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CHAPTER 1
Introduction

R
elease of the Next Generation Science Standards (NGSS) in April 2013 
generated a variety of questions for the science education community. 

Constructive responses to science teachers, science coordinators, and cur-

riculum developers’ questions and their related concerns will be critical 

to a successful reform. Among the questions central to the science education com-

munity were variations on the following:

• How will the NGSS affect my teaching?

• How do I translate the standards to classroom instruction?

• Are there instructional materials that align with the standards?

• How does my teaching (at the elementary, middle, or high 

school level) fi t into the K–12 science curriculum?

• Will national, state, district, and classroom assessments change?

• How can the standards in the NGSS be used to create school 

programs and curriculum materials for classroom instruction?

All of us in the science education community must take such questions seriously. 

Furthermore, we must provide constructive, appropriate, and practical answers. 

These questions are timely and important as the daily task of science teaching centers 

on teachers providing opportunities for students to learn the science and engineering 

practices, crosscutting concepts, and disciplinary core ideas of the NGSS. Briefl y, the 

teachers’ concerns are about curriculum, instruction, and assessment, all of which 

are addressed in this book.

With the background of questions from teachers, one must recognize the reality of 

assessment as a dominant force in contemporary education. The NGSS are expressed 

as performance expectations integrating the practices, crosscutting concepts, and 

disciplinary core ideas. Performance expectations are, at a minimum, related to 

assessments and can appropriately be viewed as assessment standards. So, one can 

expect that assessments based on the NGSS will be developed. This also answers 

one question asked by science teachers: Yes, assessments will change. Accountability 

models are changing as well. Not only will assessments change, but the account-

ability models that have so clearly emphasized single large-scale assessment scores 

likely also will change.

In developing this book, I recognized the importance of assessments. In response, 

I have included units and items where appropriate. For example, the organization 

Measured Progress provided physical science examples for grade 5, middle school, 
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and high school (see Appendixes A, B, and C). In addition, through work for the 

Council of Chief State School Offi cers (CCSSO) the organization David Heil and 

Associates developed several assessments based on the NGSS. I have included those 

in different chapters. These are initial efforts to change assessments. 

There remains another question: What about curriculum and instruction? This 

book provides preliminary answers to questions about school curricula and class-

room instruction. I underscore the word preliminary and emphasize the fact that my 

response is intended to help science teachers and others in the science education 

community begin thinking about translating the standards to classroom instruction. 

An important place to begin is an understanding of standards for science education. 

In the time between standards adoption and assessment development, it may be 

tempting to wait for the assessments before contemplating changes to curriculum 

and instruction. Our current accountability system has taught teachers, curriculum 

directors, and the science education community that assessments drive the curricu-

lum. However, now is the time for teachers, local education agencies, state depart-

ments of education, and multistate collaborations to evaluate changes to curriculum 

and instruction to prepare students for the 21st century. 

Standards for Science Education
In the early 1990s, I began working on the National Science Education Standards (NSES; 

NRC 1996) as chair of the content working group. In 1995, Diane Ravitch published 

National Standards in American Education: A Citizen’s Guide, which stimulated a 

national conversation about standards. As a participant in that conversation, I soon 

realized several objections to national standards for science education. For example, 

some expressed concerns about the imposition of unwanted values, the potential 

of a national curriculum, the priority of states’ rights, the reduction of equality of 

opportunity, and the very real concern that national standards for science education, 

taken on their own, will stand as policies without aligned curriculum programs and 

reformed classroom practices. These and other concerns also describe some of the 

contemporary challenges of the NGSS.

In the two decades of work on science education standards, I have come to rec-

ognize the long-term positive infl uence of national standards for science education. 

First, national standards can infl uence all of the key components of the education 

system. Second, they clarify the most fundamental goals—learning outcomes for all 

students. Third, standards at the national level are necessary for equality of educa-

tional opportunity. Finally, while curriculum emphasis may vary, I fi nd little reason 

to have signifi cant variations among national, state, and local content standards for 

science because the basic concepts and practices of science are common and do not 

vary based on state or region.
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From A Framework for K–12 Science 
Education to the Next Generation 
Science Standards

CHAPTER 2

J
ust as the fi rst generation of national standards infl uenced state-level stan-

dards, assessments, and science teachers at all levels K–12, so too will the Next 
Generation Science Standards (NGSS). In fact, many states have adopted the 

NGSS as their standards. 

This chapter fi rst reviews essential features of A Framework for K–12 Science 
Education (NRC 2012), which provides a foundation for the NGSS. Second, the chap-

ter describes the important features of NGSS. Finally, I discuss several implications 

of the new standards. This chapter is based on other discussions of biology and the 

NGSS (see Bybee 2011b; 2012; 2013). The NSTA Reader’s Guide to the Next Generation 

Science Standards (2013) by Harold Pratt also provides an excellent introduction to 

NGSS. 

A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core 
Ideas (NRC 2012) has three parts. The fi rst part sets out a vision for science education 

that includes the guiding assumptions and organization. Part 2 provides the content 

for the science and engineering education. Finally, Part 3 addresses the means to 

realize the vision by addressing the integration of content, implementation, equity, 

and guidance for the NGSS.

The Framework describes three essential dimensions: science and engineering 

practices, crosscutting concepts, and core ideas in science disciplines. Although 

all three disciplines are introduced, for purposes of clarifying the discussion and 

consistency across the K–12 continuum, detailed discussions in this chapter cover 

the life sciences.

Scientific and Engineering Practices
This discussion of scientifi c and engineering practices is adapted from an earlier 

NSTA publication (Bybee 2011). Because the practices represent an important inno-

vation for the NGSS, one that science teachers will have to understand and apply, I 

elaborate on the practices and briefl y describe what students should know and be 

able to do and examples of how they might be taught. In Figures 2.1 through 2.8 (pp. 

16–18), I summarize scientifi c and engineering practices from A Framework for K–12 
Science Education (NRC 2012). Some changes have been made to the original fi gures 

for clarity and balance, but the substantive content has been maintained.
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FIGURE 2.1. ASKING QUESTIONS AND DEFINING PROBLEMS

Science begins with a ques  on about a 
phenomenon, such as “Why is the sky blue?” 
or “What causes cancer?” A basic prac  ce of 
scien  sts is the ability to formulate empirically 
answerable ques  ons about phenomena to 
establish what is already known and determine 
what ques  ons have yet to be sa  sfactorily 
answered.

Engineering begins with a problem that needs to 
be solved, such as “How can we reduce the na  on’s 
dependence on fossil fuels? or “What can be done 
to reduce a par  cular disease?” or “How can we 
improve the fuel effi  ciency of automobiles?” A 
basic prac  ce of engineers is to ask ques  ons 
to clarify the problem, determine criteria for a 
successful solu  on, and iden  fy constraints.

FIGURE 2.2. DEVELOPING AND USING MODELS

Science o  en involves the construc  on and 
use of models and simula  ons to help develop 
explana  ons about natural phenomena. Models 
make it possible to go beyond observables and 
simulate a world not yet seen. Models enable 
predic  ons of the form “If … then … therefore” to 
be made to test hypothe  cal explana  ons.

Engineering makes use of models and 
simula  ons to analyze extant systems, iden  fy 
fl ows that might occur, or test possible solu  ons 
to a new problem. Engineers design and use 
models of various sorts to test proposed systems 
and recognize the strengths and limita  ons of 
their designs.

FIGURE 2.3. PLANNING AND CARRYING OUT INVESTIGATIONS

Scien  fi c inves  ga  ons may be conducted in 
the fi eld or the laboratory. A major prac  ce of 
scien  sts is planning and carrying out systema  c 
inves  ga  ons that require clarifying what counts 
as data and in experiments iden  fying variables.

Engineering inves  ga  ons are conducted to gain 
data essen  al for specifying criteria or parameters 
and to test proposed designs. Like scien  sts, 
engineers must iden  fy relevant variables, decide 
how they will be measured, and collect data for 
analysis. Their inves  ga  ons help them iden  fy 
the eff ec  veness, effi  ciency, and durability of 
designs under diff erent condi  ons.

FIGURE 2.4. ANALYZING AND INTERPRETING DATA

Scien  fi c inves  ga  ons produce data that must 
be analyzed to derive meaning. Because data 
usually do not speak for themselves, scien  sts 
use a range of tools—including tabula  on, 
graphical interpreta  on, visualiza  on, and 
sta  s  cal analysis—to iden  fy the signifi cant 
features and pa  erns in the data. Sources of 
error are iden  fi ed and the degree of certainty 
is calculated. Modern technology makes the 
collec  on of large data sets much easier, 
providing secondary sources for analysis.

Engineering inves  ga  ons include analysis 
of data collected in the tests of designs. This 
allows comparison of diff erent solu  ons and 
determines how well each meets specifi c design 
criteria—that is, which design best solves the 
problem within given constraints. Like scien  sts, 
the engineers require a range of tools to iden  fy 
the major pa  erns and interpret the results. 
Advances in science make analysis of proposed 
solu  ons more effi  cient and eff ec  ve.

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



Chapter 3 NGSS: 10 Frequently Answered Questions

3939© 2016 Hawker Brownlow Education • 9781760010546 • NST0546

Achieve’s qualitative analysis revealed exemplary features such as the use of an 

overarching conceptual framework, multiple examples to clarify the level of rigor 

expected and connect concepts with applications of science, concrete links between 

standards and assessments, and development of inquiry and design processes in 

parallel to facilitate students engaging in both science and engineering practices.

Question 5: Will the NGSS help prepare students for 
college and career?
Helping students prepare for STEM careers has two dimensions: fi rst, the general 

“career readiness” and technical needs of a 21st-century workforce, and second, the 

“pipeline” issue of students, particularly women and minorities, going into STEM 

research and development. Experiences with science and engineering practices will 

certainly contribute to both college and career preparedness for students. In addi-

tion, school programs can complement those practices with 21st-century skills such 

as self-management and communication.

The NGSS describe the content and practices needed to ensure that students will 

be college and career ready. I think college and career readiness as a general goal 

is appropriate for the K–12 science standards. In this era, education has witnessed 

business and industry leaders demand improved STEM education. That said, K–12 

STEM education should not have a specifi c goal of providing job training. It should 

be a rigorous general education that prepares students for the next level of educa-

tion, whether that is university, community college, or on-the-job apprenticeship 

and training.

Whether concern is for a technical workforce or future scientists and engineers, if 

implemented through curriculum and instruction, the NGSS will contribute to many 

expressed needs of business and industry. This perspective leaves K–12 curriculum 

and instruction and the professional development of science teachers as critical fac-

tors in future judgments about the impact of NGSS. Additionally, the science and 

engineering practices contribute to preparation of the STEM workforce and provide 

future citizens with fundamental knowledge living in a world increasingly infl u-

enced by science, technology, engineering, and mathematics. Finally, I encourage the 

reader to review the discussion on college and career readiness in NGSS.

Question 6: Why Are the NGSS Important?
Since publication of the NSES (NRC 1996), there have been numerous forces for edu-

cation change. Business and industry have set goals for a 21st-century workforce, 

policy makers have identifi ed economic goals, scientists have made the case for 

addressing climate change, and educators have advanced our understanding about 

how students learn, to name a few of the factors underlying the need to improve 

science education. Now the NGSS are the basis for that improvement.
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units. According to the NRC committee’s report, integrated instructional units con-

nect laboratory experience with other types of learning activities including reading, 

discussions, and lectures (see Figure 4.2).

Chapters 5–7 use the 5E Instructional Model as the basis for examples of classroom 

instruction based on performance expectations. 

Classroom Instruction Is Part of a Science Curriculum.
This section presents a brief reminder that there is a school curriculum. For NGSS, the 

science curriculum consists of learning progressions for the disciplines. In Chapters 

5–7, Biological Evolution: Unity and Diversity describe a learning progression (see 

Table 4.2, p. 54).

In recent years, the idea of learning progressions has gained interest in the educa-

tion community. This is especially the case in science education. With publication of 

Taking Science to School (NRC 2007), the idea of learning progressions—empirically-

grounded, testable hypotheses about how students’ understanding of and ability to 

use core scientifi c concepts and explanations and related scientifi c practices grew 

and became more sophisticated over time, with appropriate instruction—has infl u-

enced A Framework for K–12 Science Education (NRC 2012) and the Next Generation 
Science Standards (Achieve 2013).

In the past, most groups designing standards or developing curricula certainly 

had at least an initial understanding of learning progressions. Children in third 

grade do not have the same science concepts and inquiry abilities as students in 

high school. Examination of the National Science Education Standards (NRC 1996) or 

the Benchmarks for Science Literacy (AAAS 1993) supports this observation. But recent 

lines of research have certainly deepened our understanding of learning progressions 

for core concepts and fundamental practices. The publication Learning Progressions 
in Science: An Evidence-Based Approach to Reform (Corcoran, Masher, and Rogat 2009) 

presents a major synthesis of research on learning progressions. 

Learning progressions have clear and direct implications for standards, curricu-

lum, instruction, and assessment. In developing the Framework and NGSS, teams 

paid attention to the learning progressions for disciplinary core ideas and implied 

progressions for practices and crosscutting concepts. In Chapters 5–7, I recognize 

the research of others as described in Tracking a Prospective Learning Progression for 

FIGURE 4.2. INTEGRATED INSTRUCTIONAL SEQUENCE

 

AN
ENGAGE
LESSON

EXPLORATION EXPLANATION ELABORATION EVALUATION
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Exploring the Concepts and Practices

TABLE 6.3. BSCS 5E INSTRUCTIONAL MODEL AND AN INTEGRATED 
INSTRUCTIONAL SEQUENCE: THE EXPLORE PHASE

Explora  on Descrip  on of the Explore Phase

Students investigate initial ideas and 
solutions in contexts that hold their 
attention and have personal meaning—
in this case, the physical examination 
of fossils.

This phase provides students with a 
common base of experiences within 
which they iden  fy and begin developing 
concepts, prac  ces, abili  es, and skills. 
Students ac  vely explore the contextual 
situa  on through inves  ga  ons, reading, 
web searches, and discourse with peers.

Ms. Evans distributed two trays, each with about 100 

carefully selected fossil brachiopods. She asked the 

students to describe the fossils. After they had time 

to examine the fossils, she heard descriptions such 

as “They look like butterfl ies” and “They are kind 

of triangular with a big middle section and ribs.” 

Ms. Evans then asked if there were any differences 

between the fossils in the two trays. The students 

quickly concluded that they could not really tell any 

differences based on the general description, so Ms. 

Evans asked how they could tell if the fossil popula-

tions were different. From the ensuing discussion, 

students determined that quantitative descriptions 

of specifi c characteristics—such as length, width, or 

number of ribs—could be used.

Ms. Evans placed the students in groups of four 

and told them to measure, record, and graph some 

characteristics of the brachiopod populations. The 

students decided what they wanted to measure and 

how to do it. They worked for two periods measur-

ing and entering their data on length or width of 

the brachiopods in a database. When all data were 

entered, summarized, and graphed, the class results 

resembled those displayed in Figure 6.1.

The students began examining the graphs show-

ing frequency distribution of the length or width 

of fossils. As the fi gures indicate, the results for 

FIGURE 6.1. GRAPH SHOWING 
CHARACTERISTICS OF 
BRACHIOPOD POPULATIONS
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FIGURE 9.1. A SCIENCE LESSON FOR AIM

Understanding Scientific Investigations

(The following narra  ve is in the students’ textbook.)

How do scien  sts inves  gate the world? They use telescopes, computers, and other 
instruments. All of the instruments you can think of were invented by scien  sts and 
engineers to make be  er observa  ons and store and analyze informa  on about the 
world. Observa  ons can be fi rsthand experiences of objects, organisms or events 
in nature. Some  mes, however, things that happen in nature are too big, too small, 
too fast, or too slow for scien  sts to observe. Scien  sts and engineers have invented 
instruments to enable them to extend their senses and make accurate observa  ons. 
Then they take their observa  ons and interpret the meaning as they try to answer 
ques  ons about nature. Interpreta  ons are judgments about observa  ons of 
objects, organisms, or events and explana  ons of them.

You may have observed, for example, that the Moon moves across the sky like 
the Sun, that plants and animals have life cycles, or that materials have diff erent 
proper  es.

Before the next science class, make your own inves  ga  ons of something that 
changes, something that stays the same, something that is alive, and something that 
is not alive. 

What Is a Scientific Investigation?

Now that you have completed your own inves  ga  on, you are be  er prepared 
to answer the ques  on, “What is a scien  fi c inves  ga  on?” In your inves  ga  on, 
you a  empted to judge or interpret the nature of the objects or organisms that 
changed. Your powers of observa  on were limited, and you had li  le evidence in 
making interpreta  ons of what you observed. Despite this, you may have been quite 
accurate in describing the changes of objects or organisms.

Suppose that you wished to answer a more complicated ques  on or solve a more 
complex problem than the one you inves  gated. How would you begin? The best 
way to begin would be to decide exactly what the ques  on is or what problem you 
wish to solve. You might want to test an interpreta  on of a situa  on or idea about 
why something happens as it does. This is called a hypothesis. A hypothesis is based 
on observa  on and usually raises new ques  ons or problems. The ques  ons need to 
be tested and the addi  onal informa  on interpreted to determine whether or not 
the hypothesis is the best answer or proposed explana  on.

When you begin a scien  fi c inves  ga  on, you may fi nd that you need informa  on 
that your senses cannot provide, such as data from accurate measurements. 
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