLTW) Principles of Engineering,
any AP or IB science course, Physics I: Cambridge International General Certificate of Secondary
Education is an English (IGCSE), Biology Il: Cambridge Advanced International Certificate of
Education (AICE)—AS (Honors), Chemistry Il: AICE—AS (Honors), or Physics Il: Cambridge AICE—
AS (Honors).

Massachusetts

Massachusetts was one of the NGSS Lead State Partners. The state did not fully adopt the NGSS
but instead adapted them for inclusion in its state standards to allow educators and districts to
use NGSS-aligned resources and make comparisons across states. Revised standards were
adopted in 2016 and implemented in the 2017-18 academic year. Implementation documents
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are available on the state’s website. The 2016 Massachusetts Science and
Technology/Engineering Curriculum Framework provides standards by grade for PK-8, with
each grade centralized on a common theme that links the standards to the four disciplines: life
science, physical science, Earth/space science, and technology/engineering. The high school
standards are arranged by course: Biology, Chemistry, Physics, Earth and Space Science, and
Technology/Engineering. The content standards for each grade/course are organized by DCls.
An overview of science and engineering practices is provided by grade band (PK-2, 3-5, 6-8,
and 9-12), with some examples of specific skills students should develop in these grades. The
Massachusetts standards differ from the NGSS by explicitly including only two of the three
dimensions (DCls and scientific and engineering practices). Although crosscutting concepts are
not a third dimension in the standards, their study is encouraged in the curriculum.

Massachusetts conducts state science assessments at Grades 5 and 8. Students also must earn
a passing score on one of the high school Massachusetts Comprehensive Assessment System
tests in science and technology/engineering (biology, chemistry, introductory physics, and
technology/engineering). Specific high school course requirements in science are determined
by the local board.

Michigan

Michigan was one of the NGSS Lead State Partners. The state adopted the NGSS and revised its
standards in 2015. Implementation of the new standards started in the 2018—-19 academic year.
Implementation documents are available on the state’s website. The Michigan Science
Standards follow the layout and content of the NGSS, with grade-specific standards in K-5 and
grade band standards for middle school (6—8) and high school (9—12). Because Michigan
adopted the NGSS, all three dimensions of scientific and engineering practices, DCls, and
crosscutting concepts are in its science standards.

Michigan conducts state science assessments at Grades 5, 8, and 11. High school graduation
requires three units in science that must include one unit of biology and two units from among
chemistry, physics, anatomy, or agricultural science courses. If chemistry or physics units are
not available, a program or curriculum with the equivalent content will suffice. For their third
science unit requirement, students can receive credit by completing a department-approved
program, such as computer science or a formal career and technical education program.
Legislation encourages but does not require that students take a fourth unit of science in
forensics, astronomy, Earth science, agricultural science, environmental science, geology,
physics, chemistry, physiology, or microbiology.
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New York

New York was one of the NGSS Lead State Partners. The state did not formally adopt the NGSS
but based its New York State P—12 Science Learning Standards on both the NRC framework and
the NGSS. The revised standards were adopted in 2016 and implemented the in the 2017-18
academic year. Implementation documents are available on the state’s website. Three-
dimensional learning and the four disciplines of the NGSS were incorporated into New York’s
standards. Standards are organized by grade for K-5 and by grade band for middle school
(Grades 6—8) and high school (Grades 9-12). New York made some revisions to the NGSS
performance expectations, which are highlighted in its standards.

New York conducts state science assessments at Grades 4 and 8 and administers a set of
Regents examinations in high school. The two types of high school diplomas—Regents and
Local—both require passing one of the science Regents examinations in living environment,
physical setting/chemistry, physical setting/physics, or physical setting/Earth science. The
Advanced Regents diploma requires passing two science examinations. Both Regents and Local
diplomas require three units in science: one in life science, one in physical science, and one
additional course in life or physical.

Ohio

Ohio was one of the NGSS Lead State Partners. The state has not adopted the NGSS but
recently revised its science standards. The revised standards were adopted in 2018 and
implemented starting in the 2019-20 academic year. Implementation documents are available
on the state’s website. As stated on the Ohio Department of Education website:

The structure of Ohio’s revised Learning Standards and Model Curriculum for Science is
significantly different from NGSS, but the research that provided the framework from
which each were developed is the same. Both sets of standards address similar science
content, skills and ways of thinking. Many of the related resources and strategies
designed for use by NGSS can be useful when implementing the Ohio standards.
Teachers are encouraged to use NGSS to support classroom instruction.

The Ohio standards include grade-specific expectations in physical science, life science, and
Earth and space science for K—8. Course-specific high school standards are provided for Physical
Science, Biology, Chemistry, Environmental Science, Physical Geology, Physics, and Human
Anatomy and Physiology. In contrast to the NGSS, there are no separate engineering design
standards in the new Ohio science standards documents. Expectations related to technology
and engineering are reflected in classroom examples provided for each grade/course based on
the cognitive demands defined in the science standards for designing technological/engineering
solutions using science concepts.
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Ohio conducts state science assessments at Grades 5 and 8 and requires a high school end-of
course examination in Biology. High school graduation requires three units in science that must
include one unit of physical sciences, one unit of life sciences, and one unit of advanced study
from among the following subjects: chemistry, physics or another physical science, advanced
biology or another life science, astronomy, physical geology, or another Earth or space science
subject.

Oklahoma

Oklahoma was not an NGSS Lead State Partner. Although the state did not formally adopt the
NGSS, Oklahoma revised its standards based on the recommendations in the NRC framework as
well as other national and state resources, including the Oklahoma Priority Academic Student
Skills for Science. The revised Oklahoma Academic Standards for Science were adopted in 2014
and implemented starting in the 2016—17 academic year. Implementation documents are
available on the state’s website. The standards are organized by grade for K-8 and then by
course for high school (Grades 9-12). Content standards for Grades K-8 are provided for
physical science, life science, and Earth/space science. Standards for high school courses cover
Physical Science, Chemistry, Physics, Biology |, Earth and Space Science, and Environmental
Science. Science process and inquiry standards that cover much of the NGSS scientific and
engineering practices and concepts related to engineering and technology are provided for
each grade or course. Where applicable, connections to the Oklahoma Academic Standards in
English Language Arts/Literacy and Mathematics are available to teachers for integration, but it
is not mandatory.

Oklahoma conducts state science assessments at Grades 5, 8, and 11. High school graduation
requires three lab sciences, including one unit of life science meeting the standards for Biology
I; one unit of physical science meeting the standards for physical science, chemistry, or physics;
and a third approved course from the domains of physical, life, or Earth and space science with
content and rigor above Biology 1.

Tennessee

Tennessee was one of the NGSS Lead State Partners. Although the state has not formally
adopted the NGSS, a revised set of science standards was developed using recommendations
found in the NRC framework. The revised standards were adopted in 2016 and implemented
starting in the 2018-19 academic year. Implementation documents are available on the state’s
website. The Tennessee Academic Standards for Science reflect the three dimensions in the
NRC framework: DCls, crosscutting concepts, and scientific and engineering practices. The
standards are organized by the DCls in the four disciplinary areas: physical sciences; life
sciences; Earth and space sciences; and engineering, technology, and applications of science.
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Grade-specific standards are included for K-8 in all four areas. In high school (Grades 9-12),
separate standards are provided for the different science courses: Biology | and I, Chemistry |
and I, Earth and Space Sciences, Ecology, Environmental Science, Geology, Human Anatomy
and Physiology, Physical Science, and Physics. Within each course, standards are organized by
the relevant DCls for that subject. DCls in engineering design are not included in the high school
standards. Crosscutting concepts, scientific and engineering practices, mathematics and literacy
skills in reading, vocabulary, speaking and listening, and writing are embedded throughout the
K-12 science standards.

Tennessee conducts state science assessments at Grades 3—8 and high school end-of-course
examinations in biology and chemistry. High school graduation requires three lab science
courses, including biology, chemistry or physics, and one other science course.

Virginia

Virginia was not an NGSS Lead State Partner and has not adopted the NGSS. Virginia recently
revised its science standards and adopted them in 2018. Full implementation of the new
standards is planned for the 2020-21 academic year. Implementation documents are available
on the state’s website. The Science Standards of Learning for Virginia Public Schools contain six
content strands or topics that progress in complexity across Grades K-5 and are represented
indirectly throughout the middle and high school courses: (1) scientific and engineering
practices; (2) force, motion, and energy; (3) matter; (4) living systems and processes; (5) Earth
and space systems; and (6) Earth resources. Grade-specific standards in each content strands
are provided for Grades K-5. Grade 6 is unique; it is the grade where students are transitioning
from elementary to middle school. The standards support this transitional period by “providing
a foundation in the discipline of science.” Grade 6 standards are presented as a set of key ideas
from across the physical, life, and Earth and space sciences that students should investigate and
understand. Standards related to scientific and engineering practices are included at Grade 6. In
middle school and high school, separate course-specific standards are provided for science,
Physical Science, Earth Science, Biology, Chemistry, and Physics. Scientific and engineering
practices are incorporated into each set of high school course standards.

Virginia conducts state science assessments at Grades 5 and 8 and high school end-of-course
examinations in Biology, Chemistry, and Earth science. High school graduation requires three
lab science courses from at least two different science disciplines: Earth sciences, biology,
chemistry, or physics. Students who choose to complete an IB diploma must complete the
required sequence of science courses.
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West Virginia

West Virginia was one of the NGSS Lead State Partners. Although the state has not formally
adopted the NGSS (Quinn, 2016), a new set of science standards developed based on the NRC
framework was adopted in 2015 and implemented starting in the 2016—17 academic year.
Implementation documents are available on the state’s website. The West Virginia Next
Generation Science Standards and Objectives cover the K—12 NGSS standards in the content
domains of physical sciences, life sciences, and Earth and space sciences, with some
modifications. In Grades K-5, general science standards at each grade level are organized by
topic. In middle school (Grades 6—8), grade-level standards appear for each content domain. In
high school (Grades 9—-12), there are course-specific standards for Earth and Space Science in
Grade 9, Biology in Grade 10, and Physical Science in Grades 11-12. Additional standards
beyond those in the NGSS are included for Chemistry and Physics, which are STEM options in
Grades 11-12. Separate standards are provided for the following elective courses:
Environmental Science, Forensic Science, and Human Anatomy and Physiology. As in the NGSS,
engineering design standards are included in four grade bands (K-2, 3-5, 6-8, and 9-12).
Additionally, the West Virginia standards include science literacy (reading and writing)
standards for middle and high school by grade band (6-8, 9-10, and 11-12).

West Virginia conducts state science assessments at Grades 5 and 8. There are currently no
state science assessments in high school. High school graduation requires three units in science,
including one unit in Earth and space science, one unit in biology or AP biology, and one
additional science course or an AP science course option.

Commonwealth of Pennsylvania Context

The mission of the PDE is to ensure that every learner has access to a world-class education
system. The Commonwealth’s K—12 education system serves more than 1.7 million students
across 500 districts. Pennsylvania also is the home of 300 postsecondary and higher education
institutions. The education system includes a network of 604 state-supported public libraries
and 29 District Library Centers, which provide resources, technology, and programs that
support PK—12 students, as well as adult learners, in all 67 counties. Twenty-nine intermediate
units (1Us) provide a broad program of educational services for schools and districts across the
Commonwealth. It is PDE’s goal to create conditions that will provide all students with access to
high-quality, innovative, and engaging instruction throughout the education pipeline from PK to
postsecondary education and workforce entry.?

2 Information obtained from the Pennsylvania ESSA State Consolidated Plan.
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In accordance with its mission, Pennsylvania uses national and regional data to guide the
strategies for supporting all students for college and career readiness. As it relates to STEM,
national and regional data suggest that Pennsylvania needs to have a STEM-ready workforce to
compete in the global economy. According to the PA Workforce Needs Assessment 2016—2026,

there will be nearly 600,000 new and replacement jobs in Pennsylvania through 2026, with
STEM jobs growing at approximately 9%> and more than 20,000 unfilled computer science and
software development jobs.* This job outlook demonstrates the sense of urgency that
Pennsylvania must foster to create pathways for equitable access to STEM experiences. In the
last 3 years, Pennsylvania has developed several initiatives to improve equitable access to STEM
experiences, which will be described in this section, but it is imperative that these efforts
include a review of the science standards to confirm that all students are learning the
knowledge, skills, and dispositions necessary for future employment in Pennsylvania and
elsewhere.

STEM Initiatives in Pennsylvania

Since 2015, PDE, in collaboration with the SBE, Governor Wolf, and the Pennsylvania legislature,
has been committed to improving STEM education across the Commonwealth. Specifically,
Pennsylvania has sought to improve the access of all learners to innovative, engaging, and
current STEM experiences through the development of several STEM initiatives. Two
overarching priorities inform these initiatives: diversify and increase the number of STEM-ready
educators and diversify and increase the number of learners who have access to STEM
education across the Commonwealth. These priorities formed the foundation for several STEM
policies and programs.

Engaging Stakeholders and Communities in STEM Education

With these goals in mind, Pennsylvania engages broad cross-sector partners from across the
Commonwealth to create a statewide STEM network. This network, the Pennsylvania STEM
Coalition, harnesses the skills and resources from communities, schools, and educators across
the state. PDE has hosted more than 50 stakeholder meetings to understand the existing efforts
in K—12 schools and communities across the Commonwealth, in partnership with early
learning, libraries, higher education, and business and industry, to build pathways for learners
to access the STEM economy. The STEM Coalition created the vision, beliefs, and definition for
STEM education across the Commonwealth to establish a shared language related to STEM
education, as follows (see also Appendix A):

3 See https://www.passhe.edu/SystemData/Documents/Pennsylvania-Workforce-Needs-Assessment-Memo.pdf and
https://www.pasmart.gov/what-is-pasmart/.

4 Information obtained from https://www.education.pa.gov/Documents/K-12/Computer%20Science%20Guidance.pdf and
https://code.org/advocacy/state-facts/PA.pdf.
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STEM Education Vision Statement. Pennsylvania will establish a coherent, equitable,
and innovative culture for STEM learning by:

e Identifying, aligning, and strengthening student pre-K-12 experiences to
postsecondary opportunities with career pathways in STEM;

e Strengthening, diversifying, and aligning educator professional learning in STEM;

e Ensuring quality STEM experiences for every student, from early childhood through
postsecondary education; and

e Connecting STEM education to postsecondary opportunities through collaborative
partnerships with diverse stakeholders in the education and in the business/industry
communities.

STEM Education Belief Statements. STEM education in Pennsylvania is built upon the
following foundational beliefs:

e Every student is capable of STEM literacy;

e Every student should have equitable access to STEM experiences in and out of
school;

e lteration and reflection are an important part of the STEM learning process;
e STEM education transcends the classroom walls, integrating into the community;

e STEM education success depends upon strong partnership between educators,
students, families, postsecondary providers, legislators, business, and industry.

STEM Definition. STEM (Science, Technology, Engineering and Mathematics) is an
integrated, interdisciplinary, and student-centered approach to learning that
encourages curiosity, creativity, artistic expression, collaboration, communication,
problem solving, critical thinking, data-informed decisions, computational thinking, and
design thinking. All students will learn to apply STEM concepts and practices through
three-dimensional and authentic project-based learning that connects school (early
childhood through postsecondary) with needs, challenges, and/or opportunities in the
community, or those presented by business and industry leaders, resulting in a STEM-
fluent and STEM-skilled citizenry for the future of Pennsylvania.

Strengthening STEM Professional Learning

Working in partnership with the IU system, a STEM point of contact (POC) was established at
each IU across the Commonwealth. The funds PDE invested in the IU system ensure that each
IU has a STEM POC that can provide free professional learning to local education agencies
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(LEAs) across the Commonwealth. Each IU receives about $70,000 to support its work. During
the last three years, $S4 million has been invested in the IU system to provide STEM professional
learning and STEM resources to districts and schools.

Another opportunity to strengthen STEM professional learning is offered through Teacher in
the Workplace grants.®> These grants have been awarded to 92 LEAs in 2019-20 to enable
teachers to visit local employers and learn the skills and industry trends they need to enhance
their classroom instruction, student learning, and career readiness. Through this program,
kindergarten through postsecondary educators, counselors, and administrators learn more
about industry trends, needs, and opportunities. This professional learning opportunity
supports and enhances career readiness in classrooms across Pennsylvania. The total
investment in Teacher in the Workplace is $9.3 million across 3 years, including funding from
federal sources. In 2019-20 alone, the state invested $4.7 million in this program to bring
communities together to solve the skills and workforce gaps.

Pennsylvania was one of 13 states to collaborate on a National Science Foundation Advancing

Coherence & Equity in Systems of Science Education (ACESSE) Grant to support a

comprehensive, 3-year professional learning experience for educators in Grades K-3, developed
in collaboration with Penn State University and the ACESSE team. The project focused on “how
partnerships among state science leaders, education researchers and education practitioners
cultivate vertical coherence and equity in state science education” (National Science
Foundation, 2019, 1). Recently, the ACESSE project received a second round of funding to
codesign and study professional learning resources for teachers and educational leaders
implementing NGSS and other standards built on the NRC framework.

STEM Ecosystems

A STEM ecosystem is a group of local cross-sector stakeholders that leverages collective action
to produce high-quality STEM experiences for every learner, building knowledge and skills in
preparation for career. Pennsylvania has eight nationally recognized STEM ecosystems and is
tied with the state of New York for having the most nationally recognized STEM ecosystems in

the country (see Appendix B for a list of Pennsylvania STEM ecosystems).

The Commonwealth is committed to the STEM learning ecosystems collective impact

approach—which encompasses schools, businesses, and community settings, such as
afterschool and summer programs, science centers, libraries, and museums, and other STEM
rich partners—to form a connected array of learning opportunities. The NRC framework forms
the foundation of the STEM learning ecosystems. In addition to the eight nationally recognized

5 See https://www.media.pa.gov/Pages/Education-Details.aspx?newsid=761.
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ecosystems, Pennsylvania supports seven STEM learning ecosystems: ABC CREATE (a STEM
partnership forged within Butler, Westmoreland, Alleghany, and Armstrong counties), 4C
Catalysts, Beaver County Innovation and Learning Consortium, CSB2 System (Cambiria,
Somerset, Blair and Bedford), Pennsylvania Rural Robotics Initiative, and the Southwest
Aguaponics Consortium. Through the work associated with PAsmart, PDE is working to ignite
additional STEM Ecosystems across the Commonwealth.

Providing STEM Resources for Educators

PDE collaborated with more 100 educators from across the state and the IU to design a PA
STEM Toolkit, which provides STEM resources to support Pennsylvania educators. The toolkit
includes contains lessons, units, projects, special events, resources, and other materials created
by Pennsylvania teachers for Pennsylvania teachers that provide equity and access to all
students from kindergarten through Grade 12.

Funding STEM Priorities

Pennsylvania is recognized as a state that invests heavily in STEM. According to the Education
Commission of the States, Pennsylvania now ranks second in the country for investments in K—
12 STEM and computer science initiatives (see Appendix C). One such investment is the
PAsmart Initiative. PAsmart was informed by the recommendations of Governor Wolf's Middle-

Class Task Force, which comprised business, labor, education, and workforce development
leaders. With PAsmart funding, schools partner with industry to invest in science and
technology education, expand apprenticeships, and increase on-the-job training for STEM
careers. The first round of funding was awarded in 2019, when Governor Wolf secured $40
million to create the program. The Pennsylvania Workforce Development Board provided
recommendations and approved the framework for the funding priorities. The PDE led two of
the PAsmart Initiative’s funding components:® Targeted STEM and Computer Science Education
Grants and Advancing STEM and Computer Science Education Grants. Targeted Grants
accelerate learning and professional development of educators in the fast-growing fields of
STEM and computer science, whereas Advancing Grants support broad partnerships and
innovative solutions for delivering CS/STEM experiences.

Targeted Grants provide funds to LEAs and schools within their jurisdiction that currently have
limited to no computer science (CS) or STEM offerings. During that last two grant cycles, 412
LEAs were awarded $35,000 each to expand STEM and CS. Advancing Grants provide up to
$500,000 to support broad partnerships and innovative solutions for delivering CS/STEM
experiences. These grants give regions a chance to leverage or expand CS/STEM ecosystems;

6 The PAsmart Initiative had multiple components, including apprenticeship related grants and next generation sector
partnership grants.
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grow partnerships between LEAs, higher education institutions, businesses, early childhood
institutions, community groups, and other CS/STEM-focused organizations; remove barriers
and provide access to CS/STEM experiences for historically underserved populations; and
expand the pool of highly qualified CS/STEM educators statewide. In 2019, 24 communities
from across Pennsylvania were awarded a PAsmart Advancing Grant for leveraging collective
impact models to expand STEM and Computer Science.

All these initiatives are having a positive impact on STEM learners, educators, and business
leaders in Pennsylvania, but this is only the beginning. The next step is for the Commonwealth
is to review its current science standards to ensure that they are aligned to meet the needs,
skills, and competencies necessary for a 21st century STEM workforce.

State Policies Impacting Science Standards

The Pennsylvania Code is the official codification of rules and regulations issued by
Commonwealth agencies and other statutorily authorized documents. According to the
Pennsylvania Code, “Every 3 years, the Board will review the State academic standards and
State assessments under this section to determine if they are appropriate, clear, specific and
challenging, and will make revisions as necessary by revising this chapter.” The review process
should ensure that students are engaged in curriculum that includes current standards focused
on meaningful and relevant skills and content which prepares students for the future.

Section 4.12 of the Pennsylvania Code addresses academic standards:

22 Pa. Code § 4.12. Academic standards: Science and technology. Study of the natural

world and facts, principles, theories and laws in the areas of biology, chemistry, physics
and earth sciences. Technology is the application of science to enable societal
development, including food and fiber production, manufacturing, building,
transportation and communication. Science and technology share the use of the senses,
science processes, inquiry, investigation, analysis and problem-solving strategies. The
Pennsylvania Core Standards for Reading in Science and Technology and

the Pennsylvania Core Standards for Writing in Science and Technology will be an
appendix to the Commonwealth’s academic standards for Science and Technology upon
publication in the Pennsylvania Bulletin.

Furthermore, Pennsylvania’s Graduation Competency Assessments should be based on these
updated, refined, and focused skills/content expectations. Developing these assessments
requires an investment of substantial resources, including educators’ time and energy and state
and federal funds.
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In accordance with Chapter 4 of the Pennsylvania Code and to ensure that every learner across
the Commonwealth has access to high-quality science education, the PDE has been charged by
the SBE with reviewing, revising, and adopting updated science standards (Pennsylvania SBE,
2019). Science is one of three subjects (English language arts, mathematics, and science) to be
tested under federal law. Of the three subjects, science is the last set of standards to be
updated because they were last adopted in January 2002. Pennsylvania Science and Technology
Standards, as well as Pennsylvania Environment and Ecology standards, will be reviewed as part
of this process.

A History of Science Standards in Pennsylvania

The PDE has not adopted a new set of science standards that supports all PK—12 students in
more 15 years. Table 4 depicts the history of the adoption of science standards in Pennsylvania.

Table 4. Timeline of Pennsylvania Science Standards

Year m Academic standards Grades

2002 Adopted Science and Technology 4,7,10,12
Environment and Ecology 4,7,10, 12
2009 Drafted Science and Technology and Engineering Education (Elementary 3-8
Standards)
Environment and Ecology 3-8, 10, 12
2010 Drafted Science and Technology and Engineering Education (Secondary 10-12

Standards for Biology, Chemistry & Physics)

2012 Approved Science and Technology and Engineering Education Pre-K-3
Environment and Ecology Pre-K-3
2018 Endorsed K-12 Computer Science K-12

As depicted in the timeline, standards development in Pennsylvania has a complicated history.
Many sets of standards have been developed since 2002 but have not been adopted. In 2002,
two sets of science standards were adopted by the SBE: Academic Standards for Science and
Technology and Academic Standards for Environment and Ecology. Both sets of standards are
for Grades 4, 7, 10, and 12. In 2009, two sets of draft standards, Academic Standards for Science
and Technology and Engineering Education, were developed for Grades 3—8 but were not
officially adopted. Draft standards, Academic Standards for Environment and Ecology, were
developed for Grades 3-8, 10, and 12 in 2009 but were not adopted.

In 2010, draft standards, Academic Standards for Science and Technology and Engineering
Education, for Biology, Chemistry, and Physics for Grades 10—-12 were created but not adopted.
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In 2012, PDE approved the Academic Standards for Environment and Ecology and the Academic
Standards for Science and Technology and Engineering Education for Grades PK-3, but they
were not adopted. Interestingly, though, based on the work of the Early Childhood Learning
Center, the Pennsylvania Early Childhood Education Standards for Infants to Grade 2 were

adopted between 2014 and 2016, which do include standards related to science and
technology. In 2018, PDE endorsed the K—12 Computer Science Standards and recommended
that LEAs “voluntarily adopt them.” These standards are a replica of the CSTA Computer
Science Standards described earlier.

In 2018, the Pennsylvania State Board endorsed the new version of CSTA standards to support

computer science instruction in the Commonwealth. At the time, Pennsylvania was only one of
few states to have adopted K—-12 computer science standards.

Overview of the Current Science Standards in Pennsylvania

Pennsylvania was not an NGSS Lead State Partner and has not adopted the NGSS. The current
standards, the Academic Standards for Science and Technology for Grades 4—-12, were adopted in
2002 and implemented in the 2003—-04 academic year. The standards are organized by grade
bands (4, 7, 10, and 12) and by eight unifying themes: (1) Unifying Themes of Science; (2) Inquiry
and Design; (3) Biological Sciences; (4) Physical Science, Chemistry, and Physics; (5) Earth Science;
(6) Technology and Education; (7) Technological Devices; and (8) Science, Technology, and Human
Endeavors. In the standards, it states that “technology education, computer applications, and
science are separate curricular areas”, (Academic Standards for Science and Technology, 2002, p.
1) but science informs advances in technology. The standards describe the progressive knowledge
and skills that students should know and be able to do by the end of each grade band.
Pennsylvania also provides a separate set of standards for environmental science and ecology,
the Academic Standards for Environment and Ecology. They also were adopted in 2002 and are
organized using the same grade bands as the Science and Technology standards. The
Environment and Ecology standards cover the following topics: (1) Watersheds and Wetlands; (2)
Renewable and Nonrenewable Resources; (3) Environmental Health; (4) Agriculture and Society;
(5) Integrated Pest Management; (6) Ecosystems and Their Interactions; (7) Threatened,
Endangered, and Extinct Species; (8) Humans and the Environment; and (9) Environmental Laws
and Regulations. The early childhood learning standards that were adopted in 2014-16 include a
set of standards for “scientific thinking and technology” as well as standards for biological
sciences, physical sciences, Earth/space sciences, and environment and ecology.

Resources for implementing the adopted Science and Technology and Environment and Ecology
standards are provided on the state website. One such resource is the Science Assessment

Anchors. The purpose of the Assessment Anchors is to articulate essential and assessable
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elements and provide clarity for instruction and the focus of the state assessments in Grades 4,
8, and 11. In Pennsylvania, state science assessments are conducted at Grades 4 and 8. A
biology end-of-course examination, Biology Keystone, also is required. In 2018, Senate Bill 1095
expanded graduation requirement options by allowing students four additional pathways to

demonstrate postsecondary readiness. Beginning in the 2021-22 school year, statewide
graduation requirements will apply, as will any other locally established policies and
requirements.

A high-level review of the science standards that Pennsylvania adopted in 2002 found that they
do not include two of the most important findings and current research in science education
found in the NGSS and A Framework for K—12 Science Education: learning progressions and the
integration of engineering practices. The science standards in Pennsylvania provide the DCls
that students should know and be able to do by the end of different grade bands, but they do
not provide specific standards between the grade band endpoints. For example, there are
standards for what students should know and be able to do by the end of Grade 4 and Grade 7,
but the intended learning within those grade bands is left open to interpretation. The standards
do not provide guidance on the interrelatedness of the DCls, nor do they include the integration
of engineering practices, leaving this up to educators as well. The NRC framework provides
standards for DCls in physical, life, and Earth and space sciences and in engineering, technology,
and applications of science. In Pennsylvania, there is a separate document for Earth science, but
it does not include standards related to space science, and the Technology standards do not
include engineering practices.

Going forward, the Commonwealth’s STEM vision is for the Pennsylvania Academic Science
Standards to be “a set of progressive standards infused with innovation, equity, and
transparency that can support quality education and produce a sustainable 21st century
workforce across the Commonwealth and build a STEM-literate citizenry” (PDE, 2019b).

Summary

This landscape scan provides an overview of the current research in science education that was
outlined in A Framework for K—12 Science Education: Practices, Crosscutting Concepts, and Core
Ideas and used in the development of the Next Generation Science Standards. These documents
have been used since their inception to review, refine, and update science standards in

44 states and the District of Columbia to ensure that all students who graduate high school in
the United States have a fundamental knowledge of science and engineering that they can
apply to their daily lives, whether they wish to continue to a career in STEM. The PDE and other
key stakeholders can use this landscape scan as a resource in determining how to approach
updating their science standards.
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Part 2. Pennsylvania Stakeholder Engagement Feedback

The PDE hosted 14 face-to-face and virtual stakeholder engagement meetings across 12
counties for four weeks from late February to mid-March 2020. The purpose of the meetings
was to gather feedback directly from individual stakeholders across the Commonwealth about
what they envision Pennsylvania’s updated science standards should include. (See Appendix D
for strategic plan.) AIR researchers and technical assistance experts led and facilitated all
sessions. Each session had three to six AIR staff facilitating the stakeholder engagement
sessions. PDE and Berks County IU staff also attended each face-to-face and virtual stakeholder
session. (See Appendix E for session locations and dates.)

Participants

A total of 951 stakeholders attended the engagement meetings; 17 of these stakeholders did
not give feedback during the session and requested to be “silent observers,” so feedback was
collected from 934 stakeholders. Teachers including special education and English learner
educators, higher education professors, preservice teachers, students, librarians, business
leaders, community members, school and district leaders, IU staff, and environmental
organization staff were among the wide range of stakeholders who provided feedback in these
engagement sessions. Table 5 summarizes all the stakeholder attendees by position.

Table 5. Attendees by Session and Position

Grades Grades Grades Grades Business
PK-2 3-5 6-8 9-12 and
Session Educator | Educator| Educator| Educator Industry Students | Other
In-person 24 49 99 106 65 30 30 7 14 17
sessions
Virtual 11 28 58 108 99 58 101 20 2 25
sessions

35 ’ 77 ’ 157 ‘ 214 ‘ 164 ‘ 88 ‘ 131 ‘ 27 ‘ 16 ‘ 42

Collection of Stakeholder Feedback

Each stakeholder session followed the same agenda and process to gather stakeholder
feedback. (See Appendix F for the meeting agenda.) All stakeholder sessions included a
presentation of the overview of the national landscape report findings, which included an
overview of science learning research, national and international frameworks for science
learning, current national and state standards, a summary of Pennsylvania’s current science
standards, and how feedback from stakeholders will be used to inform the standards
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development and/or revision process in Pennsylvania. Immediately following the presentation,
participants were engaged in a structured process for sharing their feedback about the update
and revision to the Pennsylvania Science and Technology and Environment and Ecology
Standards as well as their feedback about the technology, computer science, environment, and
ecology standards in the updating process. For all sessions, both face-to-face and virtual, all
stakeholders were asked to respond to the following six questions to inform the standards
development and/or revision process:

1. What hopes, concerns, and questions do you have for the update of the Pennsylvania
Science and Technology/Environment and Ecology Standards?

2. What is your vision for Pennsylvania’s updated science standards?
3. What crucial elements should the standards include?
4. What impact should the standards have on teaching and learning in Pennsylvania?

5. What are the strengths and challenges of Pennsylvania’s current Science
and Technology/Environment and Ecology Standards?

6. What knowledge, skills, and dispositions should be included in the updated standards for
all students?

As participants entered the room, they were greeted and asked to write on sticky notes their
hopes, concerns, and questions they had about the update of the Pennsylvania Science and
Technology/Environment and Ecology Standards (Question 1). Chart paper with the words
Hopes, Concerns, and Questions were posted around the room, and participants placed their
notes on the chart paper. Throughout the session, participants were encouraged to continue to
post their hopes, concerns, and questions on the chart.

Immediately following the presentation of the landscape report findings, participants were
asked to self-select into groups. Each group was based on their position: educators from Grades
K-2, Grades 3-5, Grades 6—8, Grades 9—12, administrators, |U staff, business and industry, and
so on. Special education and English Language learner educators self-selected into grade-level
bands. See Appendix G for the participant attendee breakdown by session and role. In position-
based teams of up to 10 stakeholders, each team answered five questions on large chart paper
(Questions 2—6: vision, elements, impact, strengths/challenges, and
knowledge/skills/dispositions). The chart paper with their answers was passed to two other
teams of stakeholders with different roles, and those teams added their responses to the
guestions. By passing the papers to each group, members could see other grade bands’
contributions. Feedback on the chart paper also included individual responses; teams were not
required to come to a consensus about the feedback listed so that all voices were captured in
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the feedback process. AIR facilitators circulated among the groups, asking clarifying questions if
the feedback on the chart paper was not clear.

For the virtual sessions, the process to gather participant feedback was analogous to the in-
person sessions. Stakeholders logged into the virtual meeting hosted on Zoom. The session
began with facilitators greeting participants and directing them to a shared Google folder with
the meeting agenda. AIR facilitators presented the overview of the national landscape report
findings that was described previously in this report. Immediately following the presentation,
the participants were asked to self-select into groups that best identified their position:
educators of Grades K-2, Grades 3-5, Grades 6—8, Grades 9-12, administrators, higher
education, U staff, business and industry, students, and others. For each grouping, all six
guestions were listed on separate documents and hyperlinked to individual documents by
position. Facilitators guided participants through answering each question and shared
responses from other groups so that all participants could see the feedback posted by other
participants. This process was repeated for each question except for the hopes, concerns, and
guestion segment of feedback. For that question, three columns were on one Google
document, and each column was labeled hopes, concerns, and questions. Participants were not
divided by groupings to respond to this question. Participants were encouraged to post within
the document throughout the session. Throughout the session, a virtual chat room was
monitored by AIR and PDE for the entire session for participants to post technical questions. All
feedback from the virtual sessions was collected through the Google documents. After each
virtual session, members for AIR transcribed the responses from the Google document by roles.

From both the in-person and virtual sessions, members from AIR collected and transcribed
more than 5,680 feedback statements from the sticky notes and the group chart papers.

Data Analysis

The analysis of the data gathered at the stakeholder engagement sessions was led by a
gualitative researcher at AIR using NVivo software (Edhlund, 2012). With the purpose of
providing feedback that could be used to inform the science standards evaluation and writing
team in mind, the AIR team brainstormed a list of possible themes that could be derived from
the stakeholder feedback (deductive coding), such as broad content that is or should be
included (engineering, mathematics), skills (collaboration and problem solving), and
professional development for teachers (Creswell, 2013). New themes emerged as we reviewed
the data (inductive coding), such as the structure of the standards (e.g., learning progressions),
and Pennsylvania specific themes (e.g., STEM initiatives). After all the data were analyzed, 11
overarching themes were derived from the data. Table 6 describes all the themes used to
analyze the stakeholder feedback. Although 11 overarching themes were identified, each
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theme may not be well represented from the feedback for each question. Miscellaneous

responses that did not fit into any of the overarching themes were included in the total number

of responses received but are not included in any of the summary figures in the findings
section. We made this decision to focus on the responses that members of the Content and
Steering Committees could use to aid them in deciding how to revise the Academic Standards

for Science and Technology and Environment and Ecology Education.

Table 6. Descriptions of Themes

Themes Description

College and career
readiness

Responses related to preparing students for STEM careers and workforce in general were
coded under this theme.

Course offerings

Responses that mention specific courses that should or should not be included in the
standards were coded under this theme.

Dispositions

Responses related to specific dispositions that students should develop by engaging in
curricula based on the new or updated science standards were coded under this theme.

Graduation rates

Responses that apply to improving graduation rates were coded under this theme.

Implementation

Responses that apply to the resources required for implementing new or updated science

supports standards were coded under this theme. It also applies how considerations should be
made for diverse student populations (e.g., girls in STEM, students in special education
students, rural populations).

Knowledge Responses that refer to specific content knowledge, concepts, or topics that should or

should not be included or related to the standards were coded under this theme.

National and
international
standards

Responses that explicitly mention including national and international standards by name
either as part of the science standards or adopting them as separate standards are coded
under this theme. It also applies to using other standards, such as NGSS and STEL as a
model for revising or writing new standards.

Pennsylvania
context

Responses related to specific STEM initiatives and partnerships found in Pennsylvania
were coded under this theme.

Skills

Responses that referred to specific skills that should be included in the new or updated
science standards were coded under this theme.

Standardized
assessments

Responses related to standardized testing were coded under this theme. It includes both
positive (assessment alignment) and negative (too much testing) descriptions of testing.

Structure of the
standards

Responses related to the current or future structure of the Pennsylvania standards were
coded under this theme. It also includes responses that describe how the standards
should be focused and organized.

Two research assistants and the qualitative researcher analyzed and coded all stakeholder

feedback. Across Questions 1-6, more than 5,600 individual responses were gathered,
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analyzed, and coded. Responses from Questions 2—6 were coded into themes using the
descriptions in Table 6. Because stakeholders could provide more than one response to a
guestion, each response was coded. For example, one stakeholder responded to the question:
“What impact should the standards have on teaching and learning in Pennsylvania?” by stating
“gives students the ability to think critically and [use] real-world application.” This response was
coded under the Skills theme for critical or higher order thinking and real-world application. In
addition, in the virtual sessions, some responses overflowed into more than one cell. Therefore,
it is possible that the number of responses captured do not reflect the number of responses
that were coded. Responses that did not fit under any of themes identified by the researcher
were coded as “miscellaneous.” These responses were affirmations, miscellaneous statements,
and/or vague. The qualitative researcher reviewed all the codes for each question and
discussed unclear responses with the AIR team. The summary of our findings by question
follows in the next section.

Findings

This section summarizes the stakeholder feedback for each question posed during stakeholder
engagement session.

Question 1: What hopes, concerns, and questions do you have for the update of the
Pennsylvania Science and Technology/Environment and Ecology Standards?

Hopes. We gathered 390 individual comments from participants regarding their hopes for the
update of the standards, the most feedback collected for this three-part question. In addition to
desires that Pennsylvania standards be world class and prepare students for success nationally
and globally, participants’ hopes addressed process, content, structure, and implementation of
the new standards. Process themes included transparency, using research, use of the NGSS and
other national standards, and including the voices of teachers and other experts in both science
education and science. Comments reflected a belief that standards should include the latest
science understandings, including climate science, human impact on the environment, and
evolution. The need to focus on doing science and science practices, not just concepts and
facts, and an emphasis on depth versus breadth were common hopes across sites. Many
participants emphasized the importance of environmental science/ecology, technology,
engineering, computer science, and agriculture, but they were divided as to whether these
should be part of a common document or separate standards. Participants were divided as to
whether grade-span or grade-level standards are preferable and whether greater specificity or
broader statements better support teachers. Many hoped for aligned standards, across grade
levels and with other subjects that students are learning. Hopes were expressed for standards
that allow for teacher flexibility, including the use local contexts, being responsive to students’
interests, and adapting instruction for all learners. Hopes for implementation included a
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reasonable timeline and the availability of resources for teacher professional development,
curriculum development, instructional materials, and changes in teacher certification. Many
comments referenced the need for changes in assessments to better measure science
processes and deep understanding and align them with the content of new standards.

Concerns. Almost 350 concerns statements were gathered from participants. Although the
themes across this category were mostly included in the collection of hopes comments, a few
additional themes emerged. One theme was the relationship of the new standards to current
initiatives, including the Academic Standards for Science and Technology and the Engineering
Education Standards, the STEM Coalition, STEM Ecosystems, and PAsmart. Concerns were
raised about the accessibility of the standards for English learners, students with special needs,
and students in rural areas and about not having too much content in the standards to learn in
an academic year. Comments in these categories on implementation were more focused,
referring to possible effects of new standards on course and graduation requirements, the
amount of instructional time, and the types of guidance and resources that would be coming
from the PDE.

Questions. Approximately 300 comments were gathered about the questions stakeholders had
about the update of the science standards, such as the following: “What is the process for
developing/updating standards?” “Where can | find STEM resources from PDE mentioned
during the session?” “How is the state gathering stakeholder feedback about the standards
update” were posed by participants. Across categories, the equivalent of “Why don’t we just
adopt the NGSS?” was the most common comment. Stakeholders’ questions and concerns
were analyzed to form the frequently asked questions document, which will be posted on the
PDE website. For example, this document will address questions related to the timeline for
standards development and how the members of the Content and Steering Committees will be
identified. Many of the questions were addressed during the sessions, but the answers to the
frequently asked questions will be shared more broadly on the PDE at STEM.pa.gov

Question 2: What is your vision for Pennsylvania’s updated science standards?

During the stakeholder engagement sessions, participants described their vision for
Pennsylvania’s updated science standards. A total of 416 responses were categorized within the
11 overarching themes. Figure 1 provides a hierarchal summary of themes derived from their
responses.
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Figure 1. Stakeholders’ Vision for Pennsylvania’s Updated Science Standards
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Stakeholders described the structure of the standards, its ability to prepare students for college
and careers, and specific mentions of national and international standards the most when
responding about what they envision for the updated standards. Each theme will be discussed
in more detail in the following subsections.

Structure of the Standards. The majority of the 416 responses (23%) provided by the
stakeholders related to how the standards should be structured. Stakeholders envisioned that
the updated science standards would be based on current research in science education. For
example, one stakeholder wrote, “They are developmentally appropriate and based on
research about children’s learning”; and others simply wrote, “research based.”

Stakeholders envision that the standards should include science practices and learning
progressions. One stakeholder wrote, “Students display competency with the Science and
Engineering practices needed by all people,” whereas another wrote “progression of learning
from PreK all the way through 12.” Stakeholders also envision that the standards would be
written in a way that is easy to understand by responding, “They are clear, so that all
stakeholders have a clear idea of what is being asked of students.” All the feedback pertaining
to the structure of the standards is presented in Table 7 as the subthemes related to the
structure of the standards.
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Table 7. Stakeholder Vision for the Structure of the Standards

Subtheme Number of Responses
Ease of Teacher Understanding |:|
Science Practices

Research or Evidence-Based
Depth vs. Breadth

Learning Progressions
Crosscutting Concepts
Student Engagement

Inquiry Based

Frameworks

Grade Bands

Rigorous

Hands On

Focused on Skills

Focus on Local Context
Developmentally Appropriate
Engineering Practices

R (R (R R (=R=IN]_|_[O|O

College and Career Readiness. Stakeholders emphasized in 19% of the responses that they
envisioned that the updated science standards would prepare students for careers. They
mentioned both STEM career readiness and career readiness in general. Table 8 delineates the
subthemes that were coded to this theme.

Table 8. Subthemes Related to College and Career Readiness

Subtheme Number of Responses
STEM Jobs or Careers
Career Readiness

Examples of the responses that were coded under this theme are as follows:
e “STEM/science jobs are filled by PA students.”

e “PA graduates demonstrate college and career readiness and adaptability and are prepared
for constantly changing professional landscapes.”

e “Job placements out of school.”
National and International Standards. The third most mentioned theme (12%) related to

different national and international standards that stakeholders envisioned the updated
Pennsylvania standards should be modeled after. Stakeholders repeatedly mentioned that
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because other standards have been updated more recently and are based on current research,
the Content and Steering Committees should use these standards to inform the revision
process. One stakeholder wrote, “they match national standards” and another wrote, “Science
(NGSS), tech ed (ITEEA), technology (ISTE).” A summary of the standards mentioned by
stakeholders is in Table 9.

Table 9. Standards That Could Inform the Revision Process

Subtheme Number of Responses
A Framework for Science Education
Next Generation Science Standards (NGSS)

Environmental Literacy

Common Core

Computer Science (for All) or K—12 Computer Science Standards
Standards for Technological Literacy (STL)

International Technology Science Engineering Education (ITSEE)
International Society for Technology in Education (ITSE)

Question 3: What crucial elements should the standards include?

Stakeholders provided a wide variety of responses regarding the crucial elements that should
be included in the updated standards. For this question, 711 responses were categorized within
10 of the 11 themes. No responses related to graduation rates. Figure 2 provides a hierarchal
summary of themes derived from their responses. The top three themes referenced under
crucial elements related to how the standards should be structured, the skills that should be
included, and the supports needed to implement the updated standards.
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Figure 2. Crucial Elements That Should Be Included in the Standards
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Structure of the Standards. Most responses (48%) related to the crucial elements that should
be included in the standards related to the structure of the standards. As in the previous
guestion, stakeholders repeatedly mentioned that the standards should be research based,
easy to understand, and include learning progressions, but some other major subthemes also
appeared in their responses to this question. Stakeholders discussed the need to include
practical or real-world application by stating “real-world application” and “written specifically
with practical applications.” There were many references to the standards, including
crosscutting concepts such as “able to make connections across all STEM areas.” Stakeholders
also emphasized the need for the standards to include fewer content standards so that they
could be covered in more depth. One stakeholder wrote, “Needs to be in depth—less
content/broadness but more concentrated on important info,” and another wrote, “The
standards are limited to a few super standards that really matter.” Many stakeholders simply
wrote, “depth vs. breadth” as well. Table 10 provides an overview of all the responses related
to the structure of the standards.
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Table 10. Crucial Elements That Should Be Included in the Structure of the Standards

Subtheme Number of Responses
Crosscutting Concepts
Practical or Real-World Application
Depth vs. Breadth

Learning Progressions

Ease of Teacher Understanding
Research or Evidence-Based
Hands on

Inquiry-Based

Grade Bands

Focus on Local Context
Engineering Practices
Project-Based

Science Practices

Rigorous

Students Engagement
Developmentally Appropriate
Focused on Skills

Focused on Process

Teacher Created

Frameworks

Skills. Skills represented 15% of the responses related to crucial elements that should be
included in the updated standards. The top three skills mentioned most by stakeholders were
scientific literacy, problem solving, and collaboration. Some example responses are “creates

good science citizens,” “problem-solving skills,” and “collaboration in student learning.” An
overview of all the skills listed is in Table 11.
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Table 11. Crucial Skills That Should Be Included in the Standards

Subtheme Number of Responses
Scientific Literacy
Problem-Solving
Collaboration
Critical or Higher Level Thinking
Analyzing and Interpreting Data

Planning and Carrying Out Investigations
Innovation

Communication

Computational Thinking

STEM Skills

21st Century Skills

Creativity

Time Management

Drawing Conclusions

== INWAlOWIOOD|(OOD[/[OOD]|O |O

Implementation Supports. Although the third most frequently mentioned theme related to
implementation support made up only 7% of the total responses, it is important to note that
more than half of those responses repeatedly mentioned the importance of considering diverse
student populations in Pennsylvania. Stakeholders described equity in the student populations
as it relates to ensuring that students’ cultures, backgrounds, and specific needs are included.
Stakeholders responded, “Equity: acknowledgment/inclusion of prior knowledge, community

n u

knowledge/indigenous knowledge,” “the standards are equitable and do not privilege the
experience of students of a certain background, language, or area of the state,” and “supports
equity and access to current technology and WiFi—especially in rural areas).” All subthemes
related to the implementation of the standards garnered from the stakeholder feedback are in

Table 12.

Table 12. Crucial Elements Related to the Implementation of the Standards

Consideration for Diverse Student Populations

Access to Professional Development

Access to Resources (Supplies, Equipment, and Technology)
Teacher Flexibility

Aligned Resources

Opportunities for Team Teaching (Cross-Curricular)

Funding

NIN[WIw|un |
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Question 4: What impact should the standards have on teaching and learning

in Pennsylvania?

Stakeholders provided 588 responses related to 10 of the 11 themes, but 59% of the responses
were associated with the top three themes: college and career readiness, Pennsylvania context,

and skills. No responses related to national and international standards. Figure 3 provides a
hierarchal summary of themes derived from their responses.

Figure 3. Themes Related to the Impact the Standards Will Have on Teaching and Learning

College and Career Readiness _ 126
Pennsylvania Context _ 116
siis - | o:
Structure of the Standards 64
GEJ Implementation Supports 63
,'QE) Standardized Assessments 30
Knowledge 21
Graduation Rates 12
Course Offerings 9
Dispositions 3
0 20 40 60 80 100 120 140

Number of Responses

College and Career Readiness. Of the 588 responses, 126 responses (21%) stated that the
updated standards should prepare students for success in college and careers for both STEM-
related and non-STEM-related skills careers. More so than in the other questions in which
college and career readiness was highlighted, stakeholders more frequently mentioned the
need for students to be prepared for higher education. Example responses coded in this theme

are as follows:

e “Students are trained in inquiry for careers and jobs that aren’t even developed at this
time.”

e “Prepares for higher education.”

e “Increase in students entering into postsecondary education for STEM fields.”

A summary of the responses related to college and career readiness is in Table 13.
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Table 13. Summary of College and Career Readiness Responses

Subtheme Number of Responses
Career and Job Readiness
STEM Job and Careers
Higher Education

Pennsylvania Context. Another 116 responses (20%) discussed the Pennsylvania context.
Stakeholders explained that they believe the updated standards should have an impact on the

”n u

community: “decreases public health concerns,” “students active in civic engagement and
agriculture jobs in PA,” and “increased volunteerism throughout PA communities and in public
lands.” They also stated that the updated standards should lead to investments in the local
economy. Many responses related to employers hiring more Pennsylvania students and
therefore improving the local economy, such as “Employers recognize that our PA students
have the skills they need” and “Reduced poverty rate in PA.” Stakeholders not only referenced
that there would be an increase in STEM jobs in Pennsylvania but also imagined that the
updated standards would lead to Pennsylvania being recognized for having a high number of
STEM experts and that these experts will be sought after nationally and internationally. For
example, “other countries are looking to Pennsylvania for guidance specific to science and
technology education” and “PA kids are sought for after jobs.” A summary of all the subthemes

related to the Pennsylvania context theme is in Table 14.

Table 14. Summary of Pennsylvania Context Responses

Number of Responses

Impact on the Community
Investment in Local Economy
Increase STEM Jobs in PA

Community and Business Partnerships
STEM Experts

Politics

STEM Initiatives

Skills. Another 104 (18%) responses described the skills that students in Pennsylvania should
possess based on the updated science standards. Most of the responses stated that students
would be scientifically literate (i.e., “Students can become scientifically literate citizens”)
followed by being more able to solve problems (i.e., “They have aided in problem-solving
skills”). They also believe that students will be able to think critically (e.g., “Development of
critical thinking for our students with all different backgrounds and abilities.”). A summary of
the skills that stakeholders thought the updated standards should impact is in Table 15.
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Table 15. Summary of Skills That the Updated Standards Should Impact

Subtheme Number of Responses
Scientific Literacy
Problem-Solving
Critical or Higher-Level Thinking
Collaboration

Communication

Asking Questions

Creativity

21st Century Skills

Curiosity

Innovation

Argumentation

Computational Thinking
Independence

STEM Skills
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Question 5: What are the strengths and challenges of Pennsylvania’s current Science
and Technology/Environment and Ecology Standards?

A total of 1,283 responses were coded about the strengths and challenges of Pennsylvania’s
current Science and Technology/Environment and Ecology Standards. Of these responses,

466 responses addressed strengths and 817 comments related to the challenges of the
standards. Stakeholders wrote the responses on different chart papers or in the virtual sessions
in different Google documents, so the possibility of confusing a strength with a challenge is
minimal. Interestingly, two major themes related to both the strengths and the challenges of
the current standards: implementation supports and how the standards are structured. The
subthemes mentioned most frequently under each theme is different based on whether
stakeholders were describing a strength or a challenge. In this section, a summary of the
strengths and challenges of the current standards in Pennsylvania is described.

Strengths. Stakeholders described several strengths of the current Academic Standards for
Science and Technology and Environment and Ecology in Pennsylvania. A total of 466 responses
discussed the strengths of the standards. Of the total responses, 107 (23%) were related to
implementation supports, 101 (22%) were related to the structure of the standards, and 86
(18%) were related to the structure of the standards. Figure 4 provides a summary of the
themes describing the strengths of the current standards.
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Figure 4. Themes Related to the Strengths of the Pennsylvania Academic Standards for
Science and Technology and Environment and Ecology

Course Offerings 53
[}
E Standardized Assessments 16
=
National and International Standards 15
Skills 7
Knowledge 6
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Number of Responses

Implementation Supports. Many stakeholders described the implementation supports that are
in place to support the current standards as a strength. They stated that the dedication and
education of teachers had a positive impact. For example, one stakeholder wrote, “We have
many talented teaching [sic] fighting the good fight to improve STEM programming.” In
addition, they mentioned that funding was a strength. Some stakeholders just wrote “State is
invested $” or “funding,” and some described the how funding was a strength, such as the
following: “Sometimes with dedicated funding to assist schools in facilitating field learning
experiences (bussing, substitute teachers, curricula).” Many stakeholders also described that
resources are available to help with the implementation of the standards, such as the following:
“There are many outstanding trade books available to support primary science instruction,” and
“Many schools are implementing more technology into classrooms, which allow for more
opportunities to learn, discover, experiment, create, curate, etc.” Table 16 summarizes all the
subthemes related to the strengths of implementation supports.

120
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Table 16. Strengths of Implementation Supports

Subtheme Number of Responses
Teacher Dedication

Access to Resources (Supplies, Equipment, and Technology)
Funding

Models to Follow

Flexible

Access to Professional Development

Aligned Resources

Opportunities for Team Teaching (Cross-Curricular)
Considerations for Diverse Student Populations

Structure of the Standards. Stakeholders also frequently referenced subthemes related to the
structure of the standards. Many responses posited that the standards were easy to
understand (i.e., “expectations are clear-cut” and “can see what students should have learned
at each level”). They also mentioned that the standards include science practices, such as the
following: “Some connection between Nature of Science in PA Science Standards AND Science
and Engineering Practices” and “Our youngest learners are naturally curious and CAN be
productive participants in scientific discourse and practices.” Stakeholders also stated that the
current standards allow for hands-on activities. One stakeholder stated, “kids are getting a lot
of hands on,” and another responded that “Technology Education classes “hands-on learning”
really interests my students.” Table 17 summarizes all the subthemes of strengths related to
the structure of the current standards.
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Table 17. Strengths Related to the Structure of the Standards

Subtheme Number of Responses
Depth vs. Breadth
Ease of Teacher Understanding
Science Practices

Hands on

Crosscutting Concepts

Learning Progressions

Practical or Real World Application
Developmentally Appropriate
Engineering Practices

Focus on Local Context

Rigorous

Inquiry-Based

Grade Bands

Student Engagement

NIN[W|IR|A[B|BIBW|UI [0

Pennsylvania Context. As described in Part 1 of this report, Pennsylvania has invested a lot of
specific resources in the state to improve STEM education opportunities, such as the PAsmart
Grant and the STEM Ecosystems, and stakeholders reportedly value these resources.
Stakeholders frequently wrote responses such as the following: “Partnerships are happening
between those that work in the various fields and those that are teaching,” “STEM initiatives,”
and “Ecosystems—bringing key stakeholders together.” A summary of all the subthemes
related to strengths in the Pennsylvania context is in Table 18.

Table 18. Strengths in the Context of Specific Pennsylvania Resources

Number of Responses

Community and Business Partnerships
Process is Transparent
STEM Initiatives

Challenges. Stakeholders described several challenges of the current Academic Standards for
Science and Technology and Environment and Ecology in Pennsylvania. A total of 817 responses
coded challenges of the current standards. Of the total responses, 44% of the responses were
related to implementation supports, 17% were related to standardized assessments, and 15%
were related to the structure of the standards. Figure 5 provides a summary of the themes
describing the challenges of the current standards.
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Figure 5. Themes Related to the Challenges of the Pennsylvania Academic Standards for
Science and Technology and Environment and Ecology

Implementation Supports _ 355
Standardized Assessments _ 135
Structure of the Standards _ 120
Pennsylvania Context 32
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Challenges of Implementation Supports. Although many stakeholders referred to the strengths
of the implementation supports, stakeholders also described the challenges of the supports.
Some of the most frequent responses described the time available for implementation,
stakeholder buy-in, access to professional development, and funding as challenges of the
current standards. Stakeholders frequently mentioned that at the elementary level, science is
not given the same amount of time as reading and mathematics: “Time constraints with more
emphasis on reading/math (especially at the elementary level,” and “Not enough time is
allotted for science instruction at the primary level.” Other responses are related to the number
of different standards (“Time to reflect and let students make connections through discovery
due to the volume of standards.”), and the inconsistency of time across the state dedicated to
science (“Each school, district, [has a] different amount of time per period, therefore
standards—when creating—must keep in mind one building has 2 periods (~60 min) while
others may say on paper 45 min. but in reality it’s only 30 min.”). Other stakeholders responded
that stakeholder buy-in was a challenge by simply writing “buy-in” or by explaining how
students, administrators, teachers, parents, and other stakeholders are resistant to change or
are not supportive of learning new things to improve implementation of the standards. For
example, one stakeholder stated that “seasoned educators are resistant to adopting less
traditional science disciplines (i.e. computer science, design process, engineering, etc.),” and
another stakeholder wrote, “Support from elementary science and math to prepare the kids for

III

secondary school.” Stakeholders also recognized a lack of access to professional development.
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Some examples are “intermediary units need to offer more science support” and “lack of
professional development/training on the standards.” Furthermore, a lot of responses
described the impact of the lack of available funding as a challenge as well (i.e., “Funds to
support outdoor ed and hands-on field experiences are lacking”). A summary of all the’
implementation support challenges stakeholders provided is in Table 19.

Table 19. Challenges With Implementation Supports

Subtheme
Time for Implementation
Stakeholder Buy-in
Access to Professional Development

Funding

Consideration of Diverse Student Populations

Access to Resources (Supplies, Equipment, and Technology)
Teacher Certification

Aligned Resources

Outdated PA Standards

Administrators’ Knowledge of STEM

Flexible

Opportunities for Team Teaching (Cross-Curricular)
Opportunities for Team Teaching

Number of Responses

7

Challenges of Standardized Assessments. Stakeholders described several challenges of the
current standards as they relate to standardized testing. They did not usually name specific
assessments but referenced grade-level assessments. For example, in responses related to
teaching to the test, some stakeholders wrote the following: “Teaching to the test instead of
teaching for understanding,” “The Keystone Exam situation makes it difficult to cover more of
the content in depth,” and “Teachers have been focused on Biology Keystone standards and are
afraid to redirect their focus to NGSS skills due to time constraints and standardized test
performance.” Stakeholders also felt that because students are not required to take a state
assessment at every grade level, teachers who do not teach assessed courses are not
accountable for teaching the prerequisite content knowledge. A couple of examples that
described this challenge are as follows: “Only assessed in Grade 4, 8 & 9/10. If not assessed may
not be taught . . . causes gaps in fundamental knowledge” and “Science learning is only a
priority in the tested grades, so students enter middle school with little to no knowledge about
science.” In addition, stakeholders responded about issues with the alignment of the
assessments. One stakeholder wrote about “disparity between K-8 standards and Keystone
standard” and another wrote, “disconnect between standards & assessments.” A summary of
all the challenges reported in reference to standardized assessments is in Table 20.
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Table 20. Challenges With Standardized Assessments

Subtheme Number of Reponses
Teaching to the test
Varying testing accountability for teachers
Assessment alignment

Test Scores

Too much testing

Lack of data driven feedback

Challenges With the Structure of the Standards. As with the implementation of the standards,
although some stakeholders mentioned the structure of the standards as a strength, many
other stakeholders described challenges with the structure of the standards. Stakeholders
responded that the quantity of the standards, the lack of focus on process and skill
development, and the lack of learning progressions all causes challenges. Stakeholders
responded as follows:

e “Breadth of current standards is too large to become cohesive document (i.e. science,
technology, environmental, ecology).”

e “Too much focus on content rather than process.”
e “Currently, breadth is the focus, and engagement in scientific practices is ignored.”

e “Lack of curriculum coherency across grade levels in many (perhaps most) school districts.

e “K-12 cohesion.”

A summary of the challenges related to the structure of the standards is in Table 21.

AMERICAN INSTITUTES FOR RESEARCH® | AIR.ORG 56



A National Landscape Scan and Pennsylvania Stakeholder Feedback

Table 21. Challenges With the Structure of the Standards

Subtheme Number of Responses
Depth vs. Breadth
Lack of Process and Skill Development
Learning Progressions

Grade Bands

Ease of Teacher Understanding
Student Engagement

Crosscutting Concepts

Practical or Real World Application
Developmentally Appropriate

Rigorous

Engineering Practices

Inquiry-Based

Research or Evidence-Based

Science Practices
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Question 6: What knowledge, skills, and dispositions are important for all students?

Although knowledge, skills, and dispositions are among the overarching themes we derived
from the data, stakeholders were specifically asked in this question about what knowledge,
skills, and dispositions are important for all students. Therefore, in this section we include
responses related to only these themes. For example, if stakeholders included responses
related to the structure of the standards or any other theme from Table 2: Descriptions of
Themes, they are not included because they do not answer this specific question. Stakeholders
provided 599 responses related to knowledge, 760 responses related to skills, and 597
responses related to the dispositions that are important for all students. For each category,
similar responses were grouped into topics. The following subsections summarize the topics
and frequency of topics that emerged from the analyses.

Knowledge. Across sessions, 233 responses described specialized or crosscutting knowledge.
Social impact, humans and the environment, energy, and body systems were the four most
frequently mentioned topics. “Social impact,” for the purpose of the analysis, was included as
“climate change literacy” and “looking at both the local and global aspects of issues,” whereas
“humans and the environment” included statements such as “human impact on the
environment” and “how the environment is connected to our daily lives.” Background
knowledge was the fifth most frequently mentioned topic and refers to students having the
foundational knowledge to understand what is taught in science, such as “academic
vocabulary” or “what are the basics we need the students to know to be successful in content.”
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Some stakeholders simply responded “background content.” Table 22 lists the knowledge that

all students should learn. This information is organized by stakeholder role.

Table 22. Knowledge That All Students Should Learn

Number of Responses
Social Impact
Humans and the Environment
Energy
Body Systems

Background Knowledge

Watersheds and Wetlands

Ecosystems and Their Interactions

Organisms

Matter

Environmental Laws and Regulations

Evolution

Agriculture and Society

Biodiversity

Coding

Robotics

Artificial Intelligence

Forces and Motion

Solar System

Understanding Relationships

Renewable and Nonrenewable Resources

Rir|ININ|IB|B|B|d|B|n|N |0

Integrated Pest Management

In addition to the 233 responses related to specific content knowledge that should be included,

151 responses related to the courses that should be offered. Table 23 lists the courses
stakeholders believed should be offered.
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Table 23. Course Offerings

Subtheme Number of Responses
Earth and Space Science
Biology

Technology

Chemistry

Ecology

Environmental Science
Computer Science
Physics

Anatomy

Engineering
Mathematics

Skills. Skills are the abilities needed to do an activity or use knowledge. Across sessions,
participants entered 475 responses as skills. There is a blend of academic skills, with analyzing
and interpreting data, critical or higher level thinking, and problem solving being the most
frequently mentioned topics; however, “soft skills,” such as communication, asking questions,
and collaboration, were among the most frequent responses. Table 24 lists the skills that all
students should learn. This information is organized by stakeholder role.
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Table 24. Skills That All Students Should Learn

Number of Responses

Analyzing and Interpreting Data |:|
Critical or Higher Level Thinking _
Problem-Solving _
Communication _
Asking Questions ]
Collaboration _ 75
Planning and Carrying Out Investigations ] 42
Computational Thinking - 25
STEM Skills I 24
Scientific Literacy - 24
Creativity - 17
Developing and Using Models I 16
Take Risks - 14
Identifying Patterns ] 12
Observation ] 11
Innovation - 11
Independence ] 11
Argumentation - 11
21st Century Skills ] 7
Time Management . 7
Laboratory Tool Use B 6
Measurement I 5
Leadership i 5
Drawing Conclusions i 5
Reasoning I 4
Reading for understanding | 4
Graphing | 1
Flexible | 1

Dispositions. Dispositions include one’s beliefs about the nature of science and science
learning, beliefs in one’s ability and agency, attitudes and ways of thinking, and point of view.
Across sessions, dispositions represented 294 entries. Entries related to resilience or grit,
perseverance, and passion for long-term goals were the most frequent. Entries related to
curiosity were the next most frequent. Empathy, integrity, and self-efficacy, including growth
mindset, were the next three most frequently included topics. Table 25 lists the dispositions
that all students should learn. This information is organized by stakeholder role.
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Table 25. Dispositions That All Students Should Learn

Number of Responses

Resilience or Grit
Intellectual Curiosity
Empathy

Integrity
Self-efficacy
Adaptability
Initiative
Open-minded

Driven

Ownership
Adovcate

Ethical

For a summary of responses grouped by stakeholder roles, a table for knowledge, skills, and
dispositions is in Appendix H.

Conclusion

The purpose of Part 2 of this report was to summarize the feedback that Pennsylvania
stakeholders felt should be considered by the members of the Content and Steering
Committees when making decisions about the update to the Pennsylvania Science and
Technology and Environment and Ecology Standards. Data from 14 stakeholder meetings were
collected and analyzed. The data collected was based on stakeholder responses to six
guestions. Each question sought to identify what stakeholders envisioned the updated science
standards in Pennsylvania should include and how the updates will impact STEM education in
the Commonwealth. From the data collected, 11 overarching themes were identified:

(1) college and career readiness, (2) course offerings, (3) dispositions, (4) graduation rates,

(5) implementation supports, (6) knowledge, (7) national and international standards,

(8) Pennsylvania context, (9) skills, (10) standardized assessments, and (11) structure of the
standards.

Based on the data analyzed, stakeholders envision standards that are organized in such a way
that content knowledge builds from one grade level to another, includes real-world application,
and gives students opportunities to participate in the scientific and engineering practices. They
want standards that consider diverse student populations, such as English learners and
students with special needs. In addition to the structure of the standards, stakeholders
described the implementation supports that would be necessary for standards to be
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implemented with fidelity across all grade levels. Some supports that they included were access
to professional development for all teachers, resources aligned to the standards, and funding
for technology and other materials. They also discussed the importance of community and
business partnerships and stakeholder buy-in. According to the stakeholders, the inclusion of
these essential elements, crucial knowledge, skills, and dispositions, students who graduate in
Pennsylvania should be better prepared for college and careers, making Pennsylvania a hub for
STEM expertise.

In addition to the data summarized in this report, following each stakeholder session, every
participant was e-mailed a link to a survey developed by PDE. This survey also was distributed
to stakeholders across the Commonwealth that did not attend the stakeholder engagement
sessions. The analysis of the survey data is beyond the scope of this report, but findings will be
presented to the members of the Content and Steering Committees.
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Appendix A. Pennsylvania STEM Coalition: Establishing Vision,
Beliefs, and Definition

pennsylvania

DEPARTMENT OF EDUCATION

Pennsylvania STEM Coalition| Establishing Vision, Beliefs, and Definitions
Updated August 2017

STEM Education Vision Statement:
Pennsylvania will establish a coherent, equitable and innovative culture for STEM learning by:

Identifying, aligning and strengthening student PreK-12 experiences to postsecondary opportunities
with career pathways in STEM;

Strengthening, diversifying, and aligning educator professional learning in STEM;

Ensuring quality STEM experiences for every student, early childhood through postsecondary; and
Connecting STEM education to post-secondary opportunities through collaborative partnerships with
diverse stakeholders in the education and the business/industry communities.

STEM Education Belief Statements:
STEM education in Pennsylvania is built upon the following foundational beliefs:

Every student is capable of STEM literacy;

Every student should have equitable access to STEM experiences in and out of school;

Iteration and reflection are an important part of the STEM learning process;

STEM education transcends the classroom walls, integrating into the community;

STEM education success depends upon strong partnership between educators, students, families,
postsecondary providers, legislators, business and industry.

STEM Definition:

STEM (Science, Technology, Engineering and Math) is an integrated, interdisciplinary, and student-centered
approach to learning that encourages curiosity, creativity, artistic expression, collaboration, communication,
problem solving, critical thinking, data informed decisions, computational thinking, and design thinking. All
students will learn to apply STEM concepts and practices through 3-Dimensional and authentic project based
learning that connects school (early childhood through postsecondary) with needs, challenges, and/or
opportunities in the community, or those presented by business and industry leaders, resulting in a STEM
fluent and STEM skilled citizenry for the future of Pennsylvania.
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Appendix B. STEM Ecosystems and STEM Learning Ecosystems

STEM ecosystems

e Berks STEM Connection Ecosystem

e Carbon, Schuylkill, Luzerne (CSL) Counties Ecosystem

e ENGINE of Central PA STEM Ecosystem

e Lancaster County STEM Alliance

e Northeast Pennsylvania (NEPA) Ecosystem

e PA STEM Experiences for Equity and Diversity (SEED) STEM Ecosystem
e Philadelphia STEM Ecosystem

e Pittsburgh Regional STEM Ecosystem
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Appendix C. Education Commission of the States: Dedicated
State K-12 STEM Funding

@
ii' i Response to information request

L%, EDUCATION COMMISSION

OF THE STATES

Your education policy team.

Prepared August 2018
Jennifer Zinth, Principal: High School and STEM

jzinth@ecs.org

This response was prepared for Sam Koch, Office of the Governor,
Pennsylvania

Your Question:

You asked about enacted funding to support K-12 STEM and computer science initiatives in other states.

Our Response:

The table below provides additional detail on recent state outlay to support various K-12 STEM and computer science

efforts.
State Dedicated State K-12 STEM Funding
Alabama e  AMSTI: $29,049,318 in FY 19
e ASIM:$1,583,796
® H.B.175: Computer Science: $2,121,099 for teacher training, Technology in Motion,
Middle School Computer Programming Initiative, and Middle and High School Robotics
Grant Program
® 51.5 million dedicated to create Alabama School of Cyber Technology and Engineering
Arkansas e Annual $2.5 million line item in state budget for CS since FY 17-18 (2018 H.B. 1117 also
allows carryover of 51,157,355 not used in FY 17-18)
e FY 15-16: 55 million in discretionary grant funds provided out of the Governor’s “rainy
day fund”
Colorado 51,048,375 for the Computer Science Education Grants for Teachers program for FY2018-19
Idaho 2018 H.B. 669: 54 million split between:

o  ~52 million earmarked for implementation of 67-823 (Idaho STEM Action Center)
e ~52 million earmarked for implementation of 33-1633 (computer science)

The legislation requiring CS to be offered was not directly funded, but becomes part of the work
the Idaho STEM Action Center does under the CS initiative.

Indiana 2017 H.E.A. 1001:

& 510 million for the STEM Teacher Recruitment Fund

e 52 million for STEM program alignment through the department of education

Awaiting confirmation of $5.4 million to expand computer science courses

lowa e 2017 H.F.642:
o 5,446,375 for the STEM Collaborative Initiative (Governor’s STEM Advisory
Council)

o 5$481,849 to the lowa online advanced placement academy science, technology,
engineering, and mathematics initiative
e 51 million for the computer science professional development incentive fund
e 2018 S.F. 2415:

Education Commission of the States strives to respond to information requests within 24 hours. This document
reflects our best efforts but it may not reflect exhaustive research. Please let us know if you would like a more

comprehensive response. Our staff is also available to provide unbiased advice on policy plans, consult on proposed
legislation and testify at legislative hearings as third-party experts.
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State Dedicated State K-12 STEM Funding
o $470,293 to the lowa online advanced placement academy science, technology,
engineering, and mathematics initiative
o 55,446,375 for the STEM Collaborative Initiative
e 5600,000 in FY 19 for summer dual enrollment for students enrolled in CTE dual credit
work in programs leading to high-demand jobs
e $250,000 in FY 19 for the lowa Virtual Clearinghouse for Work-Based Learning
Maryland e S5 million to support computer science, including teacher professional development
Massachusetts e $850,000 in FY19 budget for public-private match funds to support CS implementation
Michigan 2018 H.B. 5579:
o 5400,000 for a pre-college engineering K-12 program serving multiple communities
within southeast Michigan
e 57,934,300 for Michigan MISTEM programs
Nevada 2017 S.B. 200: $2.4 million to support implementation of computer science legislation.

New Jersey

FY 2019 budget includes $2 million to support district offering of computer science and teacher
professional development.

New York

¢ 56 million for “Smart Start” program to offer grants to schools for teacher development
in computer science, science and engineering

Pennsylvania

o 520 million dedicated to K-12 computer science and STEM education through PAsmart
initiative

Texas

2017 General Appropriations Act:

o S3 million for T-STEM programs (Rider 48)
o 56 million for early college high schools (some have STEM focus) (Rider 49)
o S5 million for PTECH (Rider 67)

Utah

2017 S.B. 190 establishes the Computing Partnerships Grants program, supported by an ongoing

$1.255 million appropriation

Virginia

$550,000 recurring appropriation (first made in 2017) to fund CS teacher development

Washington

2018 5.S.B. 6032:

¢ S2 million (51 million each in FY 18 and FY 19) for the computer science and education
grant program?!

e $124,000 for competitive grants to districts (esp. in rural areas, with low-income students
and that do not offer AP CS) to increase high schools’ capacity to offer AP CS courses.

« 5200,000 for the Mobius science center to expand mobile outreach of STEM education to
students in rural, tribal, and low-income communities.
$234,000 for implementation of 2015 H.B. 1813 re: computer science
$270, 000 for STEM lighthouse projects consistent with chapter 238, laws of 2010
$200,000 for the game on! program to provide underserved middle and high school
students with training in leadership and STEM.

e ?for high school STEM classrooms and labs grants to school districts

1 Funds may go to three purposes: (a) Train and credential CS teachers; (b) Provide and upgrade technology needed to learn CS;
(c) For computer science frontiers grants to introduce students to and engage them in CS.

Education Commission of the States strives to respond to information requests within 24 hours. This document
reflects our best efforts but it may not reflect exhaustive research. Please let us know if you would like a more

comprehensive response. Our staff is also available to provide unbiased advice on policy plans, consult on proposed

legislation and testify at legislative hearings as third-party experts.
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Appendix D. Proposed Strategic Plan, December 20, 2019

PA Academic Science Standards Revision /Update
Proposed Strategic Plan December 20, 2019
(revised after 01-22-20 Meeting)

Vision: The PA Academic Science Standards are a set of progressive standards infused with
Innovation, Equity and Transparency to support a high-quality education and produce a
sustainable 21° century workforce across the Commonwealth and to build a STEM literate
citizenry.

Guiding Principles: Equity, Innovation, and Transparency

Priority:
e Diversify and increase the number of STEM ready educators P-20
e Diversify and increase the number of learners who have access, opportunities and are
included in STEM experiences P-20
e Diversify and increase the number of STEM literate Pennsylvanians

Goal: Engage broad cross sector partners from across the commonwealth to better understand:

e The standards, competencies, and skills currently being used to inform PreK — 12 science
instruction.

e The skills and requirements of science related occupations

e The current instructional and assessment approaches to ensure all learners are included
in science learning experiences

e The types of resources educators are using to provide science learning experiences.

e The types of resources and experiences that build a STEM literate citizenry

Purpose of Revision:
1. Chapter 4 regulations require PA Academic Standards to be reviewed on a regular basis and
revised as necessary.
“4.12 (i) Every 3 years, the Board will review the State academic standards and State
assessments under this section to determine if they are appropriate, clear, specific and
challenging, and will make revisions as necessary by revising this chapter.”
The PA Academic Standards in Science & Technology and Environment and Ecology have
not been reviewed and/or revised since their initial adoption.
2. Chapter 4 regulations require that students are engaged in a curriculum that is based on the
achievement of PA Academic Standards.
“4.12 (d) A school district’s (including charter schools) or AVTS’s curriculum shall be
designed to provide students with instruction needed to attain these academic
standards.”
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Consequently, those standards need to be as current as possible to ensure that learning
is focused on meaningful and relevant skills and content which prepare students for the
future.

3. Chapter 4 regulations address graduation requirements which include Graduation
Competency Assessments. Developing these assessments require an investment of
substantial resources, including educator’s time and energy, as well as state and federal
funds. The PA Academic Standards should be revised to provide updated, refined, and
focused skills/content expectations as the basis of each assessment.

Targeted Standards’
1. Science and Technology | Environment and Ecology

Rationale:

To ensure that every learner across the Commonwealth has access to high quality science
education the Pennsylvania Department of Education has been charged by the State Board to
review, revise and adopt updated standards for science education. Among the three tested
subjects under Federal law (English language arts, mathematics, and science), science is of the
last set of standards to be updated since the process of standards adoption began in January of
2002.2

7 PA Code 4.12 Academic Standards: Science and technology. Study of the natural world and facts, principles, theories and laws
in the areas of biology, chemistry, physics and earth sciences. Technology is the application of science to enable societal
development, including food and fiber production, manufacturing, building, transportation and communication. Science and
technology share the use of the senses, science processes, inquiry, investigation, analysis and problem solving strategies. The
Pennsylvania Core Standards for Reading in Science and Technology and the Pennsylvania Core Standards for Writing in Science
and Technology will be an appendix to the Commonwealth’s academic standards for Science and Technology upon publication
in the Pennsylvania Bulletin.

8 English Language Arts and mathematics were both revised in 2010 and again in 2014.
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Appendix E. Stakeholder Engagement Sessions and Locations

Date Region/County Location

February 19, 2020 Cambria Richland School District
Richland High School

February 20, 2020 Allegheny Community College of Allegheny County
Boyce Campus

February 26, 2020 Erie Erie School District

East Middle School

February 26, 2020

Virtual Session #1

Web-based —statewide participation

February 27, 2020 McKean Seneca Highlands IU9
February 28, 2020 Clarion Clarion University
March 2, 2020 Centre Mount Nittany Middle School
State College School District
March 3, 2020 Dauphin PaTTAN Harrisburg
March 4, 2020 Lycoming First Community Foundation Partnership of PA
March 10, 2020 Luzerne Luzerne County Community College
March 11, 2020 Lehigh South Mountain Middle School

Allentown School District

Due to the COVID-19 crisis, this session was converted to
virtual participation.

March 11, 2020

Virtual Session #2

Web-based—statewide participation

March 12, 2020 Chester West Chester University
Due to the COVID-19 crisis, this session was converted to
virtual participation.

March 12, 2020 Philadelphia University City Science Center

Due to the COVID-19 crisis, this session was converted to
virtual participation approximately and two hours before the
start of the session. PDE and AIR staff hosted the session
face-to-face and virtually to accommodate attendees who
showed up for the session.
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Appendix F. Agenda Stakeholder Engagement

Time Session

9:00-10:00 a.m. Objectives for Session
Pennsylvania State Board of Education Charge
e Timeline and Process for the Work
National Landscape

e A Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core ldeas

e Next Generation Science Standards

e State Trends

10:00-10:30 a.m. Pennsylvania Landscape
STEM Education in Pennsylvania
e State Policies impacting Science Education
e History of Science Standards in PA

e Structure of Current Science Standards
10:30 a.m.—12:00 p.m.  Stakeholder Feedback

12:00 p.m. Timeline Moving Forward

Principles for the Revision and Review Process
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Appendix G. Attendee Data by Stakeholder Session Location

on Location by Co ducato ducato aucato aucato AYs a a ge O

Allegheny 5 5 11 25 6 3 1 0 0 3
Erie 0 4 7 10 7 0 5 1 0 0
McKean 3 9 7 5 0 2 0 8 2
Clarion 0 2 3 3 3 0 0 0 0 0
Centre 2 5 13 13 4 14 8 0 6 5
Dauphin 5 12 29 23 21 7 10 3 0 0
Lycoming 3 3 7 3 4 2 3 2 0 0
Luzerne 5 7 11 13 7 2 1 0 7
Philadelphia* 0 0 1 0 0 0 1 0 0 0
Vs2/26 5 10 17 36 23 20 36 4 2 8
Lehigh Converted to VS 3/11 AM 0 4 5 15 14 2 6 3 0 1
VS3/11 PM 6 9 23 41 33 17 26 6 0 10
Philadelphia Coverted to VS 3/12 AM 0 2 1 5 4 7 19 2 0 5
West Chester Converted to VS 3/12 PM 0 3 12 11 25 12 14 5 0 1

Note. VS stands for Virtual Session
*Due to the COVID-19 crisis, this session was converted to virtual participation approximately and two hours before the start of the session. PDE and AIR staff
hosted in the session both face-to-face and virtually to accommodate attendees who arrived for the in-person session.
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Appendix H. Knowledge, Skills, and Dispositions by Stakeholder Roles

Knowledge

Grades Grades Grades Grades Business

PK-2 3-5 6-8 9-12 Higher and Number of
Educator Educator Educator Educator Ed  Industry IU Students Other Responses

0
1
1
0
0
1
2
2
2
0
0
0
0
0
0
1
0
0
0
0
0
0
0

Social Impact

o

Humans and the Environment

Energy

Body Systems

[y
[y

Background Knowledge
Watersheds and Wetlands

Ecosystems and Their Interactions

Organisms
Matter

Environmental Laws and Regulations

Evolution

Agriculture and Society

Biodiversity

Coding

Robotics

Artificial Intelligence (Al)

Forces and Motion

Solar System

Understanding Relationships

Renewable and Nonrenewable Resources

Integrated Pest Management

Renewable and Nonrenewable Resources
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Integrated Pest Management
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Skills

Grades Grades Grades Grades Business

PK-2 3-5 6-8 9-12 i and Number of
Educator Educator Educator Educator i Industry Responses

Analyzing and Interpreting Data 3 8 29 33 8 7 8 3 1 4 _
Critical or Higher Level Thinking 3 11 21 23 12 6 5 6 4 5 _
Problem-Solving 3 11 19 18 9 8 14 4 2 1 _
Communication 5 12 15 10 12 7 9 1 3 6 _80
Asking Questions 8 14 17 10 8 7 7 1 1 3 _ 76
Collaboration 5 11 16 9 15 4 7 4 0 4 [ 75
Planning and Carrying Out Investigations 5 9 6 8 7 2 5 0 0 0 - 42
Computational Thinking 2 2 3 6 4 5 1 1 0 1 - 25
STEM Skills 0 4 3 8 4 3 2 0 0 o [ 24
Scientific Literacy 0 2 7 6 2 4 2 1 0 0 - 24
Creativity 1 2 4 2 4 0 1 2 0 1 . 17
Developing and Using Models 1 1 3 8 1 1 1 0 0 0 . 16
Take Risks 3 3 4 1 3 0 0 0 0 o [ 14
Identifying Patterns 1 2 1 4 0 1 3 0 0 0 . 12
Observation 1 4 1 1 1 2 1 0 0 0 l 11
Innovation 0 1 3 2 1 1 0 2 0 1 l 11
Independence 1 1 2 4 1 0 0 1 0 1 l 11
Argumentation 2 1 2 2 1 2 1 0 0 0 l 11
21st Century Skills 0 1 0 3 1 1 0 1 0 0 I 7
Time Management 0 0 2 2 0 0 0 0 1 2 I 7
Laboratory Tool Use 0 0 2 2 0 0 1 0 1 0 I 6
Measurement 0 2 0 2 0 1 0 0 0 0 I 5
Leadership 0 0 0 2 0 0 2 0 1 0 I 5
Drawing Conclusions 1 2 1 1 0 0 0 0 0 0 I 5
Reasoning 0 1 0 1 1 1 0 0 0 0 I 4
Reading for Understanding 0 0 2 0 1 0 0 1 0 0 I 4
Graphing 0 0 0 1 0 0 0 0 0 0 | 1
Flexible 0 0 1 0 0 0 0 0 0 0| 1
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Dispositions

o
o

Resilience or Grit 6 11 18 28 16 2 4 7 1 3

Intellectual Curiosity 4 8 11 16 6 6 4 3 0 2 _ 60
Empathy 1 2 4 3 7 0 1 2 1 4 25
Integrity 0 2 6 8 3 1 1 1 0 2 24
Self-Efficacy 3 2 4 4 5 1 4 0 0 o I 23
Adaptability 0 1 5 5 3 1 2 0 1 2 [ 20
Initiative 0 e 3 1 2 0 0 1 0 2 12
Open-Minded 0 2 2 1 3 0 3 0 1 0 . 12
Driven 1 4 0 2 1 0 0 0 0 1 I 9
Ownership 0 0 3 1 0 0 1 1 0 2 I 8
Advocate 0 2 0 0 0 0 0 1 0 0 3
Ethical 0 0 1 0 0 0 1 0 0 0 2

AMERICAN INSTITUTES FOR RESEARCH® | AIR.ORG 83



ml AIR

AMERICAN INSTITUTES FOR RESEARCH"

Established in 1946, with headquarters in
Washington, D.C., the American Institutes for

Research® (AIR®) is a nonpartisan, not-for-profit

organization that conducts behavioral and social

science research and delivers technical assis-
tance, both domestically and internationally, in
the areas of education, health, and the workforce.

For more information, visit www.air.org.

MAKING RESEARCH RELEVANT

AMERICAN INSTITUTES FOR RESEARCH
1000 Thomas Jefferson Street NW
Washington, DC 20007-3835 | 202.403.5000

WWW.air.org

LOCATIONS

Domestic: Washington, DC (HQ) |Sacramento and San Mateo, CA | Atlanta, GA | Chicago and Naperville, IL | Indianapolis, IN | Waltham, MA
Frederick and Rockville, MD | Chapel Hill, NC | New York, NY | Cayce, SC | Austin, TX | Arlington, VA | Seattle, WA

International: Ethiopia | Germany (A.l.R. Europe) | Haiti
11517_05/20



http://www.air.org/

	Structure Bookmarks
	Introduction 
	What Are Standards?  
	Overview of Current Science Education Research 
	The National and International Landscape 
	National Science Framework and Standards 
	Overview of 
	Overview of the 
	Environment and Ecology Standards 
	Overview of the 
	Overview of 
	Education Technology Standards 
	Overview of the 
	Technology and Engineering Education Standards 
	Overview of the 
	Computer Science Framework and Standards 
	Overview of the 
	Overview of the 
	Overview of National and International Assessments 
	Overview of the 
	Trends in International Mathematics and Science Study
	Program for International Student Assessment
	Comparing NAEP, TIMSS, and PISA 
	Comparing NAEP, TIMSS, and PISA to the NRC framework and NGSS 
	A Comparison of State Science Standards 
	California 
	Connecticut
	Florida
	Iowa
	Kentucky
	Louisiana
	Massachusetts
	Michigan
	New York
	Ohio
	Oklahoma
	Tennessee
	Virginia
	West Virginia
	Commonwealth of Pennsylvania Context 
	STEM Initiatives in Pennsylvania 
	Engaging Stakeholders and Communities in STEM Education 
	Strengthening STEM Professional Learning 
	STEM Ecosystems 
	Providing STEM Resources for Educators 
	Funding STEM Priorities 
	State Policies Impacting Science Standards 
	A History of 
	Overview of the Current 
	Summary 
	Part 2. Pennsylvania Stakeholder Engagement Feedback 
	Participants 
	Collection of Stakeholder Feedback 
	Data Analysis 
	Findings 
	Question 1: What hopes, concerns, and questions do you have for the update of the Pennsylvania Science and Technology/Environment and Ecology Standards? 
	Question 2: What is your vision for Pennsylvania’s updated science standards? 
	Question 3: What crucial elements should the standards include? 
	Question 4: What impact should the standards have on teaching and learning in Pennsylvania? 
	Question 5: What are the strengths and challenges of Pennsylvania’s current Science and Technology/Environment and Ecology Standards?  
	Question 6: What knowledge, skills, and dispositions are important for all students? 
	Conclusion 
	References 
	Appendices  
	Appendix A. Pennsylvania STEM Coalition: Establishing Vision, Beliefs, and Definition 
	Appendix B. STEM Ecosystems and STEM Learning Ecosystems 
	Appendix C. Education Commission of the States: Dedicated State K–12 STEM Funding 
	Appendix D. Proposed Strategic Plan, December 20, 2019 
	Appendix E. Stakeholder Engagement Sessions and Locations  
	Appendix F. Agenda Stakeholder Engagement 
	Appendix G. Attendee Data by Stakeholder Session Location 
	Appendix H. Knowledge, Skills, and Dispositions by Stakeholder Roles 




