How do we make science more
meaningful for learners?

How
Well Do You Understand the NGSS?
How well do you know the Common Core?
1. I don’t. Should I?
2. I’ve heard of the NGSS, but don’t really know
how it impacts students.
3. I’m familiar with the NGSS, but I have questions
and. would like more specifics
4. I’m very familiar with the NGSS. I may be able to
help others understand what it is and its impact.
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From Peter McLaren

Why New Standards?
The U.S. ranks 27th out of 29 developed
nations in the proportion of college
students receiving undergraduate
degrees in science and engineering.
SOURCE: NATIONAL RESEARCH COUNCIL, 2010
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Why New Standards?

Nearly 90 percent of high school
graduates say they’re not interested in a
career or a college major involving
science, technology, engineering or
math, known collectively as STEM,
according to a survey of more than a
million students who take the ACT test.
SOURCE: NEW YORK TIMES, 2013
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What will we do today?
• Build similar understanding
of NGSS
– Discuss the Framework and
NGSS
• Engage in some tasks
related to NGSS

• Allow time for questions,
discussion and interaction
• Discuss climate change
and NGSS

1990s

1990s-2009

April 2013

NGSS Trivia
• Was NGSS a Federal initiative?
• The federal government was not involved in this effort and did not fund
it.
• Who funded NGSS?
• The work undertaken by the NRC and Achieve was being supported by
the Carnegie Corporation of New York.
• Who Developed NGSS?
•
•
•

It was state-led, and states will decide whether or not to adopt the standards.
Achieve oversaw the process.
Professional organizations (like ASSS, NSTA), teachers, scientists, engineers, etc.
were heavily involved in development.

• Was the public (teachers or stake holders) involved in the process of
creating NGSS?
• The first two drafts were released to the public. The final draft responded to
public feedback.
• Lead States provided invaluable feedback throughout the process.

Conceptual Shifts of NGSS
• Focus on three-dimensional learning – NGSS operates at
the nexus of Disciplinary Core Ideas, Scientific and
Engineering Practices, and Cross Cutting Concepts.
• Performance Expectations are NOT curricula.
• Learning progressions offer scaffolding of knowledge over
time.
• Emphasis on depth and application of content over
breadth.
• Integration of engineering into science education.
• NGSS prepare ALL students for college, careers, and
citizenship.
• Connections to Common Core State Standards for English
language arts and mathematics.

NGSS – Science for All
Students
•

Science, engineering and
technology are cultural
achievements and a shared
good of humankind

•

Science, engineering and
technology permeate modern
life and as such is essential at
the individual level

•

Understanding of science and
engineering is critical to
participation in public policy and
good decision-making
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Inclusive Science Instruction
• Science Learning as Cultural Accomplishment
• Relating Youth Discourses to Scientific Discourses
• Building on Prior Interest and Identity
• Leveraging Students’ Cultural Funds of Knowledge

Native Science Field Program
Hopa Mountain, Montana

National Academies, Singer

Inclusion of Engineering

Two youth at the 2008 Scifest festival
during a robotics workshop.

There is an increasing demand for citizens who are
technologically literate about the built world and who
can enter engineering and technology related fields
National
Academies,
LIFE • Everyday
ScienceSinger
& Technology Group

http://everydaycognition.org

The NRC Framework and NGSS
1.

2.
3.
4.
5.
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What is new?
Organized around
disciplinary core explanatory
ideas
Coherence: building and
applying ideas across time
Central role of scientific
practices
Use of crosscutting concepts
Focus on explaining
phenomena

Crosscutting
Concepts
Practices
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Core
Ideas

A core idea in K-12 science…
• Disciplinary significance
– Has broad importance across multiple science or
engineering disciplines, a key organizing concept of a
single discipline

• Explanatory Power
– Can be used to explain a host of phenomena

• Generative
– Provides a key tool for understanding or investigating
more complex ideas and solving problems

• Relevant to peoples’ lives:
– Relates to the interests and life experiences of
students, connected to societal or personal concerns

• Usable from K to 12
– Is teachable and learnable over multiple grades at
levels of depth and sophistication
NGSS@NSTA increasing
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How are DCIs Different than Science
Concepts

• The Framework and NGSS move
teaching away from a focus on
presenting numerous disconnected
facts to a focus on a smaller number of
disciplinary core ideas which learners
can use to explain phenomena and
solve problems.
• The ideas in Framework and NGSS
describe what students should be able
to explain and be able to solve, rather
than providing disconnected facts and
definitions.
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Crosscutting Concepts
Fundamental concepts that bridge all of the ideas.
1. Patterns
2. Cause and effect
3. Scale, proportion and quantity
4. Systems and system models
5. Energy and matter
6. Structure and function
7. Stability and change
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Crosscutting Concepts
For 1 minute, discuss with your partner
• What are crosscutting concepts?
• How are they different from what we had
before?
• Have you used this idea in your course
planning?
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Scientific and Engineering Practices
The multiple ways of knowing and doing that scientists and engineers use to study the
natural world and design world.
The practices work together – they are not separated!

1. Asking questions and
defining problems

5. Using mathematics and
computational thinking

2. Developing and using
models

6. Developing explanations
and designing solutions

3. Planning and carrying out
investigations

7. Engaging in argument from
evidence

4. Analyzing and interpreting
data

8. Obtaining, evaluating, and
communicating
information

How practices differ from Inquiry
• Practices build on and extend earlier efforts of
students engaging in inquiry to a focus on
students investigating, developing, evaluating,
and refining ideas to explain phenomena and
solve problem.
• Practices shift the focus from science classrooms
as an environment where students learn about
science ideas to places where students explore,
examine and use science ideas to explain how
and why phenomena occur.
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Practices Change Science Education
Practices shift the focus from the science classroom
as environments where students learn about
science ideas to places where students explore,
examine, and use science ideas to explain how
and why phenomena occur.
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Science and Engineering Practices
For 1 minute, discuss with your partner
• What are science and engineering practices?
• How are science and engineering practices
different from inquiry?
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3-Dimensional Learning
•

What is it? Blending the three dimensions
(core ideas, crosscutting concepts and
scientific and engineering practices) to
focus instruction and assessment

•

Three-dimensional learning shifts the focus
of the science classroom to environments
where students use core ideas, crosscutting
concepts with scientific practices to
explore, examine, and use science ideas to
explain how and why phenomena occur.
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Credit: Krajcik

Content and Practice Work
together to Build
Understanding Crosscutting
• Scientific ideas are best learned
Practices
when students engage in practices
• To form useable understanding,
knowing and doing cannot be
separated, but rather must be
learned together
• Allows for problem-solving, decisions
making, explaining real-world
phenomena, and integrating new
ideas
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Concepts

Core
Ideas

Standards integrate core ideas,
crosscutting ideas & practices
• “Standards should emphasize all three dimensions articulated in
the framework—not only crosscutting concepts and disciplinary
core ideas but also scientific and engineering practices.” (NRC 2011,
Rec 4)
• “Standards should include performance expectations that integrate
the scientific and engineering practices with the crosscutting
concepts and disciplinary core ideas. These expectations should
require that students demonstrate knowledge-in-use and include
criteria for identifying successful performance.” (NRC 2011, Rec 5).
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Creating performance expectations
from core idea + practice

Practice:
Developing
and using
models

Core idea: PS1.B: Chemical Reactions
Substances react chemically in
characteristic ways. In a chemical process,
the atoms that make up the original
substances are regrouped into different
molecules, and these new substances
have different properties from those of
the reactants. (MS-PS1-2), (MS-PS1-5)
The total number of each type of atom is
conserved, and thus the mass does not
change. (MS-PS1-5)

Performance expectation: MS-PS-5 Develop
and use a model to describe how the total number of
atoms does not change in a chemical reaction and
thus mass
NGSS@NSTA
slide is conserved.

Crosscutting
Concept:
Energy and
matter

An Example
Middle School: Chemical Reactions
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Performance Expectations
For 1 minute, discuss with your partner
• What are performance expectations?
• How are performance expectations different
from traditional standards?
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Performance Expectations
Build Across Years
HS-PS1-3. Plan and conduct an investigation to gather
evidence to compare the structure of substances at the
bulk scale to infer the strength of electrical forces between
particles.
MS-PS1-5. Develop and use a model to describe how the
total number of atoms does not change in a chemical
reaction and thus mass is conserved.
5-PS1-1. Develop a model to describe that matter is
made of particles too small to be seen
2-PS1-2. Analyze data obtained from testing different
materials to determine which materials have the properties
that are
best suited for an intended purpose
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Build scientific disposition

• Building core ideas, scientific and engineering practices,
and crosscutting concepts across time will support
learners building scientific dispositions – think like a
scientist
• Knowing when and how to seek and build knowledge -–
–
–
–

Hmm, what do I need to know?
I wonder if?
I can I explain....?
Do I have enough evidence?

• Students will learn to think like scientists and understand
the purpose of evidence
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Describe Achievement, Not Instruction
Standards articulate a clear vision of the
learning goals for students
Standards articulate the student performance
at the conclusion of instruction
Standards are NOT a description of
curriculum.
Standards do NOT dictate instruction.
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Inside the
NGSS Box

Based on the
January 2013
Draft of NGSS
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Inside the
NGSS Box

Title and Code

The titles of standard pages are not necessarily unique and may be
reused at several different grade levels . The code, however, is a
unique identifier for each set based on the grade level, content
area, and topic it addresses.

Performance Expectations

A statement that combines practices, core ideas,
and crosscutting concepts together to describe
how students can show what they have learned.

Clarification Statement

A statement that supplies examples or additional
clarification to the performance expectation.

What is Assessed

Assessment Boundary

A collection of several
performance expectations
describing what students
should be able to do to master
this standard

A statement that provides guidance about the
scope of the performance expectation at a
particular grade level.

Engineering Connection (*)

An asterisk indicates an engineering connection
in the practice, core idea or crosscutting concept
that supports the performance expectation.

Scientific & Engineering Practices

Activities that scientists and engineers engage in
to either understand the world or solve a
problem

Foundation Box

Disciplinary Core Ideas

The practices, core disciplinary
ideas, and crosscutting
concepts from the Framework
for K-12 Science Education
that were used to form the
performance expectations

Concepts in science and engineering that have
broad importance within and across disciplines
as well as relevance in people’s lives.

Crosscutting Concepts

Ideas, such as Patterns and Cause and Effect,
which are not specific to any one discipline but
cut across them all.

Connections to Engineering, Technology
and Applications of Science

Connection Box

These connections are drawn from the disciplinary
core ideas for engineering, technology, and
applications of science in the Framework.

Other standards in the Next
Generation Science Standards
or in the Common Core State
Standards that are related
to this standard

Based on the
January 2013
Draft of NGSS
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Connections to Nature of Science

Codes for Performance Expectations

Codes designate the relevant performance expectation for an item in the
foundation box and connection box. In the connections to common core, italics
indicate a potential connection rather than a required prerequisite connection.

Connections are listed in either the practices or
the crosscutting connections section of the
foundation box.

Inside the
NGSS Box
What is Assessed
A collection of several
performance expectations
describing what students
should be able to do to master
this standard

Foundation Box

The practices, core disciplinary
ideas, and crosscutting
concepts from the Framework
for K-12 Science Education
that were used to form the
performance expectations

Connection Box

Other standards in the Next
Generation Science Standards
or in the Common Core State
Standards that are related
to this standard

Based on the
January 2013
Draft of NGSS

Title and Code

The titles of standard pages are not necessarily unique and may be
reused at several different grade levels . The code, however, is a
unique identifier for each set based on the grade level, content
area, and topic it addresses.

Closer Look at a NGSS (Grade 2)
2.PS1 Matter and Its Interactions

Students who demonstrate understanding can:

2-PS1-1. Plan and conduct an investigation to describe and classify different kinds of materials
by their observable properties. [Clarification Statement: Observations could include color, texture,
hardness, and flexibility. Patterns could include the similar properties that different materials share.]

The performance expectations above were developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Planning and Carrying Out Investigations
PS1.A: Structure and Properties of Matter Patterns
Planning and carrying out investigations to
• Different kinds of matter exist and
• Patterns in the natural and human
many of them can be either solid or
answer questions or test solutions to
designed world can be observed.
problems in K–2 builds on prior experiences
liquid, depending on temperature.
(2-PS1-1)
and progresses to simple investigations,
Matter can be described and classified
based on fair tests, which provide data to
by its observable properties. (2-PS1-1)
support explanations or design solutions.
• Plan and conduct an investigation
collaboratively to produce data to serve
as the basis for evidence to answer a
question. (2-PS1-1)
Connections to other DCIs in second grade: N/A
Articulation of DCIs across grade-levels: 5.PS1.A
Connections to Common Core State Standards in ELA/Literacy:
W.2.7
Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a
report; record science observations). (2-PS1-1)
W.2.8
Recall information from experiences or gather information from provided sources to answer a question. (2-PS1-1)
Connections to Common Core State Standards in Mathematics:
MP.4
Model with mathematics. (2-PS1-1)
35 2.MD.D.10 Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories.
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Solve simple put-together, take-apart, and compare problems using information presented in a bar graph. (2-PS1-1
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and progresses to simple investigations,
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based on fair tests, which provide data to
by its observable properties. (2-PS1-1)
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• Plan and conduct an investigation
Note: Performance expectations combine
collaboratively to produce data to serve
as the basis for evidence to answer a
practices, core ideas, and crosscutting concepts
question. (2-PS1-1)
into a single statement of what is to be assessed.

They are not instructional strategies or objectives
Connections to other DCIs in second grade: N/A
Articulation of DCIs across grade-levels: 5.PS1.A
for a lesson.
Connections to Common Core State Standards in ELA/Literacy:
W.2.7
Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a
report; record science observations). (2-PS1-1)
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They are not instructional strategies or objectives
Connections to other DCIs in second grade: N/A
Articulation of DCIs across grade-levels: 5.PS1.A
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W.2.8
Recall information from experiences or gather information from provided sources to answer a question. (2-PS1-1)
Connections to Common Core State Standards in Mathematics:
MP.4
Model with mathematics. (2-PS1-1)
2.MD.D.10 Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories.
Solve simple put-together, take-apart, and compare problems using information presented in a bar graph. (2-PS1-1
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They are not instructional strategies or objectives
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Connections to Common Core State Standards in Mathematics:
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38 2.MD.D.10 Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories.
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Decoding the Numbers and Letters

4-PS3-1
Grade
Level
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Content
Focus

Content
Sub Idea

Performance
Expectation

Important for Informal Education
• NGSS are based on research about what is
best practice for how students learn.
• Informal educators are sometimes able to do
things that the traditional classroom cannot
always do- especially in the area of practices
• Schools may sign off on field trips and other
programs that show they support the
standards.

Important for Higher Education
• Shift to a greater focus on practice and
application rather than predominantly on
content mastery.
• Strive to make more obvious connections
across curriculum and offer ongoing
opportunities for students to deepen their
scientific understanding as they progress
through their coursework.
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Resources for Further Research and
Learning
•

•

•

The Next Generation Science Standards:
http://www.nextgenscience.org
A Framework for K-12 Science Education
http://www.nap.edu/openbook.php?record_id=13165
NGSS Videos from Paul Anderson (Bozeman
Science)http://www.youtube.com/watch?v=o9SrSBGDNfU

•

NGSS@NSTA Hub

•

http://ngss.nsta.org/

•

STEM Teaching Tools

•

http://stemteachingtools.org/
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climate.gov/teaching

http://www.climate.gov/teaching/national-climate-assessment-and-nextgeneration-science-standards

Summary of Important Changes
Less

More

Focus on solely eradicating
misconceptions

Build on prior knowledge, interest and
identity when possible

Inquiry as isolated activity

Practices embody inquiry as how one
does and learns science

Science as a body of knowledge
to be memorized

Science content is learned through
engagement in practices—along
developmental progressions

Select curriculum coverage of
applications of science,
engineering and technology

Greater emphasis on engineering and
applications of science and technology

Only older children able to learn
science

Young children are quite capable and
interested in science learning

Focus on ambitious science
learning goals for select students

Focus on ambitious science learning
goals for all students

National Academies, Singer

