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Next Generation Science Standards Overview

The following statements relate to the Science Foundational Service training:

Next Generation Science Standards Overview

Please indicate your comfort level with the following:
4 = Fully Agree
3 =Agree
2 = Somewhat Agree
1 =Disagree
NA = Not Applicable to this training session

Science Pre Post

| can articulate the most significant shifts in the Next Generation Science Standards
(NGSS) from the previous lllinois Learning Standards in Science.

| can describe three-dimensional learning.

| can identify how students will engage in the science and engineering practices.

| can utilize the crosscutting concepts when observing and investigating phenomenon.

| can summarize the disciplinary core ideas in the four areas of science.

| can read the performance expectations and identify where to go for more information
from those performance expectations.

| can explain how different a Next Generation Science Standards (NGSS) classroom
should look compared to a traditional science classroom.

Reflection Questions following post survey:

1. What areas did you grow the most?

2. What areas do you need further development?

3. What next steps do you plan to take to further develop your knowledge and skills related to NGSS?
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Modeling

Through investigation, the students determine the conditions needed to see an object. The students then
work to model their understanding. In the space below, take a moment to draw representation of how we see
an object.
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Investigating Transmission of Light

Question:

Procedure:

4 N

Data:

This activity is adapted from the IQWST unit, Can | Believe My Eyes? Krajcik, J., Reiser, B. J., Sutherland, L. M., & Fortus, D.
(2013). Investigating and Questioning Our World through Science and Technology (IQWST) (2nd ed.). Copyright © 2013 by

SASC LLC. http://www.activatelearnina.com/igwst/



Making Sense:

This activity is adapted from the IQWST unit, Can | Believe My Eyes? Krajcik, J., Reiser, B. J., Sutherland, L. M., & Fortus, D.
(2013). Investigating and Questioning Our World through Science and Technology (IQWST) (2nd ed.). Copyright © 2013 by
SASC LLC. htip://www.activatelearning.com/iqwst/
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Brainstorming

Consider the most significant shifts as we move from old to new science standards. In the
space below, write down some of your own thoughts on which shifts will need to occur to
implement the Next Generation Science Standards.
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The Three

Dimensions
of NGSS
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Initial Thoughts: Three-Dimensional Learning

One of the most significant shifts is three-dimensional science learning. Consider
the term “Three-Dimensional Science Learning.” What does this mean? How
would you explain this term to students, parents, administrations, and scientists?
i In the space below, write your current working definition for the term “Three-
Crosscutting Concepts Dimensional Science Learning.”
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Next Generation Science Standards Overview

Analyzing Science & Engineering Practices

Within a lesson or unit of study, students may engage in multiple Practices. Consider the lesson from the
previous session. The Science and Engineering Practice of “Planning and Carrying Out an Investigation”
occurs. Before we simply label this lesson as “Planning and Carrying Out an Investigation,” we look for
guidance from the Framework on how to ensure the lesson is enabling the students to engage in the Scientific
Practice of Planning and Carrying Out an Investigation. Read over the section of the Framework below and
focus on the marked sections. Consider the following question: Was this present in the lesson? How?

Practice 3 Planning and Carrying Out Investigations

Scientists and engineers investigate and observe the world with essentially two
goals: (1) to systematically describe the world and (2) to develop and test theories
and explanations of how the world works. In the first, careful observation and
description often lead to identification of features that need to be explained or
questions that need to be explored.

The second goal requires investigations to test explanatory models of the
world and their predictions and whether the inferences suggested by these mod-
cls are supported by data. Planning and designing such investigations require the
ability to design experimental or observational inquiries that are appropriate to

answering the question being asked or testing a hypothesis that has been formed.

This process begins by identifying the relevant variables and considering how they
might be observed, measured, and controlled (constrained by the experimental
design to take particular values).

Planning for controld is an important part of the design of an investigation.
In laboratory experiments, it is critical to decide which variables are to be treated
as results or outputs and thus left to vary at will and which are to be treated as
input conditions and hence controlled. In many cases, particularly in the case of
field observations, such planning involves deciding what can be controlled and
how to collect different samples of data under different conditions, even though

not all conditions are under the direct control of the investigator.

Decisions must also be made about what measurements should be taken,
the level of accuracy required, and the kinds of instrumentation best suited to
making such measurements. As in other forms of inquiry, the key issue is one

of precision—the goal is to measure the variable as accurately as possible and
reduce sources of error. The investigator must therefore decide what constitutes

Dimension 1: Scientific and Engineering Practices | 59

Copyright © National Academy of Sciences. All rights reserved.
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Analyzing Crosscutting Concepts

Within a lesson or unit of study, students may utilize multiple Crosscutting Concepts. Consider the lesson
from the previous session. The Crosscutting Concept of “Patterns” was utilized. Before we simply label this
lesson as “Patterns,” we look for guidance from the Framework on how to ensure the lesson is enabling the
students to utilize the Crosscutting Concept of Patterns. Read over the section of the Framework below and
focus on the marked sections. Consider the following question: Was this present in the lesson? How?

Patterns

Patterns exist everywhere—in regularly occurring shapes or structures and in
repeating events and relationships. For example, patterns are discernible in the
symmetry of flowers and snowflakes, the cycling of the seasons, and the repeated
base pairs of DNA. Noticing patterns is often a first step to
organizing and asking scientific questions about why and
how the patterns occur.

( One major use of pattern recognition is in classifica-
tion, which depends on careful observation of similarities
and differences; objects can be classified into groups on the
basis of similarities of visible or microscopic features or on

\the basis of similarities of function. Such classification is

uscful in codifying relationships and organizing a multitude
of objects or processes into a limited number of groups.
Patterns of similarity and difference and the resulting clas-
sifications may change, depending on the scale at which a
phenomenon is being observed. For example, isotopes of a
given element are different—they contain different numbers

of ncutrons—but from the perspective of chemistry they
can be classified as cquivalent because they have identical patterns of chemical
interaction. lOncc patterns and variations have been noted, they lead to questions; g

Dimension 2: Crosscutting Concepts 85

Copyright © National Academy of Sclences. All rights reserved.
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Next Generation Science Standards Overview

Analyzing Disciplinary Core Ideas

Within a lesson or unit of study, students may engage in multiple practices. Consider the lesson from the
previous session. The Science and Engineering Practice of “Planning and Carrying Out an Investigation”
occurs. Before we simply label this lesson as “Planning and Carrying Out an Investigation,” we look for
guidance from the Framework on how to ensure the lesson is enabling the students to engage in the scientific
practice of Planning and Carrying Out an Investigation. Read over the section of the Framework below and
focus on the marked sections. Consider the following question: Was this present in the lesson? How?

(" By the end of grade 8. When light shines on an object, it is reflected, absorbed,
or transmitted through the object, depending on the object’s material and the fre-
_quency (color) of the light.
"~ The path that light travels can be traced as straight lines, except at surfaces

"

between different transparent materials (e.g., air and water, air and glass) where
the light path bends. Lenses and prisms are applications of this effect.

A wave model of light is useful for explaining brightness, color, and the
frequency-dependent bending of light at a surface between media (prisms).
However, because light can travel through space, it cannot be a matter wave, like
sound or water waves.

By the end of grade 12. Electromagnetic radiation (e.g., radio, microwaves, light)
can be modeled as a wave of changing electric and magnetic fields or as particles
called photons. The wave model is useful for explaining many features of electro-
magnetic radiation, and the particle model explains other features. Quantum theo-
ry relates the two models. (Boundary: Quantum theory is not explained further at
this grade level.)

Because a wave is not much disturbed by objects that are small compared
with its wavelength, visible light cannot be used to see such objects as individual

Dimrension 3: Disciplinary Core ldeas—Physical Sciences 135

Copyright © National Academy of Sciences. All NGNS reserved.
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Next Generation Science Standards Overview

Reflection & Take-Away: Three-Dimensional Learning

In order to implement NGSS and use the EQuIP Rubric to examine and evaluate NGSS lessons and units, it’s

imperative that we have a common understanding of the concepts of practices, disciplinary core ideas, and
crosscutting concepts as they relate to the Framework. Where are you now in terms of being able to respond
to these four questions with confidence?

(@]
O

What does “THREE-DIMENSIONAL LEARNING” look like?

What are some ways the eight “PRACTICES” help teachers and students make sense of
phenomena and/or to design solutions to problems?

What are some ways the seven “CROSSCUTTING CONCEPTS” provide ways of looking at
phenomena across different science disciplines?

What criteria characterize “CORE IDEAS” and help focus K-12 science curriculum, instruction,
and assessments on the most important aspects of science?

e Has your thinking changed as a result of this segment?

e What did you hear that was new?

e What’s still rolling around in your head that you need to know more about?



Next Generation Science Standards Overview

NGSS

Performance
Expectations
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MS-PS4 Waves and Their Applications in Technologies for Information Transfer

MS-PS4 Waves and Their Applications in Technologies for Information Transfer

Students who demonstrate understanding can:

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the amplitude of a

wave is related to the energy in a wave. [Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative
thinking.] [Assessment Boundary: Assessment does not include electromagnetic waves and is limited to standard repeating waves.]

MS-PS4-2.

Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various

materials. [Clarification Statement: Emphasis is on both light and mechanical waves. Examples of models could include drawings, simulations, and written
descriptions.] [Assessment Boundary: Assessment is limited to qualitative applications pertaining to light and mechanicat waves.]

MS-PS4-3.

Integrate qualitative scientific and technical information to support the claim that digitized signals are a more

reliable way to encode and transmit information than analog signals. [Clarification Statement: Emphasis is on a basic
understanding that waves can be used for communication purposes. Examples could include using fiber optic cable to transmit light pulses, radio wave pulses in wifi
devices, and conversion of stored binary patterns to make sound or text on a computer screen.] [Assessment Boundary: Assessment does not include binary
counting. Assessment does not include the specific mechanism of any given device.]

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

Science and Engineering Practices

Developing and Using Models

Modeling in 6-8 builds on K—5 and progresses to developing, using,
and revising models to describe, test, and predict more abstract
phenomena and design systems.

s Develop and use a model to describe phenomena. (MS-PS4-2)
Using Mathematics and Computational Thinking
Mathematical and computational thinking at the 6-8 level builds on
K-5 and progresses to identifying patterns in large data sets and
using mathematical concepts to support explanations and arguments.

= Use mathematical representations to describe and/or support

scientific conclusions and design solutions. (MS-PS4-1)
Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in 6-8 builds
on K-5 and progresses to evaluating the merit and validity of ideas
and methods.

» Integrate qualitative scientific and technical information in

written text with that contained in media and visual displays to
clarify claims and findings. (MS-PS4-3)

Connections to Nature of Science

Scientific Knowledge is Based on Empirical Evidence
s Science knowledge is based upon logical and conceptual
connections between evidence and explanations. (MS-PS4-1)

Disciplir

PS4.A: Wave Properties
= A simple wave has a repeating pattern with a specific
wavelength, frequency, and amplitude. (MS-PS4-1)
= A sound wave needs a medium through which it is transmitted.
(MS-PS4-2)
PS4.B: Electromagnetic Radiation
= When light shines on an object, it is reflected, absorbed, or
transmitted through the object, depending on the object’s
material and the frequency (color) of the light. (MS-PS4-2)
= The path that light travels can be traced as straight lines,
except at surfaces between different transparent materials
(e.g., air and water, air and glass) where the light path bends.
(MS-PS4-2)
= A wave model of light is useful for explaining brightness, color,
and the frequency-dependent bending of light at a surface
between media. (MS-PS4-2)
= However, because light can travel through space, it cannot be
a matter wave, like sound or water waves. (MS-PS4-2)
PS4.C: Information Technologies and Instrumentation
= Digitized signals (sent as wave pulses) are a more reliable way
to encode and transmit information. (MS-PS4-3)

Crosscutting Concepts

Patterns
= Graphs and charts can be used to
identify patterns in data. (MS-PS4-
1)
Structure and Function
s Structures can be designed to serve
particular functions by taking into
account properties of different
materials, and how materials can
be shaped and used. (MS-PS4-2)
= Structures can be designed to serve
particular functions. (MS-PS4-3)

Connections to Engineering,
Technology, and Applications of
Science

Influence of Science, Engineering,

and Technology on Society and the

Natural World

s Technologies extend the

measurement, exploration,
modeling, and computational
capacity of scientific investigations.
(MS-PS4-3)

Connections to Nature of Science

Science is a Human Endeavor
s Advances in technology influence
the progress of science and science
has influenced advances in
technology. (MS-P$4-3)

Connections to other DCIS in this grade-band: MS.LS1.D (M5-PS4-2)

Articulation across grade-bands. 4.PS3.A (MS-PS4-1); 4.PS3.B (MS-PS4-1); 4.PS4.A (MS-PS4-1); 4.PS4.B (MS-PS4-2); 4.PS4.C (MS-PS4-3); HS.PS4.A (MS-PS4-1),(MS-PS4-
2),(MS-PS4-3); HS.PS4.B (MS-PS4-1),(MS-PS4-2); HS.PS4.C (MS-PS4-3); HS.ESS1.A (MS-PS4-2); HS.ESS2.A (MS-PS4-2); HS.ESS2.C (MS-PS4-2); HS.ESS2.D (MS-PS4-2)

Common Core State Standards Connections:
ELA/Literacy —
RST.6-8.1
RST.6-8.2
RST.6-8.9
topic. (MS-PS4-3)
WHST.6-8.9
SL.8.5
Mathematics —
MP.2
MP.4
6.RP.A.1
6.RP.A.3
7.RP.A.2
8.F.A.3

Model with mathematics. (MS-PS4-1)

Reason abstractly and quantitatively. (MS-PS4-1)

Cite specific textual evidence to support analysis of science and technical texts. (MS-PS4-3)
Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions. (MS-P54-3)
Compare and contrast the information gained from experiments, simulations, video, or muftimedia sources with that gained from reading a text on the same

Draw evidence from informational texts to support analysis, reflection, and research. (MS-PS4-3)
Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS5-P54-1),(MS-P54-2)

Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. (MS-PS4-1)
Use ratio and rate reasoning to solve real-world and mathematical problems. (MS-PS4-1)
Recognize and represent proportional relationships between quantities. (MS-PS4-1)

Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give examples of functions that are not linear, (M5-P54-1)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section entitled "Disciplinary Core Ideas” is reproduced verbatim from A Framework for K-12 Science Education: Practices, Cross-Cutting Concepts, and Core Ideas. Integrated
and reprinted with permission from the National Academy of Sciences.

May 2013

©2013 Achieve, Inc. All rights reserved.
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Comparing Standards

Understanding the differences between the standards that guided pedagogy for the last twenty years and
those that we are called to currently implement informs our understanding of how instruction, curriculum,
and assessment will change in the classroom as well. Examine the two standard comparisons below. Working
in a small group, respond to the questions on the right of the page.

ﬁ Current Standards versus NGSS

= What differences do you observe between the

[ ng Stand Scien ?

Identify and classify biotic Consiruct an explanation

and abiotic factors in an that predicts patterns of

environment that affect inferactions among

population density, habitat organisms across muftiple

and placement of organisms ecosystems.

in an energy pyramid. (NGSS M5-15-2)

(R SR 22 What aspects of scientific inquiry and processes

| (e.g., skills and habits of mind) are expressed in
— U L - the standards, and how are they related to or
integrated with the content?

ﬂ Current Standards versus NGSS What type of questions (e.g., what, why, and
; o how) are the students answering as they work

- to meet this standard?

Compare physical, ecological and | | Evaluate the claims, evidence,

behavioral factors that influence and reasoning that the complex

interactions and interdependence inferactions in ecosystems

of organisms. (IL Early HS 12B.4q) maintain relatively consistent
numbers and types of organisms
in stable conditions, but changing In what ways do the standards encourage
o moyiresy it i ey students to apply content knowledge or to use

acosystem. (NG5S HS-152-6) . ] . ]
content knowledge in novel situations to build

and demonstrate depth of understanding?
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Reflection & Take-Away: NGSS Performance Expectations

In order to implement NGSS and use the EQuIP Rubric to examine and evaluate NGSS lessons and units, it’s
imperative that we have a common understanding of the Next Generation Science Standards and the
associated performance expectations. Where are you now in terms of being able to respond to these three
questions with confidence?
o What are the component parts of a “PERFORMANCE EXPECTATION"?
o How do “PERFORMANCE EXPECTATIONS” exemplify three-dimensional learning in a science
classroom?
o How are the new lllinois Learning Standards for Science that are based on the NGSS —
“PERFORMANCE EXPECTATIONS” different than the old Illinois Learning Standards for Science?

e Has your thinking changed as a result of this segment?

¢ What did you hear that was new?

e What's still rolling around in your head that you need to know more about?
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Three-

Dimensional
Learning
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Creating Your Own NGSS Analogy

Using analogies in the classroom is an effective strategy as students tend to find it easier to understand a
lesson when teachers form connections between the new topic and what has already been taught. As adult
learners, we have been introduced to the concept of Three-Dimensional Learning. Take a moment to consider
your own understanding, then create your own analogy to share with colleagues as you describe three-
dimensional learning of the NGSS.

Three-Dimensional Learning is like

Where

are the Practices;

are

the Core Ideas; and

are the Crosscutting

Concepts.




Analyzing Lessons for Three-

Next Generation Science Standards Overview

Dimensional Learning

Sample Lesson from Foundational Services

Lesson from the Classroom

Consider the lesson you experienced at the onset of
our professional development in Foundational
Services, note how and where you saw yourself as a
student engaged in three-dimensional learning.

Consider lessons from the classroom. How could they
be modified to reach three-dimensional learning?

Use the space below to jot down ideas or areas of
focus for modifications.

v" What did that look like?

v" How did the practices, disciplinary core ideas, and
crosscutting concepts work together so that
students could make sense of phenomena and/or
design solutions to problems?

v" How was this different than other experiences in
the classroom?

32
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Reflection & Take-Away: Three-Dimensional Learning

In order to implement NGSS and use the EQuIP Rubric to examine and evaluate NGSS lessons and units, it’'s
imperative that we have a common understanding Three-Dimensional Learning called for in the Next
Generation Science Standards. Where are you now in terms of being able to respond to these two questions

with confidence?
o How is “THREE-DIMENTIONAL LEARNING” both the biggest and the most essential shift in the

NGSS?
o What does “THREE-DIMENTIONAL LEARNING” look like in lessons and/or units in science

classrooms?

e Has your thinking changed as a result of this segment?

e What did you hear that was new?

e What’s still rolling around in your head that you need to know more about?
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