- NE)(T GENERATION

IENCE

rq m

' Lk ¥ ' { |
ALWAYS LEARNING PEARSON



“7 NGSS App

SCIENCE

DCI Arrangement
opic Arrangement cw‘
Conceptual Progressi... ﬁ .

Damains Model

Next.Generatiom 8
Science Standards Science Standards

powereD 8y MasteryCoOnNect iy PARTNERSHIP WITH
{E NATIONAL SCIENCE TEACHERS ASSOCIATION.

Standards

i)
@

A

Or go to: http://www.nextgenscience.org/


http://laboutloud.com/wp-content/uploads/2013/09/ngss-app.jpeg

~ Level of Familiarity with NGSS

A. Today is my first exposure to it.
B. I've heard about it, but don’t know many details.

C. I've seen examples of it, and | know a
few details.

D. I've attended one or more presentations about
It and/or read about it in detalil.

E. | participated in a lead state review or critical
stakeholder review of one of the earlier drafts.

Poll page:

http://www.easypolls.net/poll.ntmI|?p=589a0524e4b0d8
5706¢c8dd08



~ Brief History of NGSS

Final standards released in April 2013.

Based on the latest research In science teaching
and learning.

Integrates CCSS skills, College and Career Readiness
Standards, and STEM.

Many states and districts support the new standards
and the methodology.

Publishers identifying the best materials to support
this instruction.

http://ngss.nsta.org/conducting-assessments.aspx
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- Moore’s Law

Microprocessor Transistor Counts 1971-2011 & Moore's Law
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@ Credibility of sources




& What's new In the NGSS “Framework”?

Content that is narrowed but deeper.




- What’s new In the NGSS “Framework”?

Fewer Factoids — More Process




- What’s new In the NGSS “Framework”?

Greater Integration Among the Sciences

Physical Engineering

Earth-Space | Life
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< Integration Across Grade Levels

Grades K-2

Life Science
LS1: From Molecules to Organisms: Structures and Processes

Grades 3-5

Grades 6-8

Grades 9-12

LS1.A: Structure and Function

#All organisms have external parts.
Different animals use their body
parts in different ways to see,
hear, grasp objects, protect
themselves, move from place to
place, and seek, find, and take in
food, water and air. Plants also
have different parts (roots, stems,
leaves, flowers, fruits) that help
them survive and grow. (1-L51-1)

# Plants and animals have both internal
and external structures that serve
various functions in growth, survival,
behavior, and reproduction. (4-151-1)

¢ All living things are made up of cells, which is the smallest
unit that can be said to be alive. An organism may consist of
one single cell (unicellular) or many different numbers and
types of cells (multicellular). (M5-L51-1)

* Organisms reproduce, either sexually or asexually, and
transfer their genetic information to their offspring.
{secondary to MSLS3-2)

#Within cells, special structures are responsible for particular
functions, and the cell membrane forms the boundary that
contrals what enters and leaves the cell. (M5-L51-2)

#In multicellular organisms, the body is a system of multiple
interacting subsystems. These subsystems are groups of cells
that work together to form tissues and organs that are
specialized for particular body functions. (M5-LS1-3)

# Systems of specialized cells within organisms help them perform the
essential functions of life. (H5-L51-1)

#All cells contain genetic information in the form of DMA molecules. Genes
are regions in the DNA that contain the instructions that code for the
formation of proteins, which carry out most of the work of cells. {H5-L51-1)
(secondary to H5-L53-1)

# Multicellular organisms have a hierarchical structural organization, in
which any one system is made up of numerous parts and is itself a
component of the next level. (H5-L51-2)

¢ Feedback mechanisms maintain a living system’s internal conditions within
certain limits and mediate behaviors, allowing it to remain alive and
functional even as external conditions change within some range.
Feedback mechanisms can encourage (through positive feedback) or
discourage (negative feedback) what is going on inside the living system.
(HS-LS1-3)

http://ngss.nsta.org/AccessStandardsByDCl.aspx
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%X Development of NGSS

K-12 Science Framework (NRC)

DCI — Disciplinary Core Ideas — Content

SEP — Science and Engineering Practices — Inquiry and Design Skills

CCC — Crosscutting Concepts - Themes

¥

Next Generations Science Standards =
Performance Expectations



*¢X Performance Expectations Consist of...
Old Vs New

Old Typical State Standard: Explain the significance of the process
of photosynthesis.

NGSS Standard (PE): Construct a scientific explanation based on
evidence for the role of photosynthesis in the cycling of matter and
flow of energy into and out of organisms!



Performance Expectations Consist of...

Science and Engineering
Practices

Disciplinary Core Ideas

Life Science
Earth Science
Physical Sciences
Engineering

Ask Questions and Define
Problems

Develop and Use Models
Plan and Carry out
Investigations

Analyze and Interpret Data
Construct Explanations and
Design Solutions

Engage in Argument from
Evidence

Obtain, Evaluation, and
Communicate Information
Use Mathematics and
Computational Thinking

Crosscutting
Concepts

Patterns
Structure and
function

Cause and Effect
Cycling of Energy
and Matter
Scale, Proportion,
and Quantity
Systems and
System Models
Energy and
Matter

Stability and
Change



Performance Expectations Consist of...

NGSS Standard (PE): Construct a scientific explanation based on evidence for
the role of photosynthesis in the cycling of matter and flow of energy into and
out of organisms!

DCIl — Disciplinary Core Ideas — Content —
role of photosynthesis in organisms

SEP — Science and Engineering Practices — Inquiry and Design Skills —
Construct a scientific explanation based on evidence for the role of
photosynthesis in organisms.

CCC— Crosscutting Concepts - Themes — Construct a scientific explanation
based on evidence for the role of photosynthesis in the cycling of matter and
flow of energy into and out of organisms.

Construct a scientific explanation based on evidence for the role of
photosynthesis in the cycling of matter and flow of energy into and out of
organismes.



- Old Standards/Objectives vs NGSS PE

« PE is NOT just an activity to do.

* A single PE is taught through various |
activities, investigations, simulations, ,@ 78RN
research and readings 3

 Will need to teach additional foundational
content in order for students to accomplish
a single PE

 Includes all 3 dimensions




- Three Dimensions of NGSS

« Core Disciplinary Ideas
BRICKS

e Science and Engineering Practices
TOOLS

* Cross-cutting Concepts
MORTAR



- Core Disciplinary lIdeas

Physical
Science

Life
Science

Earth &
Space

Science _ _
Engineering &

Applied Science



- Engineering — What Is It?

Define — Identify criteria
& constraints (1dentify research)

Define

Attend a broad range

Develop — Possible solution
via visual or physical

(choose solution, design/construct)

for

Optimize — Compare
solutions, TEST, evaluate

(test, communicate, evaluate,
redesign) y N
y Optimize °

Prioritize criteria consider |

tradeoffs, and assess

~ social and environmental
__ impacts as a "
A complex solution is
) tested and refined 4

of considerations in

criteria and constraints

problems of social and
global significance

Develop
Solutions

Break a major problem
into smaller problems
that can be
solved separately



Engineering — What Is It?

Scientific Inquiry Process Engineering Design Process

Pose |dentify

question problem

Evaluate
solution

New
hypothesis |

- - - |
esis Brainstorm solutions =~

=

Hypot

New Redesign
experiment | ' prototype
Design and N
3 New build prototype Test new

observation |

N

(o 'prototype

Data analysis Test

o
e
o

8

o

=
o
L
2
©
» .
and conclusions prototype

o5

L)

®
aa

e

Hypothesis not supported Prototype flawed

ir

Communicate Communicate
final hypothesis successful solution



¢ Science and Engineering Practices
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Asking Questions and _
Defining Problems |

Developing and
Using Models

Planning and Carrying
Out Investigations



Engaging in Argument
from Evidence

AMERICAN"

Tallierls & Feutr fopis | logd " “ 20}

Poee R g Feamaaa dry b Crossteter 17, 20002 b § i var

. 12+

%‘! - - — ;

- - =] o8}

w Antiscience Beli: . 2 £ 0l

: 3

» US. Democracy |, : ol

L3 The Lnitad Suries daced dorar suikorigf o g A

e ‘ o8
]

o
Pirer I iy e Racing an evan oroater 2 ;MBI 2002 2004 2006 2008 2010
0 LirwTeme (R

SCIENTIFIC — 'l
: &

rachions

2
S 1 E -
- A 5 2 =
& == @ 3 e
) L % e . - 1 H
S _ .‘.& &
B i
.
- e -
F] 10 20

| S e S S e S o
1890 1904 1698 2002 2006

Analyzing and
Interpreting Data



Using Mathematics and
Computational Thinking

Constructing Explanations
and Designing Solutions
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XE5 Sclence and Engineering Practices

Obtaining, Evaluating,
and Communicating Information



- Cross Cutting Concepts

MORTAR

1. Patterns

2. Cause and Effect: Mechanism and
Prediction

3. Scale, Proportion, and Quantity

4. Systems and System Models

5.

6.

Energy and Matter:
Flows, Cycles, and
Conservation

Structure and Function




. Three Dimensions

e Science and Engineering Practices
TOOLS

e Cross-cutting Concepts
MORTAR

e Core Disciplinary
Ideas
BRICKS




Integrating the Three Dimensions

Students actively engage in Scientific and
Engineering Practices in order to deepen their

understanding of Cross-Cutting Concepts and
Disciplinary Core lIdeas

—A Framework for K-12 Science Education




e Concerns for
Implementation of new
standards?

 Any ideas for meeting the
new standards in your
classroom?



- How to Read the NGSS

eprosents the olowng: . HO-ESS 3-4
HIGH SCHOOL

DOMAIN: EARTH/SPACE
SCIENCE

TOPIC/DCI: ENERGY
STANDARD: 4

NOTE: Each grade level contains Performance Expectations from each Domain.




Assessable
Component

(Performance Expectation)

Foundation Boxes

(Three Dimensions)

Connection Boxes

(Common Core, Articulation)

DCI Code

Assessable Component

Foundation Boxes

Connection Boxes

demonstrate understandrng can:

MS.WER Waves and Electromagnetic Radiation
Radiatio

HS-FI. n an investigation to produce data that supports the simple model for waves, including how the energy in a
the amplitude, (O The simple modal for wavwes described waves in terms of wavelength, freguancy, and
armlnudc and explaing n Rher. | | Baundary: witvees are not included, anly mechanical

ooy Names of each
MS-PSd-b. Deulop a model to represent i performance

[ Clarification Statemant; Various materisls cof

Qualitative application to ight, sound and seil -@xpectation
MS-PS4-c. Analyze and inte flescribe the behavior of mechanical waves as they intersect.
MS-PS4-d exp nusing a wav model of 1 ight for why materials may look different depending on the
ion of the ial and the and amplitude of the light that shines on them. |dsesemen Bopadnry:

pcted, absorbed, or itted ial

ptals, or Earth. Lack of & materinl, & vacuum tm:av].nm md 1 {Assessment Boundsry:

to the fallowing wave ynpmln. fraquency, wavelangth, and amplitude. |

‘tweo or more digital rep i of inf

not g X
MS-PS4-e, Use digital tools and | i
det] ™ hich rd

An asterisk indicates an englneer'mg
connection in a practice, core idea, or
crosscutting concept

and cost for a given kind of:orrlrnuni:ntion
g & signal, Part udged as carity,

progress of science snd !KnlﬂMholdadvWS mﬂgml nclogy.] |

Names designate which of the
| performance expectations use this
practice

PSAA Wave

A simple wave has 3 repeating pattem with a specfic = Complex
i "l erphilude, (M5-P54-8) ;

A soured s et 8 medium hrough which it b trarsmitled.
; o Names designate which of the
performance expectations

orse arwther o6 e, * refalive i i i
e e et dichndd 1 incorporate this crosscutting
emerge uaiected by sach ol (I ; The = Sbwchre of concept

a'ﬂmwkmml'ﬁh&wﬂ particukar fi

wnmmmm ooy pass a location in
mumwwmmw ity

. lmmlcuﬂhsa\mm I8 ke refloctod, abmorbed,
, deperding ol e e

ted through the
mnmmwwhm Mb).ﬂﬁ‘
-mmmmm b traced mﬂmm Endeatvor
i an = e e ot | & D todkk b
m,;wduﬂn;mmmmmw

Ay i
= : Mames designate which of the A
. : performance expectations e
incorporate this disciplinary core
PS4~ (M5-Po4-a);
1% O Qrade © OpeCs, LENtE, e maues, Duldng others”

el webchosen detisds mmneﬂ“em

Halics indicate a potential
connection, rather than
prerequisite knowledge

\ Connections to the Nature of

Science pts can be

\ highlighted in either the

practices or crosscutting
concept foundation box

-~




Example of an
Earth-Space Science
Performance
Expectation

and its linking

Science and
Engineering Practice

to
Connecting Concepts
and

Clarification and
Assessment

DCI Code

Assessable Component

Foundation Boxes

Connection Boxes

n ani d data that supports the simple model for waves, including how the energy in a
the -nplltud icl The simple model for wavwes describas waves in terms of wavelength, freguancy, and
armil!udl. and explaing n Rher. | | Baundary: witvees are not included, only mechanical
wrves.] Names of each
p a model to rep tH perf - pcted, absorbed, or itted ial

MS-PS4-b.

MS. WER Waves and Electromagnetic Radiation
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Names designate which of the
performance expectations use this
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MS.ESS-EIP Earth’s Interior Processes

' Students who demonstrate understanding can:
a) Use models to explain how the flow of energy drives a cycling of

matter between the Earth’s surface and deep interior.

[Assessment Boundary: The thermodynamic processes that drive convection are not required,
only a description of those motions. Explanations should include mid-ocean ridges.

Saence and Engineenring Practices MI

- L —— - — - -

M Assessment Boundaries and Clarifying Statements I

Model | Systems matter in closed systems is

::IB and progresses :ond = Motions of the conserved. Changes of energy and
ng, mng ﬂgé ol mantle and its plates matte:r in a system can be

constructing mode occur primarily described in terms of energy and

predict and explain through thermal matter flows into, out of, and within

relatlonshl:: ;e;ween convection, which that system. Energy cannot be

systems ?ns 2 u_:’e : involves the cycling | created or destroyed—it only moves

00':’!9008 b natura of matter due to the | between one place and another

and designed world. TR o place. between obiects and/or

Connections to other DClIs
Articulation to DCIs Across Grade Levels
Common Core and State Standards Connections



@ Let’s Put Theory into Practice!




High School Example STEM Activity - Handout

STEM ACTIVITY

Earth and Human Activity

Science and Engineering Practices
Designing Solutions

Design to Reduce Waste

As the world’s human population soars, so does the problem of solid waste management. By
2025, some warn that people will be producing more than 6 billion kilograms of solid waste
every day as compared to the more than 3.5 billion kilograms theyv produced each day in
2010. Managing all this waste costs hundreds of billions of dollars a year. However, without
effective management, solid waste will pollute the environment, sicken people, and
contribute greenhouse gases to the atmosphere.

Developed countries, especially the United States, contribute the major share of the daily
solid waste produced globally. According to the Environmental Protection Agency (EPA),
Americans generated about 707 million kilograms of solid waste every day in 2013. You
might be surprised to learn that containers and packaging made up almost 30%, or about 211
million kilograms of that solid waste every day i 2013.

To reduce the amount of packaging heading to landfills, companies must find new ways to
package their products. By redesigning their packaging, businesses can reduce the amount of
solid waste entering landfills. However, different products need different types of packaging.
Therefore, many new packaging options need to be developed.



Which Science & Engineering Practices

545 did you engage in this activity?

How do | encourage students to:

. Ask questions and define problems
Develop and use models
Plan and conduct investigations

Analyze and interpret data

"l BE

Use mathematical and computational thinking

>

Construct explanations and design solutions

7. Engage in scientific argument from evidence

O o 0 0000 O

8. Obtain, evaluate, and communicate information



- What Cross-Cutting Concepts were

INn this activity?

. Patterns

Cause and Effect: Mechanisms and explanations

. Scale, Proportion, and Quantity

. Systems and System Models

gl Al | NP

Energy and Matter: Flows, cycles, and conservation

o))

. Structure and Function

O U OO0 0 0D

7. Stability and Change




- What to Look for in a Program

Problem based learning

No longer have Chapter 1 as Nature of Science
(should be integrated)

Integrated Engineering/STEM

Doing science isn’t enough — must be thinking
critically, researching and reading.

Student engagement (both mental engagement and
physical engagement).

Students should be: making claims — using evidence —
supported by reasoning



%@ An NGSS Program Should Include:
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