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The Next Generation Science Standards
A Focus on Physical Science
By Joe Krajcik

What should all students know about the 
physical sciences? Why should all stu-
dents have a basic understanding of 
these ideas? An amazing num-

ber of new scientific breakthroughs have oc-
curred in the last 20 years that impact our 
daily lives: genetics, nanoscience, and 
digital technologies, among many 
others. In addition, we have a much 
greater understanding of how stu-
dents learn than ever before. With 
these breakthroughs, both in science 
and in how students learn science (NRC 
2007), the National Research Council 
developed A Framework for K–12 Science 
Education (NRC 2012) to guide the devel-
opment of the Next Generation of Science 
Standards (NGSS), scheduled for release this 
spring, that will provide direction in science 
teaching and learning. The overall goal of the 
Framework and NGSS is to help all learners in 
our nation develop the science and engineering 
understanding that they need to live success-
ful, informed, and productive lives and 
that will help them create a sustain-
able planet for future genera-
tions. The physical science 
core ideas are critical to 
this effort.

March 2013 13

tim_w
Text Box
Published in the March 2013 issues of NSTA’s K–12 journals



14

The NGSS make use of five key ideas from the Frame-
work: (1) limited number of core ideas (2) crosscutting con-
cepts, (3) engaging in scientific and engineering practices, 
(4) the integration or coupling of core ideas and scientific 
practices to develop performance expectations, and (5) an 
ongoing developmental process. The scientific and engineer-
ing practices and crosscutting concepts have been discussed 
in earlier NSTA publications (Bybee 2011, Duschl 2012) and 
are summarized in the sidebar. In addition, an exploration 
of the life sciences core idea (Bybee 2013) appeared in the 
February edition of this journal. 

In this article, I will focus on the disciplinary core ideas 
in physical science, the development of those ideas across 
time, the importance of blending core ideas with scientific 
and engineering practices to build understanding, and the 
development of performance expectations. 

The Framework and the NGSS focus on a limited number 
of core ideas of science and engineering both within and 
across the science disciplines that are essential to explain 
and predict a host of phenomena that students will en-
counter in their daily lives but that will also allow them to 
continue to learn more throughout their lives. Core ideas 
are powerful in that they are central to the disciplines of 
science, provide explanations of phenomena, and are the 
building blocks for learning within a discipline (Stevens, 
Sutherland, and Krajcik 2009). By focusing on ideas in 
depth, students learn the connections between concepts 
and principles so that they can apply their understanding 
to as yet unencountered situations, forming what is known 
as integrated understanding (Fortus and Krajcik 2011). 
Supporting students in learning integrated understanding 
is critical as it allows learners to solve real-world problems 
and to further develop understanding. 

T he  phys ica l  sc ience  core  ideas 
The core ideas in physical science will allow learners to 
answer important questions such as “How can we make 
new materials?” “Why do some things appear to keep 
going, but others stop?” and “How can information be 
shipped around wirelessly.” Moreover, many phenomena, 
regardless of the discipline, require some level of under-
standing of physical and chemical ideas. An understand-
ing of chemical reactions and the properties of elements 
and compounds serves as foundational knowledge for 
the life sciences and the Earth and space sciences. Ex-
plaining photosynthesis and respiration depends upon an 
understanding of chemical reactions. Understanding en-
ergy transfer is critical for explaining many phenomena 
in the life sciences and in the Earth and space sciences. 
Explaining ideas like photosynthesis and plate tectonics 
depend upon understanding of energy transfer. Explain-
ing how the planets revolve around the Sun depends on 
understanding gravitational force. Explaining why some 

Practices for K–12 Science Curriculum
u Asking questions (for science) and defining 

problems (for engineering).

u Developing and using models

u Planning and carrying out investigations

u Analyzing and interpreting data

u Using mathematics and computational thinking

u Constructing explanations (for science) and 
designing solutions (for engineering)

u Engaging in argument from evidence

u Obtaining, evaluating, and communicating 
information

Crosscutting Concepts for K–12 Science 
Education
Patterns. Observed patterns in nature guide organiza-
tion and classification and prompt questions about 
relationships and causes underlying the patterns.

Cause and effect: Mechanism and explanation. 
Events have causes, sometimes simple, sometimes 
multifaceted. Deciphering causal relationships and the 
mechanisms by which they are mediated is a major 
activity of science.

Scale, proportion, and quantity. In considering 
phenomena, it is critical to recognize what is relevant 
at different sizes, times, and energy scales and 
to recognize proportional relationships between 
different quantities as scales change.

Systems and system models. Delimiting and defining 
the system under study and making a model of it are 
tools for developing understanding used throughout 
science and engineering.

Energy and matter: Flows, cycles, and conservation. 
Tracking energy and matter flows, into, out of, and 
within systems, helps one understand a system’s 
behavior.

Structure and function. The way an object is shaped 
or structured determines many of its properties and 
functions.

Stability and change. For both designed and natural 
systems, conditions of stability and what controls 
rates of change are critical elements to consider and 
understand.
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materials are attracted to each other while others are not 
depends upon an understanding of electrical forces. Be-
ing able to explain why earthquakes can cause so much 
damage depends on an understanding of energy transfer. 
As such, a major goal of the Framework is for students to 
see that the underlying cause-and-effect relationships that 
occur in all systems and processes, whether biological or 
physical, can be understood through physical and chemi-
cal processes. Because the physical science ideas explain 
many natural and human-made phenomena that occur 
each day, developing integrated understanding of them is 
important for all learners and not only those going on to 
study science in college or interested in a career in science.

The Framework for K–12 Science Education identifies four 
core ideas in physical science—a blending of chemistry and 
physics. Figure 1 presents a list of these core ideas.

Core Idea 1: Matter and its Interactions
The first core idea, PS1 Matter and Its Interactions, helps stu-
dents to formulate an answer to the question: “How can 
one explain the structure, properties, and interactions of 
matter?” Understanding matter, its properties, and how it 
undergoes changes is critical to explaining phenomena in 
physical science and in the life, and Earth and space sciences. 
This core idea explains phenomena such as a puddle of wa-
ter evaporating, burning of wood, tarnishing of metal stat-
ues, the cycling of carbon in the environment, and why so 
many diverse and new products can be formed from such a 
small set of elements. Although the periodic table identifies 
118 elements, only a quarter of these are responsible for all 
the products on Earth; and fewer than 10, including carbon, 
hydrogen, oxygen, and nitrogen, make up most materials. 
These materials exist because in chemical reactions, while 
the various types and number of atoms are conserved, the 
arrangement of the atoms is changed, explaining the many 
observable phenomena in living and nonliving systems. 

Core Idea 2: PS2 Motion and Stability
“How can one explain and predict interactions between ob-
jects and within systems of objects?” The second core idea, 
PS2 Motion and Stability: Forces and Interactions, focuses on 
helping students understand ideas related to why some ob-
jects will keep moving, why objects fall to the ground, and 
why some materials are attracted to each other while others 
are not. Supporting students in developing an understanding 
of the forces between objects is important for describing and 
explaining how the motion of objects change, as well as for 
predicting stability or instability in systems at any scale. The 
Framework describes the forces between objects arising from 
a few types of interactions: gravity, electromagnetism, and the 
strong and weak nuclear interactions. The Framework places 
an emphasis on these forces being explained by force fields 
that contain energy that can transfer energy through space. 
The Framework, while not ignoring gravitational forces, 
places equal weight on helping students understand electrical 
interactions as the force that holds various materials together. 
The attraction and repulsion of electric charges at the atomic 
scale provide an explanation for the structure, properties, and 
transformations of matter. Although the ideas of force fields 
and electrical interactions aren’t new, their emphasis as criti-
cal to explain everyday phenomena is. 

Core Idea 3: PS3 Energy
The third core idea, PS 3 Energy, answers the question, 
“How is energy transferred and conserved?” Energy, while 
difficult to define, explains the interactions of objects using 
the ideas of transfer of energy from one object or system 
of objects to another and that energy is always conserved. 
How is it that power plants can provide energy used to 

F i g u r E  1

Disciplinary Core ideas in the Physical 
Sciences
PS1 Matter and its interactions—How can one explain 
the structure, properties, and interactions of matter? 

PS1.A: Structure and Properties of Matter

uu PS1.B: Chemical Reactions

uu PS1.C: Nuclear Processes

PS2 Motion and stability: Forces and interactions—
How can one explain and predict interactions be-
tween objects and within systems of objects?

uu PS2.A: Forces and Motion

uu PS2.B: Types of Interactions

uu PS2.C: Stability and Instability in Physical Systems

PS3 Energy—How is energy transferred and conserved?

uu PS3.A: Definitions of Energy

uu PS3.B: Conservation of Energy and Energy Transfer

uu PS3.C: Relationship Between Energy and Forces

uu PS3.D: Energy in Chemical Processes and Everyday Life

PS4 Waves and their applications in technologies for 
information transfer: How are waves used to transfer 
energy and information?

uu PS4.A: Wave Properties

uu PS4.B: Electromagnetic Radiation

uu PS4.C: Information Technologies and 
Instrumentation

The Next Generation Science Standards: A Focus on Physical Science
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run household appliances? Understanding energy transfer 
is critical to this idea. Equally important is for students to 
understand that the total energy within a defined system 
changes only by transferring energy into or out of the sys-
tem with the total amount of energy remaining constant—
the conservation of energy. Although energy is always 
conserved, it can be converted to less useful forms, such as 
thermal energy in the surroundings. Energy transfer and 
conservation are critical ideas to explain diverse phenomena 
such as photosynthesis, respiration, plate tectonics, combus-
tion, and various energy storage devices, such as batteries. 
While all disciplines have energy as an important construct, 
often energy is not well understood by students. 

Core Idea 4: PS4 Waves and Their Applications in 
Technologies for Information Transfer
The fourth core idea, PS4: Waves and Their Applications in 
Technologies for Information Transfer, is critical to understand-
ing how many new technologies work and how information is 
shipped around and stored. This core idea introduces students 
to critical ideas that explain how the sophisticated technologies 
available today and how various forms of light and sound are 
mechanisms for the transfer of energy and transfer of informa-
tion among objects not in contact with each other. As such, this 
core idea helps to answer the question: “How are waves used 
to transfer energy and send and store information?” This core 
idea also stresses the interplay of physical science and technol-
ogy. Modern communication, information, and imaging tech-
nologies are pervasive in our lives today and serve as critical 
tools that scientists use to explore the many scales that humans 
could not explore without these tools. Understanding how 
these pervasive tools work requires that we understand light 
and sound and their interactions with matter.

L earn ing  deve lops  over  t ime
The Framework goes beyond just presenting the final endpoint 
for each core idea. Rather, the document is structured with 
grade band endpoints, consistent with what is known about 
how learning occurs as an ongoing developmental process. A 
developmental perspective purposefully builds and links to 
students’ current understanding to form richer and more con-
nected ideas over time (NRC 2007). The core ideas discussed 
above should be developed from elementary through high 
school as each year student ideas become more sophisticated, 
allowing them to more completely explain phenomena as well 
as explain more phenomena. Too often in science education, 
we have not systematically considered the prior knowledge 
of children to build deep and more connected understanding 
from kindergarten through high school; to do so is critical to 
build understanding that can be used to solve problems.

A developmental approach guides students’ knowledge 
toward a more sophisticated and coherent understanding of the 

scientific idea (NRC 2007; Corcoran, Mosher, and Rogat 2009). 
At the elementary level students explore ideas at an experiential 
level. For instance, they explore which type of materials that 
they experience can be melted or turned into a solid. Although 
learners continue to experience phenomena as they continue 
in their school, ideas that explain these ideas are introduced. 
Students form a solid grasp of a particle model in fifth or sixth 
grade to explain phase changes and then refine this model in 
seventh and eighth grade so they know that the particles are 
made of atoms or molecules to explain and predict even more 
complex phenomena such as chemical reactions would be an 
example of a developmental approach. 

Grade band endpoints in A Framework for K–12 Science 
Education show an indication of this progression of ideas across 
time. As such, the Framework presents a coherent picture of how 
ideas should develop across time. Figure 2 shows a progression 
for the core idea Structure and Properties of Matter. At each 
grade band, students develop a conceptual model that they can 
use to explain phenomena. At the second grade level, students 
develop a descriptive model that they can use to describe how 
matter can exist in different phases. As they continue with their 
schooling, their conceptual model becomes more sophisticated. 
By the end of secondary school, students have developed an 
atomic structure model that allows them to use a causal model 
for explaining the structure of matter. 

This growth in understanding is not developmentally inevi-
table, but depends upon instruction and key learning experiences 
to support students in developing more sophisticated under-
standing across time. Reaching these endpoints depends upon 
the instruction the student receives and how understanding is 
assessed. To be a complete learning progression, the progression 
would also need to show how you can move students from one 
level to the next and how to assess that understanding. These 
instructional components are not part of the Framework but will 
depend on development of new curriculum materials based on 
research. (For more on learning progression research, see Smith 
et al. 2006 and Rogat et al. 2011).

Co ntent  ( sc i ent i f i c  i d eas )  i s  not 
eno ugh !
The Framework, however, stresses more than just ideas in the 
disciplines. The Framework also presents the scientific and 
engineering practices and crosscutting concepts that students 
need to use in conjunction with core ideas to build under-
standing. Scientific practices consist of the multiple ways in 
which science explores and understands the world (Bybee 
2011). Crosscutting concepts are major ideas that transverse 
the various scientific disciplines (Duschl 2012). The Frame-
work emphasizes that learning about science and engineering 
involves the coupling of core ideas with scientific and engi-
neering practices and crosscutting concepts to engage stu-
dents in scientific inquiry and engineering design. Convinc-
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ing evidence exists that understanding science will only result 
when core ideas are blended with scientific and engineering 
practices and crosscutting concepts (NRC 2007). Just as sci-
ence is both a body of knowledge and the process whereby 
that body of knowledge is developed, the learning of science 
is similar: You cannot learn a core idea without using it with 
scientific or engineering practices. Therefore, using practices 
as a means to develop understanding of science ideas should 
be a regular part of students’ classroom experience and is em-
phasized throughout the Framework.

Ex press i ng  s tand ard s  as  per fo rm ance 
ex pec tat i o ns
The Framework stresses that standards should emphasize all 
three dimensions by integrating scientific and engineering 
practices with crosscutting concepts and disciplinary core 
ideas to develop performance expectations. Performance 
expectations require that students demonstrate knowledge-
in-use (NRC 2012). As such, NGSS in physical science will 
be written in terms of performance expectations. Figure 3, 
Example Performance Expectations in Physical Science, 

F i g u r E  2

A Progression of ideas for the Structure and Properties of Matter
By the end of 2nd grade—A Descriptive Model: Matter exists as different substances (e.g., wood, metal, water), 
and many of them can be either solid or liquid, depending on temperature. Substances can be described and clas-
sified by their observable properties (e.g., visual, aural, textural), by their uses, and by whether they occur naturally 
or are manufactured. Different properties are suited to different purposes. A great variety of objects can be built 
up from a small set of pieces. Objects or samples of a substance can be weighed, and their size can be described 
and measured.

By the end of 5th grade—a Particle Model: Matter of any type can be subdivided into particles that are too 
small to see, but even then the matter still exists and can be detected by other means (e.g., by weighing or by 
its effects on other objects). For example, a model showing that gases are made from matter particles that are 
too small to see and are moving freely around in space can explain many observations including: the impacts of 
gas particles on surfaces (e.g., of a balloon) and on larger particles or objects (e.g., wind, dust suspended in air), 
and the appearance of visible scale water droplets in condensation, fog, and, by extension, also in clouds or the 
contrails of a jet. The amount (weight) of matter is conserved when it changes form, even in transitions in which it 
seems to vanish (e.g., sugar in solution, evaporation in a closed container). Measurements of a variety of proper-
ties can be used to identify particular substances.

By the end of 8th grade—an Atomic Molecular Model: All substances are made from some 100 different types 
of atoms, which combine with one another in various ways. Atoms form molecules that range in size from two to 
thousands of atoms. Pure substances are made from a single type of atom or molecule; each pure substance has 
characteristic physical and chemical properties (for any bulk quantity under given conditions) that can be used to 
identify it. Gases and liquids are made of molecules or inert atoms that are moving about relative to each other. 
In a liquid, the molecules are constantly in contact with others; in a gas, they are widely spaced except when they 
happen to collide. In a solid, atoms are closely spaced and may vibrate in position but do not change relative loca-
tions. Solids may be formed from molecules, or they may be extended structures with repeating subunits. The 
changes of state that occur with variations in temperature or pressure can be described and predicted using these 
models of matter. 

By the end of 12th grade—an atomic structure model: Each atom has a charged substructure consisting of a 
nucleus, which is made of protons and neutrons, surrounded by electrons. The periodic table orders elements 
horizontally by the number of protons in the atom’s nucleus and places those with similar chemical properties in 
columns. The repeating patterns of this table reflect patterns of outer electron states. The structure and interac-
tions of matter at the bulk scale are determined by electrical forces within and between atoms. Stable forms of 
matter are those in which the electric and magnetic field energy is minimized. A stable molecule has less energy, 
by an amount known as the binding energy, than the same set of atoms separated; one must provide at least this 
energy to take the molecule apart.
(AdApted from A FrAMEWork For k–12 SCIEnCE EduCATIon: PrACTICES,CroSSCuTTIng ConCEPTS, And CorE IdEAS [NrC 2012])

The Next Generation Science Standards: A Focus on Physical Science
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shows five possible performance expectations related to 
PS1: Matter and Its Interactions. These five performance ex-
pectations blend the core ideas with scientific practices and 
crosscutting concepts—and suggest that learning across the 
grades become more sophisticated. Examining the perfor-
mance expectations, the idea of chemical reactions becomes 
more sophisticated from elementary to high school, and it 
allows learners to explain and predict more phenomena. 

Conclud ing  thought
Because fewer ideas are presented and developed across 
K–12 science curriculum and blended with the use of 
scientific practices and crosscutting elements, the Next 
Generation Science Standards will present a more coherent 
view of science education. By developing understanding 
of the Physical Science Core Ideas, students will develop 
responses to three critical questions: “What is everything 
made of?” “Why do things happen?” and “How are waves 
used to transfer energy and information?” Being able to 
answer these questions will provide students with the con-
ceptual tools to explain phenomena, solve problems, and 

learn more as needed. Students will begin to build under-
standing to these questions in the early elementary grades 
and will continue their development through high school.

The Framework and NGSS also emphasize the blending 
of “content” and “inquiry” to build understanding. The 
performance expectations in the NGSS are the endpoints that 
learners will need to meet. Classroom instruction and curricu-
lum materials will need to not only help students reach these 
important ideas but also involve learners in using scientific 
practices blended with the core ideas and crosscutting concepts 
to develop and apply the scientific ideas. The core ideas and 
the performance expectations in physical science are especially 
important as they build foundational ideas for explaining 
phenomena in other disciplines. 

Joe krajcik (Krajcik@msu.edu) is a professor of science education 
at Michigan State university and director of the Institute for 
Collaborative research for Education, Assessment, and Teach-
ing Environment for Science, Technology, and Engineering and 
Mathematics (CrEATE for STEM). He served as design team lead 
for the nrC framework and serves as design team lead for NGSS.

F i g u r E  3

Sample Standards in Physical Science—Kindergarten
(All samples are drawn from the NGSS January 2013 public draft.)
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F i g u r E  3 ,   C o n t i n u e d

Sample Standards in Physical Science—grade 2

Sample Standards in Physical Science—grade 5

The Next Generation Science Standards: A Focus on Physical Science
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F i g u r E  3 ,  C o n t i n u e d

Sample Standards in Physical Science—Middle School
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F i g u r E  3 ,  C o n t i n u e d

Sample Standards in Physical Science —High School

NGSS @ NSTA
NSTA is publishing articles and books, hosting web semi-
nars, planning conference events, and developing other 
resources to help science teachers prepare for the Next  
Generation Science Standards. For a complete look at all of the 
NGSS resources that NSTA has collected, please visit www.
nsta.org/ngss and click on “Resources.” New resources are 
being added each month, so be sure to bookmark the page 
and to check back often for the most current NGSS infor-
mation and analysis.

The Next Generation Science Standards: A Focus on Physical Science
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The final version of the Next Generation Science 
Standards (NGSS) is expected later this spring. 
Once it is released, educators across the coun-

try will need to carefully study the standards as plans 
are made for adoption and implementation. The fol-
lowing text and diagram provide an overview on the 
architecture of the standards.

Overal l  a rch i tec ture
NGSS differs from prior science standards in that they 
integrate three dimensions (science and engineering 
practices, disciplinary core ideas, and crosscutting con-
cepts) into a single performance expectation and have 
intentional connections between performance expecta-
tions. The system architecture of NGSS highlights the 
performance expectations as well as each of the three 
integral dimensions and connections to other grade 
bands and subjects. The architecture involves a table 
with three main sections. 

What  i s  assessed    
(per formance  expec tat ions )
A performance expectation describes what students 
should be able to do at the end of instruction and incor-
porates a practice, a disciplinary core idea, and a cross-
cutting concept from the foundation box. Performance 
expectations are intended to guide the development of 
assessments. Groupings of performance expectations 
do not imply a preferred ordering for instruction—nor 
should all performance expectations under one topic 
necessarily be taught in one course. This section also 
contains Assessment Boundary Statements and Clarifica-
tion Statements that are meant to render additional sup-
port and clarity to the performance expectations.

Foundat ion  box
The foundation box contains the learning goals that 
students should achieve. It is critical that science edu-
cators consider the foundation box an essential com-
ponent when reading the NGSS and developing cur-
ricula. There are three main parts of the foundation 
box: science and engineering practices, disciplinary 
core ideas, and crosscutting concepts, all of which are 
derived from A Framework for K–12 Science Education. 

During instruction, teachers will need to have students 
use multiple practices to help students understand the 
core ideas. Most topical groupings of performance ex-
pectations emphasize only a few practices or crosscut-
ting concepts; however, all are emphasized within a 
grade band. The foundation box also contains learning 
goals for Connections to Engineering, Technology, and 
Applications of Science and Connections to the Nature of 
Science.

Co nnec t i o n  box 
The connection box identifies other topics in NGSS and 
in the Common Core State Standards (CCSS) that are 
relevant to the performance expectations in this topic. 
The Connections to other DCIs in this grade level contains 
the names of topics in other science disciplines that have 
corresponding disciplinary core ideas at the same grade 
level. The Articulation of Disciplinary Core Ideas (DCIs) 
across grade levels contains the names of other science 
topics that either provide a foundation for student un-
derstanding of the core ideas in this standard (usually 
standards at prior grade levels) or build on the founda-
tion provided by the core ideas in this standard (usually 
standards at subsequent grade levels). The Connections 
to the Common Core State Standards contains the cod-
ing and names of CCSS in Mathematics and in English 
Language Arts & Literacy that align to the performance 
expectations. 

Ted Willard (twillard@nsta.org) is a program director at nSTA.
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