Appendix C: The Next Generation Science Standards (NGSS)
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In 2010, the National Academy of Sciences, Achieve, the American Association for the Advancement of Science, and the National Science Teachers Association embarked on a two-step process to develop the next generation science standards (NGSS). In April 2013, the NGSS were released for states to consider adoption.
The Next Generation Science Standards (NGSS) are distinct from prior science standards in three essential ways.
1) Performance. Prior standards documents listed what students should “know” or “understand.” These ideas needed to be translated into performances that could be assessed to determine whether or not students met the standards. Different interpretations sometimes resulted in assessments that were not aligned with curriculum and instruction. The Next Generation Science Standards have avoided this difficulty by developing performance expectations that state what students should be able to do in order to demonstrate that they have met the standard, thus providing the same clear and specific targets for curriculum, instruction, and assessment.
2) Foundations. Each performance expectation incorporates all three dimensions from the National Research Council report A Framework for K-12 Science Education (Framework)—a science or engineering practice, a core disciplinary idea, and a crosscutting concept.
3) Coherence. Each set of performance expectations lists connections to other ideas within the disciplines of science and engineering and with Common Core State Standards in English Language Arts/Literacy and Mathematics.
[bookmark: _GoBack]Disciplinary Core Ideas
Disciplinary core ideas have the power to focus K–12 science curriculum, instruction, and assessments on the most important aspects of science. To be considered core, the ideas should meet at least two of the following criteria and ideally all four: 
· Have broad importance across multiple sciences or engineering disciplines or be a key organizing concept of a single discipline;
· Provide a key tool for understanding or investigating more complex ideas and solving problems;
· Relate to the interests and life experiences of students or be connected to societal or personal concerns that require scientific or technological knowledge;
· Be teachable and learnable over multiple grades at increasing levels of depth and sophistication.
Disciplinary ideas are grouped in four domains: the physical sciences; the life sciences; the earth and space sciences; and engineering, technology and applications of science. 
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The NGSS are summarized at http://standards.nsta.org/AccessStandardsByTopic.aspx. Each topic can be expanded to go into more depth in each area. Summaries are shown below:
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Let’s now expand one specific area: K-2 Engineering Design
Children seem to be born with a creative urge to design and build things. Often it takes little more than the presence of raw materials to inspire children to imagine and create forts and dollhouses from cardboard boxes and sandcastles from moist sand near the water’s edge. The task for the primary school teacher is to channel this natural tendency by helping students recognize that creative energy can be a means to solve problems and achieve goals through a systematic process, commonly referred to as engineering design. Although engineering design is not a lock-step process, it is helpful to think of it in three stages—defining the problem, developing possible solutions, and determining which best solves the problem.
Defining the problem begins in kindergarten as students learn that a situation people want to change can be thought of as a problem that can be solved. By the time they leave second grade students should be able to ask questions and make observations to gather information about the problem to they can envision an object or a tool that would solve it.
Developing possible solutions naturally flows from the problem definition phase. One of the most challenging aspects of this phase is to keep students from immediately implementing the first solution they thing of and to think it through before acting. Having students sketch their ideas or make a physical model is a good way to engage them in shaping their ideas to meet the requirements of the problem.
Comparing different solutions may involve testing each one to see how well it solves a problem or achieves a goal. Consumer product testing is a good model for this capability. Although students in the primary grades should not be held accountable for designing controlled experiments, they should be able to think of ways of comparing two products to determine which is better for a given purpose.
Connections with the other science disciplines help students develop these capabilities in various contexts. In kindergarten students are expected to design and build simple devices. In first grade students are expected to use tools and materials to solve a simple problem and test and compare different solutions. In second grade they are expected to define more complex problems then develop, test, and analyze data to compare different solutions.

Let’s now look at one specific area: Third Grade Weather and Climate:
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Finally, let’s look at the crosscutting concepts that have application across all domains of science. As such, they are a way of linking the different domains of science. These concepts need to be made explicit for students because they provide an organizational schema for interrelating knowledge from various science fields into a coherent and scientifically based view of the world.
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Students who demonstrate understanding can:

Performance Expectations

Represent data in tables and graphical displays to describe typical weather conditions expected during a particular

season. 3-Ess2-1
» Clarification Statement and Assessment Boundary

Obtain and combine information to describe climates in different regions of the world. 3ess2-2
» Clarification Statement and Assessment Boundary

Make a claim about the merit of a design solution that reduces the impacts of a weather-related hazard. s-essa-1 %

» Clarification Statement and Assessment Boundary
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Science and Engineering Practices

Analyzing and Interpreting Data

Analyzing data in 3-5 builds on K-2 experiences
and progresses to introducing quantitative ap-
proaches to collecting data and conducting multiple
trials of qualitative observations. When possible and
feasible, digital tools should be used.

€) Represent data in tables and various graphical
displays (bar graphs and pictographs) to reveal
patterns that indicate relationships. (3-ESS2-1)

Engaging in Argument from Evidence
Engaging in argument from evidence in 3-5 builds
on K-2 experiences and progresses to critiquing the
scientific explanations or solutions proposed by
peers by citing relevant evidence about the natural
and designed world(s).

€ Make a claim about the merit of a solution to a
problem by citing relevant evidence about how it
meets the criteria and constraints of the problem.
(3-ESS3-1)

Obtaining, Evaluating, and Communicating
Information

Obtaining, evaluating, and communicating informa-
tion in 3-5 builds on K-2 experiences and pro-
gresses to evaluating the merit and accuracy of
ideas and methods.

€ Obtain and combine information from books and
other reliable media to explain phenomena.
(3-ESS2-2)

Disciplinary Core Ideas

ESS2.D: Weather and Climate

) Scientists record patterns of the weather across
different times and areas so that they can make
predictions about what kind of weather might
happen next. (3-ESS2-1)

) Climate describes a range of an area's typical
weather conditions and the extent to which those
conditions vary over years. (3-ESS2-2)

ESS3.B: Natural Hazards

) A variety of natural hazards result from natural
processes. Humans cannot eliminate natural
hazards but can take steps to reduce their
impacts. (3-ESS3-1) (Note: This Disciplinary Core Idea is
also addressed by 4-ESSS3-2.)

Crosscutting Concepts

Patterns
) Patterns of change can be used to make
predictions (3-ESS2-1), (3-ESS2-2)

Cause and Effect

) Cause and effect relationships are routinely
identified, tested, and used to explain change.
(3-ESS3-1)

Connections to Engineering,
Technology, and Applications of
Science

Influence of Science, Engineering, and

Technology on Society and the Natural World

€ Engineers improve existing technologies or
develop new ones to increase their benefits (e.g.,
better artificial limbs), decrease known risks (e.g.,
seatbelts in cars), and meet societal demands
(e.g., cell phones). (3-ESS3-1)

Connections to Nature of Science

Science Is a Human Endeavor
€ Science affects everyday life. (3-ESS3-1)
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1. Patterns

Observed patterns in nature guide organization and classification and prompt questions about relationships and causes underlying them.

2. Cause and Effect

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

3. Scale, Proportion, and Quantity

In considering phenomena, it is critical to recognize what is relevant at different size, time, and energy scales, and to recognize proportional relation-
ships between different quantities as scales change.

4. Systems and System Models

A system is an organized group of related objects or components; models can be used for understanding and predicting the behavior of systems.

5. Energy and Matter

Tracking energy and matter flows, into, out of, and within systems helps one understand their system’s behavior.

6. Structure and Function

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

7. Stability and Change

For both designed and natural systems, conditions that affect stability and factors that control rates of change are critical elements to consider and un-
derstand.
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LS: Life Science

LS1: From Molecules to Organisms: Structures and Processes
LS2: Ecosystems: Interactions, Energy, and Dynamics

LS3: Heredity: Inheritance and Variation of Traits

LS4: Biological Evolution: Unity and Diversity

ESS: Earth and Space Science

ESS1: Earth’s Place in the Universe
ESS2: Earth’s Systems
ESS3: Earth and Human Activity

PS: Physical Science

PS1: Matter and Its Interactions

PS2: Motion and Stability: Forces and Interactions

PS3: Energy

PS4: Waves and Their Applications in Technologies for Information Transfer

ETS: Engineering, Technology and the Application of Science

ETS1: Engineering Design
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Elementary School

Life Science

Earth & Space Science

Physical Science

Elementary School Introduction

K. Interdependent Relationships in
Ecosystems: Animals, Plants, and
Their Environment

K. Weather and Climate

K. Forces and Interactions: Pushes
and Pulls

1. Structure, Function and
Information Processing

1. Space Systems: Patterns and
Cycles

1. Waves: Light and Sound

2. Interdependent Relationships in
Ecosystems

2. Earth’s Systems: Processes That
Shape the Earth

2. Structure and Properties of Matter

Grades K-2 Engineering Design Introduction

K-2. Engineering Design

3. Interdependent Relationships in
Ecosystems

3. Weather and Climate

3. Inheritance and Variation of Traits

3. Forces and Interactions

4. Structure, Function, and
Information Processing

4. Earth's Systems: Processes That
Shape the Earth

4. Energy

4. Waves: Waves and Information

5. Matter and Energy in Organisms
and Ecosystems

5. Earth's Systems

5. Space Systems: Stars and the
Solar System

5. Structure and Properties of Matter

Grades 3-5 Engineering Design Introduction

3-5. Engineering Design
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