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his chapter provides an orientation and overview for the book. We designed the book to have
the feel of a seminar. In a seminar, one studies a subject—in this case, diﬀerent perspectives on
dimensions, dynamics, topics, challenges, and issues in science education. This seminar covers topics such as standards, challenges such as improving achievement for all students, and
issues such as understanding the politics of education reform. Our perspectives are historical
and contemporary, personal and shared, and we evaluate diﬀerent components of the science
education system—purposes and goals, policies, programs, and practices.
American science education presents diverse challenges for groups ranging from classroom teachers to national policy makers. Regardless of your place and work, we are in a time that requires a
broader and deeper understanding of science education. A view of science education as one component of a dynamic system helps one understand that most initiatives for reform and improvement
originate from combinations of contextual forces—some internal forces, such as research on student
learning, and some external social forces, such as economics and politics. Contemporary examples
include the National Research Council report How People Learn (Bransford, Brown, and Cocking 1999)
as an internal force and the economic influence of calls from business and industry to prepare a
21st-century workforce as an external one.
The chapter continues with discussions of our main themes: perspectives, challenges, standards,
and leadership.

©

PERSPECTIVES
In the world of art, the term perspective refers to the representation of three-dimensional objects and
depth relationships, often on two-dimensional surfaces. This is a nice metaphor for our use of the
term in the title of the seminar and as a prominent theme of the book. Perspectives give orientation,
depth, and relationships to components of a subject such as science education.
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The seminar includes historical and contemporary perspectives. We also present our personal
perspectives, as well as positions, challenges, and opportunities on which we have common perspectives. In addition, we introduce four perspectives that represent diﬀerent dimensions and orientations
in the science education system: purposes, policies, programs, and practices. As you will see, these
terms are used for the general titles of sections and chapters in the book. We introduce these four
perspectives in the following paragraphs, and the next sections provide detailed descriptions of each.
You may find it useful to recognize diﬀerent perspectives on initiatives in education. The perspectives may be expressed by individuals, groups, or organizations within the science education
community. Some, for example, express views about goals, while others state concerns about school
curricula and eﬀective teaching strategies. Our position should be clear: The perspectives are not
good or bad; they are diﬀerent.
The diﬀerent perspectives usually express the individual’s or group’s professional orientation and
concerns. Science teachers have an understandable classroom and teaching perspective, while some
educators have a philosophical or policy view as they describe major goals such as scientific literacy.
Unfortunately, there are occasional statements by individuals holding one perspective while being
critical of another’s perspective. We caution against this dismissive view and encourage the recognition and appreciation of diﬀerent perspectives in science education.
Because there are diﬀerent perspectives, a “map” will help you recognize where you are and
where others are coming from. Such a map will help you identify the location, means of movement,
and direction and diﬃculties of navigation in science education and in this seminar. In the science
education community, numerous reports, standards, and studies on science education present what
may be a confusing array of destinations and directions, all of which may also be discussed at national,
state, or district levels. A simple map is quite helpful for locating and clarifying diﬀerent eﬀorts in the
geography of contemporary science education. The map we propose uses the terms purposes, policies,
programs, and practices—the 4 Ps—to identify various important perspectives in science education.
The 4Ps were described in an earlier publication (Bybee 1997) and will be used as themes in this
seminar. The following discussion introduces the 4Ps, and a “map” is shown in Figure 1.1 (p. 7).

The Purposes of Science Education
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Science educators have expressed many aims, goals, and objectives in various documents, such as
national standards, state frameworks, school syllabi, and teaching lessons (DeBoer 1991; Bybee 1993;
Bybee and DeBoer 1994; DeBoer and Bybee 1995). For this perspective, we use the term purposes as it
refers to universal aims and goals of what K–12 science education should achieve. Such statements
are abstract and apply to all concerned within science education.
Achieving scientific literacy is a statement of purposes for science education. The strength of a
purpose statement lies in its widespread acceptance and general agreement within the science education community. One weakness lies within the statement’s ambiguity concerning specific situations
in science education. For example, what does the goal of achieving scientific literacy mean for an
elementary school teacher, a high school chemistry teacher, a teacher educator, a policy maker, or a
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curriculum developer? The answers, of course, vary for individuals and situations, hence the need
for more concrete statements and the adaptation of the purpose statements for various factions of the
science education community. These statements are based on the general purpose but address more
specific situations, and they will introduce the role of policies.

Policies for Science Education
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Programs for Science Education
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Policy statements are concrete translations of the purposes for various constituents within the science
education community. Documents that give direction and guidance but are not actual programs serve
as policies. Examples of policy documents include a course outline for a high school Earth science
class, district syllabi for K–12 science courses, state frameworks, standards, and federal legislation
such as the 2015 Every Student Succeeds Act (ESSA). Likewise, college or university requirements
for undergraduate teacher education and state and national frameworks for assessing science also
fall into the category of policies. At the national level, examples of policy documents include the Next
Generation Science Standards (NGSS; NGSS Lead States 2013). We suggest that contemporary reform
is poised at the critical point between completing the NGSS and implementing programs that align
with those standards.
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Major categories of programs include curriculum materials, assessments, teacher education courses,
and professional development. School programs, for example, include the actual curriculum materials, textbooks, and coursework based on the policies. Programs are unique to grade levels, disciplines,
and aspects of science education such as teacher education or a middle school integrated science
curriculum.
School science programs may be developed by organizations and marketed commercially, or they
may be developed by states or local school districts. Who develops the materials is not the defining
characteristic; the fact that schools, colleges, state agencies, and national organizations have programs
aligned with policies such as the national or state standards is the important feature of this aspect of
science education.
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Practices in Science Education
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Practice, as we use the term in this seminar, refers to the specific actions and processes of teaching
science in schools, colleges, universities, museums, science centers, and other informal settings. The
practices of science education include the personal interactions between teachers and students and
among students, as well as the roles and uses of assessment, educational technologies, laboratories,
and myriad strategies for teaching science. In the perspectives described here, implementing new
classroom practices implies they would be consistent with policies, and programs would be designed
to achieve purposes of scientific literacy, for example. (Note: This seminar also introduces scientific and
engineering practices that, in some cases, may be specific examples of generic classroom practices.)
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Improving the practices of teaching science centers on the most individual, unique, and fundamental aspect of the map. Science educators can propose new goals; design new state standards,
syllabi, and scope and sequence charts; and develop new curriculum materials, but the critical aspect
of any reform is improving teaching and enhancing learning in science classrooms.
Recognizing these perspectives in science education is relatively new. As you will see, for decades
science educators have recognized the importance of goals, curriculum programs, and classroom
practices. Little attention has been directed to questions of policy. Typical discussions have been
framed by challenges of topics such as “research to practice” or “theory into action” (see, e.g., NSTA
1964). The purposes, programs, and practices of science education do not exist independently. There
is a need to recognize the place and influence of policies such as national and state standards.
Here is a note of caution. Although one may be tempted to think of the 4Ps as a sequence of stages,
such that the ideal would be to begin with purposes and develop policies followed by programs
and practices, history indicates that reforms in science education do not reflect this ideal. Diﬀerent
reforms of science education have emphasized diﬀerent elements of the 4Ps.
To conclude this discussion, one can view discussions, articles, and reports on science education in
at least four connected and interconnected perspectives: purposes, policies, programs, and practices
(see Figure 1.1). Each perspective has advocates and audiences, problems and solutions, and roles
and responsibilities in science education. The challenge that leaders face is to recognize and accept
these perspectives, as they all have a place in this seminar.

CHALLENGES
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The first decades of the 21st century present a world with a variety of challenges. As the global society
advances, America’s education system lags behind many countries in providing our students with
the knowledge and skills that will enable them to sustain and build the technology-rich culture of
the 21st century. The K–12 system of science and technology education is one vehicle for ensuring
a society that possesses essential skills for higher-order thinking; evidence-based decision making;
rational argument; and scientific, technological, and quantitative literacy.
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Grand Challenges?
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The April 2013 issue of Science, the journal of the American Association for the Advancement of
Science (AAAS), devoted a special section to the theme “Grand Challenges in Science Education.”
Educators addressed 20 challenges, which are summarized in Figure 1.2 (p. 8). Take a few minutes
to review these challenges. Do you agree they are “grand challenges”? Would you eliminate any of
the challenges? How about adding challenges? What is your list of “grand challenges” in science
education?
In the spirit of provoking discussion in this seminar, we ask these questions:
• Do you agree there are grand challenges in science education?
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• How would you diﬀerentiate between grand challenges and those problems that are
important but not large and dominating enough to be considered grand?

Figure 1.1. Perspectives on Initiatives in Science Education
PURPOSE
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• What are the size, scope, and persistence of challenges that would define them as grand?
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Purpose statements include aims, goals, and rationales. These statements tend to be universal
and abstract and apply to all components of the science education system (e.g., teacher education,
curriculum, instruction, and assessment). Although it presents elements of both purpose and policy,
A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas (NRC 2012)
has served as the purpose in this era of standards-based reform.
POLICY
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Policies are more specific statements of standards, benchmarks, syllabi, frameworks, and
strategic plans based on the defined purposes. Policy statements are concrete translations of
the purpose and apply to specific components such as teacher education, K–12 curriculum, and
assessments. The NGSS (NGSS Lead States 2013) provide the policy statement most applicable to
this contemporary discussion.
PROGRAM

PRACTICE
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Programs are the actual instructional materials used in states, schools, and classrooms. Programs
are unique to disciplines, K–12 grades, and diﬀerent components of the education system.
Curriculum materials for K–12 science, state assessments, and undergraduate teacher education
are diﬀerent examples of programs. Programs are a translation of policies into the unique
requirements of the contexts in which they must be implemented. As mentioned above, the
requirements of teacher education and assessments diﬀer when one is developing a program
based on new policies.
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Practice refers to the specific actions of educators as they implement the program. Classroom
teaching of science is an example of practice. Practice is the most unique and fundamental level at
which the purposes of science education are translated to classrooms.
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Other Challenges?
As the seminar progresses, you will encounter other challenges. We present some in our personal
perspectives. Others are presented in diﬀerent sections of this book. We do propose that there are
challenges for each individual in the science education community—for science teachers, department
chairs, district coordinators, state supervisors, policy makers at all levels, and people in national
organizations. Although the challenges may not be grand, do they feel that way for the individual?
As you will see, we propose that the importance and influence of national and state standards and
their implementation by district leaders and classroom teachers present some of the most immediate
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Figure 1.2. Grand Challenges in Science Education
• Use technology to improve pedagogy, management, and accountability.
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• Improve access to and quality of pre- and post-primary education.

• Develop appropriate policies for regulating and supporting the private sector in education.

• Develop an understanding of how individual differences in brain development interact with
formal education.
• Adapt learning pathways to individual needs.

• Determine the ideal balance between virtual and physical investigations.
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• Create online environments that use stored data from individual students to guide them to
virtual experiments that are appropriate for their stage of understanding.
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• Identify the skills and strategies that teachers need to implement a science curriculum featuring
virtual and physical laboratories.
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• Identify the underlying mechanisms that make some teacher professional development (PD)
programs more effective than others.
• Identify the kind of PD that will best prepare teachers to implement the NGSS.
• Harness new technologies and social media to make high-quality science PD available to all teachers.
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• Help students explore the personal relevance of science and integrate scientific knowledge into
complex practical solutions.
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• Develop students’ understanding of the social and institutional basis of scientific credibility.
• Enable students to build on their own enduring science-related interests.
• Shift incentives to encourage education research on the real problems of practice.
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• Create a set of school districts where long-standing, multidisciplinary teams work together to
identify effective improvements.
• Create a culture in school systems that allows for meaningful experimentation.

ke
r

• Design valid and reliable assessments that reflect the integration of practices, crosscutting
concepts, and core ideas in science.
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• Use assessment results to establish an empirical evidence base regarding progressions in science
proficiency across K–12.
• Build and test tools and information systems that help teachers effectively use assessments to
promote learning in the classroom.

H

Source: Adapted from AAAS 2013.
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and significant challenges in American science education. Among the challenges related to standards, we focus on those related to topics in the seminar—namely, curriculum programs, classroom
practices, assessments and accountability, and professional development. Many of the topics listed
in Figure 1.1 are likely to be included in this challenge. Standards will be an important theme in this
seminar, as they influence science educators’ perspectives and opportunities for leadership.
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