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If you’re an education leader concerned with science, technology, engineering, and mathematics
(STEM) initiatives, this book will help you both understand and implement STEM action plans.
The book starts by putting STEM in context, as the early chapters outline the challenges facing
STEM education, draw lessons from the Sputnik moment of the 1950s and 1960s, and contrast
contemporary STEM with other education reforms. The author then explores appropriate roles
for the federal government as well as states, districts, and individual schools. Finally, the book
offers several ideas you can use to develop actual action plans for STEM. Throughout the book,
author Rodger W. Bybee puts an emphasis on both thinking and acting. That’s why The Case for
STEM Education is a must-read for leaders at all levels: national and state policy makers, state-
level educators responsible for STEM initiatives, college and university faculty who educate
future STEM teachers, local administrators who make decisions about district and school
programs, and teachers who represent STEM disciplines.
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ConclusionReferencesIndexPREFACEAll those who provide leadership in STEM education will
find this book useful. No doubt you are beyond worrying about a precise definition of STEM
because you use the acronym within the context of your work. So, you ask, what is the value of
this book? The value can be found in two of the book’s features. First, the early chapters explore
the history and lessons of reform and explain contemporary STEM in an attempt to make its
complexity clear. In this case, the book provides clarity about STEM and lessons for individuals
at the state, district, and school levels.Second, the book proposes ideas and a helpful process
of strategic and even factual plans for those engaged in improving STEM education at various
levels. The value of this book goes beyond clarifying discussions—it should be used to develop
action plans for STEM education.Those familiar with some of my earlier works—for example,
Reforming Science Education: Social Perspectives and Personal Reflections (1993), Achieving
Scientific Literacy: From Purposes to Practices (1997a), and The Teaching of Science: 21st-
Century Perspectives (2010)—will recognize ideas, themes, and models from those
publications. In many respects, the application of earlier ideas, themes, and models to the
challenges and opportunities of STEM education represents the central theme of the book.This
book should be of interest to national and state policy makers interested in STEM education,
state-level educators responsible for STEM initiatives, college and university faculty who
educate future STEM teachers, local administrators who make decisions about district and
school programs, and teachers who represent STEM disciplines.AcknowledgmentsI could not
have developed the ideas in this book without the ideas and suggestions of many colleagues
and friends. I express a deep and sincere appreciation to Harold Pratt, Mark St. John, and David
Heil for our extended discussions during annual NSTA meetings. For their recommendations
about technology and engineering education, I thank Greg Pearson, Kendall Starkweather, Mark
Saunders, Karl Pister, and Cary Sneider. Celeste Pea provided background on the origins of the
acronym STEM. Working on the Next Generation Science Standards has provided numerous
opportunities to explore my ideas about STEM with Brett Moulding, Peter McClaren, Nicole
Paulson, Rick Duschl, and Stephen Pruitt.Robert Pletka, superintendent of Fullerton Unified
School District, gave freely of his time and insights about a school administrator’s role in STEM



education. Jennifer Jeffries, associate vice president at California State University, San Marcos,
and I had a long discussion about supplemental instruction and STEM education. I must thank
and acknowledge Mike Lindstrom, past executive director of SciMathMN, for several extended
conversations and permission to use his models for STEM. These conversations occurred
during a 2011 policymaker briefing in Minnesota.Being an advisor to the Hands-On Science
Partnership has resulted in several opportunities to discuss my ideas about STEM education
with publishers interested in seeing that teachers and students have materials and equipment
central to learning science, technology, engineering, and mathematics. For these opportunities, I
thank Chris Chopyak, Steve Alexander, and Kathy Workman.Kimberly Jensen from the San
Diego County Office of Education did an excellent job drafting several chapters and established
a foundation for the book. The final drafts were completed by Byllee Simon, who continues to be
my assistant for numerous projects and to whom I am deeply thankful for all she does to make
any project the best it can be.NSTA had the proposal for this book reviewed by very competent
and experienced individuals. When the manuscript was near completion, NSTA had the draft
reviewed. I took all the reviewers’ suggestions seriously and the book is better for their
recommendations. Here, I thank those reviewers: Greg Pearson, Kendall Starkweather, and
Francis Cardo.I express my appreciation to NSTA’s Claire Reinburg, for her continued support of
my work, and Wendy Rubin, for her careful editing of the final manuscript.Finally, Kathryn Bess
has been an inspiration for this work, a source of numerous ideas, and consistently a critical
friend.Rodger W. BybeeGolden, Colorado2013INTRODUCTIONHow I Became Interested in
STEM EducationThe problems I address in this book were initially encountered through a variety
of education workshops, presentations, and endeavors. Educators commonly use the acronym
for science, technology, engineering, and mathematics—STEM—in diverse ways. I was struck
by the contrast of authoritative statements that lacked specificity concerning the meaning of
STEM. For example, individuals would proclaim, “We have a STEM center,” “Our state has a
STEM advisory committee,” or “The district has a STEM program.” Although I understood the
disciplines to which the acronym referred, there seemed to be a lack of clarity about the
meaning of STEM in the different educational contexts. With time, use of the acronym STEM
spread within the education community, and the need for a clarifying exploration of the term
STEM increased.My initial interest in use of the acronym STEM was reinforced on numerous
occasions for more than a year. The problem regarding clarity and meaning seemed to grow
worse as STEM went from an acronym communicating four disciplines to the use of STEM to
describe K–12 education groups, initiatives, programs, or practices. At one level, for example,
one hears policy makers proclaim the need to retain individuals in STEM-related careers. In the
K–12 context, I heard science coordinators proclaim the need to improve STEM courses. For the
latter, it was not clear what might be taught and learned in the STEM course. I began to look for
and ask second and third questions: What is the STEM program in your district? What does your
STEM advisory committee discuss? What is the work of your STEM center? It should come as
no surprise that the answers were sincere but quite varied. STEM referred to whatever the



individual or group was doing. Most often, STEM referred to either science or mathematics.
Much less often did STEM address technology and engineering. When reference was made to
technology, the term usually meant computers and a means of delivering instruction. Technology
is greater than computers and more than a means of teaching.During the period of engagement
and observations about the acronym STEM, I worked on the science component of the Program
for International Student Assessment (PISA). My work on PISA reinforced a long-standing
conviction that K–12 education should contribute to individuals’ life and work as citizens.
Education in the STEM disciplines also should include the application of these knowledge, skills,
and abilities to life situations in STEM-related categories such as health choices, environmental
quality, and resource use. While understanding the concepts and processes of traditional
disciplines certainly contributes to citizens’ intellectual growth, I argue that future citizens need
educational experiences that transcend the traditional boundaries of science, technology,
engineering, and mathematics disciplines. It is not enough to assume that if students know
enough biology, for example, they will make healthy choices. One argument in this book is
simple and straightforward: If we want students to learn how to apply knowledge, their education
experiences must involve them in both learning the knowledge of STEM disciplines and reacting
to situations that require them to apply that knowledge in contexts appropriate to their age and
stage of development. It really is not complicated. STEM initiatives have the potential to provide
these educational opportunities.To be clear, I fully realize that discipline-based knowledge is
essential. However, so are opportunities to learn how to apply knowledge and skills to situations
one confronts in life.With time, these experiences led me to believe that the widespread and
varied use of STEM, current discussions of reform, and long-standing aims of education
deserved to be explored and, I hope, clarified in a book-length discussion of the challenges and
opportunities of STEM education.A Few Words About Definitions and STEM EducationAs STEM
education continues to expand and develop, use of the acronym has been applied to
advertisements, classrooms, competitions, conferences, curriculum, resources, presentations,
workshops, summer experiences, and videos, to name only a few examples. All of these
examples present significant variations in what STEM education might mean and how it might
be defined.There is an interesting paradox I have observed concerning definitions in education:
Many request a definition, and few agree with one when it is presented. So it is with STEM
education. The meaning or significance of STEM is not clear and distinct. There is reference to
four disciplines, but sometimes the meaning and emphasis only include one discipline. In some
cases, the four disciplines are presumed to be separate but equal. Other definitions identify
STEM education as an integration of the four disciplines.In time, I have found it most useful to
read or listen for the context within which STEM is being used. In a sense, the context clarifies
the meaning of STEM. It may be four separate disciplines, as in “We need more individuals
entering STEM careers,” or a general category, such as “The teachers had STEM experiences in
industries this past summer.”For the purposes of this book, I begin with these separate but
related goals. Education should contribute toa STEM-literate society,a general workforce with



21st-century competencies, andan advanced research and development workforce focused on
innovation.The broader category, which applies to everyone, is STEM literacy, which refers to an
individual’sknowledge, attitudes, and skills to identify questions and problems in life situations,
explain the natural and designed world, and draw evidence-based conclusions about STEM-
related issues;understanding of the characteristic features of STEM disciplines as forms of
human knowledge, inquiry, and design;awareness of how STEM disciplines shape our material,
intellectual, and cultural environments; andwillingness to engage in STEM-related issues and
with the ideas of science, technology, engineering, and mathematics as a constructive,
concerned, and reflective citizen.This defines STEM literacy, a goal of STEM education. This
goal has to be translated into policies, education programs, and, finally, the concrete practices of
teaching. The contexts will vary as appropriate for formal and informal education; states,
districts, and schools; K–12 and postsecondary education; and different grade levels, among
other variables.I hope the chapters in this book give direction to STEM education, if not a
definition. That direction will be played out through leadership at the state, district, and school
levels through policies, programs, and practices. To the degree this occurs, the education
community will progress beyond Humpty Dumpty’s view expressed to Alice in Lewis Carroll’s
Through the Looking Glass: “When I use a word,’ Humpty Dumpty said in rather a scornful tone,
‘it means just what I choose it to mean neither more or less’” (Carroll [1872] 1999, p. 57).My
Aims for This BookMy goals for those who read the book are to (1) develop an understanding of
the historical and contemporary contexts of STEM reform and (2) provide some practical
guidance and suggestions for STEM reforms that are appropriate to varied contexts—states,
districts, schools, or classrooms. In addressing these aims, the book can be viewed in two parts.
The first chapters present historical and contemporary contexts of STEM education. The latter
chapters provide some practical suggestions as individuals become engaged in the reform of
STEM education.The first chapter discusses contemporary challenges of STEM education. The
chapter describes several challenges and presents a model I introduced in earlier publications—
the 4Ps of purpose, policy, programs, and practice—as a way to understand the various
dimensions of STEM education. I return to this model in Chapter 10 and use it as a practical way
to develop a plan of action for STEM education.The second chapter reviews the Sputnik era and
reforms of the STEM disciplines. The chapter includes the national mission and insights specific
to educational reform. I include this historical discussion because Sputnik has been presented
as a metaphor for the current era of education reform. This chapter is based on earlier work
completed in 1998 while I was at the National Academies.The third chapter sets the stage for
the later chapters by describing several unique features for the STEM reform. The chapter
addresses the themes of globalization and current STEM-related issues, 21st-century workforce
skills, and the continuing pipeline of needs for scientists, engineers, computer scientists, health
care workers, and other professionals.Chapter 4 answers the question, How is STEM education
reform different from other education reforms? The chapter discusses four themes as an answer
to the question:Addressing global challenges that citizens must understandChanging



perceptions of environmental and associated problemsRecognizing 21st-century workforce
skills andContinuing issues of national securityChapter 5 provides an overview of 35 reports and
articles that discuss STEM education. I have tried to move beyond the obvious point that STEM
is used in many contexts with a variety of meanings and identify underlying and recurring
themes that may be important.Chapter 6 presents five policy recommendations for the federal
government. This chapter is a response to a federal mandate to review STEM initiatives across
federal agencies and coordinate, if not consolidate, various programs. This chapter provides an
opportunity for me to make recommendations at the national level, as the remainder of the book
addresses the state, district, and school levels.Chapter 7 presents a framework and concrete
way to begin thinking about STEM programs and practices.Chapter 8 presents different
perspectives of STEM education. I have heard or seen all of these perspectives, and it is highly
likely there are more. These perspectives have been helpful to me, as they identify the meaning
of STEM for those in leadership positions and certainly clarify discussions of policy and
programs. My point is not to criticize or suggest one perspective. The idea is to help others
recognize their perspective as they toil in the STEM fields.Chapter 9 addresses a critical point
that I have often heard. When taking a programmatic curricular view, does STEM imply an
integrated perspective? Beginning with a view of separate STEM disciplines, the chapter
progresses to a variety of ways that the STEM disciplines might be integrated. If you are thinking
about an integrated approach to STEM, this chapter should help with the next steps and
program design.The final chapter will help you develop an action plan by considering critical
factors such as the unit of change, resources, components, and support for STEM education.
The plan should address the way you initiate, implement, bring to scale, and sustain STEM
education, as well as how to evaluate the results. Finally, I return to the 4Ps and ask you to
answer questions that help formulate specifics of an action plan for STEM education. Each
chapter ends with several discussion questions for those conducting seminars, classes, or
professional development workshops.CHAPTER 1What Are the Challenges for STEM
Education?If you are reading this sentence, you probably have an interest in STEM education.
So, suppose you had to answer this question: What is STEM education? How would you
answer? As you formulated the answer, what was the context of your viewpoint? Was it national
policies, state standards and assessments, school programs, classroom practices, or something
else?As you answered the question, how did you think about STEM? Did you primarily think
about a school discipline such as science or mathematics? Or did you consider four separate
disciplines: science, technology, engineering, and mathematics? Or did you consider integrating
two, three, or all four STEM disciplines?Your point of view on STEM education quite likely was
influenced by where you work, what you do, and your obligations. To state the obvious, the views
individuals have of STEM education vary and are a function of their roles in the education
system.A FIRST LOOK AT STEM EDUCATIONOrigins of STEMContemporary STEM originated
in the 1990s at the National Science Foundation (NSF) as an acronym for science, technology,
engineering, and mathematics. Here is a discussion I can imagine occurred. The first acronym



proposed was SMET, representing the same disciplines but with an inescapable negative
association with the word smut. So, the discussion continued with the question, “What acronym
can we use for mathematics, engineering, technology, and science?” The answer was METS.
Would this work? Then an insightful baseball fan responded, “No, that is a National League
baseball team in New York.” “Okay, how about STEM?” “Yes, that works.” We will only have to
worry about confusion with stem cell research. The acronym was subsequently used to describe
various NSF initiatives and programs. STEM thus had quite a simple yet functional origin.When
STEM first appeared in education contexts, it caught the attention of several groups. Botanical
scientists were elated, as they thought educators had finally realized the importance of a main
part of plants. Technologists and engineers were excited because they thought it referred to a
part of the watch. Wine connoisseurs also were enthusiastic, as they thought it referred to the
slender support of a wine glass. Finally, political conservatives were worried because they
thought it was a new educational emphasis supporting stem cell research. Actually, none of
these perceptions of STEM meet the current use of the acronym for science, technology,
engineering, and mathematics education.The term STEM education is now widely used, but
what does it mean, and how might it influence American education?Confusion and Critics of
STEMA 2010 survey on the perception of STEM found that most professionals in STEM-related
fields lacked an understanding of the acronym STEM. Most respondents linked the acronym to
stem cell research or plants (Keefe 2010). Once again, the education community has embraced
a slogan without really taking the time to clarify what the term might mean when applied beyond
a general label. When most individuals use the term STEM, they mean whatever discipline they
meant in the past. So STEM is usually interpreted to mean science or math. Seldom does it refer
to technology or engineering, and this is an issue that must be remedied if STEM education is to
have a positive influence on American education.As STEM has become one of the newest
slogans in education, some critics have noted its ubiquitous and ambiguous use (e.g., Angier
2010). Although the editorial by Natalie Angier accurately addresses a variety of issues, I
contend the STEM train has left the station, and the challenge of stopping it and backing it into
the station until there is consensus on the definition, meaning, and purpose is greater than trying
to give directions and make constructive use of the term. One of the purposes of this book is to
help individuals make sense of STEM education—in the context of their work—and move STEM
from a slogan to a constructive innovation in American education.THE CHALLENGESSince its
inception by the NSF, STEM has been used as a conglomerate term, not as an integrative
expression. STEM describes general policies, primarily at the national and state levels. To date,
neither a clear and definitive educational purpose nor implications for school programs’
instructional practices have been systematically developed, especially in the context of pressing
societal and global concerns.Several things seem clear. The widespread depiction of STEM
education is not really based on any definitive agreement of what the acronym means, beyond a
vague reference to several related disciplines. The acronym STEM has political value for
national and state policies, even if its meaning is not clear. Conversely, the ambiguous acronym



STEM has little value when designing school programs and recommending instructional
practices. STEM has potential for a significant innovation in education, one that could align with
contemporary education standards and provide direction for crucial components of education
reform.STEM education presents several significant challenges. Use of the acronym and the
associated ambiguity has served as a rallying point for policy makers and some educators. The
power of STEM, however, diminishes quite rapidly as one moves away from national policies
and toward the realization of STEM in state and local education programs. Let’s examine some
of the challenges.The Challenge of Including Technology and EngineeringThe first challenge
involves actively including technology and engineering in school programs. Although one can
identify technology and engineering programs, the scale at which they are in schools is
generally quite low. Scaling up technology and engineering courses and appropriately including
the T and E in science and mathematics education seem to be reasonable ways to meet this
challenge. Note, however, that this approach maintains a “silo” orientation for the separate
disciplines—that is, all four disciplines are represented separately.Suggesting that technology
and engineering be incorporated into one discipline, science education, is not new. Science for
All Americans (AAAS 1989) and, subsequently, Benchmarks for Science Literacy (AAAS 1993)
and the National Science Education Standards (NRC 1996) all included standards related to
technology and engineering. For example, Science for All Americans set the stage with
discussions such as “Engineering Combines Scientific Inquiry and Practical Views” and “The
Essence of Engineering is Design Under Constraint” (AAAS 1989, pp. 40–41). In 1996, the
National Science Education Standards included standards on science and technology for all
grade levels, grouped as K–4, 5–8, and 9–12. One of the standards directly addressed the
“abilities of technological design” as a complement to the abilities and understandings of
scientific inquiry standards. In 2011, the NRC released a new framework for science education
that included science and engineering practices (NRC 2011; Bybee 2011). Prior to these
publications, the International Technology Education Association (ITEA; now known as the
International Technology and Engineering Education Association) released Standards for
Technological Literacy (ITEA 2000).In addition, there are two significant initiatives supporting
technology and engineering education. First, in March 2010, the National Assessment
Governing Board (NAGB) approved framework for a national assessment of technology and
engineering, scheduled for 2014. Second, the Next Generation Science Standards support
these initial standards-based initiatives by including technology and engineering.The Challenge
of Using Contexts for STEMOne of the most significant challenges centers on introducing STEM-
related issues such as energy efficiency, climate change, and hazard mitigation and developing
the competencies to address the issues students will confront as citizens. Addressing this
challenge requires an educational approach that first places life situations and global issues in a
central position and uses the four disciplines of STEM to understand and address the problem.
This has been referred to as context-based science education (Fensham 2009) and could easily
be represented as a context-based STEM education.The educational approach emphasizes



competency in addressing situations, problems, or issues, and not exclusively knowledge of
concepts and processes within the respective STEM disciplines.The Challenge of Moving From
STEM as a Slogan to an Education DefinitionThe many challenges of STEM education center
on the fact that the acronym has been increasingly used and has reached a point where the
ambiguous slogan requires definition with concrete and specific discussions in terms of
educational realities. What, for example, does STEM mean for curricula, instruction, and
assessment for states, schools, and classrooms? What are the implications for high school
graduation? Teacher certification? State assessments?In Achieving Scientific Literacy: From
Purposes to Practice (Bybee 1997) and The Teaching of Science: 21st-Century Perspectives
(Bybee 2010), I presented a model that I have found helpful in locating issues, initiatives, and
approaches to education reform. The model uses the terms purposes, policies, programs, and
practices to represent different education domains—in short, the 4Ps. I use the 4Ps in the
following discussion of STEM education and in the process clarify my position and set the stage
for later discussions.STEM IS THE SLOGAN. DOES STEM EDUCATION HAVE A PURPOSE?A
definition of purpose includes synonyms such as aims or goals. Purpose is the object for which
something exists or the goal toward which something strives. In contrast, a slogan is a phrase
used in advertising, promotions, branding, or marketing. Currently, it seems STEM is more of a
slogan than a goal-directed movement. As Israel Scheffler points out in The Language of
Education (1960), a slogan serves as a rallying point and has key ideas and attitudes associated
with it. To be sure, STEM has advocates and generates a sense of unity and common purpose.
So, STEM as a slogan has value and is a rallying point. But with the passage of time (and I
would note that more than a decade has passed), slogans will be interpreted by advocates and
critics alike. In time, the slogan takes on a literal meaning that may or may not represent the
movement’s actual or best purpose. STEM now is seen in reference to a great number and
variety of contexts and initiatives.Why Clarify the Purpose of STEM EducationThe term purpose
refers to various goal statements of what STEM education should achieve, such as STEM
literacy for all learners. The strength of purpose statements lies in their widespread acceptance
and agreement among educators and their application to all components of STEM education.
For example, individuals in the different places in the education system—such as teachers,
curriculum developers, and and policy makers at the local, state, and national levels—would
have general agreement on the aims of STEM education. Weaknesses of purpose statements
exist in their ambiguity about the role of specific components of STEM education. For example,
what does the purpose of achieving STEM literacy mean for an elementary-grade teacher? A
high school technology teacher? A state STEM coordinator? A curriculum developer? A
university teacher educator? Clearly, the answers vary. Individuals need statements clarifying
the purpose of STEM education that are more concrete and related directly to various
components of STEM education.There is little need to argue that the purpose of STEM
education is to develop the content and practices that characterize the respective STEM
disciplines. Educators already have national standards, and some states have standards



expressing these purposes.A Proposed Purpose for STEM EducationI propose the purpose of
STEM education is for all students to learn to apply basic content and practices of the STEM
disciplines to situations they encounter in life. Specifically, STEM literacy refers to an
individual’sknowledge, attitudes, and skills to identify questions and problems in life situations,
explain the natural and designed world, and draw evidence-based conclusions about STEM
related-issues;understanding of the characteristic features of STEM disciplines as forms of
human knowledge, inquiry, and design;awareness of how STEM disciplines shape our material,
intellectual, and cultural environments; andwillingness to engage in STEM-related issues and
with the ideas of science, technology, engineering, and mathematics as a constructive,
concerned, and reflective citizen.Most educators would agree with this purpose but argue that
simply learning the basics of science or math, for example, would result in students and future
citizens developing the competencies to apply that knowledge to situations they encounter. Far
too many counterexamples exist for this premise to hold. I argue that you must give students
experiences in which they apply knowledge and skills if you want them to learn how to apply
knowledge and skills. STEM education should address this challenge by providing students with
experiences where they apply knowledge and skills to personally meaningful and socially
relevant life situations.GOT STEM EDUCATION POLICIES?Policy statements are concrete
translations of the purpose—for example, achieving STEM literacy for all learners—for various
components of education. Documents that give direction and guidance but are not actual
programs serve the purpose and give direction. Examples of policy documents include district
syllabi for K–12 science classes; state curriculum frameworks; and national, state, and local
standards. In the contemporary reform movement, there are some policies for STEM education,
but it is safe to say they are not consistent at the national, state, and local levels.Policies for
STEM education would present conceptually and procedurally clear connections to the purpose
for those charged with developing instructional materials and implementing teaching practices.
The policies are like blueprints for a house. They express the architects’ purposes and give
direction to the contractors. Although they are not policies for STEM education, the new
Common Core State Standards for English Language Arts and Literacy and Math, the Next
Generation Science Standards, and technology standards for national and state levels all serve
as examples of policy documents.WHERE ARE THE STEM EDUCATION PROGRAMS?STEM
programs would be actual curriculum materials that exemplify purposes and policies. Although
there are examples of STEM education programs (see, for example, NRC 2011; Hoachlander
and Yanofsky 2011; Sanders 2009), the programs represent varied perspectives on STEM
education. This is not unexpected, given the varied expressions of purpose and policy for
STEM.Characteristics of STEM ProgramsSTEM programs are unique to grade levels,
disciplines, and components of the education system. They present a consistent, coordinated,
and coherent approach to the STEM education of all students.Development of STEM
ProgramsSchool STEM programs may be developed by national organizations, states, local
school districts, or individual teachers. Who develops the materials is not the defining



characteristic of STEM programs. That schools, colleges, state agencies, and national
organizations have programs aligned with national, state, and local policies is the important
feature and requirement of STEM programs.SO, WHAT ABOUT CLASSROOM PRACTICES?
Practice refers to the specific processes of STEM teaching. The practices of STEM teaching
include the personal dynamics between teachers and students and the interactions among
students and assessments, educational technologies, laboratories, and myriad other teaching
strategies.Practices Should Be ConsistentThe view of contemporary reform described here
assumes that STEM teachers will implement classroom practices consistent with the policies,
programs, and goal of STEM education.Center on the Instructional CoreImproving the practices
in the classroom center on the instructional core and the most individual, unique, and
fundamental aspect of STEM education—the act of teaching students. From the teachers’
perspectives, there should be little doubt about the need for local leadership and support for
their work in contemporary STEM education.WHAT ARE THE POSSIBILITIES FOR STEM
EDUCATION?If many policy makers and educators have assumed we need to improve STEM
education and agreed to do something about it, then it seems important to have a map of the
reform territory to know one’s location, a means of movement, the direction of travel, what lies
ahead, and a final destination. We can use the 4Ps model and themes just outlined—purpose,
policy, program, and practice—for locating and clarifying different efforts in the geography of
STEM reform (see Tables 1.1 and 1.2, pp. 8–10).Identifying the Dimensions of a STEM
ReformThe left column in Table 1.1 summarizes the perspectives of purpose, policy, program,
and practices. The top row includes six aspects of educational reform: time, scale, space,
duration, materials, and agreement. You can review the table and develop a general sense of the
dimensions and difficulties of a reform effort as you ask questions such as the following:How
long does it take to form STEM policies concerning standards or state curriculum framework?
Once a STEM program is implemented, how long will it continue in a school system?Who is
responsible for a particular effort, such as STEM curriculum, policy formation, or classroom
practices?How do all dimensions of the framework contribute to the whole of STEM education?
How does a framework relate to systemic initiatives?Identifying the Costs, Risks, Constraints,
and Benefits of STEMTable 1.2 describes other aspects of a STEM reform. Again, the left
column includes the 4Ps—perspectives of purpose, policy, program, and practice. The top row
includes cost, constraints, responsibilities, and benefits and considers these in terms of school
districts, school personnel, and students. The analysis presented in Table 1.2 indicates that
although they are essential, purpose statements and policy documents have minimal and
moderate influence on a STEM education reform. We are now approaching the phases in which
risk, cost, constraints, personal responsibilities, and benefits are all high or extremely high. The
STEM education clearly has significant challenges ahead.Perhaps more important than the
information in specific parts, Tables 1.1 and 1.2 give an overall picture of the reform effort. If I
placed a “You are here” label on this map, it would be the interface between policy and program.
We have some policies. The next phases of reform will take longer; involve more individuals,



materials, and equipment; move closer to schools and classrooms; and present more difficulties
when it comes to reaching agreement and actually implementing STEM programs and changing
instructional practices.CONCLUSIONAre there really challenges for STEM education? My
conclusion is yes. Among the significant challenges, I would list the following: a lack of clarity
relative to the acronym’s meaning, the need to develop an educational definition of STEM, and
the need to recognize technology and engineering as full members of the STEM quartet of
disciplines.This chapter described different dimensions of STEM education relative to
educational purposes, policies, programs, and practices. Using the 4Ps helps clarify different
educational dimensions and the costs, risks, benefits, constraints, and responsibilities for STEM
education reform.The challenges of STEM education are many and varied. In the following
chapters, I provide perspectives on what STEM education means and try to address some of the
challenges. Specifically, the chaptersplace the STEM education reform in the context of other
historical reforms, in particular the Sputnik era;clarify some unique aspects of STEM education
based on a variety of reports and critiques;identify different perspectives of STEM in school
programs and practices;present some alternatives that complement contemporary school
programs; andprovide processes to develop action plans for STEM education.DISCUSSION
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ConclusionReferencesIndexPREFACEAll those who provide leadership in STEM education will
find this book useful. No doubt you are beyond worrying about a precise definition of STEM
because you use the acronym within the context of your work. So, you ask, what is the value of
this book? The value can be found in two of the book’s features. First, the early chapters explore
the history and lessons of reform and explain contemporary STEM in an attempt to make its



complexity clear. In this case, the book provides clarity about STEM and lessons for individuals
at the state, district, and school levels.Second, the book proposes ideas and a helpful process
of strategic and even factual plans for those engaged in improving STEM education at various
levels. The value of this book goes beyond clarifying discussions—it should be used to develop
action plans for STEM education.Those familiar with some of my earlier works—for example,
Reforming Science Education: Social Perspectives and Personal Reflections (1993), Achieving
Scientific Literacy: From Purposes to Practices (1997a), and The Teaching of Science: 21st-
Century Perspectives (2010)—will recognize ideas, themes, and models from those
publications. In many respects, the application of earlier ideas, themes, and models to the
challenges and opportunities of STEM education represents the central theme of the book.This
book should be of interest to national and state policy makers interested in STEM education,
state-level educators responsible for STEM initiatives, college and university faculty who
educate future STEM teachers, local administrators who make decisions about district and
school programs, and teachers who represent STEM disciplines.AcknowledgmentsI could not
have developed the ideas in this book without the ideas and suggestions of many colleagues
and friends. I express a deep and sincere appreciation to Harold Pratt, Mark St. John, and David
Heil for our extended discussions during annual NSTA meetings. For their recommendations
about technology and engineering education, I thank Greg Pearson, Kendall Starkweather, Mark
Saunders, Karl Pister, and Cary Sneider. Celeste Pea provided background on the origins of the
acronym STEM. Working on the Next Generation Science Standards has provided numerous
opportunities to explore my ideas about STEM with Brett Moulding, Peter McClaren, Nicole
Paulson, Rick Duschl, and Stephen Pruitt.Robert Pletka, superintendent of Fullerton Unified
School District, gave freely of his time and insights about a school administrator’s role in STEM
education. Jennifer Jeffries, associate vice president at California State University, San Marcos,
and I had a long discussion about supplemental instruction and STEM education. I must thank
and acknowledge Mike Lindstrom, past executive director of SciMathMN, for several extended
conversations and permission to use his models for STEM. These conversations occurred
during a 2011 policymaker briefing in Minnesota.Being an advisor to the Hands-On Science
Partnership has resulted in several opportunities to discuss my ideas about STEM education
with publishers interested in seeing that teachers and students have materials and equipment
central to learning science, technology, engineering, and mathematics. For these opportunities, I
thank Chris Chopyak, Steve Alexander, and Kathy Workman.Kimberly Jensen from the San
Diego County Office of Education did an excellent job drafting several chapters and established
a foundation for the book. The final drafts were completed by Byllee Simon, who continues to be
my assistant for numerous projects and to whom I am deeply thankful for all she does to make
any project the best it can be.NSTA had the proposal for this book reviewed by very competent
and experienced individuals. When the manuscript was near completion, NSTA had the draft
reviewed. I took all the reviewers’ suggestions seriously and the book is better for their
recommendations. Here, I thank those reviewers: Greg Pearson, Kendall Starkweather, and



Francis Cardo.I express my appreciation to NSTA’s Claire Reinburg, for her continued support of
my work, and Wendy Rubin, for her careful editing of the final manuscript.Finally, Kathryn Bess
has been an inspiration for this work, a source of numerous ideas, and consistently a critical
friend.Rodger W. BybeeGolden, Colorado2013PREFACEAll those who provide leadership in
STEM education will find this book useful. No doubt you are beyond worrying about a precise
definition of STEM because you use the acronym within the context of your work. So, you ask,
what is the value of this book? The value can be found in two of the book’s features. First, the
early chapters explore the history and lessons of reform and explain contemporary STEM in an
attempt to make its complexity clear. In this case, the book provides clarity about STEM and
lessons for individuals at the state, district, and school levels.Second, the book proposes ideas
and a helpful process of strategic and even factual plans for those engaged in improving STEM
education at various levels. The value of this book goes beyond clarifying discussions—it should
be used to develop action plans for STEM education.Those familiar with some of my earlier
works—for example, Reforming Science Education: Social Perspectives and Personal
Reflections (1993), Achieving Scientific Literacy: From Purposes to Practices (1997a), and The
Teaching of Science: 21st-Century Perspectives (2010)—will recognize ideas, themes, and
models from those publications. In many respects, the application of earlier ideas, themes, and
models to the challenges and opportunities of STEM education represents the central theme of
the book.This book should be of interest to national and state policy makers interested in STEM
education, state-level educators responsible for STEM initiatives, college and university faculty
who educate future STEM teachers, local administrators who make decisions about district and
school programs, and teachers who represent STEM disciplines.AcknowledgmentsI could not
have developed the ideas in this book without the ideas and suggestions of many colleagues
and friends. I express a deep and sincere appreciation to Harold Pratt, Mark St. John, and David
Heil for our extended discussions during annual NSTA meetings. For their recommendations
about technology and engineering education, I thank Greg Pearson, Kendall Starkweather, Mark
Saunders, Karl Pister, and Cary Sneider. Celeste Pea provided background on the origins of the
acronym STEM. Working on the Next Generation Science Standards has provided numerous
opportunities to explore my ideas about STEM with Brett Moulding, Peter McClaren, Nicole
Paulson, Rick Duschl, and Stephen Pruitt.Robert Pletka, superintendent of Fullerton Unified
School District, gave freely of his time and insights about a school administrator’s role in STEM
education. Jennifer Jeffries, associate vice president at California State University, San Marcos,
and I had a long discussion about supplemental instruction and STEM education. I must thank
and acknowledge Mike Lindstrom, past executive director of SciMathMN, for several extended
conversations and permission to use his models for STEM. These conversations occurred
during a 2011 policymaker briefing in Minnesota.Being an advisor to the Hands-On Science
Partnership has resulted in several opportunities to discuss my ideas about STEM education
with publishers interested in seeing that teachers and students have materials and equipment
central to learning science, technology, engineering, and mathematics. For these opportunities, I



thank Chris Chopyak, Steve Alexander, and Kathy Workman.Kimberly Jensen from the San
Diego County Office of Education did an excellent job drafting several chapters and established
a foundation for the book. The final drafts were completed by Byllee Simon, who continues to be
my assistant for numerous projects and to whom I am deeply thankful for all she does to make
any project the best it can be.NSTA had the proposal for this book reviewed by very competent
and experienced individuals. When the manuscript was near completion, NSTA had the draft
reviewed. I took all the reviewers’ suggestions seriously and the book is better for their
recommendations. Here, I thank those reviewers: Greg Pearson, Kendall Starkweather, and
Francis Cardo.I express my appreciation to NSTA’s Claire Reinburg, for her continued support of
my work, and Wendy Rubin, for her careful editing of the final manuscript.Finally, Kathryn Bess
has been an inspiration for this work, a source of numerous ideas, and consistently a critical
friend.Rodger W. BybeeGolden, Colorado2013INTRODUCTIONHow I Became Interested in
STEM EducationThe problems I address in this book were initially encountered through a variety
of education workshops, presentations, and endeavors. Educators commonly use the acronym
for science, technology, engineering, and mathematics—STEM—in diverse ways. I was struck
by the contrast of authoritative statements that lacked specificity concerning the meaning of
STEM. For example, individuals would proclaim, “We have a STEM center,” “Our state has a
STEM advisory committee,” or “The district has a STEM program.” Although I understood the
disciplines to which the acronym referred, there seemed to be a lack of clarity about the
meaning of STEM in the different educational contexts. With time, use of the acronym STEM
spread within the education community, and the need for a clarifying exploration of the term
STEM increased.My initial interest in use of the acronym STEM was reinforced on numerous
occasions for more than a year. The problem regarding clarity and meaning seemed to grow
worse as STEM went from an acronym communicating four disciplines to the use of STEM to
describe K–12 education groups, initiatives, programs, or practices. At one level, for example,
one hears policy makers proclaim the need to retain individuals in STEM-related careers. In the
K–12 context, I heard science coordinators proclaim the need to improve STEM courses. For the
latter, it was not clear what might be taught and learned in the STEM course. I began to look for
and ask second and third questions: What is the STEM program in your district? What does your
STEM advisory committee discuss? What is the work of your STEM center? It should come as
no surprise that the answers were sincere but quite varied. STEM referred to whatever the
individual or group was doing. Most often, STEM referred to either science or mathematics.
Much less often did STEM address technology and engineering. When reference was made to
technology, the term usually meant computers and a means of delivering instruction. Technology
is greater than computers and more than a means of teaching.During the period of engagement
and observations about the acronym STEM, I worked on the science component of the Program
for International Student Assessment (PISA). My work on PISA reinforced a long-standing
conviction that K–12 education should contribute to individuals’ life and work as citizens.
Education in the STEM disciplines also should include the application of these knowledge, skills,



and abilities to life situations in STEM-related categories such as health choices, environmental
quality, and resource use. While understanding the concepts and processes of traditional
disciplines certainly contributes to citizens’ intellectual growth, I argue that future citizens need
educational experiences that transcend the traditional boundaries of science, technology,
engineering, and mathematics disciplines. It is not enough to assume that if students know
enough biology, for example, they will make healthy choices. One argument in this book is
simple and straightforward: If we want students to learn how to apply knowledge, their education
experiences must involve them in both learning the knowledge of STEM disciplines and reacting
to situations that require them to apply that knowledge in contexts appropriate to their age and
stage of development. It really is not complicated. STEM initiatives have the potential to provide
these educational opportunities.To be clear, I fully realize that discipline-based knowledge is
essential. However, so are opportunities to learn how to apply knowledge and skills to situations
one confronts in life.With time, these experiences led me to believe that the widespread and
varied use of STEM, current discussions of reform, and long-standing aims of education
deserved to be explored and, I hope, clarified in a book-length discussion of the challenges and
opportunities of STEM education.A Few Words About Definitions and STEM EducationAs STEM
education continues to expand and develop, use of the acronym has been applied to
advertisements, classrooms, competitions, conferences, curriculum, resources, presentations,
workshops, summer experiences, and videos, to name only a few examples. All of these
examples present significant variations in what STEM education might mean and how it might
be defined.There is an interesting paradox I have observed concerning definitions in education:
Many request a definition, and few agree with one when it is presented. So it is with STEM
education. The meaning or significance of STEM is not clear and distinct. There is reference to
four disciplines, but sometimes the meaning and emphasis only include one discipline. In some
cases, the four disciplines are presumed to be separate but equal. Other definitions identify
STEM education as an integration of the four disciplines.In time, I have found it most useful to
read or listen for the context within which STEM is being used. In a sense, the context clarifies
the meaning of STEM. It may be four separate disciplines, as in “We need more individuals
entering STEM careers,” or a general category, such as “The teachers had STEM experiences in
industries this past summer.”For the purposes of this book, I begin with these separate but
related goals. Education should contribute toa STEM-literate society,a general workforce with
21st-century competencies, andan advanced research and development workforce focused on
innovation.The broader category, which applies to everyone, is STEM literacy, which refers to an
individual’sknowledge, attitudes, and skills to identify questions and problems in life situations,
explain the natural and designed world, and draw evidence-based conclusions about STEM-
related issues;understanding of the characteristic features of STEM disciplines as forms of
human knowledge, inquiry, and design;awareness of how STEM disciplines shape our material,
intellectual, and cultural environments; andwillingness to engage in STEM-related issues and
with the ideas of science, technology, engineering, and mathematics as a constructive,



concerned, and reflective citizen.This defines STEM literacy, a goal of STEM education. This
goal has to be translated into policies, education programs, and, finally, the concrete practices of
teaching. The contexts will vary as appropriate for formal and informal education; states,
districts, and schools; K–12 and postsecondary education; and different grade levels, among
other variables.I hope the chapters in this book give direction to STEM education, if not a
definition. That direction will be played out through leadership at the state, district, and school
levels through policies, programs, and practices. To the degree this occurs, the education
community will progress beyond Humpty Dumpty’s view expressed to Alice in Lewis Carroll’s
Through the Looking Glass: “When I use a word,’ Humpty Dumpty said in rather a scornful tone,
‘it means just what I choose it to mean neither more or less’” (Carroll [1872] 1999, p. 57).My
Aims for This BookMy goals for those who read the book are to (1) develop an understanding of
the historical and contemporary contexts of STEM reform and (2) provide some practical
guidance and suggestions for STEM reforms that are appropriate to varied contexts—states,
districts, schools, or classrooms. In addressing these aims, the book can be viewed in two parts.
The first chapters present historical and contemporary contexts of STEM education. The latter
chapters provide some practical suggestions as individuals become engaged in the reform of
STEM education.The first chapter discusses contemporary challenges of STEM education. The
chapter describes several challenges and presents a model I introduced in earlier publications—
the 4Ps of purpose, policy, programs, and practice—as a way to understand the various
dimensions of STEM education. I return to this model in Chapter 10 and use it as a practical way
to develop a plan of action for STEM education.The second chapter reviews the Sputnik era and
reforms of the STEM disciplines. The chapter includes the national mission and insights specific
to educational reform. I include this historical discussion because Sputnik has been presented
as a metaphor for the current era of education reform. This chapter is based on earlier work
completed in 1998 while I was at the National Academies.The third chapter sets the stage for
the later chapters by describing several unique features for the STEM reform. The chapter
addresses the themes of globalization and current STEM-related issues, 21st-century workforce
skills, and the continuing pipeline of needs for scientists, engineers, computer scientists, health
care workers, and other professionals.Chapter 4 answers the question, How is STEM education
reform different from other education reforms? The chapter discusses four themes as an answer
to the question:Addressing global challenges that citizens must understandChanging
perceptions of environmental and associated problemsRecognizing 21st-century workforce
skills andContinuing issues of national securityChapter 5 provides an overview of 35 reports and
articles that discuss STEM education. I have tried to move beyond the obvious point that STEM
is used in many contexts with a variety of meanings and identify underlying and recurring
themes that may be important.Chapter 6 presents five policy recommendations for the federal
government. This chapter is a response to a federal mandate to review STEM initiatives across
federal agencies and coordinate, if not consolidate, various programs. This chapter provides an
opportunity for me to make recommendations at the national level, as the remainder of the book



addresses the state, district, and school levels.Chapter 7 presents a framework and concrete
way to begin thinking about STEM programs and practices.Chapter 8 presents different
perspectives of STEM education. I have heard or seen all of these perspectives, and it is highly
likely there are more. These perspectives have been helpful to me, as they identify the meaning
of STEM for those in leadership positions and certainly clarify discussions of policy and
programs. My point is not to criticize or suggest one perspective. The idea is to help others
recognize their perspective as they toil in the STEM fields.Chapter 9 addresses a critical point
that I have often heard. When taking a programmatic curricular view, does STEM imply an
integrated perspective? Beginning with a view of separate STEM disciplines, the chapter
progresses to a variety of ways that the STEM disciplines might be integrated. If you are thinking
about an integrated approach to STEM, this chapter should help with the next steps and
program design.The final chapter will help you develop an action plan by considering critical
factors such as the unit of change, resources, components, and support for STEM education.
The plan should address the way you initiate, implement, bring to scale, and sustain STEM
education, as well as how to evaluate the results. Finally, I return to the 4Ps and ask you to
answer questions that help formulate specifics of an action plan for STEM education. Each
chapter ends with several discussion questions for those conducting seminars, classes, or
professional development workshops.INTRODUCTIONHow I Became Interested in STEM
EducationThe problems I address in this book were initially encountered through a variety of
education workshops, presentations, and endeavors. Educators commonly use the acronym for
science, technology, engineering, and mathematics—STEM—in diverse ways. I was struck by
the contrast of authoritative statements that lacked specificity concerning the meaning of STEM.
For example, individuals would proclaim, “We have a STEM center,” “Our state has a STEM
advisory committee,” or “The district has a STEM program.” Although I understood the
disciplines to which the acronym referred, there seemed to be a lack of clarity about the
meaning of STEM in the different educational contexts. With time, use of the acronym STEM
spread within the education community, and the need for a clarifying exploration of the term
STEM increased.My initial interest in use of the acronym STEM was reinforced on numerous
occasions for more than a year. The problem regarding clarity and meaning seemed to grow
worse as STEM went from an acronym communicating four disciplines to the use of STEM to
describe K–12 education groups, initiatives, programs, or practices. At one level, for example,
one hears policy makers proclaim the need to retain individuals in STEM-related careers. In the
K–12 context, I heard science coordinators proclaim the need to improve STEM courses. For the
latter, it was not clear what might be taught and learned in the STEM course. I began to look for
and ask second and third questions: What is the STEM program in your district? What does your
STEM advisory committee discuss? What is the work of your STEM center? It should come as
no surprise that the answers were sincere but quite varied. STEM referred to whatever the
individual or group was doing. Most often, STEM referred to either science or mathematics.
Much less often did STEM address technology and engineering. When reference was made to



technology, the term usually meant computers and a means of delivering instruction. Technology
is greater than computers and more than a means of teaching.During the period of engagement
and observations about the acronym STEM, I worked on the science component of the Program
for International Student Assessment (PISA). My work on PISA reinforced a long-standing
conviction that K–12 education should contribute to individuals’ life and work as citizens.
Education in the STEM disciplines also should include the application of these knowledge, skills,
and abilities to life situations in STEM-related categories such as health choices, environmental
quality, and resource use. While understanding the concepts and processes of traditional
disciplines certainly contributes to citizens’ intellectual growth, I argue that future citizens need
educational experiences that transcend the traditional boundaries of science, technology,
engineering, and mathematics disciplines. It is not enough to assume that if students know
enough biology, for example, they will make healthy choices. One argument in this book is
simple and straightforward: If we want students to learn how to apply knowledge, their education
experiences must involve them in both learning the knowledge of STEM disciplines and reacting
to situations that require them to apply that knowledge in contexts appropriate to their age and
stage of development. It really is not complicated. STEM initiatives have the potential to provide
these educational opportunities.To be clear, I fully realize that discipline-based knowledge is
essential. However, so are opportunities to learn how to apply knowledge and skills to situations
one confronts in life.With time, these experiences led me to believe that the widespread and
varied use of STEM, current discussions of reform, and long-standing aims of education
deserved to be explored and, I hope, clarified in a book-length discussion of the challenges and
opportunities of STEM education.A Few Words About Definitions and STEM EducationAs STEM
education continues to expand and develop, use of the acronym has been applied to
advertisements, classrooms, competitions, conferences, curriculum, resources, presentations,
workshops, summer experiences, and videos, to name only a few examples. All of these
examples present significant variations in what STEM education might mean and how it might
be defined.There is an interesting paradox I have observed concerning definitions in education:
Many request a definition, and few agree with one when it is presented. So it is with STEM
education. The meaning or significance of STEM is not clear and distinct. There is reference to
four disciplines, but sometimes the meaning and emphasis only include one discipline. In some
cases, the four disciplines are presumed to be separate but equal. Other definitions identify
STEM education as an integration of the four disciplines.In time, I have found it most useful to
read or listen for the context within which STEM is being used. In a sense, the context clarifies
the meaning of STEM. It may be four separate disciplines, as in “We need more individuals
entering STEM careers,” or a general category, such as “The teachers had STEM experiences in
industries this past summer.”For the purposes of this book, I begin with these separate but
related goals. Education should contribute toThe broader category, which applies to everyone, is
STEM literacy, which refers to an individual’sknowledge, attitudes, and skills to identify questions
and problems in life situations, explain the natural and designed world, and draw evidence-



based conclusions about STEM-related issues;This defines STEM literacy, a goal of STEM
education. This goal has to be translated into policies, education programs, and, finally, the
concrete practices of teaching. The contexts will vary as appropriate for formal and informal
education; states, districts, and schools; K–12 and postsecondary education; and different grade
levels, among other variables.I hope the chapters in this book give direction to STEM education,
if not a definition. That direction will be played out through leadership at the state, district, and
school levels through policies, programs, and practices. To the degree this occurs, the education
community will progress beyond Humpty Dumpty’s view expressed to Alice in Lewis Carroll’s
Through the Looking Glass: “When I use a word,’ Humpty Dumpty said in rather a scornful tone,
‘it means just what I choose it to mean neither more or less’” (Carroll [1872] 1999, p. 57).My
Aims for This BookMy goals for those who read the book are to (1) develop an understanding of
the historical and contemporary contexts of STEM reform and (2) provide some practical
guidance and suggestions for STEM reforms that are appropriate to varied contexts—states,
districts, schools, or classrooms. In addressing these aims, the book can be viewed in two parts.
The first chapters present historical and contemporary contexts of STEM education. The latter
chapters provide some practical suggestions as individuals become engaged in the reform of
STEM education.The first chapter discusses contemporary challenges of STEM education. The
chapter describes several challenges and presents a model I introduced in earlier publications—
the 4Ps of purpose, policy, programs, and practice—as a way to understand the various
dimensions of STEM education. I return to this model in Chapter 10 and use it as a practical way
to develop a plan of action for STEM education.The second chapter reviews the Sputnik era and
reforms of the STEM disciplines. The chapter includes the national mission and insights specific
to educational reform. I include this historical discussion because Sputnik has been presented
as a metaphor for the current era of education reform. This chapter is based on earlier work
completed in 1998 while I was at the National Academies.The third chapter sets the stage for
the later chapters by describing several unique features for the STEM reform. The chapter
addresses the themes of globalization and current STEM-related issues, 21st-century workforce
skills, and the continuing pipeline of needs for scientists, engineers, computer scientists, health
care workers, and other professionals.Chapter 4 answers the question, How is STEM education
reform different from other education reforms? The chapter discusses four themes as an answer
to the question:Chapter 5 provides an overview of 35 reports and articles that discuss STEM
education. I have tried to move beyond the obvious point that STEM is used in many contexts
with a variety of meanings and identify underlying and recurring themes that may be
important.Chapter 6 presents five policy recommendations for the federal government. This
chapter is a response to a federal mandate to review STEM initiatives across federal agencies
and coordinate, if not consolidate, various programs. This chapter provides an opportunity for
me to make recommendations at the national level, as the remainder of the book addresses the
state, district, and school levels.Chapter 7 presents a framework and concrete way to begin
thinking about STEM programs and practices.Chapter 8 presents different perspectives of



STEM education. I have heard or seen all of these perspectives, and it is highly likely there are
more. These perspectives have been helpful to me, as they identify the meaning of STEM for
those in leadership positions and certainly clarify discussions of policy and programs. My point
is not to criticize or suggest one perspective. The idea is to help others recognize their
perspective as they toil in the STEM fields.Chapter 9 addresses a critical point that I have often
heard. When taking a programmatic curricular view, does STEM imply an integrated
perspective? Beginning with a view of separate STEM disciplines, the chapter progresses to a
variety of ways that the STEM disciplines might be integrated. If you are thinking about an
integrated approach to STEM, this chapter should help with the next steps and program
design.The final chapter will help you develop an action plan by considering critical factors such
as the unit of change, resources, components, and support for STEM education. The plan
should address the way you initiate, implement, bring to scale, and sustain STEM education, as
well as how to evaluate the results. Finally, I return to the 4Ps and ask you to answer questions
that help formulate specifics of an action plan for STEM education. Each chapter ends with
several discussion questions for those conducting seminars, classes, or professional
development workshops.CHAPTER 1What Are the Challenges for STEM Education?If you are
reading this sentence, you probably have an interest in STEM education. So, suppose you had
to answer this question: What is STEM education? How would you answer? As you formulated
the answer, what was the context of your viewpoint? Was it national policies, state standards
and assessments, school programs, classroom practices, or something else?As you answered
the question, how did you think about STEM? Did you primarily think about a school discipline
such as science or mathematics? Or did you consider four separate disciplines: science,
technology, engineering, and mathematics? Or did you consider integrating two, three, or all four
STEM disciplines?Your point of view on STEM education quite likely was influenced by where
you work, what you do, and your obligations. To state the obvious, the views individuals have of
STEM education vary and are a function of their roles in the education system.A FIRST LOOK
AT STEM EDUCATIONOrigins of STEMContemporary STEM originated in the 1990s at the
National Science Foundation (NSF) as an acronym for science, technology, engineering, and
mathematics. Here is a discussion I can imagine occurred. The first acronym proposed was
SMET, representing the same disciplines but with an inescapable negative association with the
word smut. So, the discussion continued with the question, “What acronym can we use for
mathematics, engineering, technology, and science?” The answer was METS. Would this work?
Then an insightful baseball fan responded, “No, that is a National League baseball team in New
York.” “Okay, how about STEM?” “Yes, that works.” We will only have to worry about confusion
with stem cell research. The acronym was subsequently used to describe various NSF initiatives
and programs. STEM thus had quite a simple yet functional origin.When STEM first appeared in
education contexts, it caught the attention of several groups. Botanical scientists were elated, as
they thought educators had finally realized the importance of a main part of plants. Technologists
and engineers were excited because they thought it referred to a part of the watch. Wine



connoisseurs also were enthusiastic, as they thought it referred to the slender support of a wine
glass. Finally, political conservatives were worried because they thought it was a new
educational emphasis supporting stem cell research. Actually, none of these perceptions of
STEM meet the current use of the acronym for science, technology, engineering, and
mathematics education.The term STEM education is now widely used, but what does it mean,
and how might it influence American education?Confusion and Critics of STEMA 2010 survey
on the perception of STEM found that most professionals in STEM-related fields lacked an
understanding of the acronym STEM. Most respondents linked the acronym to stem cell
research or plants (Keefe 2010). Once again, the education community has embraced a slogan
without really taking the time to clarify what the term might mean when applied beyond a general
label. When most individuals use the term STEM, they mean whatever discipline they meant in
the past. So STEM is usually interpreted to mean science or math. Seldom does it refer to
technology or engineering, and this is an issue that must be remedied if STEM education is to
have a positive influence on American education.As STEM has become one of the newest
slogans in education, some critics have noted its ubiquitous and ambiguous use (e.g., Angier
2010). Although the editorial by Natalie Angier accurately addresses a variety of issues, I
contend the STEM train has left the station, and the challenge of stopping it and backing it into
the station until there is consensus on the definition, meaning, and purpose is greater than trying
to give directions and make constructive use of the term. One of the purposes of this book is to
help individuals make sense of STEM education—in the context of their work—and move STEM
from a slogan to a constructive innovation in American education.THE CHALLENGESSince its
inception by the NSF, STEM has been used as a conglomerate term, not as an integrative
expression. STEM describes general policies, primarily at the national and state levels. To date,
neither a clear and definitive educational purpose nor implications for school programs’
instructional practices have been systematically developed, especially in the context of pressing
societal and global concerns.Several things seem clear. The widespread depiction of STEM
education is not really based on any definitive agreement of what the acronym means, beyond a
vague reference to several related disciplines. The acronym STEM has political value for
national and state policies, even if its meaning is not clear. Conversely, the ambiguous acronym
STEM has little value when designing school programs and recommending instructional
practices. STEM has potential for a significant innovation in education, one that could align with
contemporary education standards and provide direction for crucial components of education
reform.STEM education presents several significant challenges. Use of the acronym and the
associated ambiguity has served as a rallying point for policy makers and some educators. The
power of STEM, however, diminishes quite rapidly as one moves away from national policies
and toward the realization of STEM in state and local education programs. Let’s examine some
of the challenges.The Challenge of Including Technology and EngineeringThe first challenge
involves actively including technology and engineering in school programs. Although one can
identify technology and engineering programs, the scale at which they are in schools is



generally quite low. Scaling up technology and engineering courses and appropriately including
the T and E in science and mathematics education seem to be reasonable ways to meet this
challenge. Note, however, that this approach maintains a “silo” orientation for the separate
disciplines—that is, all four disciplines are represented separately.Suggesting that technology
and engineering be incorporated into one discipline, science education, is not new. Science for
All Americans (AAAS 1989) and, subsequently, Benchmarks for Science Literacy (AAAS 1993)
and the National Science Education Standards (NRC 1996) all included standards related to
technology and engineering. For example, Science for All Americans set the stage with
discussions such as “Engineering Combines Scientific Inquiry and Practical Views” and “The
Essence of Engineering is Design Under Constraint” (AAAS 1989, pp. 40–41). In 1996, the
National Science Education Standards included standards on science and technology for all
grade levels, grouped as K–4, 5–8, and 9–12. One of the standards directly addressed the
“abilities of technological design” as a complement to the abilities and understandings of
scientific inquiry standards. In 2011, the NRC released a new framework for science education
that included science and engineering practices (NRC 2011; Bybee 2011). Prior to these
publications, the International Technology Education Association (ITEA; now known as the
International Technology and Engineering Education Association) released Standards for
Technological Literacy (ITEA 2000).In addition, there are two significant initiatives supporting
technology and engineering education. First, in March 2010, the National Assessment
Governing Board (NAGB) approved framework for a national assessment of technology and
engineering, scheduled for 2014. Second, the Next Generation Science Standards support
these initial standards-based initiatives by including technology and engineering.The Challenge
of Using Contexts for STEMOne of the most significant challenges centers on introducing STEM-
related issues such as energy efficiency, climate change, and hazard mitigation and developing
the competencies to address the issues students will confront as citizens. Addressing this
challenge requires an educational approach that first places life situations and global issues in a
central position and uses the four disciplines of STEM to understand and address the problem.
This has been referred to as context-based science education (Fensham 2009) and could easily
be represented as a context-based STEM education.The educational approach emphasizes
competency in addressing situations, problems, or issues, and not exclusively knowledge of
concepts and processes within the respective STEM disciplines.The Challenge of Moving From
STEM as a Slogan to an Education DefinitionThe many challenges of STEM education center
on the fact that the acronym has been increasingly used and has reached a point where the
ambiguous slogan requires definition with concrete and specific discussions in terms of
educational realities. What, for example, does STEM mean for curricula, instruction, and
assessment for states, schools, and classrooms? What are the implications for high school
graduation? Teacher certification? State assessments?In Achieving Scientific Literacy: From
Purposes to Practice (Bybee 1997) and The Teaching of Science: 21st-Century Perspectives
(Bybee 2010), I presented a model that I have found helpful in locating issues, initiatives, and



approaches to education reform. The model uses the terms purposes, policies, programs, and
practices to represent different education domains—in short, the 4Ps. I use the 4Ps in the
following discussion of STEM education and in the process clarify my position and set the stage
for later discussions.STEM IS THE SLOGAN. DOES STEM EDUCATION HAVE A PURPOSE?A
definition of purpose includes synonyms such as aims or goals. Purpose is the object for which
something exists or the goal toward which something strives. In contrast, a slogan is a phrase
used in advertising, promotions, branding, or marketing. Currently, it seems STEM is more of a
slogan than a goal-directed movement. As Israel Scheffler points out in The Language of
Education (1960), a slogan serves as a rallying point and has key ideas and attitudes associated
with it. To be sure, STEM has advocates and generates a sense of unity and common purpose.
So, STEM as a slogan has value and is a rallying point. But with the passage of time (and I
would note that more than a decade has passed), slogans will be interpreted by advocates and
critics alike. In time, the slogan takes on a literal meaning that may or may not represent the
movement’s actual or best purpose. STEM now is seen in reference to a great number and
variety of contexts and initiatives.Why Clarify the Purpose of STEM EducationThe term purpose
refers to various goal statements of what STEM education should achieve, such as STEM
literacy for all learners. The strength of purpose statements lies in their widespread acceptance
and agreement among educators and their application to all components of STEM education.
For example, individuals in the different places in the education system—such as teachers,
curriculum developers, and and policy makers at the local, state, and national levels—would
have general agreement on the aims of STEM education. Weaknesses of purpose statements
exist in their ambiguity about the role of specific components of STEM education. For example,
what does the purpose of achieving STEM literacy mean for an elementary-grade teacher? A
high school technology teacher? A state STEM coordinator? A curriculum developer? A
university teacher educator? Clearly, the answers vary. Individuals need statements clarifying
the purpose of STEM education that are more concrete and related directly to various
components of STEM education.There is little need to argue that the purpose of STEM
education is to develop the content and practices that characterize the respective STEM
disciplines. Educators already have national standards, and some states have standards
expressing these purposes.A Proposed Purpose for STEM EducationI propose the purpose of
STEM education is for all students to learn to apply basic content and practices of the STEM
disciplines to situations they encounter in life. Specifically, STEM literacy refers to an
individual’sknowledge, attitudes, and skills to identify questions and problems in life situations,
explain the natural and designed world, and draw evidence-based conclusions about STEM
related-issues;understanding of the characteristic features of STEM disciplines as forms of
human knowledge, inquiry, and design;awareness of how STEM disciplines shape our material,
intellectual, and cultural environments; andwillingness to engage in STEM-related issues and
with the ideas of science, technology, engineering, and mathematics as a constructive,
concerned, and reflective citizen.Most educators would agree with this purpose but argue that



simply learning the basics of science or math, for example, would result in students and future
citizens developing the competencies to apply that knowledge to situations they encounter. Far
too many counterexamples exist for this premise to hold. I argue that you must give students
experiences in which they apply knowledge and skills if you want them to learn how to apply
knowledge and skills. STEM education should address this challenge by providing students with
experiences where they apply knowledge and skills to personally meaningful and socially
relevant life situations.GOT STEM EDUCATION POLICIES?Policy statements are concrete
translations of the purpose—for example, achieving STEM literacy for all learners—for various
components of education. Documents that give direction and guidance but are not actual
programs serve the purpose and give direction. Examples of policy documents include district
syllabi for K–12 science classes; state curriculum frameworks; and national, state, and local
standards. In the contemporary reform movement, there are some policies for STEM education,
but it is safe to say they are not consistent at the national, state, and local levels.Policies for
STEM education would present conceptually and procedurally clear connections to the purpose
for those charged with developing instructional materials and implementing teaching practices.
The policies are like blueprints for a house. They express the architects’ purposes and give
direction to the contractors. Although they are not policies for STEM education, the new
Common Core State Standards for English Language Arts and Literacy and Math, the Next
Generation Science Standards, and technology standards for national and state levels all serve
as examples of policy documents.WHERE ARE THE STEM EDUCATION PROGRAMS?STEM
programs would be actual curriculum materials that exemplify purposes and policies. Although
there are examples of STEM education programs (see, for example, NRC 2011; Hoachlander
and Yanofsky 2011; Sanders 2009), the programs represent varied perspectives on STEM
education. This is not unexpected, given the varied expressions of purpose and policy for
STEM.Characteristics of STEM ProgramsSTEM programs are unique to grade levels,
disciplines, and components of the education system. They present a consistent, coordinated,
and coherent approach to the STEM education of all students.Development of STEM
ProgramsSchool STEM programs may be developed by national organizations, states, local
school districts, or individual teachers. Who develops the materials is not the defining
characteristic of STEM programs. That schools, colleges, state agencies, and national
organizations have programs aligned with national, state, and local policies is the important
feature and requirement of STEM programs.SO, WHAT ABOUT CLASSROOM PRACTICES?
Practice refers to the specific processes of STEM teaching. The practices of STEM teaching
include the personal dynamics between teachers and students and the interactions among
students and assessments, educational technologies, laboratories, and myriad other teaching
strategies.Practices Should Be ConsistentThe view of contemporary reform described here
assumes that STEM teachers will implement classroom practices consistent with the policies,
programs, and goal of STEM education.Center on the Instructional CoreImproving the practices
in the classroom center on the instructional core and the most individual, unique, and



fundamental aspect of STEM education—the act of teaching students. From the teachers’
perspectives, there should be little doubt about the need for local leadership and support for
their work in contemporary STEM education.WHAT ARE THE POSSIBILITIES FOR STEM
EDUCATION?If many policy makers and educators have assumed we need to improve STEM
education and agreed to do something about it, then it seems important to have a map of the
reform territory to know one’s location, a means of movement, the direction of travel, what lies
ahead, and a final destination. We can use the 4Ps model and themes just outlined—purpose,
policy, program, and practice—for locating and clarifying different efforts in the geography of
STEM reform (see Tables 1.1 and 1.2, pp. 8–10).Identifying the Dimensions of a STEM
ReformThe left column in Table 1.1 summarizes the perspectives of purpose, policy, program,
and practices. The top row includes six aspects of educational reform: time, scale, space,
duration, materials, and agreement. You can review the table and develop a general sense of the
dimensions and difficulties of a reform effort as you ask questions such as the following:How
long does it take to form STEM policies concerning standards or state curriculum framework?
Once a STEM program is implemented, how long will it continue in a school system?Who is
responsible for a particular effort, such as STEM curriculum, policy formation, or classroom
practices?How do all dimensions of the framework contribute to the whole of STEM education?
How does a framework relate to systemic initiatives?Identifying the Costs, Risks, Constraints,
and Benefits of STEMTable 1.2 describes other aspects of a STEM reform. Again, the left
column includes the 4Ps—perspectives of purpose, policy, program, and practice. The top row
includes cost, constraints, responsibilities, and benefits and considers these in terms of school
districts, school personnel, and students. The analysis presented in Table 1.2 indicates that
although they are essential, purpose statements and policy documents have minimal and
moderate influence on a STEM education reform. We are now approaching the phases in which
risk, cost, constraints, personal responsibilities, and benefits are all high or extremely high. The
STEM education clearly has significant challenges ahead.Perhaps more important than the
information in specific parts, Tables 1.1 and 1.2 give an overall picture of the reform effort. If I
placed a “You are here” label on this map, it would be the interface between policy and program.
We have some policies. The next phases of reform will take longer; involve more individuals,
materials, and equipment; move closer to schools and classrooms; and present more difficulties
when it comes to reaching agreement and actually implementing STEM programs and changing
instructional practices.CONCLUSIONAre there really challenges for STEM education? My
conclusion is yes. Among the significant challenges, I would list the following: a lack of clarity
relative to the acronym’s meaning, the need to develop an educational definition of STEM, and
the need to recognize technology and engineering as full members of the STEM quartet of
disciplines.This chapter described different dimensions of STEM education relative to
educational purposes, policies, programs, and practices. Using the 4Ps helps clarify different
educational dimensions and the costs, risks, benefits, constraints, and responsibilities for STEM
education reform.The challenges of STEM education are many and varied. In the following



chapters, I provide perspectives on what STEM education means and try to address some of the
challenges. Specifically, the chaptersplace the STEM education reform in the context of other
historical reforms, in particular the Sputnik era;clarify some unique aspects of STEM education
based on a variety of reports and critiques;identify different perspectives of STEM in school
programs and practices;present some alternatives that complement contemporary school
programs; andprovide processes to develop action plans for STEM education.DISCUSSION
QUESTIONSCHAPTER 1What Are the Challenges for STEM Education?If you are reading this
sentence, you probably have an interest in STEM education. So, suppose you had to answer this
question: What is STEM education? How would you answer? As you formulated the answer,
what was the context of your viewpoint? Was it national policies, state standards and
assessments, school programs, classroom practices, or something else?As you answered the
question, how did you think about STEM? Did you primarily think about a school discipline such
as science or mathematics? Or did you consider four separate disciplines: science, technology,
engineering, and mathematics? Or did you consider integrating two, three, or all four STEM
disciplines?Your point of view on STEM education quite likely was influenced by where you
work, what you do, and your obligations. To state the obvious, the views individuals have of
STEM education vary and are a function of their roles in the education system.A FIRST LOOK
AT STEM EDUCATIONOrigins of STEMContemporary STEM originated in the 1990s at the
National Science Foundation (NSF) as an acronym for science, technology, engineering, and
mathematics. Here is a discussion I can imagine occurred. The first acronym proposed was
SMET, representing the same disciplines but with an inescapable negative association with the
word smut. So, the discussion continued with the question, “What acronym can we use for
mathematics, engineering, technology, and science?” The answer was METS. Would this work?
Then an insightful baseball fan responded, “No, that is a National League baseball team in New
York.” “Okay, how about STEM?” “Yes, that works.” We will only have to worry about confusion
with stem cell research. The acronym was subsequently used to describe various NSF initiatives
and programs. STEM thus had quite a simple yet functional origin.When STEM first appeared in
education contexts, it caught the attention of several groups. Botanical scientists were elated, as
they thought educators had finally realized the importance of a main part of plants. Technologists
and engineers were excited because they thought it referred to a part of the watch. Wine
connoisseurs also were enthusiastic, as they thought it referred to the slender support of a wine
glass. Finally, political conservatives were worried because they thought it was a new
educational emphasis supporting stem cell research. Actually, none of these perceptions of
STEM meet the current use of the acronym for science, technology, engineering, and
mathematics education.The term STEM education is now widely used, but what does it mean,
and how might it influence American education?Confusion and Critics of STEMA 2010 survey
on the perception of STEM found that most professionals in STEM-related fields lacked an
understanding of the acronym STEM. Most respondents linked the acronym to stem cell
research or plants (Keefe 2010). Once again, the education community has embraced a slogan



without really taking the time to clarify what the term might mean when applied beyond a general
label. When most individuals use the term STEM, they mean whatever discipline they meant in
the past. So STEM is usually interpreted to mean science or math. Seldom does it refer to
technology or engineering, and this is an issue that must be remedied if STEM education is to
have a positive influence on American education.As STEM has become one of the newest
slogans in education, some critics have noted its ubiquitous and ambiguous use (e.g., Angier
2010). Although the editorial by Natalie Angier accurately addresses a variety of issues, I
contend the STEM train has left the station, and the challenge of stopping it and backing it into
the station until there is consensus on the definition, meaning, and purpose is greater than trying
to give directions and make constructive use of the term. One of the purposes of this book is to
help individuals make sense of STEM education—in the context of their work—and move STEM
from a slogan to a constructive innovation in American education.THE CHALLENGESSince its
inception by the NSF, STEM has been used as a conglomerate term, not as an integrative
expression. STEM describes general policies, primarily at the national and state levels. To date,
neither a clear and definitive educational purpose nor implications for school programs’
instructional practices have been systematically developed, especially in the context of pressing
societal and global concerns.Several things seem clear. The widespread depiction of STEM
education is not really based on any definitive agreement of what the acronym means, beyond a
vague reference to several related disciplines. The acronym STEM has political value for
national and state policies, even if its meaning is not clear. Conversely, the ambiguous acronym
STEM has little value when designing school programs and recommending instructional
practices. STEM has potential for a significant innovation in education, one that could align with
contemporary education standards and provide direction for crucial components of education
reform.STEM education presents several significant challenges. Use of the acronym and the
associated ambiguity has served as a rallying point for policy makers and some educators. The
power of STEM, however, diminishes quite rapidly as one moves away from national policies
and toward the realization of STEM in state and local education programs. Let’s examine some
of the challenges.The Challenge of Including Technology and EngineeringThe first challenge
involves actively including technology and engineering in school programs. Although one can
identify technology and engineering programs, the scale at which they are in schools is
generally quite low. Scaling up technology and engineering courses and appropriately including
the T and E in science and mathematics education seem to be reasonable ways to meet this
challenge. Note, however, that this approach maintains a “silo” orientation for the separate
disciplines—that is, all four disciplines are represented separately.Suggesting that technology
and engineering be incorporated into one discipline, science education, is not new. Science for
All Americans (AAAS 1989) and, subsequently, Benchmarks for Science Literacy (AAAS 1993)
and the National Science Education Standards (NRC 1996) all included standards related to
technology and engineering. For example, Science for All Americans set the stage with
discussions such as “Engineering Combines Scientific Inquiry and Practical Views” and “The



Essence of Engineering is Design Under Constraint” (AAAS 1989, pp. 40–41). In 1996, the
National Science Education Standards included standards on science and technology for all
grade levels, grouped as K–4, 5–8, and 9–12. One of the standards directly addressed the
“abilities of technological design” as a complement to the abilities and understandings of
scientific inquiry standards. In 2011, the NRC released a new framework for science education
that included science and engineering practices (NRC 2011; Bybee 2011). Prior to these
publications, the International Technology Education Association (ITEA; now known as the
International Technology and Engineering Education Association) released Standards for
Technological Literacy (ITEA 2000).In addition, there are two significant initiatives supporting
technology and engineering education. First, in March 2010, the National Assessment
Governing Board (NAGB) approved framework for a national assessment of technology and
engineering, scheduled for 2014. Second, the Next Generation Science Standards support
these initial standards-based initiatives by including technology and engineering.The Challenge
of Using Contexts for STEMOne of the most significant challenges centers on introducing STEM-
related issues such as energy efficiency, climate change, and hazard mitigation and developing
the competencies to address the issues students will confront as citizens. Addressing this
challenge requires an educational approach that first places life situations and global issues in a
central position and uses the four disciplines of STEM to understand and address the problem.
This has been referred to as context-based science education (Fensham 2009) and could easily
be represented as a context-based STEM education.The educational approach emphasizes
competency in addressing situations, problems, or issues, and not exclusively knowledge of
concepts and processes within the respective STEM disciplines.The Challenge of Moving From
STEM as a Slogan to an Education DefinitionThe many challenges of STEM education center
on the fact that the acronym has been increasingly used and has reached a point where the
ambiguous slogan requires definition with concrete and specific discussions in terms of
educational realities. What, for example, does STEM mean for curricula, instruction, and
assessment for states, schools, and classrooms? What are the implications for high school
graduation? Teacher certification? State assessments?In Achieving Scientific Literacy: From
Purposes to Practice (Bybee 1997) and The Teaching of Science: 21st-Century Perspectives
(Bybee 2010), I presented a model that I have found helpful in locating issues, initiatives, and
approaches to education reform. The model uses the terms purposes, policies, programs, and
practices to represent different education domains—in short, the 4Ps. I use the 4Ps in the
following discussion of STEM education and in the process clarify my position and set the stage
for later discussions.STEM IS THE SLOGAN. DOES STEM EDUCATION HAVE A PURPOSE?A
definition of purpose includes synonyms such as aims or goals. Purpose is the object for which
something exists or the goal toward which something strives. In contrast, a slogan is a phrase
used in advertising, promotions, branding, or marketing. Currently, it seems STEM is more of a
slogan than a goal-directed movement. As Israel Scheffler points out in The Language of
Education (1960), a slogan serves as a rallying point and has key ideas and attitudes associated



with it. To be sure, STEM has advocates and generates a sense of unity and common purpose.
So, STEM as a slogan has value and is a rallying point. But with the passage of time (and I
would note that more than a decade has passed), slogans will be interpreted by advocates and
critics alike. In time, the slogan takes on a literal meaning that may or may not represent the
movement’s actual or best purpose. STEM now is seen in reference to a great number and
variety of contexts and initiatives.Why Clarify the Purpose of STEM EducationThe term purpose
refers to various goal statements of what STEM education should achieve, such as STEM
literacy for all learners. The strength of purpose statements lies in their widespread acceptance
and agreement among educators and their application to all components of STEM education.
For example, individuals in the different places in the education system—such as teachers,
curriculum developers, and and policy makers at the local, state, and national levels—would
have general agreement on the aims of STEM education. Weaknesses of purpose statements
exist in their ambiguity about the role of specific components of STEM education. For example,
what does the purpose of achieving STEM literacy mean for an elementary-grade teacher? A
high school technology teacher? A state STEM coordinator? A curriculum developer? A
university teacher educator? Clearly, the answers vary. Individuals need statements clarifying
the purpose of STEM education that are more concrete and related directly to various
components of STEM education.There is little need to argue that the purpose of STEM
education is to develop the content and practices that characterize the respective STEM
disciplines. Educators already have national standards, and some states have standards
expressing these purposes.A Proposed Purpose for STEM EducationI propose the purpose of
STEM education is for all students to learn to apply basic content and practices of the STEM
disciplines to situations they encounter in life. Specifically, STEM literacy refers to an
individual’sMost educators would agree with this purpose but argue that simply learning the
basics of science or math, for example, would result in students and future citizens developing
the competencies to apply that knowledge to situations they encounter. Far too many
counterexamples exist for this premise to hold. I argue that you must give students experiences
in which they apply knowledge and skills if you want them to learn how to apply knowledge and
skills. STEM education should address this challenge by providing students with experiences
where they apply knowledge and skills to personally meaningful and socially relevant life
situations.GOT STEM EDUCATION POLICIES?Policy statements are concrete translations of
the purpose—for example, achieving STEM literacy for all learners—for various components of
education. Documents that give direction and guidance but are not actual programs serve the
purpose and give direction. Examples of policy documents include district syllabi for K–12
science classes; state curriculum frameworks; and national, state, and local standards. In the
contemporary reform movement, there are some policies for STEM education, but it is safe to
say they are not consistent at the national, state, and local levels.Policies for STEM education
would present conceptually and procedurally clear connections to the purpose for those
charged with developing instructional materials and implementing teaching practices. The



policies are like blueprints for a house. They express the architects’ purposes and give direction
to the contractors. Although they are not policies for STEM education, the new Common Core
State Standards for English Language Arts and Literacy and Math, the Next Generation Science
Standards, and technology standards for national and state levels all serve as examples of
policy documents.WHERE ARE THE STEM EDUCATION PROGRAMS?STEM programs would
be actual curriculum materials that exemplify purposes and policies. Although there are
examples of STEM education programs (see, for example, NRC 2011; Hoachlander and
Yanofsky 2011; Sanders 2009), the programs represent varied perspectives on STEM
education. This is not unexpected, given the varied expressions of purpose and policy for
STEM.Characteristics of STEM ProgramsSTEM programs are unique to grade levels,
disciplines, and components of the education system. They present a consistent, coordinated,
and coherent approach to the STEM education of all students.Development of STEM
ProgramsSchool STEM programs may be developed by national organizations, states, local
school districts, or individual teachers. Who develops the materials is not the defining
characteristic of STEM programs. That schools, colleges, state agencies, and national
organizations have programs aligned with national, state, and local policies is the important
feature and requirement of STEM programs.SO, WHAT ABOUT CLASSROOM PRACTICES?
Practice refers to the specific processes of STEM teaching. The practices of STEM teaching
include the personal dynamics between teachers and students and the interactions among
students and assessments, educational technologies, laboratories, and myriad other teaching
strategies.Practices Should Be ConsistentThe view of contemporary reform described here
assumes that STEM teachers will implement classroom practices consistent with the policies,
programs, and goal of STEM education.Center on the Instructional CoreImproving the practices
in the classroom center on the instructional core and the most individual, unique, and
fundamental aspect of STEM education—the act of teaching students. From the teachers’
perspectives, there should be little doubt about the need for local leadership and support for
their work in contemporary STEM education.WHAT ARE THE POSSIBILITIES FOR STEM
EDUCATION?If many policy makers and educators have assumed we need to improve STEM
education and agreed to do something about it, then it seems important to have a map of the
reform territory to know one’s location, a means of movement, the direction of travel, what lies
ahead, and a final destination. We can use the 4Ps model and themes just outlined—purpose,
policy, program, and practice—for locating and clarifying different efforts in the geography of
STEM reform (see Tables 1.1 and 1.2, pp. 8–10).Identifying the Dimensions of a STEM
ReformThe left column in Table 1.1 summarizes the perspectives of purpose, policy, program,
and practices. The top row includes six aspects of educational reform: time, scale, space,
duration, materials, and agreement. You can review the table and develop a general sense of the
dimensions and difficulties of a reform effort as you ask questions such as the
following:Identifying the Costs, Risks, Constraints, and Benefits of STEMTable 1.2 describes
other aspects of a STEM reform. Again, the left column includes the 4Ps—perspectives of



purpose, policy, program, and practice. The top row includes cost, constraints, responsibilities,
and benefits and considers these in terms of school districts, school personnel, and students.
The analysis presented in Table 1.2 indicates that although they are essential, purpose
statements and policy documents have minimal and moderate influence on a STEM education
reform. We are now approaching the phases in which risk, cost, constraints, personal
responsibilities, and benefits are all high or extremely high. The STEM education clearly has
significant challenges ahead.Perhaps more important than the information in specific parts,
Tables 1.1 and 1.2 give an overall picture of the reform effort. If I placed a “You are here” label on
this map, it would be the interface between policy and program. We have some policies. The
next phases of reform will take longer; involve more individuals, materials, and equipment; move
closer to schools and classrooms; and present more difficulties when it comes to reaching
agreement and actually implementing STEM programs and changing instructional
practices.CONCLUSIONAre there really challenges for STEM education? My conclusion is yes.
Among the significant challenges, I would list the following: a lack of clarity relative to the
acronym’s meaning, the need to develop an educational definition of STEM, and the need to
recognize technology and engineering as full members of the STEM quartet of disciplines.This
chapter described different dimensions of STEM education relative to educational purposes,
policies, programs, and practices. Using the 4Ps helps clarify different educational dimensions
and the costs, risks, benefits, constraints, and responsibilities for STEM education reform.The
challenges of STEM education are many and varied. In the following chapters, I provide
perspectives on what STEM education means and try to address some of the challenges.
Specifically, the chaptersDISCUSSION QUESTIONS
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