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Science learning in school leads to citizens with the confidence, ability, and inclination
to continue learning about issues, scientific and otherwise, that affect their
lives and communities.
—A Framework for K–12 Science Education (NRC 2012, pp. 286–287)
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hroughout our careers as educators, we (the authors) have each attended dozens of professional conferences as participants, presenters, and even as vendors.
We leave these conferences enriched and energized by the sharing of teaching
resources, strategies, and lessons learned. It is always exciting to engage with likeminded professionals as we explore our craft. However, the 2013 NSTA National
Conference on Science Education was unlike any other. The excitement had been
building for months, and the energy was palpable—not just on San Antonio’s Riverwalk! As thousands of science educators from across the country began converging
on the conference, the Next Generation Science Standards (NGSS; NGSS Lead States
2013) were released. It quickly became apparent that this effort surpassed expectations and held the potential to transform science learning for students throughout
the United States.
For us, the release of the NGSS marked a major turning point in our professional
efforts. Over the past two years, we have been working with science education
leaders from across Wisconsin in a loosely coordinated grassroots effort to build
understanding of A Framework for K–12 Science Education (Framework; NRC 2012)
and the development process for the NGSS. From the initial draft and publication
of the Framework to the release and review of two NGSS drafts, we witnessed a
growing excitement for and anticipation of the final publication of the standards.
As we transitioned to facilitating professional development to help teachers
and administrators begin implementing these new standards, our understanding of the complexity of the NGSS deepened. In our workshops, participants are
consistently positive about the potential impact. However, at times there is also
a sense of being overwhelmed; the introduction of the NGSS comes in the midst
of massive changes in the educational landscape, including implementation of
the Common Core State Standards (NGAC and CCSSO 2010), in English language
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NGSS and deepening understanding of the conceptual shifts that guided their development. In
Chapter 6, we provide a series of activities to help
science teachers understand the three dimensions
of the Framework—science and engineering practices, crosscutting concepts, and disciplinary core
ideas—and how they are integrated in the NGSS.
Activities in this chapter also build connections
between the science and engineering practices,
science inquiry, and engineering design. Chapter 7 includes activities that explore the NGSS
Appendix D, “All Standards, All Students” and
the case studies included with that appendix.
These classroom case studies describe instructional approaches for groups of students often
challenged by traditional science teaching. Chapter 8 focuses on beginning discussions related to
curricular decisions including course mapping,
designing essential questions and performance
assessments, and using the NGSS to plan units of
instruction. In Chapter 9, activities examine the
connections between NGSS and the Common Core
State Standards.
Realizing the vision of A Framework for K–12
Science Education and the Next Generation Science Standards will require professional development of an unprecedented scale. Our hope is
that this collection of activities will be helpful
as you lead educators through the implementation process.
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arts and mathematics; disciplinary literacy and
Response to Intervention initiatives; the transition to new accountability systems; and dramatic
changes to teacher evaluation processes. Effective
and strategic professional development is critical for ensuring alignment across these disparate
efforts, or we risk losing the potential of NGSS in
a haze of initiative fatigue. This book provides
tips, suggestions, resources, and a series of activities that can inform initial professional development experiences around the NGSS.
Chapter 2 discusses how to use this book to
plan professional development. It includes a
description of two “strands” of work that schools
need to engage in during the implementation
process, provides guideposts for effective professional development, and identifies a series of
planning steps. This chapter also includes a table
that summarizes all the activities in the book.
Chapter 3 identifies a series of challenging questions and issues that arise frequently during professional development related to NGSS. Chapter
4 provides suggestions for administrators as they
consider how to lead and support implementation of the NGSS.
Chapters 5–9 describe 24 activities that can be
used as starting points for examining the curricular and pedagogical changes necessary for implementation of the NGSS. Chapter 5 focuses on
introducing the vocabulary and structure of the

2
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Facilitating
Professional Development
Using This Book

I
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nitial professional development efforts related to the Next Generation Science Standards (NGSS; NGSS Lead States 2013) have understandably focused on building
awareness, but we must quickly transition to providing sustained experiences
that give teachers opportunities to construct pedagogical and content knowledge
related to NGSS through collaboration, classroom enactment, and reflection. There
is no “easy button” for implementing the NGSS; implementation is not something
that can be done in a weeklong institute or even over a few months in the summer. The activities in this book are intended to provide starting points for helping
administrators and teachers of science understand the complexity of effective science teaching and the NGSS. We need to stress this point: No single book can provide everything needed for implementation. In this chapter, we outline two strands
of work that we think districts will need to undertake for NGSS implementation,
briefly summarize research on effective professional development, and provide a
series of steps for using this book to plan a professional development experience.
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Implementation Efforts
In our work with teachers and administrators, we see two distinct strands of professional development that educators need to engage in to successfully implement
NGSS. In addition to these strands, educators will need to frequently communicate with the school community (including parents) and stakeholders beyond the
school about changes to curriculum and instructional approaches.
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When we first started doing professional development related to NGSS, we quickly realized that
the first questions from both teachers and administrators focused on curricular considerations:
How will NGSS change the sequence of courses,
and how will it change the content? We found
that it was often difficult to delve into pedagogical activities and discussions without giving some
attention to (1) the sequence of topics and courses
in elementary, middle, and high school; and (2)
the content included—and excluded—from specific courses. The NGSS define the content by
grade level in elementary school, but provide
tremendous flexibility for curriculum in grades
6–12. Choosing the sequence of content is a difficult decision that requires strong leadership. The
second point, inclusion and exclusion of content,
is particularly important. If administrators and
teachers treat NGSS as a checklist and simply add
more content to fill gaps, we will be doing a disservice to the students. Instead, we need to design
courses that allow students to engage deeply with
a focused set of foundational concepts. Activities
14–17 in Chapter 8 (see Table 2.1, pp. 8–13 summary table of activities) help begin the discussions related to designing a scope and sequence
aligned with NGSS. We encourage you to begin
this process early in your implementation plan.

much clearer description of the work of scientists
and engineers by defining a series of eight science and engineering practices. In addition, the
NGSS emphasize that these practices cannot be
taught isolated from content. Teachers of science
will need to develop an understanding of each
practice and determine strategies for building
student capacity with these practices throughout
the school year.
Similarly, the NGSS define seven crosscutting
concepts. These crosscutting concepts can be
understood as big ideas, or lenses, that scientists
and engineers use to help them understand the
natural world. For example, energy, as a cross
cutting concept, can help scientists understand
interactions, ecosystems, and chemical reactions. Just like the practices, crosscutting concepts
must be developed within the context of content
through repeated exposure.
Many of the activities in Chapters 6 and 7 can be
used to deepen teachers’ understanding of the science and engineering practices, crosscutting concepts, and disciplinary core ideas. However, these
activities are only a start to that process. Mastery
will only come through dedicated work over time.
Perhaps the most profound change in NGSS
is the use of performance expectations to guide
assessment. The NGSS ask educators to assess
students differently than in previous standards:
If students are expected to learn science by integrating the three dimensions, then they should
also be assessed by their ability to perform using
those three dimensions. Activity 19 in Chapter
8 begins the discussion of assessment, while
Activities 18 and 20 help teachers think through
the process of integrating the three dimensions
while planning instruction.
We feel that it is important for schools to focus
on both strands concurrently. Teacher teams

ow

Strand One: Curricular Decisions

H

Strand Two: Pedagogical Development
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The expectations defined in NGSS will require
many educators to teach in a new way. Although
inquiry was called out as a cornerstone of good
science instruction by the original National Science Education Standards more than 15 years ago,
implementation of an inquiry approach is far from
universal in our classrooms. The NGSS provide a
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Four guideposts for designing effective professional development

Professional development should be
INTEGRATED.

• Is your experience connected to school or
district goals?

• Can your experience take advantage of
multiple delivery formats (face-to-face, online,
hybrid)?

• Is your experience connected to a
comprehensive NGSS implementation plan?

ow

• Do you provide multiple opportunities for
active learning?

Professional development should be
PRACTICAL.

nl

Professional development should be
ENGAGED.

ow

• Is your experience compatible with other
professional development initiatives?

• Have you considered the structure you will use
(workshop/institute, study groups, embedded
in a professional learning community, action
research, etc.)?

Ed

• Are you engaging teams, including teachers
and administrators?

uc

Professional development should be
COHERENT.

Br

• Does your experience embrace shared
expertise and collaboration of participants?
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• Do you provide opportunities for participant
meaning-making, debriefing, and reflection?
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should be engaged in scope and sequence discussions while also deepening their understanding
of the pedagogical changes described in NGSS.

Effective Professional Development
A growing body of research has identified professional development practices that lead to continued growth and change in instructional practice.
Effective professional development should be

• Are your learning experiences relevant to
participants’ classrooms or job responsibilities
(e.g., curriculum planning, experiencing model
activities)?
• Do you make concrete connections between
theory and practice?
• Do you encourage enactment in the
classroom? Is it possible to include examples of
student work?
• Is participant time being used productively in
goal-oriented activities?

measured against its capacity to equip teachers
as “shapers, promoters, and well-informed critics of reform” (Little 1993, p. 130). Fogarty and
Pete (2010) describe a “syllabus of seven” protocols or elements that anchor professional learning
experiences for lasting impact. These elements
include professional learning that is sustained,
job embedded, collegial, integrative (multiformat), practical, and results oriented. Similarly,
Hunzicker (2011) has provided a research-based
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You have one hour to introduce NGSS to an
audience with very little familiarity. Since your
goal is to introduce NGSS, you will want
to focus on activities in Chapter 5. To allow
participants to engage immediately with the
standards, you use Activity 1 for the first
20 minutes. After participants have had a
chance to examine and discuss a standards
progression, you use Activity 3 to help
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Planning a Professional Development
Experience Using This Book
Our intention in this book was not to provide
a “one size fits all” series of professional development activities that can be done sequentially.
Instead, we hope to provide a collection of activities that can be packaged in different ways to
meet a variety of needs. As a result, your first
step in designing any experience using this book
is to clearly define your audience and purpose.
This will allow you to select appropriate activities to use within a professional development
plan consistent with the four guideposts: coherent, integrated, engaged, and practical. Table 2.1
(pp. 8–13) provides a summary of each activity.
In each of the three examples below, a variety
of activities from this book are used to meet the
needs of different audiences.

You have three hours with a mixed group of
administrators and educators. Since you
are working with a group that includes
administrators, you decide to focus on the
impact of NGSS on the scope and sequence
of science curriculum. You also know that
many in attendance are not familiar with the
NGSS. Therefore, you begin the session with
Activity 4 to help participants understand
the structure of NGSS and the conceptual
shifts made in the standards. You then split
the group into elementary, middle, and high
school teams. You use Activity 15 with the
elementary group and Activity 17 with the
middle and high school groups so that they
can all be engaged in exploring possible
course sequences.
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participants understand the structure and
organization of the NGSS. At the end of the
session, you use exit slips to collect feedback
from participants.

Ed

checklist that can be used as a planning tool for
designing effective professional development.
Hunzicker’s checklist consists of five categories:
supportive of the needs of individuals and school
or district goals, job-embedded, “instructional
focus,” collaborative, and ongoing. Figure 2.1
(p. 5) combines these characteristics of effective
professional development into four guideposts to
assist you as you plan professional development
for implementation of the NGSS.

6

3.

You have monthly meetings with your science
team. You work closely with these teachers on a regular basis and know that they
already have an introductory understanding
of NGSS. Therefore, you begin the year with
Activities 8, 5, and 6 to have teachers selfassess (Activity 8) their understanding of
the practices and to begin discussions about
the role of science and engineering practices
(Activities 5 and 6).You then use additional
resources (such as NSTA’s NGSS webinars)
to continue to focus on explanations and
argumentation (science and engineering
practices) with classroom implementation.
After working on this for a few months, you
can use Activity 19 to start collaborating on
developing performance assessments.
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