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4.Structure, Function, and Information Processing

4.Structure, Function, and Information Processing

Students who demonstrate understanding can:

4-PS4-2. Develop a model to describe that light reflecting from objects and entering the eye allows objects to be seen.
[Assessment Boundary: Assessment does not include knowledge of specific calors reflected and seen, the cellular mechanisms of vision, ar how the reting works.)

4-LS1-1, Construct an argument that plants and animals have internal and external structures that function to support
survival, growth, behavior, and reproduction. [Clarification Statement: Examples of structures could include thorns, stems, roots, colored petals,
heart, stomach, lung, brain, and skin.] [Assessment Boundary: Assessment is limited to macroscopic structures within plant and animal systems.]

4-LS1-2. Use a model to describe that animals receive different types of information through their senses, process the
information in their brain, and respond to the information in different ways. (Clarification Statement: Emphasis is on systems of
information transfer. ] [Assessment Boundary: Assessment does not include the mechanisms by which the brain stores and recalls information or the mechanisms of
how sensory receptors function.]

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

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts
Developing and Using Models PS4.B: Electromagnetic Radiation Cause and Effect
Modeling in 3-5 builds on K-2 experiences and progresses to = An object can be seen when light reflected from its surface » Cause and effect relationships are
building and revising simple models and using models to represent enters the eyes. (4-PS4-2) routinely identified. (4-PS4-2)
events and design solutions. LS1.A: Structure and Function Systems and System Models
= Develop a model to describe phenomena. (4-PS4-2) s Plants and animals have both internal and external s A system can be described in terms of its
= Use a model to test interactions concerning the functioning of a structures that serve various functions in growth, survival, components and their interactions. (4-
natural system. (4-L.S1-2) behavior, and reproduction. (4-LS1-1) LS1-1), (LS1-2)
Engaging in Argument from Evidence LS1.D: Information Processing
Engaging in argument from evidence in 3-5 builds on K-2 = Different sense receptors are specialized for particular
experiences and progresses to critiquing the scientific explanations kinds of information, which may be then processed by the
or solutions proposed by peers by citing relevant evidence about animal’s brain. Animals are able to use their perceptions
the natural and designed world(s). and memories to guide their actions. (4-LS1-2)
= Construct an argument with evidence, data, and/or a model.
(4-151-1)

Connections to other DCIs iy this grade-level: N/A

Articulation of DCTs across grade-levels: 1.PS4.B (4-P54-2); 1LSL.A (4-L51-1); 1.LSL.D (4-L51-2); 3.LS3.B (4-L51-1); MS.PS4.B (4-PS4-2); MS.LS1.A (4-LS1-1),(4-LS1-2);
MS.LS1.D (4-P54-2),(4-151-2)

Common Core State Standards Connections:

ELA/Literacy —

w.a4a.1 Write opinion pieces on topics or texts, supporting a point of view with reasons and information. (4-LS1-1)

SL.4.5 Add audio recordings and visual displays to presentations when appropriate to enhance the development of main ideas or themes. (4-P54-2),(4-L51-2)

Mathematics —

MP.4 Model with mathematics. (4-P54-2)

4.G.A.1 Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel lines, Identify these in two-dimensional figures. (4-P54-2)

4.G.A.3 Recognize a line of symmetry for a two-dimensional figure as a line across the figure such that the figure can be folded across the line into matching parts. Identify line-

symmetric figures and draw lines of symmetry. (4-L51-1)

*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 Framewark 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. 10f1




MS.Space Systems

MS.Space Systems

Students who demonstrate understanding can:

MS-ESS1-1. Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases,
eclipses of the sun and moon, and seasons. (Clarification Statement: Examples of modelscan be phy sical, graphical, or conceptual.]

MS-ESS1-2. Develop and use a model to describe the role of gravity in the motions within galaxies and the solar system.

[€ larification Statemenl: Emphasis forthe model Is on gravity as the force that holds Logether the solar sy stem and Millky Way galaxy and controls orbital motions
within them. Examples of models can be physical (such as the analogy of distance alohg a football fleld or computer visualizations of elliptical orbits) or conceptual
(such as mathematical proportions relative to the size of familiar objects such as students” school or state),] [A ssessiment Boundary: Assessment does not include
Kepler's Law s of orbital motion or the apparent retrograde motion of the planetsas viewed from Earth. ]

MS-ESS1-3. Analyze and interpret data to determine scale properties of objectsin the solar system. [Clarification Statement:
Emphasis is on the analy sisof data from Earth-based instruments, space-based telescopes, and spacecraft to determine similarities and differences among solar
sy stem objects. Examples of scale propettles include the sizes of an object’s layers (such as crust and atmosphere), surface faatures (such as v olcanoes), and
orbital radius. Examples of data include statistical information, drawings and photographs, and models.] [A ssessment Boundary: Assessment does not include
recalling facts about propefties of the planets and other solar sy stam biodies. |

The performance expeciations above were dev eloped using the following elements from the NRC document A Framework for k-12 science Education.

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts

Developing and Using Models ESS1.A: The Universe and Its Stars Patterns
Modeling in 6-8 builds on K=5 experiences and » Pattemns of the apparent motion of the sun, the moon, and stars = Pattems can be used to identify causeand effect
progresses to dev eloping, using, and revising in the sky can be observed, described, predicted, and explained relationships. (MS-ESS1-1)
models to describe, test, and predict more with models. (MS-ESS1-1) Scale, Proportion, and Quantity
abstract phenomena and design systems. = Earth and its solar sy stem are part of the Milky Way galaxy, whih = Time, space, and energy phenomena can be
= Develop and use a model to describe is one of many galaxies in the universe. (MS-ES51-2) observ ed at various scalesusing models to study
phenomena. (MS-ESS1-1),(MS-ESS1-2) ESS1.B: Earth and the Solar System sy stems that are too large or tco small. (MS-ESS1-
A nalyzing and Interpreting Data = The solar sy stem consists of the sun and a collection of objects, 3)
Analyzing data in 6-8 builds on K5 experiences including planets, their moons, and asteroids that are held in orbit | Systems and System Models
and progresses to extending quantitative analysis around the sun by its gravitational pull on them. (MS-ESS1- = Models can be used to represent sy stems and their
to inv estigations, distinguishing between 2),(MS-ESS1-3) interactions. (MS-ESS1-2)
correlation and causation, and basic statistical = This model of the solar sy stem can explain eclipses of the sun and
techniques of data and error analy sis. the moon. Earth’s spin axis is fixed in direction ov er the short-
= Analyze and interpretdata to determine term but tilted relativ e to its orbit around the sun. The seasons Connections to Engineering, Technology,
similarities and differences in findings. (MS- are a result of that tilt and are caused by the differential intensity and A pplications of Science
ESS1-3) of sunlight on different areas of Earth across the y ear. (MS-ESS1-
1) Interdependence of Science, Engineering, and
= The solar sy stem appears to haveformed froma disk of dustand | Technology
gas, draw n together by gravity. (MS-ESS1-2) = Engineering advances haveled to important

discov eries in virtually every field of science and
scientific discov eries haveled to the dev eopment
of entire industries and engineered sy stems. (MS-
ESS1-3)

Connections to Nature of Science

ScientificKnowledge Assumesan Order and
Consistency in Natural Systems
= Science assumes that objects and events in natural
sy stems occur in consistent patterns that are
understandable through measurement and
observ ation, (MS-ESS1-1), (MS-ESS1-2)

Connections to other DCIsin this grade-band: MSJPS2.A (MS-ESS1-1),(M5-ES51-2); MS.PS2.B (MS-ESS1-1),(MS-ESS1-2); M S.ESS2.A (MS-ES51-3)

A riiculation of DCIs across grade-bands, 3. ,(M5- =2); 5. -E551-1), e g ;5. ,(MS- -2),(MS-
ES51-3); HS.PS2A (MS-ES51-1),(MS-ESS1-2); HS.PS2.B (MS-ES51-1),(MS-ESS1-2); HS.ESS1.A (MS-ESS] -2): HS.ESS1.B (M5-ESS1-1),(MS-ESS1-2),(MS-ESS1-3); HS.ESS2.A (MS-
ESS1-3)

Commaon Core State Standards Comnections:

ELA/Literacy —

RST.6-8.1 C ite spedific textual evidenceto support analysis of science and technical texts. (M S-ESS1-3)

RST.6-8.7 Integrate quantitative or technical information expressed in w ords in a text with a version of that information expressed visually (e.g., in a flow chart, diagram,
model, graph, ortable). (MS-ESS1-3)

SL.8.5 Integrate multimeda and visual displays into presentations to clarify information, strengthen daims and evidence, and add interest, (MS-£551-1),(MS-£551-2)

Mathematics —

MP.2 Reason abstractly and quantitatively. (MS-ESS1-3)

MP.4 Model with mathematics. (MS-E551-1) (MS-E551-2)

6.RP.A.1 Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. (MS-E551-1),(MS-ESS1-2).(MS-ESS1-3)

7.RPA.2 Recognize and represent proportional relationships between quantities. (MS-E551-1), (M5-£551-2).(MS-ES51-3)

6.EE.B.6 Use v ariables to represent numbers and write expressions when solving a real-world or mathematical problem; understandthat a v ariable can represert an
unknow n number, or, depending on the purpose at hand, any number in a specified set. (M5-£551-2)

7 .EE.BA4 Use variables to represent quantities in a real-w orld or mathematical problem, and construct simple equations and inequalities to solve problemsby reasoning

about the quantities. (MS5-£551-2)

*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 F ramework for K-12 Science Education: Practices, Cross-Cutting Concepts, and Core Ideas. Integrated
and reprinted with permission from the National Academy of Sciences.
April 2014 ©2013 Achieve, Inc. All rights reserved. 10of1



3.Weather and Climate

3.Weather and Climate

Students who demonstrate understanding can:

3-ESS2-1. Represent data in tables and graphical displays to describe typical weather conditions expected during a
particular season, [Clarification Statement: Examples of data could Include average tempelature, precipitation, and wind direction.] [Assessment Boundary:
Assessment af graphical displays s limited to pictographs and bar graphs. Assessment does not include climate change. ]

3-ESS2-2. Obtain and combine information to describe climates in different regions of the world.

3-ESS3-1. Make a claim about the merit of a design solution that reduces the impacts of a weather-related hazard.*
[Clarification Statement: Examples of design solutions to weather-related hazards could include barriers to prevent flooding, wind resistant roofs, and lightning

rods.]

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

Analyzing and Interpreting Data
Analyzing data in 3-5 builds on K-2 experiences and
progresses to introducing quantitative approaches 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 information in 3-5
builds on K=2 experiences and progresses 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)

 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-£S52-1)
= 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

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-£553-2.)

s A variety of natural hazards result from natural processes.

Crosscutting Concepts

Patterns
s 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 Engineering, Technology, and
Science 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-ES53-1)

Connections to other DCIs jn third grade: N/A

Articulation of DCIs across grade-levels; K.ESS2.D (3-ESS2-1); K.ESS3.B (3-ESS3-1); K.ETS1.A (3-ESS3-1); 4.ESS2.A (3-E552-1); 4.ESS3.B (3-ESS3-1); 4.ETS1.A (3-E553-1);
5,ESS2.A (3-E552-1); MS.ESS2.C (3-ESS2-1),(3-ESS2-2); MS.ESS2.D (3-ES52-1),(3-ESS2-2); MS.ESS3.B (3-ES53-1)

Common Core State Standards Connections:

Ask and answer questions to demonstrate understanding of a text, referring explicitly to the text as the basis for the answers, (3-£552-2)

Recall information from experiences or gather information from print and digital sources; take brief notes on sources and sort evidence into provided categories. (3-

Measure and estimate liquid volumes and masses of objects using standard units of grams (g), kilograms (kg), and liters (I). Add, subtract, multiply, or divide to solve

one-step word problems involving masses or volumes that are given in the same units, e.g., by using drawings (such as a beaker with a measurement scale) to represent

ELA/Literacy —
RI.3.1
RI.3.9 Compare and contrast the most important points and key details presented in two texts on the same topic. (3-ESS2-2)
W.3.1 Write opinion pieces on topics or texts, supporting a point of view with reasons. (3-£553-1)
W.3.7 Conduct short research projects that build knowledge about a topic, (3-£553-1)
W.3.9
ESS2-2)
Mathemalics —
MP.2 Reason abstractly and quantitatively. (3-ESS2-1),(3-ESS2-2),(3-£553-1)
MP.4 Model with mathematics, (3-ESS2-1),(3-ESS2-2), (3-£553-1)
MP.5 Use appropriate tools strategically. (3-£552-1)
3.MD.A.2
the problem. (3-£552-1)
3.MD.B.3

problems using Information presented in bar graphs. (3-ES52-1)

Draw a scaled picture graph and a scaled bar graph to represent a data set with several categories. Solve one- and two-step “how many more” and “how many less”

*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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A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core ldeas

etary resources of water, arable land, plants and animals, minerals, and hydrocar-
bons. Only in the relatively recent past have people begun to recognize the dra-
matic role humans play as an essentially geological force on the surface of Earth,

affecting large-scale conditions and processes.

fave idea £5% 1 Earth’s Place in the Universe

Wohiost s the poiverse, wind coliai oo baiiles ploce i ii?
- Cenle 5 Ty e . . } X
d The planet Earth is a tiny part of a vast universe that has developed over a huge
JEESEIES S, e ™

expanse of time. The history of the universe, and of the structures and objects

B & *uwé(*r Uviyey:.
B o e w1thm it, can be deupheled using observatmns nf [htll present condition togeth-
L Sint (PRI N AT
) \)‘ . er with l<nowledge of physics and Lh(ﬂ"llk“} §|ml|.1rly, the patterns of motion
LN el et e o \ ——— e e e ek
//h‘ d of the objects in the solar system can be described and preduted on the basis_of
IR =
. ; \

observations and an unduamndmg of gravity. Comprehension of these patterns
Palevy g quedcie can an be used to explain many{Earth ﬁﬂ'nomenﬂ such as day and night, scasons,
ok t]des, and phases ¢ of the moon. Observations of other solar system ()b]euts and

. Ol ¥ ') of Earth itself can be used to determine Earth’s age and the history of large-scale
changes in its surface.

ESST.A: THE UNIVERSE AND ITS STARS

Whi i the ticerses id nebei o oie e sois
=1, 8 Thc‘}\lll'!.lls but one of a vast number of st starsiin the! Mlll\y Way galaxy, fwhich is
s
At T one of a vast number of! ;,.11‘13065 in thu univer wl
" Vil 2 . .
RECERS URRL The universe beg1n with a period of extreme and rapid expansion known

as the‘Blg Bdﬂ}{, which occurred about 13.7 billion years ago. 'This theory is sup-
ported by the fact that it provides explanation of observations of distant galaxics
receding from our own, of the measured composition of stars and nonstellar gases,
and of the maps and spectra of the primordial radiation (cosmic microwave back-

ground) that still fills the vniverse,
gucieae Fulo o

e g Nearly allohservable m.uter\m the universe is] hydlngcn or hcllum't which
m./» el
SR

formed in the first minutes after the Big Bang, | Elements other than these remnants

of the Big Bang continue to form within the cores oflunrs [ﬁudt ar fusion within
stars produces all atomic nuclei lighter than and mdudmg iron, and the process
releases the energy seen as starlight. Heavier elements are produced when certain

massive stars achieve a supernova stage and explode.

TSI | Coate i h an N \173
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A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas

Stars’ [mdmtlon of vmble@and Smrf/
other forms of energy can.be measured . {f{c¢, ( (e
and studied to develop explanations S UPYErSe_
about the formation, age, and composi-
tion of the universe. Stars go through a
qequcme of developmental 5t1gea—they
are fo forrned “evolve in size, mass, and
brightness; and eventually burn out.

Material from eatlier stars that exploded
as{supernovas }19 recycled to form younger
stars and their planetary systems. The
sun is a medium-sized star about halfway
through Tts predicted life span of about
10 billion years, _

Grade Band Endpoints for ESS1.A

By the end of grade 2. Patterns of the motion of the sun, moon, and stars in the

« sky can be observed, described, and predicted. At mght one can see the light com-
ing from manyLEars]wtrh the naked eye, butjrelescopes \nmkc it possible to see
many more and to observe them and the moon and planets in greater detail.

By the end of grade S. Tthﬂ is a|9tar\thﬂt appears larger and brighter than
other stars because it isicloser. Stars range greatly in their size and distance
from Earth.

S-E-M By the end of grade 8. Patterns of the .!ppnrcnt motion of the sun, the moon, and

E)'lg&mf] 'The universe began wnh a perlnd of extreme an(l r'lpnd cxpans.mﬁ known as thc
B:g Bang. Lmth and its solar system are part o of the Milky Way galaxy, which is

M”k\j Way one of 0 many galaxies in the universe.

By the end of grade 12. The star called the sun is changing and will burn out over

ST a life span of approximately 10 billion | years. The sun is just one of more than 200

i ¢ Liiue billion stars in the Milky Way g;l;xy, and the Mllky Way is just one of hundreds
of billions of g gll.wles in the universc. The study of stars’ light spectra and bright-
ness is used to identify composntlonal clements of stars, their movements, and their

distances from Earth.

174
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ESS1.B: EARTH AND THE SOLAR SYSTEM

What are the predictable patterns cansed by Larth’s movement in the solar

systeni?

Thefsolar sys\ten‘l]consists of the sun and a collection of objects of varying sizes

and conditions—includ‘mp{ planctanMlElleir moons}»that are held in orbit around

the sun by its|gravitational pulljun them. This system appears to have formed

from a disk of dust and gas, drawn together by gravity.

Earth and the moon, sun, and planets have predictable patterns of move-

- ment. These patterns, which are explainable by gravitational forces and couser-

vation laws, in turn explain many large-scale phenomena observed on Earth,

* Planetary motions around the sun can be predicted using Kepler’s three empirical )

laws, which can be explained based o Newton’s theory of gravity.JThese orbits
may also change somewhat due to the gravitational effects from, or collisions
with, other bodies.[Grzulunl changes in the shape of Earth’s orbit around the sun
(over hundreds of thousands of years), together with the tilt of the planet’s spin
axis (or axis of rotation), have altered the intensity and distribution of sunlight
falling on Earthﬁl"hcsc phenomena cause cycles of climate change, including the
relatively recent cycles of ice ages.

((jf@i_l—y_]lmids Earth in orbit around the sun, and it holds the moon in orbit
around Earth. The pulls of gravity from the sun and the moon cause the patterns
of geean tides! The moon’s and sun’s positions relative to Earth cause lunar and
solar eclipses to occur. The moon’s monthly orbit around Earth, the relative posi-
tions of the sun, the moon, and the observer and the fact that it shines by reflected
sunlight explain the observed phases of the moon.

Even though Earth’s orbit is very nearly circular, the intensity of sunlight
falling on a given location on the planet’s surface changes as it orbits around the
sun. Earth’s spin axis is tilted relative to the plane of its orbit, and the seasons are

B carthoand the moon, sun, and planets have predictable patterns of
movement. These patterns, which are explainable by gravitational forces
and conservation laws, in turn explain many large-scale phenomena
observed on Earth. i

Dimension 3: Disciplinary Core ldeas—Earth and Space Sciences 17§

Copyright © National Academy of Sciences. All rights reserved.



A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core |deas

a result of that tilt. The intensity of sunlight striking Earth’s surface is greatest at

[ LAV |, the equator. Seasonal variations in that intensity are greatest at the poles.

Grade Band Endpoints for ESS1.B

By the end of grade 2. Seasonal patterns of sunrise’and sunset can be observed,

de_scr'gbii, and predicted.

Ta fems, By the end of grade 5. Th%@of Earth around the sun and of the moon

. Vl;(}ﬂ( o o around Earth, together with the rotation of Earth about an axis between its North
s W and South poles, cause observable patterns. These includeday ay and nD,I‘ aily

Pl g and Seasonal dmn;,cs-m the |t.'l't).,lh and direction of shadows; phases of the moons)

Tt and different p(mtl()m of the sun, moon, and starsyt different times of the day,

e AL 2
~ month, and year.

o MIH) pho.f

- Suhmavr 4 Some objects in the solar system can be seen with the naked eye. Planets)n
. I’(“ l"/’f’“”‘ the night sky change positions and are not always visible from Earth as they orbit
LN SvPd
)

the sun. Stars appear in patterns called umsrullartm which can be used for navi-
Conetel o gation and appear to move together across the sky because of Earth’s rotation.

SetacSyten ) By the end of grade 8. The solar system yonsists of the sun and a collection of
ententS  objects, including planets, their moons, and asteroids that are held in orbit around
Sram'ﬁj the sun by its gravitational pull on them. This model of the solar system can

explam lldt;:)t.t.llp'af'\ of the sun and the moon) and the motion of the planets in .

‘\C Yé% o = . the sky relative to the stars. Earth’s spin axis is fixed in direction over the short
o Mobennt Seaem%wl term but tilted relative to its orbit around the sun. The seasons are a result of that
plandt 5 \en hj tilt and are caused by the differential intensity of sunhght on different areas of
Earth across the year.
ut ; By the end of grade [2. Kepler s Iaws )descrlbc common features of the mg)g_ogs_(_)f
orbiting objects, mcludmg ling their elllptlca] paths around the sung Orbits ma; may LII.lm,u )
. due to the gravitational effects from, or collisions with, other objects in the solar
sy_s_t_e_rp.EZychca] changes in the shape of Earth’s orbit around the sun, together
C\” ¢ with changes in the orientation of the planet’s axis of rotation, both occurring
:L{ ;‘d(i over tens to hundreds of thousands of years, have altered the intensity and distri-
© 7% bution of sunlight falling on Earth. These phenomena cause cycles\of ice ages and
other gradual climate changes.j
176 |
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¥ what s
e difkerence
between e
models?

wave vs
Paﬂhdes

X Model o EX
.
) Toexplan
Phen omenan
@n esap\a,m
inferachans
wih matice

(e.g., a picture stored as the
values of an array of pixels); in
this form, it can be stored reli-
ably in computer memory and
sent over long distances as a
series of wave pulses.
Resonance is a phenom-
enon in which waves add up
in phase in a structure, grow-
ing in amplitude due to energy
input near the natural vibra-
tion frequency. Structures have
particular frequencies at which
they resonate. This phenomenon
(e.g., waves in a stretched string,
vibrating air in a pipe) is used in
speech and in the design of all

musical instruments.

PS4.B: ELECTROMAGNETIC RADIATION - a,k.a Ll N+

Arwhat leve)
(]l)égl_lr@'h*ﬂ- becowe
Eyec ma%;\e fic
Radiohion™,

What is light?
How can one explain the varied effects that involve light?
What other forms of electromagnetic radiation are there?

Electromagneric radiation l{e.g., radio, microwaves, light) can be modeled as a

- . . B M .
wave pattern of changing electric and magnetic fields o, alternatively, as particles.
Each model is useful for understanding aspects of the phenomenon and its inter-

actions with matter, and¢@uantum theoryyelates the two models. Electromagnetic
Ly whatisbias really? Do sfudents

i By understanding wave properties and the interactions ot
electromagnetic radiation with matter, scientists and engineers can
design systems for transferring information across long distances, storing
information, and investigating nature on many scales—some of them far
beyond direct human perception. B
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xwhat e Adlference ipetween Elechvo r}\arjnfiﬁc wWaves
Elec 'wv:::gnehc Wawv ¢ s and- —~wide ranqe.

heh o Radiatrion |

Elecho

= t = visible lignt
smal part = visible ligh
lwaves};an be detected over a wide range of

f.rcg uencies, of which the Eisihie spectrumbof

colors detectable by human eyes is just a small

part. Manyjmodern technologies fire based on e
the manipulation of electromagnetic waves. .PMWM

All electromagnetic radiation travels

through a vacuum at the same speed, called
[he@ecd of lightdts speed in any given medi-

um depends on its wavelength and the proper-

ties of that medium. At the surface between

two media, like any wave, light can b{reflect-
e;[Ee?'ractf@,(its path bent), o€ absorbed.

What occurs depends on properties of the

surface and the wavelength of the light. When

» Wavele ngih
s DIV mﬂii

¢ shorter wavelength electromagnetic radiatios
o-medum

(ultraviolet, X-rays, gamma rays) is absorbed
emps—e
in matter, it can ionize atoms and cause dam-

age to living cells. However, hecauxc @

e ——————————
can travel through soft body matter for some

distance but are more rapidly absorbed by denser matter, particularly bone, they

—are useful for medical imaging.@’hotovoltaic materials §mit electrons when they

absorb light of a high-enough frequency. This phenomenon is used in barcode
scanners and “electric eye” systems, as well as in solar cells. It is best explained
| ——

using a particle model of light.

‘ Any object emits a spectrum of electromagnetic radiation that depends on ez ¢ <
? S

thghSowo) ¢ [

ts temperature. In addition, atoms of each element emit and preferentially absorb @
characteristic frequencies of light. These spectral lines allow identification of the

presence of the element, even in microscopic quantities or for remote objects, such

as a star. Nuclear transitions that emit or absorb gamma radiation also have dis-

— vadio -

tinctive gamma ray wavelengths, a phenomenon that can be used to identify and

—_—  Qchve
IsotspeS

|_trace specific radioactive isotopes.

.

28¢) Grade Band Endpoints for PS4.B

e S lﬂh*— i By the end of grade 2. Objects can be only when light is available to illumi-
r ho.‘..__? Wwes nate them. Very hot (:l'}jezts give off light (e.g., a fire, the sun).
0 ‘-__F h ‘j“-\—- Some materials allow light to pass through them, others allow only some
light through, and others block all the light and create a dark shadow on any
P Mnspaféhc ‘ﬂ
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surface beyond them (i.e., on the other side from the light source), where the light

cannot reach. ermrs and prisms can be used to redirect a light beam. (Boundary:

The idea that Itght travels from place to place is developed through experiences

with light sources, mirrors, and shadows, but no attempt is made to discuss the

speed of light.)

@ By the end of grade 5. A great deal of light travels through space to Earth from Stor S

the sun and from distant stars. |
e %éeﬂ An object can bwhr.'.n light reflected from its surface enters the eyes;

the oloPpeople see depends on the color of the available light sources as well as

o CO\O( the properties of the surface. (Boundary: This phenomenon is observed, but no

L\\ .~ attempt is made to discuss what confers the color reflection and absorption prop-
OVOSEIVING erties on a surface. The stress is on understanding that light traveling from the
object to the eye determines what is seen.)
- \eﬂS&S Becauw@]wnd light beams, they can be used, singly or in combination,
to provide magnified images of objects too small or too far away to be seen with

> S\'&‘(’S the naked eye. %\Q&%@S o \€é V\SK_S e|es OPES 5 MILI‘"D‘S@Q §

@ &’i‘;\l By the end of grade 8. When light shines on an object, it is
. o re@{gd&;\ or 1 through the object, depending on the object’s material and the fre- X
pe a.bSO\' vé C_‘ quency (color) of the light. o
NS d 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) whele

o CO\O( the light path bends.(Censes 'm@rc applications of this effect. b

s DOYHN wave modf: :f ight is useful for explaining brightness, color, and the
o< i frequency-dependent bending of light at a surface between media (prisms).
o \ENSE J g However, because light can travel through space, it cannot be a matter wave, like
? nsSmM sound or water waves. =

L \ \ h‘- a,g
BN ES By the end of grade 12. Eletunmagnuu_ radi: m(m](e g., radio, microwaves, light)

can be modeled as a wave of changing electric and magnetic fields or as particles

e ~———
called photons. Th w useful for explaining many features of electro-

magnetic radiation, and the(particle modeRexplains other features.‘}uantum 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 Tight cannot be used to see such objects as individual

Dimension 3: Disciplinary Core Ideas—Physical Sciences 135
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d of Light
atoms. All electroma%mrlc radiation travels through a vacuum at the same speed,

called thelt«. speed in any other given medium depends on its wave-
length and the properties of that medium. -

@ tl ebh'b" Aﬁe 5"[(, r' When light or longer wavelength electromagnetic radiation is absorbed in

matter, it is generally converted into thermal energy (heat). Shorter wavelength

SFQ L electromagnetic radiation (ultraviolet, X-rays, gamma rays) can ionize atoms and
i em————

cause damage to living cells. Photovoltaic materials emit electrons when they

absorb light of a high-enough frequumy

b

Atoms of each element emit and absorb characteristic frequencies of light, and
nuclear transitions have distinctive gamma ray wavelengths. These characteristics

allow identification of the presence of an element, even in microscopic quantities,

PS4.C: INFORMATION TECHNOLOGIES AND INSTRUMENTATION

How are instruments that transmit and detect waves used to extend human sensess

Understanding of waves and their-ifiteractions with matter has been used to design
technologies and instruments that greatly extend the range of phenomena that can
be investigated by science (e.g., telescopes, micro-
scopes) and have many useful applications in the
modern world.

Light waves, radio waves, microwaves, and
infrared waves are applied to communications sys-
tems, many of which use digitized signals (i.e., sent
as wave pulses) as a more reliable way to convey
information. Signals that humans cannot sense
directly can be detected by appropriately designed
devices (e.g., telescopes, cell phones, wired or wire-
less computer networks). When in digitized form,
information can be recorded, stored for future
recovery, and transmitted over long distances with-
out significant degradation.

Medical imaging devices collect and interpret

signals from waves that can travel through the
body and are affected by, and thus gather infor-
mation about, structures and motion within it (e.g., ultrasound, X-rays). Sonar
(based on sound pulses) can be used to measure the depth of the sea, and a system

based on laser pulses can measure the distance to objects in space, because it is

136
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Candidate Phenomena - Initial Thoughts

Fourth Grade - Light
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Candidate Phenomena - Initial Thoughts

Middle School - Space
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Candidate Phenomena - Building Towards Lessons

Fourth Grade - Light

Scientific Idea

Phenomenon

Apparatus

This is the “Science.”

* This is the Scientific
Principle students
need to learn.

e Basedonthe
Disciplinary Core
Ideas.

This is reoccurring event
that can be observed.

This is: “Wow! How
did that happen? “

The event that needs to
be explained.

These are the physical
materials the students
will investigate with and
model from in order to
explain the phenomenon.
* Objects

* Lab Equipment

In order to see an object,
light must bounce of an
object into our eye. The
path must be clear.

| cannot see objects when
something blocks the
object.

Objects around the room.

In order to see an object,
light must bounce of an
object into our eye.

Sight (Not being able to
see in the dark.)

Light Box

In order to see an object,
light must bounce of an
object into our eye. The
path must be clear.

| cannot see objects when
something blocks the
object.

Light Box with divider

Some objects allow light
to pass through.

| cannot see objects when
something blocks the
object that is see through.

Light Box with clear
divider




Candidate Phenomena - Building Towards Lessons

Middle School - Space

Scientific Idea

Phenomenon

Apparatus

This is the “Science.”

» This is the Scientific
Principle students
need to learn.

e Based on the
Disciplinary Core
Ideas.

L

This is reoccurring event

that can be observed.

e Thisis: “Wow! How
did that happen? “

e The event that needs to

be explained.

These are the physical
materials the students
will investigate with and
model from in order to
explain the phenomenon.
* Objects

* Lab Equipment

Due to the Earth, Moon,
and Sun System, the
moon has lunar phases.

The moon isn’t the same
shape every day.

The moon has a pattern of

shapes.

Flashlight, globe/student,
ping pong ball.

Due to the Earth, Moon,
and Sun System, solar
and lunar eclipses occur.

In the middle of the day,
the earth suddenly

becomes dark and the sun

disappears.

Flashlight, globe/student,
ping pong ball.

Due to the rotation and
revolution of the moon,
the same side of the
moon is always facing
the Earth.

Pictures of the surface of

the moon always show the

same features.

Flashlight, globe/student,
ping pong ball with
images.

Due to the Earth, Moon,
and Sun System, light
from the sun bounces off
the moon and travels to
Earth for us to see an
image of the moon.

| can see the moon at
night even though it is

dark out. But, the moon is

not a star.

Flashlight, globe/student,
ping pong ball.
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o NEXT GENERATION
B *Unless otherwise specified, “descriptions” referenced in the evidence statements
' c|ENcE could include but are not limited to written, oral, pictorial, and kinesthetic descriptions.

B STANDARDS

For States, By States

3- ESSZ 1 Earth's Systems

Students who demonstrate understanding can:

3-ESS2-1. Represent data in tables and graphical displays to describe typical weather conditions expected
during a particular season. [Clarification Statement: Examples of data could include average
temperature, precipitation, and wind direction.] [Assessment Boundary: Assessment of graphical
displays is limited to pictographs and bar graphs. Assessment does not include climate change. ]

The performance expectation above was developed using the fallowing elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices Disciplinary Core ldeas Crosscutting Concepts

Analyzing and Interpreting Data ESS2.D: Weather and Climate Patterns

Analyzing data in 3-6 builds on K-2 e  Scientists record patterns ofthe | ¢  Patterns of change can be used
experiences and progresses to introducing weather across different times to make predictions.
quantitative approaches to collecting data and areas so that they can make

and conducting multipte trials of qualitative predictions about what kind of

observations. When possible and feasible,
digital tools should be used.

e Represent data in tables and various
graphical displays (bar graphs and
pictographs) to reveal patterns that
indicate relationships.

weather might happen next.

Dbservable 1e8 RS O B of: Derto 3 B D pPendo e

1 Organizing data

a | Students use graphical displays (e.g., table, chart, graph) to organize the given data by season

using tables, pictographs, and/or bar charts, including:

i. Weather condition data from the same area across multiple seasons (e.g., average
temperature, precipitation, wind direction).

i Weather condition data from different areas (e.g., hometown and nonlocal areas, such as a

town in another state).

2 Identifying relationships

a | Students identify and describe* patterns of weather conditions across:

i Different seasons (e.g., cold and dry in the winter, hot and wet in the summer; more or less
wind in a particular season).

ii. Different areas (e.g., certain areas (defined by location, such as a town in the Pacific
Northwest), have high precipitation, while a different area (based on location or type, such
as a town in the Southwest) have very little precipitation).

3 Interpreting data

a | Students use patterns of weather conditions in different seasons and different areas to predict:

i. The typical weather conditions expected during a particular season (e.g., “In our town in
the summer it is typically hot, as indicated on a bar graph over time, while in the winter itis
typically cold; therefore, the prediction is that next summer it will be hot and next winter it
will be cold.”).

ii.  The typical weather conditions expected during a particular season in different areas.
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_ NEXT GENERATION

STANDARDS

For States, By Stales

*Unless otherwise specified, ‘descriptions” referenced in the evidence statements
CI ENCE could include but are not limited to written, oral, pictorial, and kinesthetic descriptions.

3-ESS2-2 Earth's Systems

Students who demonstrate understanding can:
3-ESS2-2. Obtain and combine information to describe climates in different regions of the world.

The perfarmance expectation above was developed using the following elements from the NRC document A Framework for K-12 Science Education:

Science and Engineering Practices

Obtaining, Evaluating, and
Communicating Information

Obtaining, evaluating, and communicating
information in 3-5 builds on K-2
experiences and progresses to evaluating
the merit and accuracy of ideas and
methods.

e  Obtain and combine information from
books and other reliable media to
explain phenomena.

Disciplinary Core ldeas

ESS2.D: Weather and Climate

Climate describes a range of an
area's typical weather conditions
and the extent to which those
conditions vary over years.

Crosscutting Concepts

Patterns

e Patterns of change can be
used to make predictions.

1 | Obtaining information

' Observable features of the student performance by the end of the grade:

a | Students use books and other reliable media to gather information about:

i. Climates in different regions of the world (e.g., equatorial, polar, coastal, mid-continental).

i.  Variations in climates within different regions of the world (e.g., variations could include an
area’s average temperatures and precipitation during various months over several years or
an area’s average rainfall and temperatures during the rainy season over several years).

2 | Evaluating information

a | Students combine obtained information to provide evidence about the climate pattern in a region
that can be used to make predictions about typical weather conditions in that region.

3 | Communicating information

a | Students use the information they obtained and combined to describe™:

i. Climates in different regions of the world.

ii. Examples of how patterns in climate could be used to predict typical weather conditions.

| iii.  Thatclimate can vary over years in different regions of the world.

June 2015
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‘NEXT GENERATION

f SCIENCE

B STANDARDS

For States, By States

*Unless otherwise specified, "descriptions” referenced in the evidence statements
could include but are not limited to written, oral, pictorial, and kinesthetic descriptions.

3-ESS3-1 Earth and Human Activity

3-ESS3-1.

Students who demonstrate understanding can:
Make a claim about the merit of a design solution that reduces the impacts of a weather-related
hazard.* [Clarification Statement: Examples of design solutions to weather-related hazards could include
barriers to prevent flooding, wind resistant roofs, and lighting rods.]

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

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).

e 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.

Disciplinary Core ldeas

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. (Note: This
Disciplinary Core Idea is
also addressed by 4-

Crosscutting Concepts

Cause and Effect

e  Cause and effect relationships are
routinely identified, tested, and used to
explain change.

Connections to Engineering, Technology,
and Applications of Science

Influence of Engineering, Technology,

and Science on Society and the Natural
World

e  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).

ESS3-2)

Connections to Nature of Science

Science is a Human Endeavor
e  Science affects everyday life.

 Observable features of the student performance by the end of the grade:
1 Supported claims

a | Students make a claim about the merit of a given design solution that reduces the impact of a

weather-related hazard.

2 | Identifying scientific evidence

a | Students describe* the given evidence about the design solution, including evidence about:

i. The given weather-related hazard (e.g., heavy rain or snow, strong winds, lightning, flooding
along river banks).

il Problems caused by the weather related hazard (e.g., heavy rains cause flooding, lightning
causes fires).

iii. How the proposed solution addresses the problem (e.g., dams and levees are designed to
control flooding, lightning rods reduce the chance of fires) [note: mechanisms are limited to
simple observable relationships that rely on logical reasoning].

3 | Evaluating and critiquing evidence

a | Students evaluate the evidence using given criteria and constraints to determine:

i. How the proposed solution addresses the problem, including the impact of the weather-
related hazard after the design solution has been implemented.

ii. The merits of a given solution in reducing the impact of a weather-related hazard (i.e.,
whether the design solution meets the given criteria and constraints].

iii. The benefits and risks a given solution poses when responding to the societal demand to
reduce the impact of a hazard.

June 2015 Page 1 of 1
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3" Grade NGSS Storyline: WATER

Introduction

Connection to previous lesson(s): [Connection to previous lesson(s) to be further developed to demonstrate
coherence between units of instruction at 3™ Grade]

Storyline Objectives: The objective of this course of inquiry is to engage students in a deeper understanding
of weather and climate. Through construction of the pieces of the water cycle, investigation of local and
national weather, and inquiry around weather-related disasters, students will explore underlying patterns that
weather and climate scientists use to drive their work. Additionally, they will engage in engineering to better
understand and eventually construct potential design solutions to mitigate damage caused by extreme
weather.

Assessment: Options for assessments are listed in Storyline and may be integrated into instruction at the
discretion of the teacher. At any point during discussion or investigation, students may be formally or
informally assessed on their demonstration of the Performance Expectations, or any of the associated
Common Core State Standards. Assessments are not limited to those enumerated in the Storyline.

ELA Integration: During the course of implementation, you can choose a chapter book about Hurricane
Katrina to use during read aloud that will help in building background knowledge-and also sow the seeds for
the culminating activity. Some options include | Survived Hurricane Katrina by Lauren Tarshis, or Upside
Down in the Middle of Nowhere by Julie T. Lamana.

The following teacher guide should be used to facilitate discussion throughout the implementation process-in
order to support student discovery, and guide their line of inquiry. However-this guide is intended as a support
to teacher planning and implementation (not as a script), and may be used only as a reference as teachers
grow more comfortable leading their students in asking driving questions to guide the storyline.

(Note: an anchor chart or focus wall may be used during course of discussion to highlight vocabulary or
concepts [i.e. water cycle, climate, etc.])

(Note: it is critical to use Storyline document to guide instruction, and as a reference for which SEPs, DCls, and
CCCs to focus on during each band of instruction)

| Introduction ]

During introduction students will be exposed to Anchoring Event: Extreme Blizzards in Buffalo, NY
https://www.youtube.com/watch?v=0PVzW00006s Students will then be asked to generate a list of questions
related to the phenomenon, and the teacher will introduce the common, over-arching Driving Question: How
can we prevent damage caused by extreme weather? (2" clip extension if necessary)

https://www. youtube.com/watch?v=b10OFJRm-PFE

Aycock, B. & Fumagalli, M. (2015). Using the EQuIP to develop and revise instructional materials. lllinois Science Education Conference 2015, Tinley
Park, IL.

Adapted from: © Brian Reiser and Michael Novak, Northwestern University

Reiser, B.J. (2014). Designing coherent storylines aligned with NGSS for the K-12 classroom. National Science Education Leadership Association,
Boston, MA.

Reiser, B.)., Novak, M., & Fumagalli, M. (2015). NGSS storylines: How to construct coherent instruction sequences driven by phenomena and
motivated by student questions. lllinois Science Education Conference 2015, Tinley Park, IL.



Teacher dialogue box:

e Now that we’ve seen our Anchoring Event, I’'m sure you’ve got a lot of questions, take a few
moments to work with your team, make a list of as many questions as you think of related to
what we saw

o Students will respond with a highly varied list of questions, some relating to weather, some to
damage, some to snow, some to storms

e Now that we’ve got our list, I’'m noticing some similarities, for example, a lot of you seem
focused on all of the damage that weather like this might cause. So I think our Driving
Question is something like: How can we prevent damage caused by extreme weather?

o Can create an anchor chart/focus wall to track progress in unit

o Now that we’ve got a good driving question for our unit, let’s try to go back to the very

beginning of what happened.

| Band 1: Where does water come from in nature?

Purpose: Construct a common understanding of where precipitation comes from, and how water moves
through the water cycle.

Introduction: This activity is focused on students developing their own understanding of what the water cycle
is: water comes out of the sky as precipitation, melts and collects as water on the ground, evaporates back into
the sky, and then condenses again as clouds-and eventually falling again as precipitation.

To frame this discussion, teacher will lead students in a discussion surrounding the question for the band:
Where does water come from in nature? Students will share any existing understanding, and use that to
develop a diagram of the water cycle. Once this is built, teacher will use the guided inquiries and discussions
modeled below to work with students to fill in any missing pieces of their water cycle diagrams.

As a wrap-up, teacher will guide discussion around next steps to lead students to Band 2 guestion: What does
the water cycle look like in our town?

Vocabulary: water cycle, precipitation, collection, evaporation, condensation, weather, cloud, blizzard, rain,
hail, snow, sleet,

(Note: Below is an extremely detailed representation of teacher dialogue guiding students through a
discussion. Subsequent teacher dialogue boxes will be less detailed to allow for teacher autonomy and
creativity in guiding discussion)

Teacher dialogue box:

e Ok, to address our Driving Question: How can we prevent damage caused by extreme
weather, I'd like for us to take one step back. So there’s one thing that it looks like our
question is assuming. Our question assumes, or says, that we’re seeing some kind of
extreme weather. What was the extreme weather that we saw in our Anchoring Event?

o Students will offer responses like: a blizzard, lots of snow, wind, cold, etc.

e Good-our main takeaway from the blizzard in Buffalo was that there was so much snow that
houses and cars were just buried in it, it was a disaster. Now-how did it get there?

o It was snowing, there was a blizzard, it came from the clouds, it fell from the sky, it was
blowing all over the place, the wind blew it

e So all that snow, that covered an entire city, came out of the sky? Okay, this is
interesting...so you’re saying that there was all this snow in the clouds, and then it just fell

Aycock, B. & Fumagalli, M. (2015). Using the EQuIP to develop and revise instructional materials. llinois Science Education Conference 2015, Tinley
Park, IL.

Adapted from: © Brian Reiser and Michael Novak, Northwestern University

Reiser, B.J. (2014). Designing coherent storylines aligned with NGSS for the K-12 classroom. National Science Education Leadership Association,
Boston, MA.

Reiser, B.J., Novak, M., & Fumagalli, M. (2015). NGSS storylines: How to construct coherent instruction sequences driven by phenomena and
motivated by student questions. lllinois Science Education Conference 2015, Tinley Park, IL.



out and there was this great big natural disaster. Ok. So there’s snow in the sky? What else
is up there?

o Clouds, birds, wind, rain, tornados, hail, lightning

o Optional video to show if students are unable to identify where water comes from: Sid the
Science Kid Video (PBS)
http://pbskids.org/video/?category=Sid%20the%20Science%20Kid&pid=Bjg Kg7MDghilLYlaxnV uBMVkhg72f7a

e There’s rain up there too! That’s right-and that comes down on us too! Are there other
things up in the sky that come down when the weather gets bad?

o Snow, rain, sleet, hail, sleet, mist, fog (students may not have the words for these, may have
to ‘look up’ on google)

e That's a ton of stuffl That's crazy! That’s a lot of different stuff, right? Snow, rain, hail, mist-
those are all very different because some of them are frozen, and some of them are just
liquid. But | wonder if there’s something about them that’s the same, maybe that would help
us understand what’s going on better. What do you think they all have in common?

o They all fall out of the sky, they all happen in bad weather/during a storm, they all get you
wet, they're all water (may take some conversation moves to get them to ID that they're all
water...i.e. what happens to snow when it melts, can you eat snow? What is hail? What is
ice made of? Are they all made of water?)

o This is great, guys-there’s got to be a word for all of these things, let’s look really quick and
see if we can find a word for all of these things at once (Google all of them-find multiple links
for ‘definition of precipitation’)

e Ok great, all this water up in the sky is called precipitation. Let’s get that on the board. (Put
up on anchor chart, wall, etc.)

e So the precipitation hangs out up in the clouds, and then sometimes it falls down all over us,
sometimes it's snow, sometimes it’s rain, sometimes it’s hail, but it's up in the sky and it falls
down on us.

e (The following is an attempt to get students to ask the question-how did all that water get into
the sky?) I’'m going to be honest, this has me pretty confused-there’s all of this precipitation,
water, up in the sky, and it falls down sometimes-fine, I've seen snow and rain before, that |
understand. But| feel like there’s something we’re not addressing. There’s ALL THIS
WATER UP IN THE SKY! When there’s water in the sink, it’s because | turned on the faucet
and put it there. If there’s water in the tub it's because it’s bath time and | turned on the
faucet and put it there. If there’s water on the ground it’s because it was raining, and the
precipitation put it there! What do you guys think? Do you have any questions about all that
water up there?

o Why is there water in the sky? How did water get in the sky? Is the water going to fall out?
How much water is in the sky? Who put the water in the sky? Are the clouds water?

e That’s what | was wondering! There’s enough water in the sky over Buffalo, NY for a blizzard
to cover your house, but how did it get there!? What do we think? Work with your team,
share some of your prior knowledge on this, let’s see if we have an expert that can explain
how water gets into the sky.

o If students know about evaporation and condensation: add to diagram, name it: Water Cycle,
then allow them to flesh out details

o If students don’t know about evaporation and condensation, pull in resources (books, articles,
etc.) to fill in gaps in understanding and share knowledge to flesh out diagram, then name it:
Water Cycle

= Extension opportunity: develop and engage students in a guided inquiry about
evaporation [and condensation] to build their understanding (see example:
h_ttp:ﬁwww.inquirvinaction.orqfclassroomactivitiesfactivitv.php’?id=33 )

Aycock, B. & Fumagalli, M. (2015). Using the EQuIP to develop and revise instructional materials. lllinois Science Education Conference 2015, Tinley
Park, IL.

Adapted from: © Brian Reiser and Michael Novak, Northwestern University

Reiser, B.J. (2014). Designing coherent storylines aligned with NGSS for the K-12 classroom. National Science Education Leadership Association,
Boston, MA.

Reiser, B.J., Novak, M., & Fumagalli, M. (2015). NGSS storylines: How to construct coherent instruction sequences driven by phenomena and
motivated by student questions. Illinois Science Education Conference 2015, Tinley Park, IL.



e Ok, so now we've encountered a really important question: Where does water come from in
nature? With our detailed understanding of the water cycle, have we answered that
question?

o Yes, we now know that in nature water comes from the water cycle. Precipitation comes
from the sky because it evaporated from the ground.

o Great, we know that water in nature moves through the water cycle, and that’s where
precipitation comes from. Now how could we study this in real life? | know that we've seen
some precipitation not too long ago, right?

o Yes, it rained yesterday; it snowed last weekend,; etc.
e ltdid yesterday, good. How could we study that?
o Go out and look at it, catch it, watch it

o How do you think scientists study precipitation? How do they know how much snow or rain
falls?

o they catch it, they measure it

e Ok, then we have to figure out a way to catch it and measure it, then we can see what the
water cycle looks like in our town, right? (We want to know what precipitation looks like in
our town)

At the conclusion of this band, students should have developed a basic understanding of the water cycle, and
understand that water comes down as precipitation.

Band 2: What does precipitation look like in our town? il

Purpose: Students gather data about local weather using a device created by the class that is monitored by
teacher and/or students. Students will also look at professional data from the area to look for weather patterns
that describe our climate.

Introduction: First, teacher will connect to previous learning, and identification of Band 2 question: What does
precipitation look like in our town? Then guide students to act like scientists, collecting water data to answer
the Band 2 Question.

Vocabulary: snow board, rain gauge, observation, graph, pattern, analyze, evidence, season, investigate,
data, compare, contrast, prediction

Investigation: Gathering and analyzing weather data

After guiding students to gather weather data, as a class construct the necessary device to track precipitation
(snow board, rain gauge, etc.). Each day, check in on calendar, noting precipitation to build a data set. At end
of time period (1-4 weeks) graph data and look for patterns.

(Note: if not possible to track data long term, establish purpose and engage students in data collection,
then gather sample data from Midwest Regional Climate Center: http://mrcc.isws.illinois.edu/CLIMATE/ for
graphing-Aurora, IL Station ID: 110338) (For example: since we can't stop instruction for four weeks, how can
we look at that data? To generate student need to gather historical data)
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Teacher dialogue box:

o Ok, now that we have a really good set of reliable data (either our own, or from MRCC), we
want to be able to look for patterns. Let's graph our data to make it even easier to find
patterns. (connect this to math instruction, CCSS 3.MD.B.3)

¢ When students have graphed data, guide discussion around patterns-collect observations about the
data:

o What kinds of precipitation are we seeing? Why do you think that is?

o How much precipitation is there? Why do you think that is?

o Are there any patterns that you’re noticing?

e Share out observations-use questioning to build need to investigate more data:

o |s the precipitation in our data always the same?

o |s precipitation here in aurora always like that?

o When is it different?

e Once students ID that there are different weather patterns, pivot to study of 3 month weather data for
Winter vs Summer-repeat observation gathering while students gather ideas on Venn diagram
template.

e Have students share out big takeaways on posted class Venn diagram (board, chart paper, computer
doc...)

o So what does this tell us about weather in Aurora?

= There's different kinds; sometimes it snows; sometimes it rains; winter; summer

o Establish common understanding: based on observations, summer is warm with rain, winter is
cold with snow.

o We think it's warm/cold because of the precipitation---could we look at that to get a
better understanding of what the weather is like in Aurora?

e This conversation drives student need for temperature data-use for confirming investigation-look at
graphs of same period with extra layer of temperature data, add to Venn diagram.

o We found a lot of differences looking at Winter and Summer. If we looked at Spring
and Fall would there be that many differences?

= (have students share ideas-fall and spring are more comparable)

o So what is weather? (Temperature and precipitation) And we notice that it’s different at
different times of the year-we’ve got a cold winters with snow, and warm summers with
some rain...so can we make a prediction for what we think the weather will be next
year? (Allow students to predict what the weather will be like next year during those
seasons)

o How were you able to make your predictions? (We know it's cold in winter...we know it's
warm in summer...we saw the data said there’s snow in winter...) So you’re saying it’s
always kind of hot in summer, and always kind of cold in winter? How do you know?
Could we prove it?

o Generate student need to gather historical data, use to generate Band 3 Question: Is the
weather always like this?

At the end of this band students should have figured out that weather patterns in our town make up our
climate, and that climate describes a range of typical weather conditions.
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[ Band 3: Is the weather always like this? ]

Purpose: Students will continue to analyze patterns in weather data using sets gathered from the Midwest
Regional Climate Center (or NOAA http://www.ncdc.noaa.gov/cdo-web/search). Using this data, they will
develop their understanding of climate as the typical expected weather for an area based on historical patterns.

Introduction: First the teacher will connect to previous learning surrounding studies of data, and revisit the
Band 3 question: Is the weather always like this? Then they will introduce the necessary data sets for the
investigation.

Vocabulary: weather, climate, graph, pattern, analyze, evidence, season
Investigation: Analyzing historical weather data

After revisiting previous patterns discovered through analyzing data, students will again make observations
about historical weather data and make judgements about the area'’s climate.

Teacher dialogue box:
e Present data sets from 10-50 years ago (any range) and have them work through second confirming
investigation-collecting observations around historical data sets to compare to current data.
o Generate definition of climate-what weather is like over long periods of time.
o Let’s focus on our winter climate here, what are we noticing?
= Always cold, lots of snow; snow; low temperatures
o And we know it’s usually going to be that way because of the data we just studied.
o Ok good, so lots of snow, gotta be very cold outside-where else would you see weather
like this in January and February?
= Buffalo, NY; Canada; Wisconsin; Chicago; New York; North Pole
o Great-lots of places have cold winter climates, and they end up with snow during
January and February. So is it like this everywhere in America during January and
February?
= Yes; no; some places; not in Florida; Mexico; California; Arizona
o Interesting-how could we compare our climates?
= Visit, read about them, ask someone, look at weather, look at data, look at
precipitation, look at temperature
e Looks great, so since we’re going to look at data from different places, what could our
question be?
o What is the climate like in other towns?

At the conclusion of this band, students should have figured out that climate describes an area’s typical
weather conditions, and the extent to which those conditions vary over years.
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“Band 4: What is the climate like in other towns? |

Purpose: Students will compare and contrast weather/climate data from different parts of the country to draw
conclusions about climate.

Introduction: Revisit previous lesson and established Band 3 Question: What does the water cycle look like in
other towns? Remind students that the weather data we've looked at has helped us understand the climate of
Aurora: it's hot and rains in summer, and it's cold and snows in the winter.

Vocabulary: weather, climate, season, region, observation, compare, contrast, pattern, predict
Investigation: Comparing weather data from different places

Now that students have established that we'll look at data from other places, present data from Aurora and two
other places mentioned (i.e. Buffalo, California [San Diego is good], Phoenix, AZ, Miami, FL, etc.). [Classes
have the option to partner with schools in another region-supported by video chats, i.e. Skype, Google
Hangouts...] Data can be gathered from the MRCC, or from the NOAA http://www.ncdc.noaa.gov/cdo-
web/search Allow students time to work in teams to gather observations about the data sets, then share with
them a triple Venn diagram to categorize their observations. As a class, complete triple Venn diagram to
compare and contrast the three regions and their climates.

Teacher dialogue box:
e Now that you guys have made some observations about the data, let’s try comparing and
contrasting it to see how our climate compares to theirs.
o What observations did you make about the data?
Did you notice any patterns in the data?
What do you think that tells you about the climate there?
Is that similar to another place we studied? How?
Is that different from another place that we studied? How?
Are there any connections in what you observed?
Do all three places have anything in common? How are they the same?
What are the connections between (A) and (B)? (B) and (C)? (C) and (A)?
Why do you think there are those connections?
o Would you like to live there? Why?
o Okay, we’ve done an incredible job of comparing and contrasting these different climates,
have we answered our question: What does the climate look like in other towns?
o Yes, in different towns the climate is really different; yes, in different towns the climate can
sometimes be the same
e Great, | agree. And now that we know so much about what weather and climate look like, 'm
noticing a pattern too. All of the data we looked at was pretty standard: some snow in winter,
some rain in summer, that’s all pretty much what you’d expect, right? Do you think it always
looks this nice and easy?
o Maybe, yes, no-because sometimes there’s a blizzard like in Buffalo
e That's what | was thinking-sometimes there’s a big blizzard, or a storm, and then the water
cycle gets out of hand. That’s gotta be our next question then, right? What happens when
the weather gets crazy?
At the conclusion of this band students should understand that climate varies in different regions, and we can
make generalizations and compare climates based on our observations and patterns in data.

O 0 OO0 O0OO0OO0O0

Aycock, B. & Fumagalli, M. (2015). Using the EQuIP to develop and revise instructional materials. lllinois Science Education Conference 2015, Tinley
Park, IL.

Adapted from: © Brian Reiser and Michael Novak, Northwestern University

Reiser, B.J. (2014). Designing coherent storylines aligned with NGSS for the K-12 classroom. National Science Education Leadership Association,
Boston, MA.

Reiser, B.J., Novak, M., & Fumagalli, M. (2015). NGSS storylines: How to construct coherent instruction sequences driven by phenomena and
motivated by student questions. lllinois Science Education Conference 2015, Tinley Park, IL.



| Band 5: What happens when the weather gets crazy? i

Purpose: Draw students back to extreme weather study with Katrina phenomenon-then get students to find
cause of Katrina disaster through research.

Introduction: After revisiting previous discussions that built understanding of weather, remind students of
current question: What happens when the water cycle gets out of hand? Then present them with the Katrina
data (modified to match snow data for effect [at February temperatures, Katrina’s rain data should be multiplied
by 20 to account for difference between rain and snowfall]). Then show students news reports about Katrina,
and engage them in Band 4 Question.

Vocabulary: hurricane, Hurricane Katrina, disaster, flood, levee, evidence, cause, effect
Resources:

http://www.ncdc.noaa.gov/extremeevents/specialreports/Hurricane-Katrina.pdf
https://www.youtube.com/watch?v=HblaMWw4-2Q
http://www.history.com/topics/hurricane-katrina

Teacher dialogue box:

o Alright, now we’ve seen some really incredible weather that’s absolutely an example of what
happens when the water cycle gets out of hand. But even with all of that-l just can’t help but
wonder, why was Katrina so bad? Do you think that was the first hurricane that had ever
happened down there?

o No, hurricane season, they get hurricanes every year, yes, maybe, it was big

e Okay, so it seems like they probably get hurricanes every year-that’s probably a weather
pattern for them, just like we have weather patterns in Aurora. But if that’s the case, then i
wonder why it was SO bad! If they’re used to hurricanes, then | wonder why this one was so
bad, what do you think?

o This was really big, lots of rain, lots of wind, powerful, they weren't ready, too much water,
etc.

e These are all good ideas guys, | wonder if we could do some research and really figure out
what the cause was for such a huge natural disaster

Give students articles to work through in teams, pulling out important information to try to find the cause of
the disaster-guide students to the breaking point: the destruction of the levees that led to the flooding of the
city, then regroup for discussion. Share out and collect observations and take-aways, drive discussion to
levees:

« | think you guys are right-yes there was a lot of powerful wind, yes there was a TON of rain,
but it looks like when the levees broke, that's when everything got really bad. Why did they
break?

o Water got underneath, powerful waves, crumbled, broke up, built on top of sandy soil

e Ok, so it seems like they had some problems when they were made, then when it came time
for them to protect people, they didn’t do what they were supposed to. Now thinking back for
a minute, have we answered our question: What happens when the water cycle gets out of
hand?

o Yes, when the water cycle gets out of hand there’s a big disaster, there’s flooding, people get
hurt, people die, people’s houses get destroyed, people need lots of help, etc.

o Absolutely, when the weather gets crazy, there are lots of different consequences-that’s our
next question, then: How can we prevent damage caused by extreme weather?
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At the conclusion of this band, students should understand that extreme weather can be very dangerous, and
causes a lot of damage and destruction. In the case of Hurricane Katrina, the breaking levees caused the
flooding that turned the hurricane into a terrible natural disaster.

| Band 6: How can we prevent damage caused by extreme weather? ]

Purpose: Students will engage in experimentation and modeling to better understand why the levees broke,
and to design potential solutions for how to better construct levees to prevent damage from future extreme
weather.

Introduction: After connecting to previous instruction, and the reason for the flooding that caused the Katrina
disaster, turn to the Band 5 Question: How can we prevent damage caused by extreme weather?

Vocabulary: Hurricane Katrina, extreme weather, precipitation, flooding, levee, engineering, design, test,
cause, effect, prevent, construct, model, recommend, solution, evaluate, compare, contrast, summarize

Investigation: To better understand what happened in the Katrina disaster, students will build models of
levees, and mimic flooding them to test their resilience. They will then construct and test new designs and
models to make suggestions for how to better construct levees.

Teacher dialogue box:

e So we know that in the Katrina disaster, there was so much precipitation that the levees broke
open, and the city flooded. To better understand that, let’s recreate similar conditions here in
the classroom.

e Work with students through guided inquiry: creating Pre-Katrina levees in trays, constructed on sandy
soil. Test levees with water to look for leaking and breakage.

e What are some things that you noticed during our investigation of the Katrina levees?

o The levee didn't work, the water was leaking, the levee broke, the monopoly house on the
other side of the levee got all wet, etc.

¢ Great, so we’re seeing the same thing that we read about in our articles. But now | want to
start thinking like an engineer. If there’s some problem with these levees, then | want to know
how to fix it.

e Guide student teams through engineering process: working with given materials to design and test
new levees: will updated designs prevent water leakage?

What are some of the variables that you tried?

How did that work?

Why do you think using that material did/didn’t work?

Do you think that material would be good for making a levee? Why?

Do you think that material would hold up for a long time?
Are these materials effective for constructing levees?

What other materials do you think an engineering team would need to make an effective
levee?
¢ Wrap-up investigation by revisiting Driving Question: How can we prevent damage caused by

| extreme weather?

At the conclusion of this band, students should understand that the failure of the Katrina levees is something
that engineers can address, and that applying understanding of different designs can help to prevent the
damage caused by extreme weather events like Hurricane Katrina.
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Conclusion: As a conclusion, students will present their takeaways from the Levee Engineering lab. After
presenting, they will compare potential solutions and determine the most successful design and its
components. As a final reflection, have students summarize their takeaways in a written response to the
Driving Question: How can we prevent damage caused by extreme weather. Encourage them to use the

knowledge gained in the unit, referring to your anchor charts/displays to enrich their discussion of the Driving
Question.
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Comparing and Contrasting Observations

Use the Venn diagram below to compare and contrast data set 1 to data set 2:

\ - p.

What observations did you and your team make about the data?

What does this data tell us about weather in Aurora?




