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Preface

history. This book began in March 2012, when, as I was in final preparations for

my book The Case for STEM Education: Challenges and Opportunities (2013a),  had
dinner with Greg Pearson, a senior scholar at the National Academy of Engineering.
Greg had reviewed The Case for STEM, so I summarized the chapters and, of course,
my responses to his suggestions. That book expanded on various themes, such as our
“Sputnik moment,” and helped the reader clarify his or her own perspective on STEM
education. While I provided information and suggestions, my goal in writing the book
was to help others understand the context and perspective for STEM-oriented educa-
tion reform. I explained all of this to Greg with great enthusiasm. After a few minutes,
he asked, “Aren’t you going to say what you would do?” He asked what I would
say if others asked about my ideas for STEM education, so I talked about the need
for a discussion of curriculum materials related to STEM domains, an emphasis on
contemporary challenges, and an orientation that differs from, but complements, the
discipline-based programs in most schools. Greg told me I had to include my ideas in
The Case for STEM Education.

When I returned to work on that manuscript, I tried adding these innovative ideas,
but it just did not work. In The Case for STEM Education, I developed the theme of help-
ing others think through and strengthen their STEM programs. That theme was offset
by adding several final chapters that proclaimed, “Here is what I would do.”

This book —STEM Education Now More Than Ever—does present my ideas. These
ideas about STEM differ from other approaches, but I try to present a reasonable view,
one that is timely and will have value in the coming years. Let me continue with a
discussion of this book’s development.

This book was conceptualized during that original discussion with Greg; however,
the book’s development took much longer than anticipated. After doing some initial
work on a new STEM book, I engaged in other projects. From time to time, I would
work on the manuscript, but not with a clear focus or deadline. My other projects
resulted in the books Translating the NGSS for Classroom Instruction (2013b) and The
BSCS 5E Instructional Model: Creating Teachable Moments (2015).

During this period, I kept an eye on various publications, meetings, and projects
related to STEM education. In my view, however, many STEM initiatives suffered from
one significant shortcoming: They used the acronym in broad and ambiguous ways.
Basically, STEM had become a slogan. Recognizing this shortcoming did not mean that
STEM education lacked potential and an important role in American education, but
STEM education’s potential and role were not clear, at least to me.

All of this changed with the election of Donald ]. Trump as the 45th president of the
United States. I realized then that the aspirations and innovations I had considered all
came together in this urgent time for STEM education.

The development of this book from idea to its current form has an interesting
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Preface

The ideas I present in this book provide something of a corrective measure for the
weaknesses I perceive in STEM education. My enthusiasm and motivation center on
responses and remedies to concerns that emerged during the presidential campaign —
for example, I was appalled by the disdain displayed toward women, minorities, and
individuals with special needs. From a STEM point of view, I was especially dismayed
by the misuse of evidence, assaults on the integrity of the STEM disciplines, dismissal
of the contributions of science and engineering (many supported with government
funds), and the disregard for civil discourse.

Now more than ever, we need a reminder of the documents and themes that have
made America great, as well as ways to address STEM issues at the local, national, and
global levels and emphasize how essential education is to a strong citizenry. These
themes lead directly to STEM education and the need to address questions that guide
the development of programs and practices for the 21st century. The additional chal-
lenge for me was to address all of these needs with a positive, constructive, and diplo-
matic approach. So, here is a summary of the result.
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Part 1 of this book provides a context for contemporary STEM education, my
response to President Trump’s rhetoric and reasoning about STEM-related issues, and
my motivation for writing this book. I do believe there is a new and urgent need for
STEM education, and that need emerged from numerous challenges that arose from
the 2016 presidential campaign and the new administration. STEM education must
express new aspirations that complement traditional approaches to the respective
STEM disciplines.
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Preface

In Part 2, chapters on the Enlightenment, the Constitution, democracy, citizenship,
and American science and technology serve as reminders of the effects that STEM
disciplines have had on America’s foundational ideas and values and how these con-
cepts extend to education, including contemporary STEM education. Although these
chapters do not look or seem like typical chapters in a book on STEM, they are timely
and useful as background for understanding why this book on STEM education has
the theme “Now more than ever.” Please read these chapters and think about these
foundational ideas and values and their implications for STEM education in general
and the recommendations I make in this book in particular.

In Part 3, I address the question, “What should we do to advance STEM education?”
The chapters in Part 3 move beyond contemporary politics and center on the pur-
poses of STEM education and constructive recommendations for the translation of the
purposes into curriculum units. Rather than present a large, all-encompassing view,
I make what I hope are practical recommendations: Begin with design and develop
STEM units for the classroom, then use the development of those units as the basis for
teachers’ professional learning. The chapters in Part 3 direct attention to the simulta-
neous need for instructional materials and professional development. I recommend
that teachers engage in a series of
working seminars with the aim of
developing STEM units for their
use. The working seminars also are
designed as complementary profes-
sional learning experiences.

Part 4 provides a brief but impor-
tant conclusion for the book. The
first chapter in Part 4 answers ques-
tions about the themes and recom-
mendations from prior chapters,
and the book’s final chapter dis-
cusses the need for leadership by
classroom teachers and the STEM
education community.

This book draws on my past
themes and works that some read-
ers may recognize. I do not apolo-
gize for this use of previously stated
ideas and publications. For STEM
Education Now More Than Ever, the
ideas have a new context and are
timely in how they address the challenges faced by STEM teachers and the community.

As we navigate these unconventional and uncertain years, I hope this book will
provide a guide for a positive and constructive response by the STEM education
community.
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DESIGNING INNOVATIVE
STEM UNITS

hat would be emphasized in innovative STEM units? What content would
Wbe central to the STEM units? What learning outcomes would be in the

foreground of STEM units? Questions such as these move our discussion
to criteria for the design of instructional materials for STEM.

Answering questions about the design of innovative STEM units raises other funda-
mental and provocative problems about how best to educate students so they become
informed citizens. Although one might wish otherwise, the current education sys-
tem would probably reject a massive reform that might be perceived as an either/
or proposition, such as, “Either we have the current discipline-based system, or we
have a system of STEM education.” In this chapter, I argue that it is possible to view
the situation from a both/and perspective. The latter seems possible if one thinks of
reasonable (that is, small and manageable) segments of school programs that may be
devoted to innovative STEM units. Abstract discussion of STEM in national policies
without attention to concrete education issues may be interesting, but the details of
state standards and assessments warrant variations on school programs and teachers’
classroom practices.

My proposal acknowledges the central place of traditional disciplines; the reality of
schools, teachers, teaching; and a means of advancing STEM education. Addressing
this innovation requires an educational approach that places life situations and STEM-
related issues in a central position and uses the four disciplines of STEM to understand
and address life problems. This has been referred to as context-based science education
(Fensham 2009) and could easily be represented as context-based STEM education.
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My proposal centers on creating instructional units that are based on contempo-
rary issues with contexts that have meaning for students and relate to life situations
they may confront. These instructional units would vary in length for the elementary,
middle, and high school levels —at a minimum, two, four, and six weeks at the respec-
tive levels. Although the units would present an innovative approach to STEM-related
issues, however, the units could be introduced in the respective STEM disciplines in
current school programs, so this is not a complete reform of STEM education. The
units could be designed and supported by the professional development of teachers
who would implement the units.

It would deviate from the norm to use innovative instructional units as the basis for
introducing STEM as an integral component of the education system, but the fact that
the units are brief and can be accommodated within current programs makes the goal
achievable. This approach would be a positive and constructive response to classroom
teachers’” request for instructional materials that both exemplify the innovation and
are easy for them to implement. In fact, as mentioned above, I propose that teams of
teachers develop the units with the support of professional learning experiences (NRC
2015).

A Strategy for the Design and Development of STEM
Units and Professional Learning for Teachers

American education has a long history of large and small innovations that have
influenced policies, programs, and practices. We have witnessed numerous such
innovations in recent years, and STEM education is one area that holds promise for
improving students’ interest and achievements. Unfortunately, we also have devel-
oped a perspective that all of these innovations carry the same importance and that
our work is finished once we have implemented the new ideas. First, the innovations
of national standards, for example, cannot be equated with other innovations because
they are dominant organizers that influence curriculum development and implemen-
tation; however, they are not the curriculum itself. We cannot assume that because we
have standards and assessments, we are finished with the work of improving educa-
tion. We are not. The steady work of reform is closer to the beginning than to the end,
and curriculum is an essential component of improving education.

Table 13.1 identifies strategies that center on curriculum and use a systemic perspec-
tive to move the community of STEM educators through the period of transition. Table
13.1 and the paragraphs that follow address six points and provide some recommen-
dations for initial discussions about innovative STEM units. The suggested activities
are meant to introduce the ideas of STEM, provide contextual emphasis, demonstrate
the content and processes of STEM, and illustrate how to design units that would
complement other state and local goals. The purpose is not to design STEM units but
to introduce and explore the ideas of STEM units at state and local levels. The design,
development, and implementation of STEM units provide the context for the strategy.
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DESIGNING INNOVATIVE STEM UNITS

Table 13.1. Introducing the Idea of STEM Units in Education:
Strategies for State and Local Leaders

Activity

Goal

Central Questions

Initiating a dialogue of STEM
education and possible units
with key personnel (i.e., teams
of classroom teachers and
professional developers).

Engage in a preliminary
discussion of STEM education.

What is STEM education? What
are the implications of STEM
education for curriculum in our
state? District? School?

Defining the goals for STEM
education.

Clarify the major goal for
instructional units for STEM
education.

What do we wish to achieve
through STEM-related
instructional units?

Committing to state standards
and the development of STEM
units appropriate for teachers,
schools, and students.

Identify the context that
STEM units should use and
the competencies they should
emphasize.

What has the state already
agreed that all students should
know and be able to do?

Deepening understanding of
STEM and the processes of
developing instructional units.

Challenge and clarify
fundamental conceptions of STEM
education and the implied units.

Have we thought about the
role of STEM units in our state?
District? School?

Increasing the coherence of
STEM education in the school
curriculum.

Achieve greater alignment among
components of the STEM units and
between the current curriculum
and the education system.

How can we achieve greater
alignment between the proposed
STEM units and the education
system?

Monitoring progress.

Provide feedback about the role of
STEM curriculum to inform state,
district, and school decisions.

How are we doing so far? What
do we have to do now?

Initiating a Dialogue

I recommend having an initial dialogue about STEM education in general and the
implications for the proposed units in particular. The dialogue should include teachers,
schools, districts, and state leaders in the education system. The Case for STEM Educa-
tion: Challenges and Opportunities (Bybee 2013a) and this book provide a basis for the
dialogue.

Defining Goals

When the discussion turns to the purposes or goals of the STEM units in the context
of the state, district, or school, people may mention STEM literacy, preparation for
college and careers, workforce skills, higher achievement on assessments, and citizen-
ship. Follow this discussion with additional questions: What do these terms mean?
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What do they imply for the curriculum at different grades? For different instructional
strategies? For professional development of classroom teachers?
Here is a statement that you could use to initiate the discussion:

By the year 2021, students in our (state, district, or school) will demonstrate compe-
tencies when presented challenging STEM-related situations. Students in grades
K-12 will develop competencies and have opportunities to learn content and prac-
tices that will prepare them for responsible citizenship, further learning, and produc-
tive employment in our knowledge economy.

Committing to State Standards and STEM Units

This goal statement invites several questions worthy of discussion and clarification as
the teams commit to developing STEM units:

* Is the year 2021 a reasonable endpoint for accomplishing these goals?

* How are competencies defined?

* What are challenging STEM-related contexts?

* What content and practices will help students become responsible citizens?

¢ How do state standards inform the discussion and decisions about STEM
units?

Deepening Understanding

The decision to improve STEM programs through the design and implementation
of units can facilitate discussions that result in deeper understanding of content and
pedagogy. These discussions may surface fundamental misunderstandings about
standards, curriculum, and the improvement of education systems. I have identi-
fied several misconceptions about the role of curriculum in standards-based reform
in Figure 13.1. School leaders can address these and other likely misunderstandings
through professional development that complements the STEM units.

Increasing Coherence
In many education situations, there is a lack of coherence among essential compo-
nents of the system. For example, some content and activities of current instructional
materials may not align with widely used assessments, and teacher preparation and
professional development may not align with state and local frameworks. Further-
more, some initiatives, such as vouchers and charter schools, focus attention on issues
that may vary from the central components of the instructional core, such as content,
curriculum, and teachers” professional knowledge and abilities.

The discussion of STEM units should address the challenge of increasing coher-
ence through alignment of learning outcomes with teachers” needs, local priorities,

National Science Teachers Association
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DESIGNING INNOVATIVE STEM UNITS

Figure 13.1. Misconceptions About the Role of Curriculum in
Standards-Based Systemic Reform

o Curriculum and instructional materials are the same.
Standards and curriculum are the same.

Standards and other education innovations have equal value.
Science, technology, engineering, and mathematics practices are only instructional strategies.
Standards can be met by selecting the right instructional materials.

and state standards. To be honest, there will be necessary trade-offs when you try to
achieve complete coherence.

Monitoring Progress

The final step in the strategy seems like an obvious one. We need to monitor progress
and provide feedback about various components of the system. Our usual approach
emphasizes assessment of student learning, so states have implemented assessments:
At the national level, we have the National Assessment of Educational Progress, and at
the international level we have Trends in International Mathematics and Science Study
and Programme for International Student Assessment. The evaluation of students’
opportunities to learn the valued content in STEM education would be an essential
complement to assessments of student achievement.

To conclude this discussion of STEM units, I want to note that instructional materi-
als have an important but sometimes neglected role in STEM education. The process
of developing and implementing STEM units requires a systematic approach that rec-
ognizes state standards and sets in motion the creation of a strategy that attends to
the varied components of the instructional core and their interactions in the education
system.

Design Criteria

Innovative changes implied by this discussion of STEM education should be initiated
through curriculum units that demonstrate a different curriculum emphasis within
the K-12 program. I am using the term curriculum emphasis as proposed by Doug
Roberts (1982), meaning that curriculum includes a focus on the competent appli-
cation of knowledge and abilities to potential life situations and the responsibilities
of citizenship. Units should be interdisciplinary and involve problems or situations
appropriate to students” ages and grades. The primary outcomes center on the devel-
opment of competencies and the consideration of the outcomes of different solutions.
This proposed emphasis would be a modest but achievable change. Design specifica-
tions for the units are presented in Figure 13.2 (p. 104).
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Figure 13.2. Design Criteria for Innovative STEM Units

The proposed STEM units should

« be based on learning research described in several NRC reports, such as How People Learn (NRC
2000), and Taking Science to School: Learning and Teaching Science in Grades K=8 (NRC 2007);

« use an integrated instructional sequence such as the 5E Instructional Model (Bybee 2015);
« be developed using backward design (see Wiggins and McTighe 2005);

« use contextual issues related to STEM as the central themes for units;

» emphasize competencies;

« include opportunities to develop skills for the 21st-century workforce (NRC 2010);

« present units lasting at least two weeks for elementary school (K-5), four weeks for middle school
(grades 6-8), and six weeks for high school (grades 9—12); and

« be field-tested and revised based on feedback and evidence of effectiveness.

Approach for Developing a STEM Unit

The unit should begin with a contextual challenge or problem that engages students.
The challenge should be appropriate to the students’ ages, grade, and developmental
stage and may center on one of several contextual areas cited in prior chapters or
a problem identified by teachers. As students explore options and gain an under-
standing of the problem, the materials should introduce or “reach out” to the respec-
tive STEM disciplines. This process allows students to identify and apply knowledge
and skills to the problem. The knowledge and skills that students would identify and
apply in units should be taken from various documents, such as state standards and
the NAEP’s Technology and Engineering Literacy Framework. Figure 13.3 presents a
framework with the central emphasis of contextual problems and the possible connec-
tions among STEM disciplines.

Innovative changes implied by this discussion should be initiated using curriculum
units that demonstrate a curriculum emphasis different from that of most current K-12
programs. Such changes take advantage of opportunities that exist within many com-
munities and current school programs, so making this shift should be a modest but
achievable change.
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DESIGNING INNOVATIVE STEM UNITS

Figure 13.3. A Framework for STEM Units

S TECHNOLOGY
NAEP 2009 Framework « ITEA standards
Next Generation Science Standards « NAEP 2012 Framework
State standards for science for Technology and
Engineering literacy - State standards for
technology
1
CONTEXTS
Life and Work Situations That Involve STEM
(e.g., environments, resources,
health, hazards, research frontiers)
\4
MATHEMATICS < ENGINEERING
Common Core State Standards « Next Generation
NCTM standards Science Standards
NGSS Practices « NAEP reports
. State standards

Conclusion

In this chapter, I discussed an innovative strategy for the design, development, and
implementation of STEM units. I described the strategy for state and local leaders and
highlighted the critical connection between the development of instructional materials
and the professional learning of STEM teachers. This forms the basis for the discussion
in Chapter 14 about developing innovative STEM units.
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was a call to confront pressing challenges and opportunities

in science classrooms. This new book is a call to action at a
time when the integrity of STEM disciplines is under assault. Now
more than ever, he writes, America needs to recognize the place of
STEM education in the cultural, political, and ethical life of students
as future citizens. But to make this possible, science educators must
address important questions that will guide the development of their
programs and practices throughout the 21st century.

Rodger W. Bybee’s 2012 book The Case for STEM Education

STEM Education Now More Than Ever is organized into four wide-
ranging, thought-provoking sections:

e Part 1 asserts the need for a new and urgent case for STEM
education in light of the 2016 presidential election and chal-
lenges voiced regarding science’s validity.

e Part 2 discusses the Enlightenment, the U.S. Constitution, de-
mocracy, and citizenship as reminders of the effects of STEM
disciplines on America’s foundational ideas and values.
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pore Than Ever

e Part 3 moves beyond contemporary politics to center on
the purposes of STEM education and provide recommenda-
tions for translating those purposes into practical improve-
ments. Bybee suggests newer, faster ways to help teachers
develop relevant STEM units for their classes.

e Part 4 concludes the book, answering questions raised in
prior chapters and asserting the need for classroom teachers
and the STEM education community to be strong leaders.

Having been in science education for more than 50 years and
written six NSTA Press books, Bybee draws on past themes that
readers may recognize. He explains that “the ideas have a new
context and serve as timely applications for the challenges STEM
teachers and the community face.” STEM Education Now More
Than Ever is his positive and constructive response for the STEM
education community as it navigates these unconventional and
uncertain years.
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