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ABSTRACT

Pre-service teacher training is critical to the success of the
Next Generation Science Standards (NGSS). The NGSS
arguably represent the largest shift in U.S. K-12 science
education of the past century, and will require a wholly
new approach toward teacher training before the full
iImpact of the NGSS can be realized. In-service training for
current teachers is also important, but given the realities
of limited funds and resources for teacher PD, a fully
effective transition to NGSS-aligned teaching is not
realistically possible with the existing teacher work force.
There are several reasons for this: (1) NGSS-aligned
teaching involves an entirely different approach to
teaching, moving away from the “sage on the stage”
toward student-centered active learning and
problem-based learning methods that have been identified
by recent advances in pedagogy and child psychology; (2)
NGSS-aligned teaching integrates STEM concepts of the
engineering design process and computational methods
that have not been part of past traditional science
curricula; (3) NGSS-aligned teaching involves a shift away
from a dominant focus on the content of science, fostered
by the growth of dependencies upon
multiple-choice-answered assessments, toward the
practices of science, to be assessed through higher levels
of Bloom’s taxonomy of student cognition, and (4)
NGSS-aligned curricula dispense with a view of science
as a structure of classifications and categorizations in
favor of systems-based learning, epitomized by the Earth
Systems Science approach. However, new teachers,
trained in the concepts of the NGSS, will face great
challenges as they enter the work force. They need to be
prepared for an educational system that is weighed down
by extreme inertia and be willing to push for educational
reforms. New K-5 teachers will need to expand the mean
daily science allotment beyond the 20-25 minutes/day that
currently exists and is not likely to change, even with the
replacement of NCLB by ESSA. And new science
teachers will need to be prepared for push-back from
parents, administrators, and politicians who still equate
science literacy with encyclopedic memory recall. Great
patience is needed for the success of the NGSS reforms,
and a key part of this is quality pre-service training for
future science teachers.

The 5 NGSS Innovations

Innovation 1. Making Sense of
Phenomena & Designing Solutions to
Problems

Innovation 2: Three-Dimensional
Learning

Innovation 3: Building K-12 Progressions

Innovation 4: Alignment with English
Language Arts and Mathematics

Innovation 5: All Standards, All Students

Training should emphasize the 5
innovations that are unique to the
NGSS and make it a powerful means of
building student understanding

Innovation #1:

Making

Sense of Phenomena

and Designing

Solutions to Problems

NGSS Middle School “Phenomenon” Model

1) How important are our
natural resources?

1) Why do people live and
farm on volcanoes?

2) How does a change in
thermal energy affect
matter?

2) What causes climates to
be so different across the
Earth?

3) What are chemical
reactions?

3) Why can we predict solar
eclipses?

4) What happens when
objects collide?

4) Why are bones so hard?

5) How can objects interact
at a distance?

5) Why do some parents
and offspring look different?

1) How have Earth
processes changed
populations of organisms?

2) How can people influence
other organisms?

3) How can people influence
Earth?

The Disciplinary Core Ideas (DCls),
Science and Engineering Practices

(SEPs), and Crosscutting

Concepts

(CCCs) should be learned in the
context of constructing an explanation
to an overarching scientific Essential
Question and/or designing a solution to

a problem or challenge.

NGSS Bundling Examples:

Phenomenon-Based Learning

Example Bundles:

Read First: Introduction and Guide

Kindergarten Middle School

Thematic Model Course 1: Phenomenon Model

Topics Model Course 2: Phenomenon Model (Course Map #1)

1st Grade Course 3: Phenomenon Model

Thematic Model

Topics Model Course 1: Topics Model . .

2nd Grade Course 2: Topics Model (Cal Ifornla IntegratEd

Thematic Model Course 3: Topics Model Middle School Prog ram)
Topics Model

3rd Grade High School

Thematic Model Course 1: Conceptual Progressions Model

Topics Model Course 2: Conceptual Progressions Model (C ourse Map #1)
4th Grade Course 3: Conceptual Progressions Model

Thematic Model

Topics Model Course 1: Modified Domains Model: Chemistry w/Earth and Space Science
5th Grade Course 2: Modified Domains Model: Physics w/Earth and Space Science
Thematic Model Course 3: Modified Domains Model: Biology w/Earth and Space Science
Topics Model (Course Map #3)

NGSS sample Bundlings show several
ideas for bundling the performance
expectations around big-picture
phenomenon-based questions.
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A (4th-grade, here) curricular example
is the problem- based “Quests” that
each runs all through a chapter, start to
finish, of the “Elevate Science” K-8
textbook program (Padilla, Miller, and
Wysession, 2017). All DCIs, SEPs, and
CCCs are learned within the context of
an chapter-wide Essential Question and
the engineering-based Quest.

Innovation #2: Three-
Dimensional Learning

. NEXT GENERATION

 SCIENCE

STANDARDS

Fo States, By States

MS-ESS3-5 Earth and Human Activity

Students who demonstrate understanding can:
MS-ESS3-5. Ask questions to clarify evidence of the factors that have caused the rise in global temperatures over

the past century. [Clarification Statement: Examples of factors include human activities (such
as fossil fuel combustion, cement production, and agricultural activity) and natural processes
(such as changes in incoming solar radiation or volcanic activity). Examples of evidence can
include tables, graphs, and maps of global and regional temperatures, atmospheric levels of
gases such as carbon dioxide and methane, and the rates of human activities. Emphasis is on
the major role that human activities play in causing the rise in global temperatures.]

The performance expectation above was 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

Asking Questions and Defining Problems ESS3.D: Global Climate Change Stability and Change
Asking questions and defining problems in e Human activities, such as the release | ®  Stability might be

grades 6-8 builds on grades K-5 experiences of greenhouse gases from burning disturbed either by

and progresses to specifying relationships fossil fuels, are major factors in the sudden events or gradual
between variables, and clarifying arguments current rise in Earth’s mean surface changes that accumulate
and models. temperature (global warming). over time.
e  Ask questions to identify and clarify Reducing the level of climate change

evidence of an argument. and reducing human vulnerability to

whatever climate changes do occur
depend on the understanding of
climate science, engineering
capabilities, and other kinds of
knowledge, such as understanding of

human behavior and on applying that
knowledge wisely in decisions and
activities.

All learning, instruction, and assessment
occurs within the context of the
integration of the three dimensions of

the DCIs, SEPs, and CCCs. Not one is to
be taught without the others.

The Practices: Guiding Principles

1. Students in grades K-12 should engage in all eight practices
over each grade band

2. Practices grow in complexity and sophistication across the
grades

3. Performance expectations focus on some but not all of the
elements associated with a practice (i.e., students need only
focus on one aspect of a practice, not the full grade or grade-
band description)

4. The practices are interconnected — they work together

Performance Expectations combine a
single SEP with a single CCC to
accompany a set of DClIs for
assessment. However, instruction
should be done combining additional
SEPs and CCCs to build mastery.

3-dimensional learning, emphasizing
the practices, leads to a more open-

ended, student centrlc form of Iearnlng
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Assessments also need to weave
together all 3 dimensions, as In this 8th-
grade example of the end-of-chapter
Evidence-Based Assessments from the
K-8 “Elevate Science” program.
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Innovation #3: Building

K-12 Progressions

All aspects of the NGSS play out in a set
of scaffolded learning sequences that
progressively build across K-12. This
holds for the DClIs (from the NRC
Framework), SEPs, CCCs, and the
Nature of Science and Engineering/
Science/ Technology concepts. This is
informed by research on learning
progressesions.

Figure 2: Organization of Disciplinary Core Ideas in Course Map 1

Course 1

Course 3

PS1: Matter and Its LS1: From Molecules to o .
Interactions Organisms Ls4: Biological Evolution:
Unity and Diversity

Course 2

LS3; Heredity: Inheritance
and Vairation of Traits

PS2: Motion and Stability:
Forces and Interactions
LS2: Ecosystems,
PS3: Energy Interactions, Energy, and
Dynamics
ESS1: Earth's Place om the
Universe

ESS2: Earth Systems

PS4: Waves and Their ESS3: Earth and Human
Applications in Technelogy Activity

for Information Transfer

SEP Example: Developing and Using Models

Science and
Engineering Practices

K-2 Condensed Practices 3-5 Condensed Practice: 6—8 Condensed Practice: 9-12 Condensed Practice:s

Developing and Using Modeling in K-2 builds on prior Modeling in 3-5 builds on K-2 Model I g S—Bb ilds on K-5 Modeling in 9—12b ilds K—S
expenenc and progresses to experiences ai d p ogresses to experi d progresses to expe enc and progresses to using,
nclude g and developing building and re gsmpl mcdl dev! ng sing, and revising synthesi g and dev ngmodl
. . mudl( ., diagram, drawing, a u5|gmdlt epre: madltd cribe, test, and predict mpdtdhwrlt ships
bR R e physical replica, diorama, events and design 5clution5 abstract ph nomena and among variables between systems

and engineering is to use
and construct models as
helpful tools for representing
ideas and explanations.

dramatization, or storyboard) that design systems. and their components in the natural

represent concrete events or and designed world(s).

design solutions.

These tools include « Distinguish between a model « Identify limitations of models. « Evaluate limitations of a model for | « Evaluate merits and limitations of

diagrams, drawings, physical and the actual object, process, a proposed object or tool. two different models of the same
replicas, mathematical and/or events the model prop osed tool, process, mec h nism,
representations, analogies, represents. system in order to select o
and computer simulations. « Compare models to identify ise a model that best fits th
common features and evidence or design criteria.
i + Design a test of a model to
Modeling tools are used to differences. asce?tain its reliability.

develop questions
pr ::dpoq nd e pl aations: | * Develop and/or use a model to

analyze a d identify fla ws in represent amounts,
systems; and communica = relationships, relative scales
i

« Collaboratively develop and/or « Develop or modify a model—based | - Develop, revise, and/or use a model
revise a model based on evidence on evidence — to match what
that shows the relationships happens if a variable or

based on evidence to illustrate
and/or predict the relationships

(bigger, smaller), and/or among variables for frequent and component of a system is between systems or between
:;‘.Iefds Mg ?:::;ic‘::e f ﬁ? patterns in the natural and regular occurring events, changed components of a system.
explanations and proposed designed world(s). Develop a model using an . andjor develop a mo d I of - Develop and/or use multiple types
analogy, example, or abstract 5|m|:| systems with uncertain and of models to provide mechanistic

engineered systems.
Measurements and
observations are used to
revise models and designs.

representation to describe a less predictable tactors
scientific principle or design « Develop and/or revise a model to
solution. show the relationships among

accounts and/or predict
phenomena, and move flexibly
between model types based on

Innovation #4:
Alignment with English
Language Arts and
Mathematics

HS-ESS3-1 Earth and Human Activity

Students who demonstrate understanding can:

HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural
hazards, and changes in climate have influenced human activity. [Clarification Statement: Examples of key natural
resources include access to fresh water (such as rivers, lakes, and groundwater), regions of fertile soils such as river deltas, and
high concentrations of minerals and fossil fuels. Examples of natural hazards can be from interior processes (such as volcanic
eruptions and earthquakes), surface processes (such as tsunamis, mass wasting and soil erosion), and severe weather (such
as hurricanes, floods, and droughts). Examples of the results of changes in climate that can affect populations or drive mass
migrations include changes to sea level, regional patterns of temperature and precipitation, and the types of crops and livestock
that can be raised.]

Constructing Explanations and Designing ESS3.A: Natural Resources

Solutions * Resource availability has guided the
Constructing explanations and designing solutions in development of human society.

9-12 builds on K-8 experiences and progresses to ESS3.B: Natural Hazards

explanations and designs that are supported by « Natural hazards and other geologic events have
multiple and independent student-generated sources shaped the course of human history; [they]l have | ... ..o e ceeeie e

ofevidance nd
"V Consin Common Core State Standards Connections

Cause and Effect
« Empirical evidence is required to differentiate
between cause and correlation and make claims
about specific causes and effects.

modals iheones Té&:hnology on Society and thf Natural World
the assumption thafithe Modern civilization dependsfn major
describe the naturgiwo rld operate today as they technological systems.

did in the past and
future.

ill continue to do so in the

Connections to other D@ls in this grade-band: N/A
Articulation of DCls ac\@lfs grade-bands:

Common Core State Standards Connections:
ELA/Literacy -
RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or
inconsistencies in the account. (HS-ESS3-1)

WHST.9-12.2  Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (HS-ESS3-1)
Mathematics -

MP.2 Reason abstractly and quantitatively. (HS-ESS3-1)

HSN.Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose
and interpret the scale and the origin in graphs and data displays. (HS-ESS3-1)

Define appropriate quantities for the purpose of descriptive modeling. (HS-ESS3-1)

Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-ESS3-1)

HSN.Q.A.2
HSN.Q.A.3

In most cases, schools will be
implementing the Common Core for
Math and English, so the NGSS PEs are
carefully aligned with CCSS math and
English standards at all grade levels.
Instruction needs to be coordinated
horizontally and vertically with math and
ELA instructors.

The Practices of Science

supports for
differentiation.
STEM
education is
an issue of
social justice
and equity.

Develop and/or use models to variables, including those that are merits and limitations.
describe and/for predict not observable but predict
phenomena. observable phenomena.

and Engineering (SEPSs)

« Develop and/or use a model to
predict and/or describe
phenomena.

Develop a model to describe
unobservable mechanisms.

- Develop a simple model based - Develop a diagram or simple - Develop and/or use a model to
on evidence to represent a physical prototype to convey a generate data to test ideas about
proposed object or tool, proposed object, tool, or process. phenomena in natural or designed
« Use a model to test cause and systems, including those + Develop and/or use a model
effect relationships or interactions representing inputs and outputs, (including mathematical and
ncerning the functioning of a and those at unobservable scales. computational) to generate data to
natural or designed system. support explanations, predict
phenomena, analyze systems,
and/or solve problems.

1. Asking questions (for science) and
defining problems (for engineering)

« Develop a complex model that
allows for manipulation and testing
of a proposed process or system.

2. Developing and using models

3. Planning and carrying out“\\

investigations Strong Math
4. Analyzing and interpreting data 4"""; SIUAEE H

Strong
English

1. Patterns — Observed patterns in nature guide organization and classification and prompt questions about relationships and causes underlying them.
K-2 Crosscutting Statements 3-5 Crosscutting Statements 6-8 Crosscutting Statements 9-12 Crosscutting Statements

= Patterns in the natural and human = Similarities and differences in patterns = Macroscopic patterns are related to the nature of | = Different patterns may be observed at each of -
designed world can be observed, used can be used to sort, classify, microscopic and atomic-level structure. the scales at which a system is studied and can con nectl on S
to describe phenomena, and used as communicate and analyze simple rates = Patterns in rates of change and other numerical provide evidence for causality in explanations of I I I
evidence. of change for natural phenomena and relationships can provide information about phenomena. 5 . U S | n g m ath e m atl CS a n d Com p utatlon a |
designed products. natural and human designed systems. = Classificati ons or explanations u: sed at one scale
= Patterns of change can be used to = Patterns can be used to identify cause and effect may fail or need rewsmn wh information from 3 d
make predictions. relationships. smaII Iarger scales is intre d ed; thus th I n kln g
= Patterns can be used as evidence to = Graphs, charts, and images can be used to requiring improved inve est gat ons and
support an explanation. identify patterns in data. experiments.

= Patterns of performance of designed systems
can be analyzed and interpreted to reengineer
and improve the system.

= Mathematical representations are needed to
identify some patterns.

= Empirical evidence is nee

6. Constructing explanations (for science)
and designing solutions (for engineering)

CCC Example: Patterns

ded to identify patterns.

7. Engaging in argument from evidence

Understandings about the Nature of Science
Categories K-2 3-5 Middle School

8. Obtaining, evaluating, and
communicating information

High School

Science is a Way of = Science knowledge helps | = Science is both a body | ® Science is both a body of knowledge and the = Science is both a body of knowledge that represents a
Knowing us know about the world. of knowledge and processes and practices used to add to that body current understanding of natural systems and the
processes that add new of knowledge. processes used to refine, elaborate, revise, and extend

knowledge. = Science knowledge is cumulative and many
= Science is a way of

this knowledge.

people, from many generations and nations, have | ® Science is 2 unique way of knowing and there are other

knowing that is used by contributed to science knowledge. ways of knowing.

many people. = Science is a way of knowing used by many = Science distinguishes itself from other ways of knowing

people, not just scientists. through use of empirical standards, logical arguments,
and skeptical review.

= Science knowledge has a history that includes the
refinement of, and changes to, theories, ideas, and
beliefs over time.

= Scientific knowledge is based on the assumption that
natural laws operate today as they did in the past and
they will continue to do so in the future.

= Science assumes the universe is a vast single system in

The SEPs all have a strong Common
Core connection to either the Math or
English CCSSs.

* Science assumes
consistent patterns in

natural systems.
= Basic laws of nature are observation.

Scientific Knowledge * Science assumes natural
Assumes an Order and events happen today as
Consistency in Natural they happened in the

Systems past.

* Science assumes that objects and events in
natural systems occur in consistent patterns that
are understandable through measurement and

= Many events are the same everywhere in | ®= Science carefully considers and evaluates which basic laws are consistent.
repeated. the universe. anomalies in data and evidence.
Science is a Human * People have practiced = Men and women from * Men and women from different social, cultural, = Scientific knowledge is a result of human endeavor,
Endeavor science for a long time. all cultures and and ethnic backgrounds work as scientists and imagination, and creativity. - - - - - - - - - - - - - - - - - - - - - - -
= Men and women of backgrounds choose engineers. = Individuals and teams from many nations and cultures
diverse backgrounds are careers as scientists = Scientists and engineers rely on human qualities have contributed to science and to advances in
scientists and engineers. and engineers. such as persistence, precision, reasoning, logic, engineering.

= Most scientists and
engineers work in

imagination and creativity.
= Scientists and engineers are guided by habits of
teams. mind such as intellectual honesty, tolerance of

= Scientists’ backgrounds, theoretical commitments, and
fields of endeavor influence the nature of their findings.

= Technological advances have influenced the progress of Draw CO“CIUSionS

= Science affects ambiguity, skepticism and openness to new ideas. science and science has influenced advances in
everyday life. = Advances in technology influence the progress of technology. ) . o ) ) o
* Creativity and e TR e e T R e T = Science and engineering are influenced by society and Onellmportant reading skill is drawing conciusmns. It is like
imagination are technology. society is influenced by science and engineering. ety o e v =, IS oy ot o
important to science. = Collect clues when reading by finding important
Science Addresses *= Scientists study the = Science findings are * Scientific knowledge is constrained by human = Not all questions can be answered by science. rrrata
Questions About the natural and material limited to what can be capacity, technology, and materials. = Science and technology may raise ethical issues for o vl {fe s @ g Fea
‘l:‘ﬁ;al and Material world. ansdv:red with empirical | = ﬁ::n;z Iimitlsv: explanations to zstems ﬂ'lalt wt;ich science, by itself, does not provide answers and S WS W, the.text ARG
L evidence. emselves to observation and empirical solutions. :

evidence. = Science knowledge indicates what can happen in

= Science knowledge can describe consequences of natural systems—not what should happen. The latter
actions but is not responsible for society’s involves ethics, values, and human decisions about the
decisions. use of knowledge.

= Many decisions are not made using science alone, but
rely on social and cultural contexts to resolve issues.

Read the following passage to find out why engineers
moved a whole lighthouse.

Lighthouse on the Move

Cape Hatteras sticks out into the Atlantic Ocean <
from the coast of North Carolina. In 1870, people & :
put up a lighthouse at the tip of the cape to help

ships avoid running into it. The lighthouse stood 1,000

meters from the shore. Over the year.s, powerful storms and e ( IN mp @m 2N "IN b < 6N | IN >
nstant waves wore away the coastline. By the 1990s, the " ‘.‘,l}‘ e ' |
lighthouse was almost surrounded by water. The lighthouse =
. . . 7 4N Net Force: 8 N
needed to be moved. The National Park Service built a base . .
in a new spot and moved the Iighthouse to it in one piece. thera cy Con nectlon
College & Careers Engine ised the lighthouse ont oarnov' ng platform.
1 o] J[e3 NEXT GENERATION LEARNING PROGRESSIONS s ey vty e Tgmboe st e wi o e ois oo, N S
these skils by - .- On November 13, 1999, the lighthouse lit up again. To o ay, i ,orceff,?;j\,'“u"" {“;" of the
.
Forces and Mot'lon Grades 9-12 o beacon contin o keep ships s: f at sea s 3. Reason Oua wvely Inthe i
Students will develop the skills of . .. d95|'9"l'"9 road ‘Bi““’b_l {* "% Q GAME hichdrecnonwll]h hd lesra:(e:mmgagm
evaluate a new automobile 'y
Use the grade-band endpoints id:ntiﬁed below to help you e N Y oot type. 3 é 1o the left
2, M5.PS2., MSPS3. " Grades 6-8 an investigation to produce data to serve as evidence. G IR 28 Draw Conclusions The lighthou: N ..-\ . . .
Students are working toward . i) is currently 488 meters from the ocean. D raw a concluswn b Have S:tUdentS play the Mini Games to pradlce
Grades 3-5 conducingsnvesigtionard avlating employing avidence rom  variety ofsources to solve = about how far the lighthouse may be from the ocean in P using literacy skills.
SCIENCE AND Students should already be the sce ;yufdﬁe methods for design problems. :—— 100 years, i
collecting data. q 7
NSRS capatie o — Sample answer: Erosion does not stop. The
) . s i Iuati eting design solutions by present- — i i
ISEP'::. Pl:." ning and Carrying Out :Enm;ng|nv:hm?ﬂ o e ing argurmentalor can e s A - ocean will continue to eat away at the coast. ) sl
nvestigations nce. -
more variables are controlled. . . a
_ _ . . . In 100 years or more, the lighthouse might be i . Have students explore the Leveled Readers and
SEP.6 Constructing Explanations gﬂi:':ng;:::i;;r\::_"ﬁt;er::‘rg:i:\;m based on maximize fuel efficiency. in danger of falling into the ocean.

using evidence to support
lanation.

3
S, . .
and Designing Solutions weray STEM Engineering Reader to learn more about
knowing that Newton’s second law of motion and the 2 ,
R R [ Earth's features. .
SEP.7 Engaging in Argument distinguishing between facts and changes in the motion of objects. <
from Evidence speculation in an explanation. Y
understanding that the mass of an object will realizin, ay change from one form and
have an effect on the extent of motion when a that such changes may be tracked through physical or a't o o x
force is applied to the object. chemical interactions. 7.EE.B.3
DISCIPLINARY CORE IDEAS
nizing that the ion of an object understandir nergy mi form recognizing that fields contain 1t depends on
is determined by the sum of the f kineti nti the arrangement of the obje
ing upon it
forc It in motion.
ing that the faster an obje

PS2.A Forces and Motion
of kine:
pursuing a career in automotive design, y
understanding that when objects collide, each using scientific principles to improve
one exerts a force on the other. vehicular safety and fuel efficiency.
cting the behavior of a system and designing
to do specific tas

Apply Mathematical Concepts Have
students...

PS3.A Definitions of Energy
® use a number line to help them visualize the

predi syste
L s i ) Draw Conclusions Ask students to share their addition of forces.
Energy and Forces SRR 5 e . . . ® recoghize forces applied in the same direc-
g mosel s ot TR REENE T R——— answers to the question, using evidence from the tion as an addition problem
lesser stability. .
_s — text and background knowledge they have about « recognize forces applied in opposite direc-
cece % % :?Ef%f,*f%dia‘}?‘zﬁyzﬁﬂf roaliing that c:; oo T the SUbj ect matter. tions as a sn.ibtra.ctic-n problern. N
* relate the direction of force to positive and
CCC.7 Stability and Change e negative directions on a number line.
116C Forces and Motion 116D

Scientific instruction must involve support
at many levels for the simultaneous
development of aligned Common Core
math and ELA understandings, as do
instructional materials (Examples are from
“Elevated Science”).

Instructional materials also need to have
a clear plan for how the DCIs, SEPs, and
CCCs will progress across grade bands,
as in this 8th-grade example from
“Elevate Science.”

Innovation #5: All

University in St.Louis

Inclusion of a Year of

Standards, All Students| Earth and Space

The NGSS are designed to be the
minimum for all students. Instructional
supports will therefore be needed for
English language learners, language-
deficient learners, disadvantaged

students, etc., so that they all can share

in the benefits of a science education.

This NSTA
text, by Okhee

Lee, is very
helpful in
implementing
NGSS-aligned

Y NGSS
| FORALL |
ETTTFEFHTE{;{’

Course 1 Course 2 Course 3 Course 4 Course 5

MS.PS.1 MS.PS.4 HS.PS.2
Matter and its HS.PS.4 Motion and
Interactions Waves Forces

MS.LS.4
MS.LS.1 Evolution HS.PS.3
Structure and Energy
Processes HS.LS.1 HS.LS.3
Heredity

MS.PS.2
Motion and
Stability: Forces

and Structure and HS.PS.4
Processes Waves
MS.PS.3 HS.LS.4
Energy HS.LS.1 Evolution
MS.LS.3 Structure and
MS.PS.4 Heredity Processes HS.ESS1
Waves Earth’s Place in
MS.LS.4 the Universe
Evolution

MS.ESS1
Earth’s Place in
tha LInivarse

HS.ESS.3
Earth and
Human Activity

HS.ESS1
Earth’s Place in
the Universe

MS.ESS1
Earth’s Place in

MS.ESS.2 the Universe

Earth Systems HSESSS

Earth and
Human Activity
MS.ESS.3
Earth and

Human Activity MS.ESS.3

Earth and
Human Activity

At the same time, 5-year and 4-year
accelerated course pathways for grades
6-12 exist for advanced/gifted students,
to allow time for AP courses.

Differentiated Instruction

Support Struggling Students
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: @ Local Attractions AMap
Y T, - What types of attractions are there to
3 =’ g _f see in San Francisco? I
)
i o
)

Have students name the different features they see in the
photo. Ask students how they might show the difference
between the water and land on a map. Have them trace the
shoreline with their finger, and explain how the shoreline could
be shown on a map.

Sample answer: a

|
ballpark, Fisherman'’s I
Wharf, the Golden Gate I
|
|
|

Support Advanced Learners

Bridge, and a zoo
Encourage students to think about the impact of external
influences on the landforms, such as building homes or
businesses in an area. Have them create a map that includes

- 1 J, :"ga
MheTesat) |
‘ ; EEEENE -
: 4 sich strictiras, and write a brief summary, outlining the effect
il ,! B

£ ﬁ’— Scaﬁolded Questlons ictures may have on the landscape. )

ELD Support

Use the following questions to assess students’
Depth of Knowledge levels of understanding.

Identify Choose the map you woulc DIFFERENTIATED INSTRUCTION

your way from the airport to the Gol

L1 Support Struggling Students

Bridge. Explain why this map would | Have students find an exampls fro relfs of an objec that has balanced forces on
it a d an example of a bj tth t has unbalan: df orces on it. h example,

Speaking Use the text and images in tt this task. DOK1 (The street map will b stuclanes thew the fermaa on the obiactwith o dewie,

Connection to help students practice th names of streets for a route | can tak

L3 Support Advanced Students
the Golden Gate B rldge‘) Give students an example of an object moving that is not changing speed
or direction. Have students argue if the forces on this object are balanced or

Summarize Relate the topog raphic | unbalanced. Have students support their argument with evidence.
the local attractions map. What inforrnauon wo

you gain by using both together? DOK2 (The

topographic map shows the el EEERVPNFTTTY PPV oty T 13
Developing Have students use exampl¢ land features in the area, while

explain why San Francisco is flat or hilly. map shows the man-made fea

By looking at both maps toget

(low do rocks change>
understand which attractions a ®

. . Igneous, sedimentary, and metamorphic rock are formed in different
San Francisco and which are clg ways. Over millions of years, these rocks continually change from
one type to another type of rock. This process is called the rock

Entering Have students say the name ¢
represented in the visual.

Beginning Have students take turns tell
Francisco is flat or hilly.

Expanding Have students use details tc
Francisco is flat or hilly.

Bridging Have students identify whethe

F late Think about wh
located in a flat or hilly section of San Fr ormutate ~hink goout where

these maps would be used mo{

your community? Explain your
{Anaware will vary it etnidentd

Differentiated Instruction

Use the following Leveled Readers and STEM Engineering
Reader to provide additional science content, introduce
science phenomena, and differentiate your students’ reading
options.

SR ARS A8 [ earn About Earth’s Features

o \FES98Y Farth’s Features

AN 50l All About Earth’s Features

| STEM ENGINEERING J=lgu KR -EI0 =5

cycle. The diagram shows one possible path rocks can take through
the rock cycle. Follow the diagram and label each blank with the
type of rock that is formed.

mefamorphic

as -

din |q|:leous \\\\\ : .\\ ..... : t\\ \

¢ |meﬂta|'y \\\\\\\\\\
\\\\\\\\\\

\\\\\\
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Instruction should involve a variety of
tools for support the differentiation of
student learning styles and abilities.

(Examples are from “Elevated Science”).

Science in both Middle
and High School

The inclusion of a year of high school
geoscience for all students is proving to
be the largest curricular challenge for
the 80% of national schools that are
adopting or adapting the NGSS.

The NGSS
emphasizes

ESS3 Earth and Human Activity

ESS3A Natural Resources

ESS3B Natural Hazards |
ESS3C Human Impacts on reievancy to

Earth Systems students’ lives,
ESS3D Global Climate Change and the
importantance
of ESS Big Idea
3 motivated the
inclusion of a
year of HS ESS.

NGSS Performance Expectations
called out for alignment with

issues of Science, Technology, and
Society

Earth &
Life Phys Space
Middle Sch.

High Sch.

This is supported by the large presence
of STEM engineering in the NGSS, which
is strongly aligned with issues of
sustainability and designing solutions to
minimize human impacts.

New York Times Front Pages (2012)
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Analysis of media portrayal of science,
such as this study of 2012 NYTimes front
pages, shows that Geoscience topics
(hazards, resources, human impacts,
climate change) consistently appear
more often than all other sciences (and
most of the others relate to medicine).

NGSS State-wise Adoption

Adoptin
Stateps <

ting States 39%ef Ohlldrean (36%/3%)
ing\States: 34% of Chlldren gz-

HAWAIL

NGSS Adapting: Alabama, Arizona, Massachusetts, Missouri, Montana, New York,
Oklahoma, South Carolina, South Dakota, Tennessee, Utah, West Virginia, Wyoming

The wide adopting/adapting of the NGSS
across US states provides many new

opportunties for grade 6-12 instruction
of the Earth and Space Sciences.




