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Preface

TEM is, to say the least, very popular. The acronym is used in the media as a ref-

erence to any or all of the respective disciplines —science, technology, engineer-

ing, and math. Educators use the STEM acronym when referring to a range of
experiences, from a singular activity to the curricular emphasis of a school. Although
quite popular, the acronym also is highly ambiguous. How exactly does STEM relate
to a state’s, district’s, or school’s programs and a teacher’s classroom practices?

A majority of states have adopted new standards for science. But in apparent con-
trast with the widespread interest in STEM, there are few curriculum programs actu-
ally aligned to these new standards. What follows is a summary of that situation.

The release of A Framework for K-12 Science Education (the Framework; NRC 2012) and
the Next Generation Science Standards (NGSS; NGSS Lead States 2013) signaled a new
set of innovations for science teaching. Briefly, the innovations included the following:

* Teaching to three dimensions — science and engineering practices,
crosscutting concepts, and disciplinary core ideas;

* Having students engage in explaining natural phenomena and solving
design problems;

* Introducing science practices and crosscutting concepts in ways that include
engineering and the nature of science;

* Including units or yearlong programs based on coherent learning
progressions; and

* Making connections to the Common Core State Standards in mathematics and
literacy (NGAC and CCSSO 2010).

The major innovations in contemporary state science standards like the NGSS pres-
ent a complex array of changes for curriculum and instruction, and especially for the
many curricular decisions made by classroom teachers and professional learning com-
munities (PLCs). Some of the innovations directly relate to STEM disciplines. (This
includes, for example, the practices of engineering design and using mathematics and
computational thinking). Unfortunately, in some cases, the complexity of standards
resulted in the omission of some innovations as they were translated to instructional
materials. Here, the role of crosscutting concepts serves as a significant example.

In other cases, states omitted specific standards or did not adopt the NGSS because
they included politically (but not scientifically) controversial topics, such as biological
evolution and global climate change. The misperception that new science standards
were national mandates also resulted in fewer states adopting the NGSS. However,
most states did adopt new science standards that were influenced by the Framework
and NGSS.

The Framework and NGSS created a demand for instructional materials and profes-
sional development for classroom teachers. But the supply of instructional materials
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Preface

and opportunities for learning about the curriculum reform implied by the new stan-
dards was marginal at best. Now, it is approaching a decade since the Framework’s
release, and there is still a significant need for clarification and concrete discussions
about the new directions for science education, especially in reference to instructional
materials for grades preK-12.

I wrote STEM, Standards, and Strategies for High-Quality Units with individual teach-
ers, teams of teachers in PLCs, and professional development providers in mind. My
thinking and subsequent approach for the book developed from a series of questions.
First, what has the highest priority within states—STEM or science? I think the accu-
rate answer is science. In large measure, this answer is supported by the fact that states
align assessments with the new science standards. But doesn’t STEM present a unique
opportunity to address some other priorities and issues of educational and public
interest and support? To this, I answer yes. So wouldn’t it be efficient and productive
to find appropriate connections between STEM and science? Educators need not per-
ceive STEM and standards in competition for time and resources; rather, they can be
seen as complementary.

Several STEM-related organizations and the federal government have policy state-
ments recognizing the place of STEM in the education community. I refer you to the
following list:

* STEM4: The Power of Collaboration for Change, a 2019 document authored
by Advance CTE, the Association of State Supervisors of Mathematics, the
Council of State Science Supervisors, and the International Technology and
Engineering Educators Association

* STEM Education Teaching and Learning, a 2020 policy statement from the
National Science Teaching Association

* Building STEM Education on a Sound Mathematical Foundation, released in 2018
by the National Council of Supervisors of Mathematics and the National
Council of Teachers of Mathematics

* Charting a Course for Success: America’s Strategy for STEM Education, released
by the National Science and Technology Council in 2018

These policy statements clearly support STEM in K-12 education programs. How-
ever, the challenge of instructional materials remains. The current marketplace offers
limited examples of high-quality, well-aligned science instructional materials, espe-
cially if one considers variations among states” science standards. There are efforts
currently underway to increase the supply of and access to high-quality science
instructional materials designed for the NGSS. One such effort is the OpenSciEd ini-
tiative, launched by the Carnegie Corporation of New York and supported by other
private foundations. In August 2019, OpenSciEd announced the release of three units.
And in February 2020, two more units were released. The units are publicly available
and were externally evaluated by Achieve’s EQuIP Peer Review Panel. Topics for the
units include thermal energy, metabolic reactions, sound waves, matter cycling and
photosynthesis, and forces at a distance; they are available as print-ready PDFs or
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editable Google documents. This is an encouraging advance for science education in
general; and in particular, it helps meet the need for instructional materials.

As the field awaits a supply of instructional materials to fill the demand, curricu-
lum reform can be accomplished through transitional strategies such as a systemic
approach that requires educators to adapt current curricula or develop instructional
materials and learn new ways of using them.

Putting curriculum reform into practice is a difficult and demanding process that
requires a vision of instructional materials, knowledge of new standards, support for
change, collaboration among teachers to learn, and leadership at different levels in
the educational system. Contemporary state standards incorporate research on learn-
ing and challenge teachers to think differently about learning and teaching content
knowledge and practices of the disciplines. Designing, developing, and implement-
ing a high-quality STEM unit could be an initial transitional step in the process of the
larger challenge of reforming STEM and/ or science programs.

This book describes processes for teachers, teams of teachers, and professional
developers to provide leadership for the design, development, and implementation
of STEM units. The purpose is to present experiences, activities, and information that
may be modified to accommodate unique priorities of classrooms, schools, and states.
I go beyond the rhetoric of reform and offer a plan of action.

Some educators may perceive STEM and state standards as conflicting priorities.
I do not. STEM represents creative and exciting possibilities, whereas new standards
for science are clearly policy mandates for curriculum reform. I propose that STEM
and state standards for science may well represent a complementary relationship with
implications for both school programs and teachers” professional learning.

My proposal addresses an additional priority for the education community: con-
necting teachers’ professional learning to the design, development, and implementa-
tion of instructional materials. Teachers” knowledge and skills have as much of an
effect on student learning as the choice or development of instructional materials
(Chingos and Whitehurst 2012).

As states, school districts, and schools decide to develop and implement STEM
units, there likely will be simultaneous recognition of the need to provide professional
learning experiences for teachers. Teachers may require additional knowledge, skills,
and abilities to develop and implement STEM units —hence the need for professional
learning.

Although professional learning experiences may be designed to support the devel-
opment and implementation of STEM units, they should also address instructional
strategies that promote learning for adults. Some of these strategies also mirror the
methods to be used with students (Loucks-Horsley et al. 2010). The point of emphasis
is that instructional materials designed to increase student learning in both STEM and
science convey teaching largely as a process of provoking students to think, supporting
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them as they work, and guiding them to reach the content and competencies (i.e., the
learning outcomes).

How can teachers learn the strategies and pedagogical content knowledge neces-
sary to effectively implement STEM instructional units? The answer is professional
learning experiences that model the instructional approaches intended for teaching
students. Engaging teachers in the actual development and subsequent implementa-
tion of STEM units will require teachers to think clearly and directly about learning
and teaching STEM disciplines. Professional learning experiences that support the
development and implementation of the STEM units will challenge teachers” current
beliefs about learning and teaching STEM.

So, what is the action plan presented in this book? Briefly, I propose that individual
teachers or teams of teachers in PLCs work with professional development providers
to create and implement a STEM unit. Before you reject this approach as undoable
based on its requirements of time and specific skills, consider the following: As I have
discussed, both STEM and standards have challenges and opportunities, and incor-
porating features of each will contribute to stronger science curricula and teaching
practices. The identifiable challenges to STEM education can be balanced with oppor-
tunities of the Framework and NGSS. For example, the science and engineering prac-
tices, crosscutting concepts, and disciplinary core ideas of the Framework and NGSS
can provide important content and skills, thus reducing some ambiguities of STEM
programs. The NGSS also recommends making connections to math concepts from the
Common Core State Standards. Three of the four disciplines in STEM (science, engineer-
ing, and mathematics) are included in the NGSS, and technology is easily incorporated
as instructional materials and curricular programs are designed and implemented.

Conversely, the complexities of implementing the NGSS can be offset by the options
of different STEM activities. The education community can address innovations
included in new state science standards (for example, engineering design) and even
topics omitted from some standards (for example, global climate change) through the
implementation of integrated approaches to STEM education.

Though I recognize that balancing STEM and standards will not be perfect, this
perspective will help educators with responsibilities for reform to think creatively and
strengthen the implementation of school programs and classroom practices.

In conclusion, U.S. education has a long history of large and small innovations that
have influenced policies, programs, and practices. STEM education is one example
that holds promise of improving students” interest and achievement. Unfortunately,
we have also developed a perspective that all such innovations carry equal importance
and our work is finished once we have implemented the new ideas. First, innovations
like STEM education cannot be equated with other innovations such as the NGSS and
new state standards because the latter are dominant organizers that influence all sig-
nificant components of the educational system. For an innovation such as STEM to be
sustainable, it must be included as part of these significant components. In the case of
STEM, that means connecting to both state standards and the instructional materials
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for school programs and classroom practices. The important point here is that educa-
tors cannot assume that we are finished with the work of making STEM a continuing
aspect of education. The steady work of STEM-based reform is nearer to the beginning
than the conclusion, and integrated STEM units are an essential place to begin the pro-
cess of making STEM a sustainable component of education.

The opportunities for STEM and the responsibilities of implementing state science
standards can be addressed together, creating more coherence and high-quality school
programs and classroom experiences for all students.
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CHAPTER

USING THIS BOOK

An Introduction
and Guide

ture and possible uses of the chapters by individuals, teams of teachers, and

This chapter presents an introduction to the book’s themes and reviews the struc-
professional developers.

CHAPTER OVERVIEW

Purpose: To provide an introduction, background knowledge,

and suggestions about the use of this book for those who plan to
create STEM units

Outcomes: Individual teachers, professional learning community

(PLC) teams, and professional developers will understand

e the book’s major themes;
e the general structure of the book; and
e various options for the use of chapters based on the readers’

available time, needs, and individual school or district
priorities.
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I begin this introduction with a few words about the book’s title, STEM, Standards,
and Strategies for High-Quality Units. I did not include a verb such as developing, pro-
ducing, inventing, or creating after the preposition for in the title. This creates some
ambiguity, which is intentional. The book’s primary emphasis is indeed on the cre-
ation of STEM units and the incorporation of content and practices from state science
standards. However, the ambiguous title conveys a secondary objective; namely, that
developing a high-quality STEM unit also contributes to the knowledge and skills
needed to select or adapt instructional materials.

The Book’s Themes: STEM and Standards
The title STEM, Standards, and Strategies for High-Quality Units summarizes key themes
for the book. What follows are brief discussions about two of these themes.

Why STEM? STEM —which of course stands for science, technology, engineering,
and mathematics —has a significant presence in schools, districts, and states. STEM
has also attained a symbolic recognition in American education. In 2018, the U.S.
Postal Service even released STEM-related postage stamps! (See Figure 1.1.) Despite
this achievement, there still exists a need for clarification of STEM education in the
specific contexts of new college and career-ready science standards, school programs,
and classroom practices.

Figure 1.1. STEM Postage Stamps

Source: U.S. Postal Service, public domain.

Although the acronym STEM is widely used, the meanings attributed to it vary.
For example, it may refer to a single discipline such as science; the recognition of
careers; a robotics competition; connections among the disciplines of science, technol-
ogy, engineering, and math; or all four disciplines, collectively. Moreover, engineering
and technology often are not included in science courses, even though the acronym’s
ambiguity provides opportunities to include topics and approaches that are broader
and deeper than state standards. Nevertheless, STEM is already a part of many school
programs, thus opening the door for greater substance, connections to standards, and
long-term sustainability of STEM education.
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Why standards? Since 2013, a majority of states have either adopted the Next Gen-
eration Science Standards (NGSS; NGSS Lead States, 2013) or approved new science
standards based on the NGSS, most of which include connections to engineering and
mathematics. These standards reflect the influence of Common Core State Standards
(NGAC and CCSSO 2010) and A Framework for K-12 Science Education (NRC 2012).
As mentioned, many of the new science standards clearly include connections to the
STEM disciplines.

The architecture and expected outcomes of the NGSS differ significantly from the
National Research Council’s 1996 National Science Education Standards and state stan-
dards developed before 2013. In the NGSS, science and engineering practices, disci-
plinary core ideas, and crosscutting concepts form the three content dimensions of
learning. The learning outcomes associated with the three dimensions are clearly iden-
tified by means of performance expectations — statements of competency that describe
and integrate the content and skills to be assessed.

A comprehensive instructional program should provide opportunities for students
to develop their understanding of disciplinary core ideas through their engagement in
science and engineering practices and their application of crosscutting concepts. This
three-dimensional learning leads to eventual mastery of the competencies expressed
in the performance expectations.

There is no postage stamp for the NGSS or new state science standards. However,
there is a need for new instructional materials that address the requirements of these
standards. High-quality instructional materials should clearly show how the cumula-
tive learning experiences work coherently to build the competencies. Because most
states have new science standards, it only makes sense to incorporate various aspects
of those standards in STEM activities. Many states have included engineering and
connections to mathematics in the science practices. The fact that Common Core State
Standards includes nonfiction reading and writing and mathematics makes a further
connection to state standards.

The Book’s Themes: Strategies, High Quality, and Units
Why strategies? By definition, a strategy includes the planning and conducting of a
large-scale mission. A strategy can be contrasted with tactics. The strategy (i.e., plan of
action) in this book is for designing, developing, and implementing STEM units that
incorporate content and practices of state standards.

Why high quality? Well, medium, moderate, or “just OK” quality certainly doesn’t
cut it! The approach in this book is based on answering the following question:
What counts as high-quality instructional materials? My answer is this: High-quality
instructional materials are materials that enhance student learning. I included ideas in
this book about student learning, an instructional model, information on the design
and development of materials, and suggestions for improvement of the unit based on
practical experience and feedback from colleagues. In addition, I included evaluative
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criteria based on what is used by the education organization Achieve in its EQuIP ini-
tiative and by EdReports in its 2019 Science Quality Instructional Materials Rubric. These
criteria help to explain what I mean by high quality and what high-quality units look
like in practical terms.

Why units? A unit is a common category of instructional materials, and developing
a unit is doable in a reasonable amount of time. That said, a unit is enough instructional
time to accomplish meaningful change. As the result of creating such material, you—
and perhaps colleagues from your school or district—will have a unit you can use as
well as new understandings and abilities that will help you make the best choice when
selecting a new program, adapting current materials, or creating your own curriculum
materials, depending on your approach to new instructional materials.

Conclusion to Discussion of Themes

I conclude this discussion by clarifying several points about the book’s themes and
outlining its major proposals. First, I propose STEM units of several weeks in length,
rather than entire curricular programs. The rationale for doing this is to begin with
a small and manageable task. Second, the units could be revisions of current science
units. For instance, they could elaborate on activities such as egg drops or building and
testing structures; place-, problem-, or project-based units; and capstone projects. The
challenge with revisions is providing a clear context, as well as addressing appropriate
concepts and practices from STEM disciplines and state college and career-ready stan-
dards for science. Third, the professional learning involved in creating units should
include guidance and analysis of strong curricular models and field-testing of the new
STEM units. Finally, I note that this discussion is an introduction. The chapters that
follow provide more details on the background, goals, and processes of the aforemen-
tioned ideas. One place teachers can begin their work is on the creation of high-quality
STEM units. This book can be the basis for one approach for curriculum reform.

In summation, this book introduces practical ideas for creating STEM units and
directs users through the processes of development. While waiting for the supply of
instructional materials to catch up to the demand, it seems reasonable and logical to
create STEM units that are both doable and usable. Creating these units will also con-
tribute to a teacher’s knowledge and to his or her ability to make informed selections,
modifications, and continued developments to instructional materials. The book is
structured around the topics of leadership, design, development, and implementa-
tion of STEM units. It represents a synthesis of contemporary educational ideas such
as the 5E Instructional Model, backward design, and lesson study. Table 1.1 presents
a graphic summary of the book’s major sections and chapters. Each chapter includes
(1) the purpose and outcomes of the section and (2) a narrative of key ideas. Some
chapters include activities and worksheets (many of which are available on the book’s
Extras page—www.nsta.org/stem-standards-strategies), examples of emerging units,
resources for further information, and references.
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Table 1.1. Organization of STEM, Standards, and Strategies for High-Quality Units
PART I: Your Leadership for Creating STEM Units

Effective leadership requires both a vision and a plan.

Chapter 2: A Vision
This chapter provides a vision for STEM units, setting the stage and introducing the need and rationale for these materials.

Chapter 3: A Plan
Here, you will find a plan to address practical issues of STEM unit development—the who, what, when, where, and budget.

PART lI: Making Decisions About Selecting, Adapting, and Developing STEM
Materials
You have three options for meeting the need for materials aligned with your state’s science standards.

Chapter 4: Clarifying and Assessing Choices
This chapter explains how choices should be clarified and analyzed.

Chapter 5: Recommendations for Selecting and Adapting Materials
Detailed suggestions are provided in this chapter for those who decide to select or adapt STEM units.

PART lli: Beginning the Design of a STEM Unit
High-quality STEM units begin with an architect’s blueprint—you are the architect.

Chapter 6: An Engagement
This chapter covers the preparation of a preliminary design.

Chapter 7: An Exploration
You will now explore the question “What did you already know and what do you want to learn about designing a STEM
unit?”

PART IV: Contemporary Ideas for High-Quality STEM Units
This section will help identify a STEM unit’s critical elements.

Chapter 8: Innovations
This chapter discusses innovations in NGSS and state standards.

Chapter 9: Learning
The focus of this chapter is on how students learn STEM content.

Chapter 10: Skills
Here, you will receive information about 2 1st-century skills.

Chapter | I: Practices
This chapter goes over STEM practices.

Chapter 12: Discourse
Civil discourse in the classroom is discussed in this chapter.

Continued
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Table 1.1. (continued)

PART V: Practical Recommendations for Completing Your Unit Design
It’s time to complete the design. This section will introduce you to two important ideas for the process.

Chapter 13: Using Backward Design
The process introduced in this chapter will increase your unit's quality.

Chapter 14: Using an Instructional Model
This chapter covers the BSCS 5E Instructional Model.

Chapter 15: Completing the Design
In this chapter, you just get it done.

PART VI: Developing a STEM Unit
The STEM unit moves from a blueprint to actual construction, and you are the general contractor
coordinating various parts of the development.

Chapter 16: Science and Engineering in Standards and the Curriculum
You will now review concepts from science and engineering, central disciplines of the NGSS and multiple states' science
standards.

Chapter 17: Planning, Conducting, and Communicating Investigations
This chapter uses two practices as a way to incorporate even more practices into a STEM unit.

Chapter 18: Principles and Processes for Curriculum Development
This chapter introduces principles and processes for developing instructional materials.

Chapter 19: A High-Quality STEM Unit in Practice
In this chapter, a classroom teacher describes a STEM unit that she implemented.

Chapter 20: Developing Your STEM Unit
You will begin work on the specific details of your STEM unit and apply your knowledge and abilities to create the unit.

PART VII: Implementing Your STEM Unit
Construction of your STEM unit is complete. Now it’s time to make changes based on your needs and the
needs of others.

Chapter 21: Lesson Study
This chapter covers planning a lesson study.

Chapter 22: Teaching, Reviewing, Improving
In this chapter, you will implement the lesson study.
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Table 1.1 reveals a detailed description of the book’s structure: an introduction fol-
lowed by sets of chapters on leadership, design, background information, develop-
ment, and implementation of STEM units. There is an underlying logic to the sequence
of chapters. For example, the chapters on design precede those about development.
This is because a well thought out design will enhance the development of units.

The chapters in Parts I-VI are designed for individuals, school teams, and profes-
sional development providers interested in improving their understanding of and
skills with curriculum development, instructional strategies, and assessment methods
in general and the development of STEM units in particular. The chapters build on
knowledge and skills beginning with initial decisions and ending with the implemen-
tation and evaluation of the units. The sequence of chapters and activities is based on
the following:

* Making decisions about your unit

* Getting started with preliminary designs

* Improving the designs using new knowledge and skills
* Developing your unit

* Teaching and improving your STEM unit

As I am well aware of the constraints on individuals, limitations of schools, and
varying priorities of districts, I have not used a time frame for the program. It may be
offered as online work, a series of sessions at professional meetings, or as part of other
opportunities that occur in professional settings. To be clear, the professional learning
is not a single, one-day workshop or lecture. This book is a program for the devel-
opment and implementation of STEM units that involves work across an extended
period of time. Important experiences and processes for the professional learning pro-
gram are listed in Figure 1.2.

Figure 1.2. Outcomes and Processes for the Professional Learning Process

e Establish norms for collaborative work with your professional learning community (PLC).
o (Clarify learning outcomes for STEM units in general and at grade levels.

e |dentify topics and coordinate units across grade levels and courses.

e Review opportunities to address state standards.

e Introduce the BSCS 5E Instructional Model.

o Create design assessments for the STEM units.

e Introduce lesson study.

e Introduce backward design.

e Learn about argumentation in presentations of STEM investigations.

I encourage users of this book (especially individual teachers, professional learning
teams, and professional developers new to the outcomes and processes) to complete
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the chapters’ various exercises, activities, background discussions, and worksheets.
That said, if you already know about components of the overall work and outcomes,
you may find some experiences unnecessary. I do encourage you to keep in mind the
final goal —a coherent, high-quality STEM unit.

Using the Chapters and Activities

A range of individuals and groups may use this book. For those new to the processes
of design, development, and implementation of instructional materials, I encourage
working within a professional learning community (PLC). For those with some experi-
ence, I trust your professional judgment to make decisions about which chapters and
activities will be most helpful.

This book can be used in different ways, depending on your leadership role. For the
following discussion about these uses, I focus on local leaders (e.g., teachers, STEM
coordinators, science supervisors, department chairs, school and district administra-
tors). I encourage teachers to take up the mantle of leadership, especially in rural dis-
tricts. I also focus on individuals who hold leadership roles outside local districts but
who may be directly involved in district initiatives through provisions of professional
development (e.g., state and regional educational leaders, college and university per-
sonnel, members of informal education communities, and specialists in professional
development).

First, some general recommendations. Although teachers and teams may already
have lessons or units on hand, I suggest beginning with new designs and topics. Devel-
oping units “from scratch” opens possibilities for new and creative ideas. This said,
it also works for teachers to begin with currently available materials. Other options
would be to start by searching for open educational resources or available materials to
purchase. If these latter options are used, I still recommend some of the processes in
the program described in this book.

Now, I will list some specific ways for the aforementioned groups to use the book.
For local leaders and PLC teams, I suggest the following:

* Use Part I for initial discussions and to create commitments to develop and
implement STEM units.

* Review the program described in Parts II-IV to identify priorities for
planning and budgeting.

* Consider needs, gaps, and opportunities in your local schools and district.
What do you need to do? Who do you need to talk to? Who will be on
the teams of teachers? What do you need for support? How will you
communicate the program to develop a STEM unit to colleagues and the
community?

* Review chapters to determine what is available and what you might need for
additional background material.
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* Build support and capacity by presenting the program and your plans at
local, regional, and state meetings of informal educators and STEM-related
organizations.

For professional development providers, college and university faculty, regional
leaders, and STEM organizations, I suggest the following uses of this book:

* As the basis of and guidance for creating a course, curriculum, or institute for
the development and implementation of STEM units

* As a way to introduce others in the educational system (e.g., policy makers,
business leaders, and the general public) to the importance of and need for
STEM in education

A Plan of Action for STEM and Standards-Based Reform

I have pointed out the necessity for new instructional materials that address both the
needs of teachers who want to pursue STEM and the requirements of implementing
standards-aligned science curricula. States, school districts, and science teachers look-
ing to fill the demand for such materials eventually realize that their decisions are
limited to selecting commercially or openly available instructional materials; adapting
current instructional materials; or developing new instructional materials. There are,
of course, variations on these options. But in the end, the choices boil down to these
three actions: selecting, adapting, or developing the materials.

In simple and direct terms, this book is a call to action to both the STEM and science
education communities. With support from the extended educational community, I
propose a process that centers on teachers developing STEM units for use in their
classrooms. With guidance and support, the design, development, and implementa-
tion of STEM units will

* complement needed curriculum reforms aligned with new state science
standards,
, . . .
* respond to teachers’ concerns about the relevance of instructional materials,
¢ contribute to teachers’ roles as educational leaders, and
* enhance students’ learning as they become informed citizens.

Typically, as new priorities such as STEM or state science standards are adopted and
put in place, educators select instructional materials aligned with the innovations in
these new priorities. Professional learning may be provided by publishers and school
districts that adopt new curricula programs. Based on my history of work on national
standards and curriculum development projects, my original approach would have
been to wait for curriculum development organizations to partner with publishers
and release new curricula. This response has not been the case since the release of the
NGSS. Even the recent reviews of middle school science instructional materials by
EdReports show the limited supply of high-quality curricula aligned with the NGSS.

While teachers wait for the field to respond and produce better instructional mate-
rials, I propose a different approach—one that recognizes leadership by classroom
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teachers and represents a departure from the continued use of outdated curricula. As
teachers engage in more productive strategies to address NGSS innovations and the
integration of STEM, they also will help build demand for better instructional materi-
als and aligned curricula.

So, what exactly am I proposing? I begin with the basic curricular element of the
proposal. Development efforts would concentrate on STEM units. These units would
be more than a lesson and less than a full program. They would be one- to three-week
integrated instructional sequences for elementary, middle, or high school students.

STEM units could be developed as replacements for current activities, lessons, or
units. They would therefore require only a small increase on time constraints of the cur-
rent system or no increase at all. Moreover, if implemented in current science courses,
these units could address two priorities: STEM and standards. That is, they would
support the content and processes of separate STEM disciplines using the NGSS or
state science standards as a blueprint. This would result in an integrated approach to
STEM. Integrated STEM units could also serve as capstone projects at the end of sci-
ence courses to provide students with opportunities to apply what they have learned
from previous science units. Including these units in current science courses is a first
step toward making integrated STEM a sustainable component both in a district’s sci-
ence program and in the educational system at large.

Who develops the units? My answer to this question is teams of teachers from
school districts, with support from facilitators of professional learning. The approach
combines teachers” professional learning and the development of STEM units.

At this point, I wish to make my position absolutely clear —the proposal is not to
simply have teachers develop STEM units without professional, administrative, and
public support. Most educators recognize the critical role of teachers at the interface
between instructional materials and students; however, other components of the edu-
cational system must also be involved in the process that I am proposing. I am plac-
ing confidence in professional teachers and the providers of professional learning for
teachers. Responsibility also resides in schools, districts, and state administrators to
provide the time and support needed for professional learning.

Conclusion

This book describes the steps that may be taken as individual teachers, teams of teach-
ers, and professional developers elect to design, develop, and implement STEM units
as a complementary option to either selecting instructional materials or adapting cur-
rent materials.

I assume most teachers have the initiative to do as teachers have done for decades —
develop units based on their interests, knowledge, and understanding of their stu-
dents. I also strongly recommend that PLCs use the ideas and approach presented in
this book with teams of teachers within schools and districts. Finally, there is a criti-
cal role for professional development providers to facilitate and guide the creation of
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high-quality STEM units. No matter who is creating these units, they will provide the
education community with an extremely powerful tool —an effective and exciting way
to enhance student learning through STEM and standards.
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planning and carrying out investigations, 93,
93
science differentiated from, 146
in state standards, 146-147
using mathematic and computational
thinking, 95, 95
engineering design, 72, 117
critical features, 146-147
emphasis on, 145-146
processes, 144
in state standards, 146-147
engineering design process, 180, 180
Engineering in K-12 Education (NAE), 145
English language arts (ELA), 73, 90
English language learners, 165
EQuIP, 4, 40, 42
equitable opportunities for learning, 165
equity issues, 165-166
evaluate phase, BSCE 5E model, 121, 122, 127, 130,
181,182, 189
evaluation. See also assessment
of effectiveness of learning experiences, 162
lesson study and, 199
evidence, argumentation from, 97, 98
evidence-based explanations, 136-137, 146, 164
evidence-based solutions, 96
evidence of student learning, 186-187, 200
backward design and, 110, 111, 116, 117, 186
evaluation of unit and, 127, 127, 130
instructional sequence evaluation, 60
preliminary design of units and, 56-57
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Index

example STEM unit, 173-183
explain phase, BSCE 5E model, 121, 122, 129,
177-179, 179, 192
explanations
argumentation from evidence, 97
communicating, 153
constructing, 96
evidence-based, 136-137, 146, 164
of phenomena, 71-72, 96, 136
scientific, 136-138

explore phase, BSCE 5E model, 120-121, 122, 129,

175-176, 176, 191
Extras page, 4, 189

F
feedback, 161-162, 199, 210-211
5D framework, 151-153, 152, 156

5E Instructional Model, 4, 85. See also specific phases

of the model
backward design and, 110, 116-117, 117
as basis for instructional sequence, 186
in developing your STEM unit, 186-187, 189,
189-193

elaborating STEM concepts and practices, 121

engaging learners with questions and
problems, 120

evaluating learners, 121

evaluating the concepts and practices of
learning outcomes, 127

explaining scientific phenomena and
engineering problems, 121

exploring phenomena and problems, 120-121

5D model connections to, 152
integrated instructional sequence
development, 128, 128-130
organizing student experiences, 122, 122
phases, 120-123, 122, 198, 210
revising a lesson and, 210
sample STEM unit and, 174-183
foreground/background recognition, 116
formative assessment, 162, 164
A Framework for K-12 Science Education, 3
connections to designing instructional
sequence, 130
innovations based on, 69-73
investigations and, 150-153, 156
preliminary design of units and, 55

218

selection of instructional materials aligned
with, 40, 42
STEM practices, 89-90, 99
STEM unit structure and, 160-161
use of technology and engineering
summarized by, 146
vision for STEM education, 31-32
Framework for Technology and Engineering Literacy
(NAEP), 144
function, STEM unit, 161
fundamental knowledge, 77

G

goals
defining, 18, 19, 22-23
identifying unit, 126

Great Pacific Garbage Patch, 174-175

H

high quality, meaning of, 3-4

How Civility Works (Bybee), 104

How People Learn: Bridging Research and Practice
(Donovan, Bransford, and Pellegrino), 76-77

hypothesis, 61

|
implementation
of change in instructional programs, 162
lesson study and, 198-201
making commitment to STEM units, 21, 23
of NGSS in STEM units, 166
of sample STEM unit, 173-183
of your STEM unit, 188
information, obtaining, evaluating, and
communicating, 98, 99
initial evaluation, design of, 127, 127
innovations, 69-73
designing solutions, 71-72
engineering design, 72
explaining phenomena, 71-72
incorporation of mathematics and English
language arts, 73
learning progressions, 73
nature of science, 72
three-dimensional learning, 71
inquiry, practices of, 136. See also scientific inquiry
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instructional activities, translating learning
outcomes into, 126, 128
instructional materials
choices for, 35-38, 37
cost-risk-benefit review, 37, 37-38
development, basic principles for, 161-163
goals of, 186
Instructional Model. See 5E Instructional Model
instructional resources, 165, 167
Instructional Rounds in Education (City), 199
instructional sequence
backward design and, 110-111, 116
BSCE 5E model and, 123, 128, 128-130
designing integrated, 128, 168
evaluating integrated, 128, 128-130
evaluation of, 60, 60-62
expanding lesson into integrated, 126
5E Instructional Model as basis for, 186
questions for reviewing, 130
STEM unit development and, 168
of your STEM unit, 187
instructional strategies
STEM practices, 99-100
translating learning outcomes into, 126, 128
integrated instructional units, key features of, 151
interpretations, 60
introducing idea of STEM units, 18-22, 19, 21-23
investigations
communicating results of a STEM
investigation, 155, 156
A Framework for K-12 Science Education and,
150-153, 156
organizing results of, 155
planning, conducting, and communicating,
149-156
planning and carrying out, 92-93, 93
role of practices in a STEM activity, 154-155,
155-156
understanding scientific, 60-64, 63-64

K
knowledge
applying, 79
fundamental, 77
organizing to facilitate retrieval and
application, 77
KWLs, 64, 64
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L
laboratory experiences, 151
language, equitable opportunities for learning
and, 165
leadership, 8, 13-14, 17, 31-32, 162, 212-213
lesson study and, 200-201
by unit developers, 166-167
Leadership (Burns), 31
learning
cognitive perspective on, 76-78
designing STEM units, 79, 80
how students learn STEM content, 75-81
NRC reports on, 76
sociocultural perspective on, 78-79
learning experiences
evaluation of effectiveness, 162
implementation, 162
organization of, 162
selecting, 161-162
sequencing, 186
learning outcomes
alignment of activities with, 164
backward design and, 110-117, 186
as basis for assessments, 186
development of STEM units, 167
evaluating the concepts and practices of, 127
identifying coherent set of, 126
identifying desired, 186
preliminary design of units and, 56-57
principle of instructional design, 186
standards and, 166
statements of, 56-57
STEM practices, 99-100
three dimensions and, 70-72
translating into instructional activities, 126,
128
learning progressions, 73, 164
lesson
as daily activity, 186
expanding to integrated instructional
sequence, 126, 128
as fundamental component of classroom
teaching, 204
observation by peers, 207, 208
lesson study, 4, 197-201, 203-211
descriptions of lesson under study, 206

219

Copyright © 2020 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
TO PURCHASE THIS BOOK, please visit https://www.nsta.org/store/product_detail.aspx?id=10.2505/9781681406268



Index

framework for making observations and
collecting data on a STEM lesson, 208

modified process for, 205-211

observing the lesson, 207, 208

preparing for the lesson, 205

process summarized, 198-199

as professional learning, 204

rationale, 199-201

reteaching the lesson, 211

reviewing the lesson, 209, 210

revising the lesson, 210

structure, 204

teaching a new lesson, 211

teaching the lesson, 207

template for lesson study description, 205

Lewis, Catherine, 198-199

M
mathematics
analyzing and interpreting data, 93-94, 94
argumentation from evidence, 97, 98
asking questions and defining problems, 91,
91
for civic participation, 95
Common Core State Standards and, 90, 136
constructing explanations and designing
solutions, 96, 96
definition of, 178, 179
developing and using models, 92, 92
identifying concepts and processes for your
STEM unit, 188
incorporation into STEM units, 73
obtaining, evaluating, and communicating
information, 98, 99
planning and carrying out investigations, 93,
93
quantitative reasoning, 95
using mathematic and computational
thinking, 94-95, 95
McTighe, Jay, 110
measurements, 61, 151-153
misconceptions of students, 76-78, 121
modeling, definition of, 145
models, developing and using, 92, 92
monitoring progress, 22
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N
National Academy of Engineering (NAE), 145
National Assessment of Educational Progress, 22
National Research Council (NRC) reports on
learning, 76
National Science Education Standards, 3
nature of science, 72, 117, 136, 139-143
Next Generation Science Standards (NGSS), 3, 9-10,
25
backward design and, 110, 111, 116
BSCE 5E model and, 121, 123
connections to designing instructional
sequence, 130
effect on STEM unit, 166
equity and diversity issues, 165
evaluation rubric connecting to, 182
implementation of sample STEM unit
connected to, 174, 180-181, 182
nature of science matrix and understandings
from, 139-143
preliminary design of units and, 55
selection of instructional materials aligned
with, 40, 42-43
STEM practices, 90, 99
STEM unit structure and, 161
vision for STEM education, 31-32
NextGen TIME, 40, 41

o)
observations
framework for making observations on a
STEM lesson, 208
in STEM investigations, 60, 151-153
observing the lesson, 207, 208
opportunities to learn
equitable, 165
multiple and varied, 164
optimization, definition of, 145
optimize, in engineering design process, 180, 180
organizing student experiences, 122, 122

P
Parsons, Seth, 43
performance-based assessment, 110-111, 112-115
performance expectations, 3, 42, 165
backward design and, 110, 111, 116-117
example of middle-school, 72, 72
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NGSS as measure of competency, 70
three dimensions and, 70-72
phenomena
explaining, 71-72, 96, 121, 136, 138
exploring, 120
place-based situation/project, 4, 43, 54, 73, 79,
84-85, 123, 126, 130, 154, 166, 173, 187, 188, 206
plan of action, 9-10, 25-30, 32
big-picture planning, 26-28
clarifying your, 28
planning for specific dimensions, 29, 29
story creation, 27-28, 27-28
time frame for change, 28
trip planning analogy, 26
postage stamps, STEM-related, 2, 2
practices. See STEM practices
preconceptions of students, 76-78
preliminary design, 51-57
connections to state standards, 55, 57
critical questions about, 56-57
discussion questions for, 53, 53-54
dos and don’ts for, 52
evidence of student learning, 57
examples of contexts for, 54
framework for preparing, 55, 55
getting started on, 52
learning outcomes desired, 56-57
place-, project-, problem-based approach, 54
reflecting on your design and making your
ideas public, 56
problem-based situations, 4, 21, 54, 73, 79, 84-85,
122,123, 126-127, 130, 154, 166, 187
problems
defining and clarifying human, 146
defining in engineering design process, 180,
180
defining in STEM units, 90-91, 91
developing solutions to, 146
engaging learners with questions and
problems, 120
engineering and, 146
explaining engineering, 121
planning and carrying out investigations, 93
possible for STEM investigations, 154
proposing solutions to, 120
problem solving, nonroutine, 84-85
professional development, 13, 20, 27, 36-37, 43

Index

cost, 37
leadership by unit developers, 167
program for implementation of STEM units,
213
role in curriculum reform, 162
support for, 214
professional learning, 7, 10, 14, 30, 32, 42, 213-214
lesson study as, 204
outcomes and processes for, 7
professional learning community (PLC)
change in institutional programs achieved by,
162
developmental support from, 186
EQuIP rubric use, 42
lesson study, 198-201, 204, 211
reflection on design, 56, 64
role of practices in STEM activity, 153
use of book by, 8, 10
Program for International Student Assessment, 22
progress, monitoring, 22
progression of knowledge and skills, 72
project-based situation/activities, 4, 43, 54, 73, 79,
123,126, 130, 154, 161, 166, 187, 188, 214
Promising Professional Learning: Tools and Practices
(Bybee, Short, and Kastel), 40
public conduct, civility as a code of, 104

Q
quantitative literacy, 95
quantitative reasoning, 95
questions
about natural phenomena, 136
asking in STEM units, 90-91, 91
clarifying, 18, 19
engaging learners with questions and
problems, 120
KWLs, 64, 64
planning and carrying out investigations, 93
possible scientific for STEM investigations,
154
scaffolded, 42
science and, 146

R

Ready, Set, Science (Michaels, Shouse, and
Schweingruber), 90

reflective thinking, 77-78, 85
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Index

relevancy of educational experiences, 79
resources, 165, 167

reteaching the lesson, 211

reviewing the lesson, 209, 210

revising the lesson, 210

risk, instructional material choice and, 37, 37
Rutherford, F. James, 163

S
sample unit, analysis of, 60-64, 60-64
Sampson, Victor, 155
scaffolded questions, 42
scaffolding
for challenging learning experiences, 79
for learning progressions, 164
Schwab, Joseph, 160
science
analyzing and interpreting data, 94, 94
argumentation from evidence, 97, 98
asking questions and defining problems, 91, 91
constructing explanations and designing
solutions, 96, 96
definition of, 178, 179
developing and using models, 92, 92
engineering differentiated from, 146
identifying concepts and processes for your
STEM unit, 188
investigations, 152, 154
nature of, 72, 117, 136, 139-143
obtaining, evaluating, and communicating
information, 98, 99
planning and carrying out investigations, 93,
93
practices/ processes, 136
using mathematic and computational
thinking, 95, 95
science and engineering practices, 3, 42, 44, 90,
137,137, 146-147, 156
backward design and, 111, 112, 116-117
BSCE 5E model and, 121, 123
evaluation rubric connecting to, 182
example of middle-school performance
expectation, 72, 72
innovations and, 70-72
role of practices in a STEM activity, 154-155,
155-156
scientific explanations, 136-138
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scientific inquiry, 40, 78, 91-92, 136, 146, 151, 179
scientific investigations, understanding, 60-64,
63-64
selecting instructional materials, 36-37, 40-43, 47
self-development, 85
self-management, 85
sequencing, in developing your STEM unit, 186-187
skills, 21st-century, 83-86
adaptability, 84
complex communication, 84
nonroutine problem solving, 84-85
self-management/self-development, 85
systems thinking, 86
socially and culturally situated learning
experiences, 79
sociocultural learning, civil discourse and, 104
sociocultural perspective on learning, 78-79
solutions
argumentation from evidence, 97
communicating, 153
designing, 71-72, 96, 96
developing in engineering design process,
180, 180
optimizing the design, 146
proposing, 120
standards. See also Common Core State Standards;
Next Generation Science Standards (NGSS); state
standards
implementation, 166
long-term positive influence of national, 166
overview of, 3
state standards, 2-3, 9-10, 14, 25, 31, 33, 35-36, 40,
47. See also Common Core State Standards
connecting STEM units and, 20
developing high-quality STEM units, 166
exploring unit design and alignment with,
63-64
fundamental knowledge, 77
innovations and, 70
lesson study and, 200
preliminary design of units and, 55, 57
STEM unit structure and, 161
technology and engineering in, 146-147
STEM, meanings attributed to term, 2
STEM practices, 89-100
analyzing and interpreting data, 93-94, 94
argumentation from evidence, 97, 98
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asking questions and defining problems,
90-91, 91
constructing explanations and designing
solutions, 96, 96
developing and using models, 92, 92
elaborating, 121
obtaining, evaluating, and communicating
information, 98, 99
planning and carrying out investigations,
92-93, 93
using mathematic and computational
thinking, 94-95, 95
STEM units. See units
storyline, 164, 187
strategy, 3
structure, STEM unit, 160-163
student activities, preliminary design of units and,
57
summative assessment, 121, 127, 162, 186
supply and demand, STEM and, 26
system, definition of, 145
systems thinking, 86

T
teaching a new lesson, 211
“Teaching for Civic Engagement” (Colley), 105
teaching STEM unit, as a “field test,” 198
teaching strategies, preliminary design of units
and, 57
teaching the lesson, in lesson study, 207
technology
analyzing and interpreting data, 94, 94
argumentation from evidence, 97, 98
asking questions and defining problems, 91,
91
characteristics of, 145-146
constructing explanations and designing
solutions, 96, 96
definitions, 144-145, 178, 179
developing and using models, 92, 92
history of, 144
identifying concepts and processes for your
STEM unit, 188
obtaining, evaluating, and communicating
information, 98, 99
planning and carrying out investigations, 93,
93

STEM, Standards, and Strategies for High-Quality Units

Index

scientific explanations linked to, 138
in state standards, 146-147
using mathematic and computational
thinking, 95, 95
technology and engineering literacy, 144
themes for book, 2-4
three-dimensional learning, 71. See also
crosscutting concepts; disciplinary core ideas;
science and engineering practices
trade-offs, definition of, 145
transfer of concepts and practices to new
situations, 121
Trends in Math and Science Study, 22
21st-century skills, 83-86
Tyler, Ralph, 161-162

U
Understanding by Design (Wiggins and McTighe),
110, 116, 186
The Understanding by Design Guide to Creating
High-Quality Units (Wiggins and McTighe), 186
unit development, 159-168
units
action plan for developing, 9-10
connecting state standards and, 20
criteria for, 20-21, 21
description of, 4
designing for learning, 79, 80
developing your, 185-193, 188-193
example, 173-183
implementation, commitment to, 21, 23
innovations incorporated into, 69-73
integrated, 10, 32, 126-128
introducing idea of, 18-22, 19, 21-23
length of, 4, 9-10
preliminary design preparation, 51-57
revision of current, 4
sample unit, analysis of, 60-64, 60-64
“Unpacking the STEM Disciplines” (Bess), 174
using chapters and activities of the book, 8-9

\")
vision, 17-24, 31-32

w

WestEd, 14, 40
Wiggins, Grant, 110
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Do you, your school, or your school district want to align your science

curriculum with state standards while meeting the growing demand

for STEM instruction? If so, this is the book for you. It's a guide to
creating coherent, high-quality classroom materials that make standards
and STEM work together in ways that are both effective for learning and
practical for teaching.

The author of STEM, Standards, and Strategies for High-Quality Units is
thought leader and curriculum expert Rodger W. Bybee. He wrote it to
be useful for individual teachers, professional learning communities, and
professional developers. The book offers explicit directions for how these
different groups can use the book’s background information and activities
at each step of developing a standards-based STEM unit. Book sections
discuss the following:

* Making decisions about selecting, adapting, and developing
STEM materials

* Getting started with preliminary unit designs

* Improving your design with new knowledge and skills
* Developing your STEM unit

* Teaching and improving your unit

Throughout the book, Bybee draws on contemporary educational strategies
such as the 5E Instructional Model, backward design, and lesson study.

“Because most states have new science standards, it only makes sense to
incorporate various aspects of those standards in STEM activities,” Bybee
writes. STEM, Standards, and Strategies for High-Quality Units can help you
do this, whether your school is developing a new STEM program, adapting
current instructional materials, or creating new materials of its own.
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