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Thank you for your commitment to students and their science education. NextGenScience is glad to
partner with you in this continuous improvement process. It is obvious that this unit was thoughtfully
crafted, and itis strong in several areas, including:

The focus of learning is around students making sense of a central phenomenon and related
phenomena throughout all lessons.

The unit effectively integrates both physical science and Earth scigisciglinary Core Ideas
(DCls)n making sense of the phenomena.

The unit is coherent through the use of documents and resources such as the time/scale size
chart, progress trackerand the Driving Question Board (DQB).

The unit thoughtfully incorporates Nature of Science ideas from the NGSS (appendix H).

During revisions, the authoend user of the materialshould pay close attention to the following areas:
Intentional reduction of scaffolding in the target&tience and Engineering Practices (SEPS)
Guidance for teachers to increase support when students first encounter an SEP and to provide
less teacher support as students develop proficiency in the SEP.

Stronger final assessment/transfer task that assesses targeted elements that have been
developed throughout the unit. Better three dimensional prompts for students to show learning
in all three dimensions working together.

Opportunities are needed for students to incorporate feedback from the teacher and their peers
in order to improve a subsequent performance of the same NGSS element, along with more
structured seHassessment that allows students to see their progreshanargeted elements.
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Making sense of phenomena and/or designing solutions to a problem drive student learning.

i.  Student questions and prior experiences related to the phenomenon or problem motivate
sense-making and/or problem solving.

ii.  The focus of the lesson is to support students in making sense of phenomena and/or designing
solutions to problems.

iii.  When engineering is a learning focus, it is integrated with developing disciplinary core ideas
from physical, life, and/or earth and space sciences.

Rating for Criterion L.A. Extensive
Explaining Phenomena/Designing Solutions (None, Inadequate, Adequate, Extensiv

The reviewers found extensive evidence that learning is driven by students making sense of phenomena
and/or designing solutions to a problem because almost all student learning is clearly linkedrtad
phenomenon of the crack in the ground in the Afar region or a similar phenomenon. Student questions
create a need to engage in learningpwever, there are a few instances in the unit when the

connections to the Afar phenomenon are difficult to identify, or the questions that drive the learning
come from the teacher rather than the students.

G¢KAA dzyAlG Aa FyOK2NBR o6& | LMz TftAy3 9FNIK aOASyO
ripping apart. In 2005, a crack opened up very suddenly in a region called Afar in Ethiopia, accompanied

by earthquakes and a volcano. This phenomenoniges/the context in which to investigate the

relationship between unbalanced forces and energy transfer through systems, how radioactive decay on

a particle scale drives globalOl £ S 02y @SOGA2yX YR GKS NRtS 2F LX) I (
surfacefeatures. This unit uses fundamental physics ideas about how unbalanced forces transfer energy
through systems, causing motion, to describe and explain fundamental Earth science ideas about how

0KS KARRSY LINRPOS&daasSa LI I atayiiongramporalspatiad dcalels shapad A y G S NJ
GKS &dzNFIFOS LI GGaSNya oS aSS¢ 6¢SIOKSNI 9RAGAZ2Y T LI

Student questions and prior experiences related to the phenomenon ofteinnot always motivate
sensemaking. For example:

T [ Sa a 20yientstddenits to where we have been and where we are going. Say, We have been
G2YyRSNAY3I | 62dzi 6KI G OFy OFdzasS GKS flyR 2y 91l N
time. You had a chance to look at some different types of data in Afar and othéploca
closer to us that seem to be breaking apart and changing. We have developed initial models
with our ideas about what could be happening inside the Earth to cause these kinds of changes
FGd FYyR 0St2g¢ GKS &adzNFI QK yb|2 g olgkdeil A&izrdza 3 alk R
driving question board (DQB). Write initial questions for the DQB. Present slide W. Make sure
0KS OflaaqQa LyAdGALFt /2yaSyadza az2RSt 1LJ2adSNI Aa
Oy 4SS Al &a@BNVALIVIHS AGRS yW5 194IsitE QotesInd didarkldd t | & &
colored marker to each student. Say, On a sticky note, write at least one question that you have

5
NextGen
equip B



9y SNHéZ C2NDSa |yR 9 N
EQuIP RUBRIC FOR SCIENCE EVALUATION

related to any of the data and phenomena we have considered so far. Write only one question
LISNJ adAO1e L)X SHrasSs yR R2yQd F2NBSG G2 FRR @2c
question. Remember to write your question big and bold so we can al see Of S| NI 8¢ 0¢ S|
Edition, page 48)
1 [ S & a 2D¢velap¥an iditial explanation. Display slide GG. Give students 5 minutes to talk with
a partner and use what we figured out about matter and forces to develgriaal explanation
for why one phenomenaic]from the larger scale earth system happened. Options include: a)
9F NIKIljdzc {1 S&a% 60 ¢KS @INRIFGAZ2Y Ay LXFGS Y22GA2Yy>
page 87).
T [ Saaz2zy pY awSiddaNy G2 GKS 5v. ® wSYAYR adGddzRSyia
the day. Ask, which of these DQB questions can we answer, or do we have ideas about? As
students identify DQB questions that we have answered, put a checkmarkhataticky and
Y20S A4 G2 GKS aARSo® [SI @S lye ljdzSadArzya GKI
(Teacher Edition, page 150).
T [ Saaz2zy cY awSYAYR &aiddRRSyGa GKFG 4 G4KS SyR 27
determined what questions they could answer, as well as what questions were still needing
answers. Ask students to look at the board and determine if the class has pnagress on any
new questions. Place a checkmark near the sticky notes that have been answered and move
those answered questions to the side of the DQB. Ask students, Do we have any new questions
based on our work in this lesson? What new lingering gaestdo we want to add to the
SNAQGAY3I vdzSaiGAz2y . 2FNRKé 6¢SFOKSNI 9RAGAZ2Y S LI =
1 [ Sa & 20¢lebraté pragress and wonder about radioactive material in the Afar region.
Present slide N. Say, We can explain so much now about matter, energy and forces beneath the
9F NIKQa ONHzZG® wl RA2F OGAGAGE KSf LA dessesdzy RSNA G |
we see | wonder if we will find radioactive material in the rock in the Afar redginf’Turn and
Talk to a partner. Based on our ideas, do you think we will find evidence of radioactive material
in the Afar region? Why or why nat? acheSEdition, page 184) this transition, the teacher
is asking the question, rather than supporting students to develop the next question to explore.
T [ Saazy yY awS@AaasS 5v. © t NBaSy il [sidide&sithihe t 2 Ay i
prompt: What questions from our DQB involve reconstructing the past or predicting the future
AY P'FIENKE 0¢SHEOKSNI QRAGAZ2Y S LI IS mMdpoL ®
T [ Saazy oY a!RR yS¢g ljdzSaidAazya Fo2dzi LI FGS 02dzy/F
have now thought about how new crust is created at places where plates are spreading apatrt,
but what does that make you wonder about now? What new questions do yoel dlagut
plate boundaries, crust, and forces in the Afar region? Add questions to our DQB about plate
02dzy R NASa FyR O2ylGAySyidltf @SNAdzA 20SIyAO ONMz
T [ Saaz2zy mMoY daalN)] LIGAOSNYya Ay ljdzSadAizya | yasSNE
in identifying patterns in DQB questions. Focus the discussion on identifying (1) questions we
agree that we can answer, (2) questions that we have at leaatt@apanswer to, and (3)
guestions we cannot answer at all. Choose one color of sticker dots to mark each of these
categories. Hand out each student one set of the sticker dots and allow them to come up to the
5v. YR FRR (KSANJ a@{ddachér Sditin, page 3@y . ljdzSaldA2y aé

The focus of the unit is to support students in making sense of phenomena inbmosit all lessons.
Examples are listed below:
[ Saaz2y wmY & hhy20@5StabobtyYl:©0p] people in the Afar region felt a very
strong earthquake that shook the area. The earthquake was located at a depth of 14 km (8.7
miles). This was followed by a dark column of something that looked like smoke, which rose high

6
Gen
equip D) scioses



9y SNHéZ C2NDSa |yR 91
EQuIP RUBRIC FOR SCIENCE EVALUATION

into the atmosphere and spread out to form a cloud. The cloud darkened the area for 3 days
and 3 nights. This cloud was the result of an eruption that occurred at a nearby volcano called

N.

Dabbahu. This was the first time that this volcano had erupted B &R SR KA &A1 2NB £ 0!

Crack in Ethiopia story map).

[ Saazy mY a{leéx [SiQa (NEB (2 RS@St2LJ I Y2RS
events at Afar, and what might happen in the future. We also think that something similar might
0S KFLIISyYyAy3a Ay GKS NBIAZ2YyAE pRifFthaaedkoSve dab K |j dzt
0SGGSNI dzy RSNARGIFIYR AF gKIFG A& KIFLWSYyAy3a i !
Edition, page 41).

[ Saaz2y oY a{OASyildAraita KIFI@ZS 0SSy g2yRSNAy3 |
earthquake occurred and the large crack in the surface appeared. The surface measurements
they have collected indicate that the crack has continued to widen at aofabout 2
OSYGAYSGOSNE LISNI eSINE aAyOS AdGa FANBROG F LWLISH
SEGSYl 2F (KS&aS aKATia Ay GKS flyR 6SNBo® ¢
data from a series of sensors placed in the regimund where the crack occurred. One

example can be found in question#:you were to extract rock samples from the plate from

sites around the region before the crack appeared, what do you expect to see happen to those
samples when they are brought to the surface? \K§eorces Acting on Rocks Handout).

t @

!
Tt

2 A

[ SaaDAGHOIAAK INBSYSyYyid GKIG &aAyOS ! FINI A&ayQi

must be going on here different than what we think is happening for most earthquakes or the
volcanoes we explained in the EET that are occurring near a plate boundary awegeaveome
FRRAGAZ2Y It RFEGFKAYTF2NXYIFGA2Y G2 FAIdzNB 2 dzi
(Teacher Edition, page 129).

[ Saaz2y pY Gt NRotSYIFGATS GKS ! FIFNJ SEFYLX S yz2
But we noticed in Lesson 1 that the earthquakes in East Africa that we thought were connected
to the Afar region did not appear to be along an established boundaht? Give students a

moment to consider this gap in our current model, then point to the class consensus model and
pose the question on the slide: Looking back at our consensus model, what ideas did we have
that could explain where the forces comeiindo cause Earthquakes, volcanos, and breaking in

the Afar region? Look for ideas about magma, lava, the mantle, or anything that is beneath the
9 NIKQa ONHzaAG¢ 0¢SIFOKSNI 9RAGAZ2Y X LI 3IS mMocu®
[ Saa2y cY a5SUSNXYAYS K2g GKS YlyatsS Gyl OF
Afar. Present slide H. Point out that even though there are still limitations, the mantle tank still
seems like a good representatlon of the mantle. Ask studetasy can the mantle tank be used

iKSa

G o
y 0

G2 GSad GKS Y2RSta 6S RNBg F2N 0KS YIydtS dzyRS
[ Saazy 1Y 6t NBaSyid atARS bo {lé&x 28 Oly SELXI A

0SYSIHiK GKS 9FNIKQa ONHzaG® wlkRA2FOGAGAGE KS
processes we see. | wonder if we will find radioactive materialérréick in the Afar region8ic]

Turn and Talk to a partner. Based on our ideas, do you think we will find evidence of radioactive
YFGSNRAFE Ay GKS !'FININBIA2YK 2Keé 2N gKe y2i
[ Saazy yY G5Aa0dzaa GKS LINBaSyOS 2F Nidedsz2!l O
with the prompt: In some regions, such as Afar, magma reaches the surface and cools, forming
solid rocks. Based on our ideas, would we expect to find evglefradioactive material in the
NREOla AY ! FINKE 0¢SIFEOKSNI 9RAGAZ2YZ LI 3IS mMdo
Lesson 9: The teacher asks a series of questions related to prior experiences that motivate
further explorationd | 2 ¢ YA 3IKG GKS @2dzy3 olaltd NRO|l S
region be different from older continental rock? How could that help us make progress on our
jdzSaGA2ya Fo2dzi GKS ! FF NI NBIA2YyKE 0¢SI OKSNJ
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revisiting the DQB which supports the introduction to the nextleséoh S KI @S y 2 ¢ (K2 dz
about how new crust is created at places where plates are spreading apart, but what does that
make you wonder about now? What new questions do you have about plate boundaries, crust,
FYR FT2NOS&a Ay (GKS ! FIoeR28MBaA2yKE 0¢SIOKSNI 9RAGA
[ Saazy wmnY daz2iAdFiS GKS RS@St2LIYSyd 2F | O2ya
prediction about what is going to happen in Africa when there are so many pieces of the system
AYGSNI OlGAy3a gAGK 2yS | y23i§KSNI I ydtthwodgh duk LI S & 2 dzN
evidence together and create a model with all our ideas about the way plates interact. That can

KSf L) dza AYLINRB @GS 2dzNJ LINBRAOGAZ2Y & | 602dzi GKS Fdzi d:
242).

Lesson 11The lesson focuses on variables that affect friction forces without connecting back to

Afar. The teacher reminds students[ I &G GAYS 6S 6SNB GKAYylAy3d |02
acting on the plates that could help us explain the difference in the ways plates are moving.

2 KAOK F2NDSa R2 ¢S GKAYy]l IINB FOGAy3a 2y LXFdSa
(Teacher Edion, page 263).

Lesson 12The lesson focuses on how gravity pulls along inclines without connecting back to

Afar. It begins with the review of the exit question from the previous lessan? KA OK 2 (i K S NJ
force(s) should we investigate that could help us explain why some plates change motion
RAFFSNByGte GKIFIy 20KSNAKO 6tt¢ atARS ' oé¢ {GdzRS
lesson.

Suggestions for Improvement
Currently, students return to the DQB five times throughout the course of the unit. Consider
providing more opportunities for students to revisit the DQB to draw out student questions to
ensure learning is driven by student questions throughout the unit.
The unit has numerous opportunities for students to connect their learning in service of the Afar
LKSYy2YSy2y®d [/ 2y&aARSNI Y1 Ay3a (GKAa SELX AOAG Ay
sensemaking of phenomena.

I.B. THREE DIMENSIONS

Builds understanding of multiple grade-appropriate elements of the science and engineering practices
(SEPs), disciplinary core ideas (DCls), and crosscutting concepts (CCCs) that are deliberately selected to
aid student sense-making of phenomena and/or designing of solutions.

i. Provides opportunities to develop and use specific elements of the SEP(s).

ii. Provides opportunities to develop and use specific elements of the DCI(s).

iii. Provides opportunities to develop and use specific elements of the CCC(s).

Rating for Criterion I.B. Adequate
Three Dimensions (None,Inadequate, Adequate, Extensive)

8
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The reviewers found adequate evidence that the materials give students opportunities to build
understanding of gradappropriate elements of the three dimensions because the materials provide
studentswith opportunitiesto develop and use DCI elements at the high school IétsVever,some
claimedCrosscutting Concept (CGRYH SEP elements are fully developed and used in the unit.

Science and Engineering Practices (SEPS)ting: Adequate

The reviewers found adequate evidence that students have the opportunity to use or develop the SEPs
in this unit because students have frequent opportunities to engage with science and engineering
practices. Students engage with elementPaiveloping and Using Modeisa particular depth and

frequency. Howeverlements of the focal SERpnstructing Explanations and Designing Solutioiss,
underdeveloped, with only one individual performance of the key element. There are some mismatches
between the SEP elements claimed and used, with some claimed elements missing or not fully used, and
other instances of fully used elements that are ot@imed.

Constructing Explanations and Designing Solutions
1 Construct and revise an explanation based on valid and reliable evidence obtained from a variety
2F a2dz2NDOS&a oAy OfdzRAY3a aA0dzRSyiGaQ 26y Ay@Saidadari
and the assumption that theories and laws that describe their@tworld operate today as they
did in the past and will continue to do so in the future.
o [ Saazy 1Y {GdzRSyiGa O2yaidNuzOG +y SELIXFyYyLFGA
worksheet. Students use notes that they took from their readings to summarize
cause and effect relationships to explain where the energy for convection comes
from. However, without explicit guidance, students may not revise their explanation
over the course of the whole class discuss®iudents do not discuss the
assumption that theories operate the same in the past and will continue to do in the
future.
o [ Sdaazy wmnY aGm® al 1S I LNBRAOGAZY | 62dzi K2
the future. Use drawings and/or words to describe your prediction. 2. Use drawings
and/or words to explain how the interactions between the plates and the mantle
will causethe surface changes in Afar and Africa that you are predicting. Include any
relevant source(s) of evidence from our investigations and your progress trackers to
adzLILI2 NI 22dzNJ LINBRAOGAZ2YE 6t NBRAOGAY 3 GKS
Say, We canse models to explain data, and we can use models to make predictions
about events in the future. We have used so many different types of evidence
RdZNAY 3 (GKA&A 62Nl [SGQa aSS AF ¢S OFy dza$s
improve our predictionsd explanations about what will happen to Afar in the
future. You can change or add on to the predictions and explanations you developed
at the beginning of the class. Give students the rest of the class period to complete
this task. They should revise iheesponses to questions 1 and 2 on Predicting the
CdzidzNB 2F ! FNAOI YR ! FFNE FyR GKSy NBaLR
(Teacher Edition, page 255).
o [ Saaz2y wmMoY a5A&a0dzaa GKS ljdzSaGaAz2ya GKS Of |
them gather in a Scientists Circle to discuss the answers to those questions as a
gK2ftS INRdAzZLId 5A&LIX e GKS ¢F1SFglea Ll2aidSN
the DQB athe end of the unit helps students see the progress they have made
toward answering questions that were important to them at the onset of the unit.
As students share, put an emphasis on any questions that students have previously

9
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constructed an answer for, but can now fully explain. When this occurs, ask students

G2 SELXIAY 6KIG SOARSYOS GkKSe 02ttt SOGSR
(Teacher Edition, page 30Laws and theories regarding the processes that drive

radioactive decay and convection operated the samag in the past are not

explicitly used.

o In the final Midcontinent Rift assessment students answer questions about a new
phenomenon in a transfer task. They are asked to pull from specific things they
learned throughout the unitHowever, students do not revise their explanations
and their explanations are not based on a variety of sources. This task better fits the
middle school element\pply scientific ideas, principles, and/or evidence to
construct, revise and/or use an explanation for +&alld phenomena, examples, or
events.

1 Make a quantitative and/or qualitative claim regarding the relationship between dependent and
independent variables.

(0]

(0]

Although claimed as a focal element, students are not provided with the opportunity to

develop this element in multiple instances in the unit and only use it in one lesson.

[ Saaz2y oY aGvdzsSadizy wmo LT Iy Sy3aaySSNI GdSai
materials from the data table shown here, which one of those materials would require
application of higher magnitude forces on it, to produce the same amount of elastic

deformation as the other material? Write an evidenbased claim that answers this

question. Make sure your claim references the variables in question and two materials

Ay GKS RIFEGE GFotSY vdzSadAazy HO | 26 ¢g2dZ R F
elasticdly deform a solid, affect the amount of energy that could be transferred back

out of it when the force is removed? Write an eviderzzsed claim to answer this

question. Make sure your claim references the variables in question and two materials

in the dda table. Use the ideas in the-BF poster your class developed, to support

82dzNJ Of F AYé O6C2NDSa ! OdAy3a 2y w2014a | | yR2dzi
relationship between external force and deformation of a sdlithdents may not

realize they are making claims regarding independent or dependent variables as this

language is not used in the prompts.

Developing and Using Models
1 Develop, revise, and/or use a model based on evidence to illustrate and/or predict the
relationships between systems or between components of a system

0

eq.ip

[ Saazy wmY {(dzRSyida dzaS GKA&a StSYSyid Ay (KS
asks@2 KI'i YSOKIyAaYa YAIKG o0S OlFdzaAy3da OKFy3aS
KFELIISyAy3a 06SisSSy (Kz2asS YSOKFIyAaYvYaké

[ Saa2y nY ¢KS KFyR2dzi atFNIAOES Ly@SadAaal da
different variables affect relationships between the magnitude of external forces acting

on a solid, the changes in matter across different scales, and the energy changes in th

system. They use a computer model in order to make these relationship predictions.

Lesson 6: Students create a predictive model on the role of temperature and matter

0[ Saazy ¢ aftARS /0d LYy (KS skdeyfRa&@iNEd aiSREt
model to describe and explain why the matter in the tank is moving in the way we

203 SNWSRobe {(GdzRSyiGa ONBIFGS | O2yaSyadza Y2RS
energy and force in the pellet model. They then compare this to the Afar naodkeare
askedtoreflecta ! &1 adGdzRSyida G2 dzasS GKS ySégfte F2N¥S
developed using the video evidence to check if their initial models to explain how and

~
>
C
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why the mantle is moving under the Afar region still holds. Refer to the instructions on

the slide: Using our consensus model for the mantle tank, revise your model of the

mantle movement under Afar on your handout. Make note of any lingering questions or

dzy OSNIFAYyGASaég 6¢SIFEOKSNI ORAGAZ2Y X LI IS wmc o d
[ Saaz2y mmY G5Nr g Iy AYyAGALE Y2RSt GKFG akKz2g
the plates to cause their motion. What would happen to a plate's motion if multiple

F2NOSa ¢SNB OGAy3a 2y AG G GKS alryS GAYSKE
OKIy3aAy3a @FNAFotSa YR NBGAaAlG GKSANI Y2RST &
on a separate piece of paper in order to predict what would happen to the forces acting

2y GKS LXFGSa AF 2yS 2F (KSaS LINBtudesIi A Sa A &
are asked to add in the roles of friction, mass, surface ,aed tension to convert

predictive models to explanatory models (Lesson 11 slide X)

[ Saa2y MHY G{SOGA2Y nY [/ 2yySOGAy3 DN} @AlGE |
us about the more complex plate systems? Use free body diagrams, words, and/or

drawings to connect our lab findings with the stability and change of plate motion over

long timdsic]a OF f Saé¢ ot ®n [ Sa&az2y wmMH || yR2dzi aSI &dzN

1 Develop and/or use multiple typesmbdels to provide mechanistic accounts and/or predict
phenomena, and move flexibly between model types based on merits and limitations.

(0]

This elementslisted as a focal element in the unit overview materials (Teacher Edition,
page 14)put thereare no claims of this element being used or developed within the

unit itself.

Lesson 5: There is potential for students to develop this element within this lesson.
Students use a pellet model, a lava lamp, class consensus randghen also discuss
merits and limitations of the pellet model.

Lesson 10: There is potential for students to develop this elemeheifrlandout:

Gt NBRAOGUAY I GKS FdzidzNBE 2F ! TNAOI FyR ! FI NE
assumptions of the models of the Earth and plate tectonics that we have been working
with that could affect the accuracy of your prediction? How would thesgdiions or
FaadzYLJiA2ya Ay TFtdzSyOS @2dzNJ LINBRAOGAZ2YKE

91 Develop and/or use a model (including mathematical and computational) to generate data to
support explanations, predict phenomena, analyze systems, and/orgolkems.

(0]

eq.ip

[ S & & Zyplore With éhe manipulatives. Distribute one copy of FBeely Placemat

and one bag of cutouts from Frdmdy Manipulatives to each pair of students. Cue

students to use a calculator and work with a partner with these manipulatives for about

5 minutes tosee what they can figure out. Ask students to share their findings. Listen

for the following: The magnitude of the horizontal force squared added to the

magnitude of the vertical force squared equals the magnitude of the force that is at an

angle. You caform a right triangle, using the smaller two force vectors as the legs and

GKS fFNBSN F2NOS a (KS Kea%uiéns yodzét Srigagd ¢ S OK S
gAOK (KS aS02y R sugpokBxplanations, predict pen@nértayaialyze

systems, and/or solve problerés.

[ Saazy mnY amad al 1S I LINBRAOGAZY | 062dzi K2g
future. Use drawings and/or words to describe your prediction. 2. Use drawings and/or

words to explain how the interactions between the plates and the mantle will céngse

surface changes in Afar and Africa that you are predicting. Include any relevant source(s)

of evidence from our investigations and your progress trackers to support your
LINBRAOGAZ2YE oI FyR2dzi t NBRAOGAY3I GKS Cdzii dZNB X
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9 Evaluate merits and limitations of two different models of the same proposed tool, process,
mechanism or system in order to select or revise a model that best fits the evidence or design

criteria.

(0]

Lesson 4cDisplay slide D. Read aloud the text at the top of the slide, Every model has
advantages and limitations. Understanding these can help us move more flexibly

between different types of models for explaining of how and why phenomena occur.
SUPPORTING STUDENTS IN ENGAGING IN DEVELOPING AND USING MODELS This text is
also on the top of Evaluating Models. It is being emphasized here and on slide D to make

these elements of the modeling practice explicit to students. You could start using the

word merits as a synonym for advantages. You may however want to continue using

world advantages too going forward, as a synonym, as it tends to be the word that is

dzZaSR Ay Y2NB SOSNERIF & fly3dzZZ 3S o6& Y2NB adidzR
Students subse@ntly evaluate two different models of fault lines, one with smooth

edges and one with rough edges.

[ Saa2y nY G9YLKFaAaATS GKIG 2LWA2y R Aa AyOfd
bonds listed here are all analogies, which are each useful in some ways but limited in

others, and they may have a different model that they think would be more useful for

eELX F AYAYy3d 6KIG 062yR& INB |ylfz232dza (2 (KS
page 117).

[ Saaz2y nY a[ Saaz2zy nY GLRSyGA¥F¥e FR@OEyGl3asa |
Use the first prompt to give students a half a minute to consider how this first model

helped them explain how/why any of the phenomena listed on the top of our sheet

occur. Then cue them to record the advantages (merits) and limitations of the model in
OKSANI KIFyR2dzii dzaAy3a FyR GKS fSya (GKSe& | NB d
page 118)Students do not select or revise a model to fit the evidence or design criteria.

Lesson 6: The element is not claimed in this lesson, but students are provided with the
2LIR NI dzyAGe (2 dzaS Aldd a5Aa0dzaa | RGIFyYy(dl3Sa
slide G. Read the prompt on the slide: What advantages and limitations doesdtied

have for testing our models? SUPPORTING STUDENTS IN ENGAGING IN DEVELOPING
AND USING MODELS In lesson 4, students evaluated the merits and limitations of

different models using three lenses: 1) Stability or change over time or space; 2)

Thinking acres different scales; and 3) Cause and effect iBMrelationships.

Encourage students to continue using these lenses to assess whether and how a model
canhelpexplaii KS LIKSy2YSy2y dzyRSNI Ay@SadAdalrarzys

Asking Questions and Defining Problems
1 Ask questions that arise from careful observation of phenomenmexpected results, to clarity
and/or seek additional information.

(0]

eq.ip

[ S & & 20/ a sticky nivte, write at least one question that you have related to any of

the data and phenomena we have considered so far. Write only one question per sticky
please,andR2 y Qi FT2NHSG (2 IRR @2dzNJ AyAGALFfa az2
jdzSaitAz2yd® wSYSYOSNI (12 oNARGS @2dzNJ [jdzSaiArzy o
(Teacher edition, page 48).

[ Saazy ¢Y at NBaSyd atiARS - {l&x 28 KI @S y2
places where plates are spreading apart, but what does that make you wonder about

now? What new questions do you have about plate boundaries, crust, and forces in the

Afar region? Add questions to our DQB about plate boundaries and continental versus

2 OS | y A Qredonebleditipdpage 224). After observing different types of rock and
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measuring their density, students return to their Afar region data and models to add
questions for additional information about the phenomenon.
1 Ask questions that arise from examining models or a theory, to clarify and/or seek additional
information and relationships.

o [ S & a Xestmiv4) What new question(s) does this raise for you about what
AYUSNI OiA2ya YAIKEG 0SS KFLIISYyAy3a o60St2¢ 9 NIK
Acting on, page 4After analyzing new data and information about rock elasticity and
deformation, students ask questions about the overarching phenomenon of the Afar
crack.

o [ Saaz2zy 1Y Gt NBaSyd atARS 9 {Ié&x ¢2RI&x SIC
one corner of the MEF triangle. What questions do you have about the other two
corners of the ME-F triangle that would help you explain how a process at a subatomic
scale can produce enough heat to drive convection? Have students respond to the
LINEYLIWN 2y GKS aftARS a Ly SEAG GAO1SlGdé 6¢8S

o [ Saazy oY a!RR ySg ljdzSadAizya Foz2dzi LXIFGS 02
We have now thought about how new crust is created at places where plates are
spreading apart, but what does that make you wonder about now? What new questions
doyouha® I 62dzii LI I 4GS 02dzyRI NASax ONMHzaGE FyR ¥
Edition, page 224).

Planning and Carrying Out Investigations
i Plan and conduct an investigation individually and collaboratively to produce data to serve as
the basis for evidence, and in the design: decide on types, how much, and accuracy of data
needed to produce reliable measurements and consider limitationsegorétision of the data
(e.g., number of trials, cost, risk, time), and refine the design accordingly.

0 [ Saaz2y HY am0 C2NJ SIFOK Ay@SadAaaridizys LX IO
pushing on the foam at the locations indicated by the arrows. 2) For each condition,
increase or decrease the magnitude of the forces pushing on the foam, and téeord
force measurements when the system is stable (the foam is not moving and nobody is
0 2dzOKAY 3 RIX Essoh 2 Havidout Inestigation A&B, pagarid dyou may
also want to suggest the following to support students in future use of this pracbice:

Since knowing the certainty of results will be based on the variation in the data, it is
not something they can necessarily know with any large degree of certainty until the
data they are collecting starts coming in. It is considered best practice iteaoy to
change their data collection plan as they go, particularly when they uncover
unexpected results or possible sources of error. When they do this, making note of
what uncertainty in their data is leading them to make this change is also best
practice.€

o [ Sdaz2y HY & c5ifor eaSh.ddbition yauitést, Ensuring that the magnitude
of the initial forces is different for each condition 7. Keep an eye out for whether you
think you need to modify your investigation plan as results com8.inswer the
jdzSaidAz2ya 2y GKS o0F O] 2F (GKAa KIFyR2dzié otH

0 [ Saa2SYPPORTINGG STUDENTS IN ENGAGING IN PLANNING AND CARRYING OUT
INVESTIGATIONS In Lesson 2, students had the opportunity to consider whether they
had collected enough data when measuring the force combinations acting on an
object. This prompt engages studeliisthe same practice. Scan the room to decide
whether students seem confident about how to answer this type of question. Knowing
when they have collected enough data is key for engaging in other practices, such as

13
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developing arguments and counterarguments based on data and evidence. If you see
fit, display a sample spreadsheet that shows a limited number of trials, and conduct a
few more tests using the simulation in front of the class to show that new values are
either higher or lower than the ones currently collected, which suggests the need for
Y2 NB G N I Edifich, pagé 8)KDiK &exikent is not claimed for this lesson.

Analyzing and Interpreting Data
9 Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in
order to make valid and reliable scientific claims or determine an optimal design solution.
0 Lesson 5: Students use a digital tool to analyze data about the interior earth layers
beneath the Afar region to make claims about the composition of these layers.
o [ Saazy yY alylftelS FYyR LYGSNLINBG RFEGFE AYyRAC
decay trends. Have students individually record their analysis of their graphs on the first
two questions of this sheet: How do the patterns across your graphs cafpéow do
0KSAaS LI GGSNya O2YLXTedsherEditiopayed99)..SINGERA O A 2 v & K
take the data they collected from the radioactive decay simulation and analyze the data
to look for patterns in their graphs.
i Evaluate the impact of new data on a working explanation and/or model of a proposed process
or system
o [ S a & ZRgvisp our mindel to include local differences in the matter in the mantle.
Pose the first two questions on the slide: What have we figured out that can help
SELX IAYy (GKS LIXIFGS Y2iAr2ya 6S 20aSNUSRK | 25
Modeltoreflect@zNJ yS¢ dzy RSNBEGFYRAYy3Ia | 062dzi GKS YI yi
149).Students revise their model based on new data, but they do not evaluate the
impact of that data on their modealata to determine what that implies about their
Y2RSt 2F GKS SINIKQa AydSNA2ND
o [ Saaz2zy cY a¢SaitkNBOAES !'FIENIYLyiditfS Y2RStfa d
slide R. Ask students to use the newly formed consensus model that was developed
using the video evidence to check if their initial modelgxplain how and why the
mantle is moving under the Afar region still holds. Refer to the instructions on the slide:
Using our consensus model for the mantle tank, revise your model of the mantle
movement under Afar on your handout. Make note of any limggquestions or
dzy O S NJi (TaayhérE&itdrhage 169)This element is not claimed for tHissson,
but students are engaged with this elemnten

Using Mathematics and Computational Thinking
9 Decide if qualitative or quantitative data are best to determine whether a proposed object or
tool meets criteria for success.

o [ Saa ZSYPPORTING STUDENTS IN ENGAGING IN USING MATHEMATICS AND
COMPUTATIONAL THINKING Encourage students to manipulate attributes of the
model, both geometrically ¢sic]algebraically. The former could include translating
the vector representation to see if they make three sides of the right triangle. The
latter could include performing calculations and recording results on scratch paper
(Teacher Edition, page 78)his element and its use esson 2 are not claimed.

1 Use mathematical, computational, and/or algorithmic representations of phenomena or design
solutions to describe and/or support claims and/or explanations.
o [ S & & ZTyst datd poiits to quantify the anomaly. Present slide K. Say, One way we
can test to see if this is really an anomaly is by checking to see what speed each of these

14
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waves were traveling. Remember that speed is just distance over time. Miles per hour.
Kilometers per second. Speed is just a measure of how far something goes in a certain

amount of time. Model the calculation first with the dot at 2,000 km. Theave

appears to arrive at about 3 minutes, and thev@ve appears to arrive at about 11
minutes.2000km/(3*60 seconds) = 11.1 km/s 2000km/(11*60 seconds) = 3 Asks

students to look back to the reading to confirm that these speeds are accurate. Then ask
studentsto choose a data point to test on their own. Split the class down the middle

and ask one half of the class to test another data point from Part 1 of the graph. The

rest of the class should test the anomalous data. Give students time to work out the

math, YR (GKSy Fal GKSY (2 &aKINB GKSANJI FAYRAYy3

page 140).

0O [ SaazaWBRA M AZ2Y MY o 5Nr¢ | az2f AR tAyS 0SSt 2,
2F LI NByld StSYSyd F2dzyR Ay | ONEBadGlIf 2@SNJ
predicted trend for the % daughter element(s) found iorgstal overtimé 6t ®H [ S& & 2

8 Handout Predicting composition trends, page 1).

o [ S a & ZHyve gtilents work in a group to analyze their graphs to approximate the
times (on average) when there was 50% and 25% of parent element left. Space is
provided on Analyzing decay trends for recording such averages from up to 6 conditions.
Some groups magnly get to completing this table for a smaller ssit of conditions
(eg[siclH 2NJ o0X GKAOK A& FAYSO ¢ K)\Eﬁitioré,ﬁa@edzf R G
199).Andd ! NHdzS FNRY SOARSYyOS® 5AaLixl at ARS .- o
Discuss the question on the slide as the class. Does crystal size affect the time at which
there is a certain fraction (elgic]%z or ¥4) of the parent material left? Which of these
G2 OflAYa aKz2gy 2y GKS atARS RAR GKS RFGLF
0KS GAYS Aa aAYATIN® w ,Saz G4KS fFNAHSN GKS
Edition, page 200).

o [ Saaz2y wmMHY a[SiQad dzasS 2dzNJ FAYRAYy3IA (2 6NRGS
based on mass. We can start by substituting variables in for the values we read
according to the units. Ask students what variable the newtons should become and
write Force of Gravity on the board out in words. Then write $&00=Cand ask what
variable the grams should become, addiigas<lo the end of the equation when
prompted by students. On the board this should look Hkerce of Gravity X100 = M&s
ConhydzS> b2¢g tSGQa FTAIANB 2dzi ¢KFG GKS dzyAada
rearrange the equation to get 100 on its own, guide them to show that the units of 100
are g/N. Say, Since we are developing a model for the force of gravity, we should solve
2N GKFGd 126 aK2dz R ¢S NBFNNIy3IS GKS Sljdzk G
(Teacher Editiorpage 287). Students use data from their investigatimndevelop a
mathematical model of gravity in order to support their explanation of how forces on
the tectonic plates affect their motion.

Disciplinary Core Ideas (DC|slrating: Extensive

The reviewers found extensive evidence that students have the opportunity to use or develop the DCls

in this unit because students regularly develop and use targeted high school DCI elements in both the
Earthscience and physical science domains to make sense of phenomena. There is a close match
0S0G6SSy 5/L StSYSyita OftFAYSR Ay GUKS 49ftSySyda 27
found in the lessons.
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PS2.B: Types of Interactions

1 Forces at a distance are explained by fieiplaritational electric and-magnetiy permeating
space that can transfer energy through spadagnets-or-electric-currents-cause-magnetic
fields—electric charges-or changing-magneticfields cause-electric fields

(0]

[ Sda2y 1Y a.SOFdzaS aGNRBy3d F2NOS Aa a2z I+ ¥FFSC
enough the strong force between them will get weaker very quickly. This will cause the

balance between the electric forces pushing them apart and the strong fordksgou

them together to shift. The electric forces will be stronger than the strong force. If this

happens, some of the patrticles that are furthest away from the center of the nucleus

will be pushed away from the nucleus. We call an atom that reaches(tHis& S dzy a G | 6 £ S
(Radioactive Decay (Forces) Handout).

9 Attraction and repulsion between electric charges at the atomic scale explain the structure,

properties, and transformations of matteas-well-as-the-contact-forces-between-material

objects

0

[ Saa2Yy nY a2KAOK AYGSNYOdA2ya G GKS LI NI AC
the crust above the magma will break, allowing magma to reach the surface? The

repulsion due to electric forces (bonds) between the particles of rock will weaken when

the particles are forced apart by the upward forces; The attraction due to electric forces

(bonds) between the particles of rock will get stronger when the particles are forced

apart by the upward forces; The attraction due to gravity between the partidlesol

and the Earth will get stronger when the particles are forced apart by the upward

forces; The repulsion due to gravity between the particles of rock and the Earth will

6SIF1SYy 6KSy GKS LI NGAOEtSa I NB F2NORRB. | LI NI

PS3.A: Definitions of Energy
9 At the macroscopic scale, energy manifests itself in multiple ways, such as in+setied,
light, and thermal energy.

(0]

eq.ip

[ Saazy nY é&F pdterasSoulpfordpt siudents for examples for how we

knew there wasnergy in the system or not for the electricity powered devices in our

prior unit, Electricity Unit. Students will say heat and light and maybe sound coming

from those devices. Validate that these were ways of knowing there was electricity
transferringen®l A& (G KNRdzZZK GKS ada28ai0SYXt2Ayd 2dzi GKI
how energy is stored in systems, related to elastic deformation, involves thinking about

the motion of the particles in the matter and the energy stored in the field based on

their posiion in space relative to each other. Emphasize that in our prior unit (Electricity

Unit) we also thought about electricity in terms of particle motion and fields transferring
SYSNHez (K2dzZa3K ¢S RARY QU F20dza 2y pdgess TFTASE R

127¢128).
[ Saazy cVY ! asS @2dNJ 1y26fSR3IS Fo62dzi GKS LI N
GSYLISNI GdzNBa (2 ONBIFIGS | Y2RSf T2NJ ¢gKé (GKS

tomography data below. Use a combination of words and drawings to explain the

mechanisms behindth¥ 2 3SYSy i Ay GKS YIyiatSé. 61 FI N aly
[ Saazy 1Y a1l 26 Aa SYySNHe& GNIyYyaFSNNBR lgle 7
neutrons released by the nuclei in this kind of radioactive decay will transfer most of the

energy that was stored in the mass away from the atomic nucleus as kinetic energy.

Some small fraction of that energy will also end up in the recoil of the nucleus itself as

the particles leave. As those patrticles collide with nearby atoms, they will transfer

energy to them, because collisions transfer energy. This will make the avdrsgie
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SySNHe 2F GKS d2Ya Ay G(GKS &dzZNNBdzyRAy3I YL Gi
that matter to heat up (temperature to rise). This energy transfer process from

NI RA2F OGA @S RSOFe Ay (GKS YIydtS Aa 2yS 27F i
AYGSNR2NE 0 wEMRMEHENDGU) S 5SSOI &

1 These relationships are better understood at the microscopic scale, at which all of the different
manifestations of energy can be modeled as either motions of particles or energy stored in fields

(which mediate interactions between partige$hislast-conceptincludesradiation, a
phenomensnnwhich-energy-storednfields moves-across-space.

(0]

[ Saaz2y nY at2AyaG 2dzi GKIFG GKA&a yS¢ ¢l & 6S |
systems, related to elastic deformation, involves thinking about the motion of the

particles in the matter and the energy stored in the field based on their position in space
NEBfIFGAGBS (2 SIFIOK 20KSNXt 2Ayld 2dzi GKFG Al A3
that can be broken down into just some combination of one or two things that describe

where the energy is in the system and how it is being transferesther the knetic

energy OF objects (generators, magnetics, plates) or particles (electrons, atoms,

molecules) and/or energy IN fields (electric, magnetic). Challenge students to keep this

lens in mind going forwardthat we can, if needed, account for all changegmergy as

some combination of changes in kinetic energy and changes energy stored in fields,

even if the everyday name we give to the way in which that energy is transfer is
a2YSGKAY3 f A\ Tedthep EitifidRoage 228 WK S (G Q

PS3.B: Conservation of Energy and Eneérggnsfer
1 Energy cannot be created or destroyed, but it can be transported from one place to another and
transferred between systems.

(0]

[ Saaz2zy oY aG5AalLil e atARS Dd® DA@GS &dddzRSyida w
prompt: How are matter changes related to energy transfers we observed in this

system? When did we see evidence of energy transferred in or out of the system? After
I1minutee KIF @S &a0dzRSyiGa akKINBE GKSANI ARSI & | 02 dz
100).Students discuss energy transferring in and out of a system but do not discuss how

energy cannot be created or destroyed and that it transfers to other systems.

[ Saa2y nY AGLRSyGATe (GKS F2fft2Ay3 O2yySOGAz
foam is being held in this stable bent shape, there is no measurable energy increase in

the system, like an increase in kinetic energy or an increase in temperaturee¥deto

find a way to describe where exactly the energy is being stored, otherwise we will not

be able to account for conservation of energgomething we know should occur in

every process. When changing distance between objects or particles actinglon ea

other through a field affects the amount of energy stored in the system, scientists say

GKFG GKS SySNHe&e A& 3ISidAy3a GNIYaFSNNBR Ayi?2
Edition page 125).

PS4.A: Wave Properties
Geologists use seismic waves and thefiection at interfaces between layers to probe
structures deep in the planet.

(0

eq.ip

[ Saa2y pY Gt AOGd:NBR 620S A& (GKS OdaNNBydGaf e
Earthquakes create seismic waves that travel through the Earth. By analyzing these
aSAaYAO ¢l @Sax aSravyztz23raida OFy YIF1S AyTSAN
interior. Thedifference between the crust and the mantle is determined by the

composition of the layers. The mantle and crust are both made up of silicon and oxygen.
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(0]

But the mantle contains significantly more iron and magnesium than the crust. This
difference in composition affects the structure and state of matter of the material, and
GKdza GKS alLISSR 27 ééAéYAé g @dSa GKNBAAK (KS

ibelspeed of travel of the

wave, WhICh depends on the type of wave andrﬂmjlum through which it is passing.

The part of the element that has strikethrough text is only present in theavatview

(Unit Overview Materialgpage 14)ut not in the dimensions document (Elements of

NGSS Dimensioffsage 11)

[ Saa2y pY G¢KAA Aa |y 2LILRNIdzyArAde G2 KSE L a
6 OSXRSLISYRE 2y (GKSXYSRAdzY GKNRdAzZAK GKAOK A
element associated with the performance expectationP®&mvyY W! &S Y| G KSYl G A
repreentations to support a claim regarding relationships among the frequency,

g @St SYyaiK:Z yR aLISSR 2F g @Sa GNI @St Ay3a Ay
expectation and the associated DCI are addressed primarily in [material: pr], where

students derive theelationship between frequency, wavelength, and wave speed. But

the important idea that wave speed is affected by the medium is established first in this
dzyAlé¢ 6¢SFOKSNI O9RAGAZ2Y S LI IS mMnnod

PS1.C Nuclear Processes
1 Nuclear processe#ecludingfusionfissioand radioactive decays of unstable nuclei, involve
release or absorption of energy. The total number of neutrons plus prdamssnet-change-in

any—nuelear—p%eeess

[ Saaz2y TY aC2 KBSz of therafomlcaise thR Bréea to be either

balanced or unbalanced? Forces Q2: What is the effect on the protons and neutrons in

the nucleus when the forces become unbalanced, and why? Forces Q3: Annotate the

diagram below to show the forces on tparticles that make up an atomic nucleus

RdzZNAY 3 NI RAZ2FOGAGS RSOlIe&¢ o6wlRA2IOGABS 5SOF

1 Spontaneous radioactive decays follows a characteristic exponential decay law. Nuclear lifetimes
allow radiometric dating to be used to determine the ages of rocks and other materials.

(0]

[ Saazy yY adiviesSSai Scledtistsingve folntl thiF pattern as well and it is

an important part of the mathematical model they developed to predict how any

element decays over time. Every radioactive isotope takes a certain amount ofdime t

decay to 50% of its initial amount, regardless of how much of it you start out with, and

the time it takes to decay 25% is twice as long as it takes to reach 50%. They also

noticed that to get from 100% to 50% is the same as it takes to get from 509840 2

¢tKSe Olff GKAa GAYS GKS StSYSylQatablkkfof F f A TS
each of the elements and label itastheHalk FS T2 NJ 0 KI G St,payeSy ¢ o¢
201). After looking at mathematical patterns in their data, students learn about the idea

of halflives to determine the age of a sample.

ESS1.C: The History of Planet Earth
1 Continental rocks, which can be older tHaar billion years, are generally much older than the
rocks of the ocean floor, which are less than 200 million years old.

o

eq.ip

[ Saazy o¢Y aG!aasSaa adGddzRSyld dzyRSNARAGFYRAYy3 27
boundaries, oceanic versus continental crust, and the ages of rocks in the Afar region

YR StaSogKSNB (KIFIG ySSR SYLANAROIE S@ARSYOS
(Teacher Edition, page 316).
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ESS2.A: Earth Materials and Systems

Evidence from deep probes and seismicwaN&O2 vV 5 4 NHzOG A 2y 3 2F KA A0G2NRO

surface-and-ts-magneticfigldnd an understanding of physical and chemical processes lead to
a model of Earth with a hot but solid inner core, a liquid outer core, a solid mantle and crust.

Motions of the mantle and its plates occur primarily through thermal convection, whichesvolv
GKS OelOfAy3a 2F YIUGSNI RdzS (2 GKS 2dzigl NR Ft25
movement of denser materials toward the interior.

(0]

SY
LJ

[ Saaz2y pY at2aS (KS ljdSadAazy 2y GKS &
GKFGO YIFET1S dzLd 91 NI KQ& &dNHzZOGdzNBE FNRY S
141).

[ Saa2y pY at AOGdzZNBR 02@S Aa GKS OdzZNNByidf &
Earthquakes create seismic waves that travel through the Earth. By analyzing these
aSAaYAO ¢+ @Sasx asSiravyztz2arada OFry YI1S AYyFS
interior. Thedifference between the crust and the mantle is determined by the

composition of the layers. The mantle and crust are both made up of silicon and

oxygen. But the mantle contains significantly more iron and magnesium than the crust.

This difference in comition affects the structure and state of matter of the material,

FYR (GKdza GKS &LISSR 2F aSAaYAO 41 8Sa GKNRdzAa

t A
Ne)

R e

Handout).
[ Saaz2y cY ! asS @&2dzNJ 1y2¢fSR3IS Fo2dzi GKS LI
GSYLISNI GdzNBa G2 ONBIFGS F Y2RSt FT2N) gK& GKS

tomography data below. Use a combination of words and drawings to explain the
mechanisms behindth¥ 2 3SYSy i Ay GKS Yl yidtSég 6! FIFN al
[ Saaz2y wmmY a{l&z LO asSSvya tA1S S adAatt KI .
Two themes that seem to be common are rubbing forces between the mantle and
ONHza G IyR ¢gKSNB (GKS LIXlFdiSa aSSy G2 oS at AR.
Maybe we need to investigate how these types of forces work more in order to build
2dzNJ dzy RSNE Gl yRAY3ID | L YyR (GK2dAKG SELSNAYSy(
YAYdziS Foz2dai (KS AYGSNIOGA2Y 06830688y G(KS Y
and a lmok to model how we think these two layers are interacting. Demonstrate
LldzG GAy3a + 0221 2y (2L 2F @&2dzNJ KFyR yR afa
page 266).
[ S442Yy MHY &t NBasSyd aftARS .o wdSLBIG GKS LI
students to say things such as gravity is pulling the plate under the other, into the
mantle and it would pull more as it becomes more slanted. They may also mention
something about density of the plates and that the plate going into the mantle must be
RSY&ASNE 0¢SIFOKSNI O9RAUGAZ2Y S LI 3S HDHO D
[ Saaz2y mMoY &v-mdctivns befod made omdbrddNsRismic velocity
Fy2YFfASE Ay GKS 9 |-shdiok GodyouYhink/isitheSnost Sinllar ©K O NEZ
what was happening in the mantle under the Midcontinent Rift 1.1 billion years ago?
Q1b: Explain how the energy in the mantle cr@gxtion you chose would result in
rifting at the surface using your understanding of convection and unbalanced forces.

VHY 126 R2 @&2dz 0KAYy]l GKS YIydGfS dzy RSNJ (KA
Howwouldi KA & OKIy3S 2@SNJ GAYS FFFSOU GKS (NI y:
02 GKS adzNFIl OSKé 6aARO2yiGAySyd wiR3IS 'aasSa

1 9FNIKQa aeaisSvyas o0SAy3a ReylFYAO YR AYyiGSNI OGAay3
decrease the original changes.

eq.ip
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Lesson 2Students do not engage with feedback effects increasing or decreasing
changes. Students instead engage with B®2.Aelement,b Sg i 2y Qa aSo2y
accurately predicts changes in the motion of macroscopic objects.

Lesson 3Students do not engage with feedback effects increasing or decreasing
changes. Students instead engage with #®2.2elementb Sg 12y Qa &4SO2y R f |
accurately predicts changes in the motion of macroscopic objects.

Pl

f1r

ESS2.B: Plate Tectonics and LaBpale System Interactions

9 Plate movements are responsible for most continental and efleanfeatures and for the
RAAGNROdzAAZ2Y 2F Y2adG NRO1a&a YR YAYSNIfta 6AGKAY

(0]

[ Sa&a2 y Which 8pecifiopites on the map interact at this kind of boundary? 2.

What surface changes did you observe as a result of this interaction? 4. In the

simulation we have to define the density of the plates we are investigating. What role,

if any, could thedensity of the plates play in their motion or their interactions? 5. What

do the cross sections tell us about the relationship between the movement of the

LX FGSa yR GKS 20a4SNWSR OKlIy3Sa Ay G(KS ONMz
Handout).

[ Saa2y mMoY dvcyY ¢KS LINRPOSaa 2F NATOGAYy3A KI a
activity Earthquakes Formation of new plate material (basalt) Mantle convection Plate
Y2@8SYSy(d . NBIF{1Ay3a 2F LIIFGS YFGSNARIE . FasSRr
systems, do you think this process of the rift failing happened over a long period of

time or a short period of time? Use the class Scale Chart to explain the spatial and

temporal scales over which the events would occur, as well as any connections

betweentho§ OKIlI y3S&d¢ 6aARO2yiAySyld wAR3IS ! aaSaa

b Plate tectonics is the unifying theory that explains the past and current movements of the rocks

I G
0

eq.ip

9F NIKQ&a adza2NFIFOS YR LINRP@GARSA I FTNIYSg2N] F2

[ Saaz2y nY al2¢g ¢g2dZd R GKS &aolLtsS 2F | LXIFGSx
the matter in it, affect the amount of energy that can be stored in the electric fields

between the particles before part of it reaches an elastic limit? We know the mofion

the plates is relatively slow. What does that tell us about why there are periods of

F LI NByid adroAatAiade o0SG6SSy 2yS SIFNILKIdzZ 1S |
(PPT slide Zptudents are prompted to think about how changes at the particle level

can be seen over time at the macroscopic level of rock formation.

[ Saaz2y nY a!'ylF1l YNX{lFdldz A&d + @2f0FLy2 2FF
boundary betweenthelndd dza G NI £ Ay tf I ST FyR G(GKS 9 dzNI &
between these two plates transfer energy into the rock near the boundary. This causes

pocket of rock to melt and become magma. Gases in the hot magma put pressure on

the solid rock above as a result of particle collisions. The upward force from this

pressure can cause the crust to deform over time, and eventually break, allowing
magmatoreachK S & dzNFI OS¢ o[ Saaz2y nExiOTieketd showk O SG 0 @
their learning about how interactions at a plate boundary can cause geologic

phenomena.

[ Saaz2y wmnY ac¢2 Gdz2Ny + a2f AR NRO|l Ayidz I @I
Sy2dzaK (2 OFdzaS GKS YFGSNAFE Ay GKS NROY G
temperature at which this happens as the melting point of a substance. The interior of

the Earth is very hot, warmed by radioactive decay. This led scientists hundreds of

years ago to predict that the interior of the Earth must all be liquid. But think back to
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I ¢KS

GKS Y2RSt 6S RSOS
Origins Handout).
N} RA2F OGABS RSOFLe 2F dzyaidlotS AaziG2L5a 022y

f2LISR Ay [Saazy pod ¢KS 91

and mantle, providing the primary source of the heat that drives mantle convection. Plate
tectonics can be viewed as the surface expression of mantle comvectio

0]

[ Saazy 71TVY G2 DNRJAPZ &ENJIwRISRI M KS F2ff2gAy3 |
When mass is converted into energy in the atomic nucleus, where does energy

transfer, and why? Energy Q2: What happens to the surrounding atoms when particles

leaving the nucleus collide with them? Enewgp Y / 2 YLIX SGS YR Fyy20l i
below to show how energy transfers between systems and system components during

NI RA2F OGAQPS RSOIFIeXxé¢ o6wlRA2IOGABS 5S0Fe 069y
[ Saaz2y wmnY ac¢2 GdzNy + a2 AMdmpadu@highA y 2 € g1
Sy2dAaAK G2 OFdzaS GKS YIFIGSNALFE Ay GKS NBO| G
temperature at which this happens as the melting point of a substance. The interior of

the Earth is very hot, warmed by radioactive decay. This ledtstiehundreds of

years ago to predict that the interior of the Earth must all be liquid. But think back to

(KS Y2RSt 65 RSOSt2LISR Ay [Saaz2y po ¢KS 9l
Origins Handout).

Crosscutting Concepts (CCCs$yating: Adequate

The reviewers found adequate evidence that students have the opportunity to use or develop the CCCs
in this unit because there are numerous CCC elements used, with some focal CCC elements practiced
multiple times over the course of the unit. For some faC@IC elements, teachers are provided guidance

on how to make the use of the CCC explicit to students. Over the course of the unit, a successful student
will use at least one element from six out of seven C@Qish may be too many for the CCCs to be a
framework to support student thinking about phenomeridere are numerous examples of CCC use

that are described in the Teacher Edition, but that use is not claimed, or claims are contradictory.

Patterns

1 Mathematical representations are needed to identify some patterns.

(0]

eq.ip

[ Saazy pY Gt NBaSyid atARS YO {l&X hyS ¢gle& 4
by checking to see what speed each of these waves were traveling. Remember that

speed is just distance over time. Miles per hour. Kilometers per second. Spesidas ju

measure of how far something goes in a certain amount of time. Model the calculation

first with the dot at 2,000 km. TheWave appears to arrive at about 3 minutes, and

the Swave appears to arrive at about 11 minutes. 2000km/(3*60 seconds) = 1¥sl km
2000km/(11*60 seconds) = 3 km/sk students to look back to the reading to confirm

that these speeds are accurate. Then ask students to choose a data point to test on

their own. Split the class down the middle and ask one half of the class to test another

data point from Part 1 of thgraph. The rest of the class should test the anomalous

data. Give students time to work out the math, and then ask them to share their
FAYRAY3IEA 6AGK | aK2g 2F KIFIyRaé¢ o6¢SIFOKSNI 9R.
mathematical representation of speed to anadythe data in the graph to determine

the speed of Rvaves.

[ Saazy yY a!ylrtel S FyR LYGSNIINBG RIGE Ay 3
a group to analyze their graphs to approximate the times (on average) when there was

50% and 25% of parent element left. Space is provided on Analyzing decay trends for
recording such averages from up to 6 conditions. Some groups may only get to
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completing this table for a smaller siget of conditions (e.fsic]2 or 3), which is fine.

CKAA &aK2dz R GF1S Fo2dzi n YAydziSagé o06¢SI OKSNJ
patterns in their data and develop a mathematical model of decay by looking how

much time it takes a sample to decay to 50% and 25% of the origimplsa

b Empirical evidence is needed to identify patterns.

(0]

Lesson 8: Students collect data from a netlogo simulaton, do not use empirical

evidencein order to identify patterns related tgeologic activityd | 2 4 R2 (G KS LI
I ONRPaa &2dzNJ AN LKA O2YLI NBK 12¢g R2 GKSasS L
(Teacher Editioypage 199).

Lesson 9: Students review map data about the ages of rocks (PRDsliteF) in

order to determine what is going on with the age of rocks in Afar ¥ G KS ONXza d A )
Afarregioni® I &1 f 6 R2Sa GKIFG YSIyYy | ySdide2O0SlIy A3
U).

Lesson 10: Students use the radiometric data to identify matters that build

SELX FylLGA2yad a2KFEiG 6SNB GKS LI GGSNya 6S Al
continental crusts? How can our consensus model help us explain how the flow of

matter throughandd SG 6 SSy 9 NIKQa aedaidsSvya ONBIFdSa (K
this lesson students identify patterns using a computer simulation model, not empirical
evidence.

9 Classifications or explanations used at one scale may fail or need revision when information from
smaller or larger scales is introduced; thus requiring improved investigations and experiments.

(0]

[ S442y pY a528& (KAaAa Y2RSt 2F (KS 9l NIK SE
active (breaking, earthquakes, volcanos), and other locations are not? What else do we
YSSR G2 (1y2¢ Fo2dzi GKS YI \WilddRE G2 FAIdzNB K.
Lesson 5dPresent Slide Z. Give students 5 minutes to respond to the final questions on

the handout before they share their ideas if they have alotady. Revise our model to

include local differences in the matter in the mantle. Pose the first two questions on

the slide: What have we figured out that can help explain the plate motions we
203SNWSRK 1 2¢g aKz2dzZ R ¢S NBE@dctoSr névdzNJ 9+ NI K Q&
dzy RSNEGFYRAY 3 | 062dzi GKS YIFIyiaftSKé 6¢SFOKSNI

9 Different patterns may be observed at each of the scales at which a system is studied and can
provide evidence for causality in explanations of phenomena.

(0]

eq.ip

[ Saaz2y mY !fiK2dAK GKA& StSYSyid Aa yz20 Of I .
RSZSt 2 L) (i KSUBPORTINGYSSWDENTS tN DEVELOPING AND USING PATTERNS
In high school, students should practice recognizing patterns at multiple scales. In this

data set, they have the opportunity to observe several different spatial scales. When

patterns change together ahultiple scales, it can provide evidence for correlation, or

even causality. In this unit, students will explain how unbalanced forces arising from
LINPLISNIIASa 2F 9FNIKQA AYUGSNAR2NI OF dza S & dzNF |
These surface effectsccur in recognizable patterns that allow geologists to make
AYFSNBYyOSa lo2dzi GKS O0SKIF@GA2NI 2F 9F NIKQa Y
[ Saa2y pY AGLYGNRBRdAzOS GKS Y2RStAy3 G22ft { dzo.
are going to use lets us generate a model of the seismic wave anomalies over a much
aYFrtftSNI aAa0FtS FyR Ay 3IANBFGSNI RSOFATtZ FaG |y
toWeelzy RSNY S 0K GKS 9 NIKQa adza2NFIFOS G aLISOA
speed of energy transfer through the mantle material in that region is above average,
0St26 | @OSNIFISsT 2NJ Of2aS (2 ddogbbeangé o0¢SI OK
patterns between some surface features and the seismic velocity anomalies in the
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9y SNH&X C2NDS
E

YIyiGtftS 6SySIGK GKSYK LT a23x ¢KIG FNB GKS@K
Crosssections of, page 6. S OKSNJ L)2aSa (KS ljdzSatAazy al 25
YEYyGdtS Fy2YFfASa O2YLINB G2 GKS aortsS 2% 0
fr@SNERKEdideBBS.aaz2y p

Cause and Effect
9 Cause and effect relationships can be suggested and predicted for complex natural and human
designed systems lexamining what is known about smaller scale mechanisms within the

system.

0

[ Saa2y mMY a520dzySyi K2g GKAAa NBIAZ2Yy YAIKID
the mechanisms in your model above might cause the region to change over time, and

K2g ljdzAOlfte (GKSAaS OKIy3aSa YAIAKGEG 200dNX [/ 2y
about. Whatwill happen to that region in the future, and how quickly will these

changes happen? What mechanisms might be causing changes and what interactions

might be happening between those mechanisms? Use words and/or pictures to share
@2dzNJ ARSI a AtaSMog@ebHandout).y A G A | f

Lesson 3: Students explore cause and effect relationships in complex natural systems

gKSY (GKSe& NBIR Fo2dzi NRO|l RSTF2NXIGAZ2YAaDP ¢K
data from a reading to make qualitative claims about how differences in the magnitude

of forces (cause) 1) acting on different materials would result in similar effects in their

structure (elastic deformation). This data includes ratios that reference the amount of
RST2NXIFGA2Y G | @S NE, pagers). HdwevarQhefjuestiono b D{ { S
asks students to think about: If an engineer tesseailarsized samples of two

different materials from the data table shown here, which one of thosderials

would require application of higher magnitude forces on it, to produce the same

amount of elastic deformation as the other materidl?is CCC element is not

necessarily exploring smaller scale mechanisms just yet (gets covdmesson 4).

[ Saa2y nY G9YLKI&ATS GKIFIG 68 &aK2dZ R y2¢ 0685
at a very small scalea particle level, can explain changes we are seeing in the plates

at a much larger scalgincluding things like earthquakes and cracks in the glatend

part of that explanation connects to some amount of elastic deformation steadily
AYONBFaAy3I 20SN) GAYS Apageldizes aeadSye¢ o6¢SI OK

Lessom Y Ly GKBFHOk deaBRSt ¢ | I yR2dzi adGdzRSyda &n
relationships for how atomic radioactive interactions can cause the energy needed for
convectioninthemantld. 2 6 SOSNE (G KSNB AayQid adzFTAOASYy
make it clear to students that this is what they should do.

Scale, Proportion and Quantity
1 Some systems can only be studied indirectly as they are too small, too large, too fast, or too slow
to observe directly.

(0]

eq.ip

[ Sdaz2y MY a2KFG G2 R2-yuttizddegts dpatRScatsa 2y 0
and effect, and scale, proportion, and quantity by posing the following questions: 1.

What kinds of questions do we have about changes to the Afar region and our other
earthquake cases over different scales of time and space? 2. What kinds of questions

do we have about parts of this system that are too large, too fast, or too slow to study

R A NB QrédchenEdition, page 49).

[ Saa ZSYPPORTING STUDENTS IN DEVELOPING AND USING SCALE, PROPORTION,
AND QUANTITY This is a moment where students have an opportunity to use an

important crosscutting concept for a phenomdsig] of their choice. This can help
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them see the generality of this idea for helping maksegse of phenomena beyond

those that are the focus of this unit: Some systems can only be studied indirectly as

GKS& IINB G22 avyltts G22 tFINBS:S G22 FLads 2
page 64)The use of this CCC element is unclaimed in this lesson.

[ Saazy nY GO9YLKIaATS (KIFIG 68 aKz2dzZ R y2g¢
at a very small scalea particle level, can explain changes we are seeing in the plates at
a much larger scaleincluding things likearthquakes and cracks in the plates. And

part of that explanation connects to some amount of elastic deformation steadily
AYONBI aAy3 20SNJ GAYS ApAgeldZohne éffecisodsiEe o6 ¢ S OK !
scale changes dargerscale observations are discussed but not the idea that some

systems can only be studied indirectly because they are too large orStadent

prompts and activities foressor4 fit better with the listed element fo€ause and

Effect

[ Saaz2y pY Ly GKS KIFIyR2dzi a1l 2¢ R2 aOASyGAal
aGdzRSyGa G2 NB T scedisis nged indirdctietiderize tyf fyLtlieY @

interior of the Earth. What other systems have you studied that require indirect
SOARSYOS: | yR @gK@&Ke

[ Saaz2y I mmY ¢KS F2ft26Ay3 Aa OflAYSRY aG{ ddz
components of the crust and mantle system that are too slow and large to be observed

directly. The process of plate movement occurs at such a slow rate that it is hard to

observe directly, and observable movement generally occurs over large periods of

time. Similarly, the scale of a plate is too large to study directly, and the forces acting

2y GKS LIXIFGS OFryy2G 0S aidzRis®&ruckyto G KIF G aol
a{Frex LG aSSvya 6S NP aleéeAy3d GKIFIG GKS&S LIN
forces acting on plates. One way to understand how a variable can affect the behavior

of a system is by changing it. What are some of the ways we can change a variable to
investigate its effect? Look for students to suggest that by increasing it, decreasing it,

or removing it. Ask students if we can test these ideas directly. Look for them to say

that we cannot because we have no control over the variables, the platesatarge,

and the motion of the plates is too slow for us to observe dirédffeacher Edition

page 265)This might not be enough for students to understand (GC

Lesson12d { G dzZRSy (ia dzaS o2dGdift Sa 2y NIYLA G2 4&i0dzR
gravity acting on the parts of plates and discuss the use of a model system that is small

enough and can change motion within observable timescales, since actual plate forces
andmotiont NB (22 &t 2¢ | yR I NBS giidesteachar® NS RA NJ
ailraSy anhilrez ¢S glyil G2 Ay@SadAaarasS GKS N
that we cannot investigate plates directly. Similar to our friction investigation, we are

I32Ay3 G2 KFE@S G2 dzasS | &aAYLX SNgaggas)S Ol Ay
And then for day twothe teachers is directed tNE YA YR & i dzRSyGay a. S a
discussion talks about not only the bottle and gravity on an incline, but also the forces

2y LXFGSa 6S I NB Y 2pRdge RW)Biace thiig BrhidkRSNGe9 RA G A 2
teacher, students may not show understanding of use or development o€isS

(@]
(s}

9 Patterns observable at one scale may not be observable or exist at other scales.

(0]

eq.ip

[ Saaz2y mY a!a (GKS Ofraa t2214a Fd GKS S| NIK!
patterns related to earthquakes that might help explain the events at Afar. Pose the

two prompts on the slide: What patterns might you notice when looking at any

potential eathquakes? At what scale might you see those patterns?... Determine the

scale at a plate boundary line. Display [url] . Students should notice that they do not
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need to zoom in on the West coast and other plate boundaries to see earthquake

patterns in lines. These earthquakes are clustered along a plate boundary, and there

are many earthquakes on this line. Determine the scale at which we see lines of
earthquakesdnside of the North American plate. Display slide I. Pose the first prompt

on the slide: Do you think that all earthquake lines or clusters are visible at the same

a0l t SK¢

[ Saaz2y 1Y ¢KS F2fit26Ay3a Aa Of I AYSRY a4{ GdzRS
SEA&G G | ydzOt SFNJ a0l tS G2 SELXFAY LI GaSN
dimensions)However,patterns within these scales are not explicitly covered

1 The significance of a phenomenon is dependent on the scale, proportion, and quantity at which it

OcCcurs.

[ Saa2SYPPORTINGG STUDENTS IN DEVELOPING AND USING SCALE, PROPORTION,
AND QUANTITY This is the first attempt to apply a model across very different scales in

this unit, but comes after identifying earlier in the lessdhat the same data at

different scales cabe to argue for why a system appears stable at one scale but

changing at another. Students also reflect on whether (and how) using thinking

at/across different scales helped them figure something out in their progress tracker,

even though this artifact isot used as a formative assessment. The same self reflection

prompts related to the use of this CCC will continue over the course of the unit, each

GAYS + ySg LINRPINBaad SyidNE ThEelemeRSditsase ST OK S N
are unclaimed in the unit.

Energy and Matter
1 The total amount of energy and matter in closed systems is conserved.

(0]

This element is claimed in the materials overview but it is not claimed in the NGSS
dimensions handout in any of the lessons.

1 Changes of energy and matter in a system cadédseribed in terms of energy and matter flows
into, out of, and within that system.

o

eq.ip

[ Saa2y oY a{le&3x Ly 2dzNJ LINA2NJ dzy A4 O6YI GSNRI
GKAY1Ay3 Fto2dzi SySNHeé& (N} yaFSNI KNRdzZZK (KS
SELX FAY 6KIFG A& KFLIWSYyAy3a Ay (KA&E aéaidasyx d
with the first prompt:. How are matter changes related to energy transfers we observed

in this system? When did we see evidence of energy transferred in or out of the

system?... As they share, ask students to identify which of the five sections of time that

we divided the system behavior into was where we saw evidence of energy being

transferred out of the system. Students will say the fourth section (the second Then very
quickly). Then ask students to identify which of the five sections of time was where we

saw evidence transfer into the system was occurring. Students will say the second
aSO0A2y O60GKS FANRG ¢KSYy @OSNE ljdAaolfeded ! RR
(Teacher Edition, pages IID1).

[ Saaz2zy nY aG{!tthw¢LbD {¢!59b¢{ Lb 59+9[ htLb
One of the purposes of the prompts that you include in thd=i¥4 poster is to assist

students in making sense of the changes in energy within a system. By prompting

students to obserg macroscopic changes in matter and the net force acting on the

system, they can begin to identify how interactions among different components of a

system contribute to explaining the changes in matter and energy in a system, both
macroscopicallyandat$h LI NI A Ot S f S@St ¢ GleSdeOKNENI 9 RA (A
CCC element is unclaimed in this lesson.
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(0]

[ Saazy pY G{!tthw¢LbD {¢!59b¢{ Lb 59+x9[ htLb
Students might say that motion or compression or vibration is moving through the solid.

Point to the MEF poster developed in an earlier lesson to prime them to be thinking

about mater-energy relationships. Use probing questions to help them clarify their

thinking, and layer on the appropriate scientific vocabulary to their ideas if necessary.

Some questions you might ask include: When matter changes its motion, what is
transferringthrough it, according to our M&F triangle? When you say vibration, what

do you mean? Is a vibration something that moves, or is it evidence of something else

GKFGO Aa Y20Ay3 2N (NI yaT STNNIse/0atKECCE éldner®K SNJ 9
is unclaimed in this lesson.

1 Energy cannot be created or destroyednly moves between one place and another place,
between objects and/or fields, or between systems.
0 This element is claimed in the materials overview but it is not claimed in the NGSS

dimensions handout in any of the lessons.

Stability and Change
Much of science deals with constructing explanations of how things change and how they remain

stable.

(0]

[ Saaz2y H Y¢tabiliyyhs NBl&Rivz8asure. PresalideF. Emphasize that the

LX LGS Y2GA2y RIEGE YSIF&adaNBR 208SNJ I RIF& AayQi
appears stable at one scale, but is actually changing at another scale. Introduce a second
example. Choose an object in the room that is stable andudésthe prompts

0St26X! YRSNI gKIF(i O2yRAGAZ2Yy&A A& AG adlrof SK 2
room? What if we changed the temperature and looked at a particle scale? What if we

eFd GKS Glo6fS KSNB F2N) KdzzyRNBRa 2F &SI NERK 2
page 64).

[ Saaz2y oY a! 3ALAYy &l adtdzRSyda AT (GKS FT2NDSa
balanced (net force of zero) or unbalanced (net force does not equal zero) in the current

state of the system and how we can tell. Listen for the same ideas as beferéorths

on each piece of matter are balanced because they are all statidist#pleQ Uhe net

force on each part of the system (in a free body diagram) would be zero. The matter is

y2i OKFy3IAy3IX 2KIG 6Fa GKS | LILysnEtdgsl 6 S & 0!I f
from the starting stable state to its current stable state? If you could see this transition

in slow motion, what changes in the system do you think you would see? Are the forces

ot FyOSRY 2NJ dzyol f I yOSR RdzNETgagheriE@itord G NI y a A i
pages 9¢98).

[ Saaz2y nY al2¢ ¢g2dZ R GKS aoFrtsS 2F F LXFGSE
matter in it, affect the amount of energy that can be stored in the electric fields

between the particles before part of it reaches an elastic limit. We know the mofion

the plates is relatively slow. What does that tell us about why there are periods of

F LILJ NByid adroAiAftade o0SiegSSy 2yS SIFENIKIdzZ 1S |
(Teacher Edition, page 126).

Change and rates of change can be quantified and modeled over very short or very long periods

of time. Seme-system-changes-are-rreversible.

(0]

eq.ip

[ Saa 2ZYPPORTING STUDENTS IN DEVELOPING AND USING STABILITY AND CHANGE
Look for students to explain that the movement of the mantle is predictable and also
cyclical based upon the changes that occur to the matter due to the increased or
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RSONBIFaSR SySNHe& 2F G(KS &l YLX S ¢KA& OKLFy3S
(Teacher Edition, page 17The use of this CCC elememat claimed in this lesson.

0 Lessonl1l¥. KaSR 2y &2dzNJ {y2¢f SRAS 2F OKlFy3ISa (2
process of the rift failing happened over a long period of time or a short period of time?
Use the class Scale Chart to explain the spatial and temporal scales over which the
eventsv2 dzf R 200dzNE +a ¢Sff Fa Fye O2yySOiAzya
Ridge Assessmenthis element is claimed faesson 13 but the student task in this
lesson does not ask students to quantify the rates of change.

Suggestions for Improvement

Science and Engineering Practices
1 Ensure that all claimed SEP elements, especially those that are the focus of the unit, are used

and/or developed at the high school level. For exam@iéake a quantitative and/or qualitative

Of FAY NBIFINRAY3I GKS NBfFdA2yaKAL s8medaSgy RSLISY
focal element However students are not provided with the opportunity to develop this element

and only use it in one lesson.

Disciplinary Core Ideas
1 Consider providing additional opportunities for students to further develop the elements that

are only covered in one lesson

1 Wherever students are developing gradppropriate science DCIs, consider claiming the

elements in the unit overview and for each lesson.

Crosscutting Concepts
1 Ensure that student activities, prompts, and questions match all parts of the elements claimed

and that students are engaged with these CCCs at the high school level.

1 Consider the alignment of the CCCs which are claimed, and those that are intentionally

supported.

I.C. INTEGRATING THE THREE DIMENSIONS

Student sense-making of phenomena and/or designing of solutions requires student performances that
integrate elements of the SEPs, CCCs, and DCls.

Rating for Criterion I.C. Extensive
Integrating the Three Dimensions (None,Inadequate, Adequate, Extensive)

The reviewers found extensive evidence that student performances integrate elements of the three
dimensions in service of figuring out phenomena and/or designing solutions to problems because there
are numerougvents where students are figuring out the unit phenomenon while using elements of all
three dimensions together.
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Examples of student performances that integrate elements of all three dimensions:

1

[ §a4a2y cY a!'as (KS SOARSYOS 68 200FAYySR FNRBY ¢
describe and explain why the matter in the tank is moving in the way we observed. Choose at

least one of the following perspectives to develop within your model: Mdttarticle level

AYUSNI OiA2yald 9ySNHE& C2NDSaé¢ odalyiatsS ¢1+r1S az2RSe
elements in this activity:

0o SEPDevelop, revise, and/or use a model based on evidence to illustrate and/or predict

the relationships between systems or between components of a system.

o DCIl:Motions of the mantle and its plates occur primarily through thermal convection,

GKAOK Ay@2ft@Sa GKS O0eOftAy3a 2F YIFGGSNI RdzS i
interior and gravitational movement of denser materials toward the interior.

o0 CCCEnergy drives the cycling of matter within and between systems.

[ Saa2y TY a2A0K GKSANI NRPdzy R H 3 NP dzldfect a1 & G dzR €
questions to fill out the CausEffect Model handout (whichever version you choose) to explain
GKSNBE GKS SySNHe& 02YSa FTNRY lae IROYIEE O2y B3SO0 Az
handout, students must make claims about cae$ect relationships about how radioactive

decay can cause the energy and motion of the mantle they have learned about based on their
readings and previous lessons. Students integrate tHeviihg elements in this activity:

0 SEPConstruct and revise an explanation based on valid and reliable evidence obtained
FNRBY | GFNASGE 2F &a2dz2NOSa 60AyOf dzRAYy3I &iddzRS:
simulations, peer reviev@nd-the-assumption-thattheories-and-laws-that-deseribe the
Raturalwo ate o-in the

) n na alfalTalialaWats AN \A alalilallla'

future.
o DCI:The radioactive decay of unstable isotopes continggdlyerates new energy
GAUKAY 9FNIKQa ONHzad YR YIlIydatSs LINPOARAY3
mantle convection. Plate tectonics can be viewed as the surface expression of mantle
convection
0 CCCcCause and effect relationships can be suggested and predicted for complex natural
and human designed systems by examining what is known about smaller scale
mechanisms within the system.
[ Saaz2y yY a!ylftelS YR LYGSNIINBG RFGF Ay 3INPdzL
to analyze their graphs to approximate the times (on average) when there was 50% and 25% of
LI NBy G St Sodéhis intedgrafe Thé fdllbwing elements in this activity:
0 SEPUse mathematical, computational, and/afgorithmic representations of
phenomena or design solutions to describe and/or support claims and/or explanations.
o DCIl:Spontaneous radioactive decays followraracteristic exponential decay law.
Nuclear lifetimes allow radiometric dating to be used to determine the ages of rocks
and other materials.
o0 CCCMathematical representations are neededitientify some patterns.
[ Saaz2y mnY aGmaod al 1S F LINBRAOGAZ2Y Fo2dzi K2g (K
Use drawings and/or words to describe your prediction. 2. Use drawings and/or words to
explain how the interactions between the plates and the mantle will célusesurface changes
in Afar and Africa that you are predicting. Include any relevant source(s) of evidence from our
investigations and your progress trackers to support your prediction. Revise your prediction
and explanation on the front of this page befoyou continue. 3. A prediction about the future
of a system usually includes the time it will take for the system to change in the ways described
by the prediction. 3a. Approximately how long do you think it will take for the Afar region to
look the way pu are predicting? Why do you think so? 3b. What are the limitations and

(daty
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assumptions of the models of the Earth and plate tectonics that we have been working with
that could affect the accuracy of your prediction? How would these limitations or assumptions
AYTFEdzSyOS @2dzNJ LINSBRAOGAZ2YKE 0t )SwuddntSiatégeatg mn | |y
the following elements in this activity:
0 SEPConstruct and revise an explanation basedvalid and reliable evidence obtained
FNRY | QOFNASGe 2F &a2dz2NOSa 60AyOf dzZRAYy3I &aiddzRS:
simulations, peer review) and the assumption that theories and laws that describe the
natural world operate today as they did inetipast and will continue to do so in the
future.
o DCIThe radioactive decay of unstable isotopestinually generates new energy
GAGKAY 9FNIKQa ONMzad FYyR YIyidfSs LINRPGARAY3
mantle convection. Plate tectonics can be viewed as the surface expression of mantle
convection.
o DCI:Plate tectonics is the unifying theory that explains the past and current movements
2F GKS NROla Fd 9FNIKQa ada2NFIFOS FyR LINEJAR!
history.
0 CCCModels can be used to predict the behawiba system, but these predictions have
limited precision and reliability due to the assumptions and approximations inherent in
models.

Suggestions for Improvement
None.

I.D. UNIT COHERENCE

Lessons fit together to target a set of performance expectations.

i. Each lesson builds on prior lessons by addressing questions raised in those lessons, cultivating
new questions that build on what students figured out, or cultivating new questions from
related phenomena, problems, and prior student experiences.

ii.  Thelessons help students develop toward proficiency in a targeted set of performance
expectations.

Rating for Criterion I.D. Extensive
Unit Coherence (None, Inadequate, Adequatéxtensive)

The reviewers found extensive evidence that lessons fit together coherently to target a set of
Performance Expectations (PlBsrause the lessons are sequenced coherently in a way that builds on
student questions and prior learning and there are sufficient opportunities for students to build
proficiency in the targeted learning for all three dimensions.
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Theunituses Yy I @A I A2y é aiGSLAI G2 adzZl}2 NI O2KSNByOS TN
and/or ends each lesson, which sometimes includes revisiting the DQB or establishing or reminding
students what they have learned and what questions remain that withfiswered next. Examples are
below:
1 [ Saaz2y wmY abl@A3aFrGS gAGK | ad2L) FyR 220G t NBas$s
allow students to consider what could be happening at the land where an earthquake occurs.
What could be causing the land to be moving or crack? Does land on& andwvcrack during an
earthquake, or could it happen where there is no perceptible shaking? Ask for volunteers to
AKIFNBE GKSANI NBalLkyaSa ¢gAl0K GKS Oflaad 9y O02dzNI 3
draw out a variety of thoughts. Tell students tivee will have to explore the changes that might
200dzNJ G2 GKS flFyR Ay 2dzNJ ySEG fSaaz2yé¢ o6¢SI OKSN
1 [ Saazy HY ¢KS fSaazy o60S3aAya sgAGK awSYAYR GKS O
time we explored data from earthquakes and cracks in the ground that sometimes open up after
them. We saw this had happened at multiple locations across the Haytlond the one we
started with in the Afar Region in 2005. Display slide A. Instruct students to take a half a minute
to think about the questions on the slide on their own. Then discuss these as a class. Suggested
prompt/ Sample student response: Whatuwd be causing the land to be moving or crack? Lava
dzy RSNY SIF(iK Aa Llz2iKAy3d GKS INBdzyR FNRBY o6St2¢d ¢
the plates is interacting with the material above it. The land in some places, like Afar, might be
too dry, so itcracks. Does land only move and crack during an earthquake, or could it happen
where there is no perceptible shaking? Accept all answers What measurements or data would
you want to analyze to see if any of these things are happening before this typemdmpenon
occurs? Data about whether the land in the region is moving or whether it is changing elevation
over time. Samples of the rocks from the surface or below the surface. Something like sonar or
radar images to see what is happening below the grovkdather or climate data related to
NIFAYFLEEf FYyR KdzYARAGE® /2yySOG dGKAa G2 GKS
LX Iy G2 FylrftelsS a2YS 2F GKSasS RAFTFSNByd Ge
(Teacher Edition, page 61 hdfirst step of exploring how forces interact with matter may not
be intuitive to students after their experience liressori.
1 [ Saaz2y uHY ¢KS fSadaaz2zy SyRa 6AGK da. NFAyadz2N¥Y | RR
Display slide KK. Read the text at the top of the slide: In the first set of investigations we carried
out, balanced forces on a stationary object appeared tounaided eyes to produce no change
in its motion. It remained stationary. As a class, discuss the two slide prompts: Suggested
prompt Sample student response: If you keep increasing the magnitude of these forces acting
on a solid object, what do you predisbuld happen to it? It could break. It could bend. It could
ONI Ol {l&z [SGQa LIy 2y R2Ay3 a2YS 2F GK2aS$S
2dzNJ ySEG tSaazyé¢ @89SI OKSNI 9RAGAZ2Y S LI 3S vyy
T [ Saaz2zy oY awSOFff LINBRAOGAZ2Y&ad 5AaLIle& &aft ARS !
made last time around increasing the magnitude of balanced forces acting on a stationary
202800d [A808y F2NJ GKS F2if2a0y D2ARE DNI O & 62
Edition, page 96).
T [ Saaz2y oY atldzaS RA&AOdzaaArAz2yad 5AaLXle atiARS Yo
question they now have. Remind students to write their question(s), one per sticky in marker,
with their initial on back in pencil so you can collect them at thd ef the class. Ask students to
stick these sticky notes on to Forces Acting on Rocks to prepare to turn both of these in. Before
collecting these, though, have students share some of their questions from either their sticky
note(s) or from their respons® question 4 of Forces Acting on Rocks with the class. Emphasize
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that this seems to indicate that we need some additional ways to investigate these questions
YSEG GAYSE 6¢SHOKSNI O9RAGAZ2Y S LI 3IS mnpoo
T [ Saaz2y nY awS@ASg ljdSaitAaz2ya FNRY fFad Oflraao t
guestions that students generated at the end of the last lesson on them. Give students a half
minute to review them after considering the prompt on the slidewHnight answering these
guestions help us understand why most earthquakes tend to happen near plate boundaries,
while others, like Afar, do not? Accept all answers. Foreground at least three categories of
LIKSY2YSyl o { &3z [ SiQasaboStdatterFenaigy, artd lfostes)td dhaked 2 dzNJ
progress on some of these questions toddoy using some different types of models to explain
the different types of phenomena you all were referencing in your new questions. Some of
those phenomena are related earthquakes, some are related to cracks, and some are related
to the elastic behavior of matter. Write these three categories of phenomena on the board:
91 NI Kljdzr 1Sa / NFOlAy3 9ftFaldA0 0SKI@A2NI 2F | ff Y
T [ Saaz2y nY &bl @A3alGS AyiG2 GKS ySEG fSaazyo t
response to the prompt: Can we fully explain what is happening at Afar or do we need more
AYVF2NNXYEOGA2YkRFEGEK 9a0Fof A&aK | @&bhfafev&gdary, 0 KIF G aAy
something must be going on here different than what we think is happening for most
earthquakes or the volcanoes we explained in the EET that are occurring near a plate boundary
and we need some additional data/information to figure dliese sort case sites that appear to
0SS SEOSLIIA2yaé o¢SbudendNgle AndtketyasAfatd ndtScaed ab o ®
a plate boundary, or they may not understand why they are studying interactions at plate
boundaries.
T [ Saa2y pY atNRoftSYFGATS GKS ' FINJSEFYLXS y2i o
W.dzi 6S y20A0SR Ay [Saazy wm (KIFG GKS SI NIOKIdzk |
to the Afar region did not appear to be along an established boNd@a&Z NA IKGKQ¢E 6 ¢ S| O
page 136).
9 [ Saaz2y cY awS@gArarld GKS [Saazy p 9EAG ¢A01SGo 5
Lesson 5, they had individually considered the heterogeneous mantle. Students recognized that
the mantle moved, but were trying to explain how the matter dfatient temperatures might
FFFSOG GKS Ft2¢ 6AGKAY SFENIKQa AYGSNA2NX® || @S
their exit ticket at the end of Lesson 5. After a minute or two, have a few students share their
ARSIad t NBAaSy( kohdomhécting thesd itleasdo the sanfledanddoar NJ
understanding of how it moves. Pose the first two questions on the slide: How is temperature
connected to matter, energy, and/or forces? When flowing matter is heated, what changes at
0 KS LI NI Néach& Editisrggade K 59headteacher provides students with the
jdzZSaGA2ya NIGKSN) GKIFIY 3JdzZARAY3I &addzRSydaQ 1jdzSada
T [ Saaz2zy 1Y a5AaLxlre atARS ! FyR &aléx ¢S FAIdz2NBR
in the Earth heats up, it rises toward the surface. Then it cools down and sinks back down again.
This cycle depends on heat deep in the Earth. What idebwelihave about where the heat
YAIKG 0SS O02YAy3a FTNRY (2 RNAGS 02y @SOiAzy Ay (K
T [ Saaz2zy yY al2¢ O2dzZ R adzOK O2YLI NR&A2ya KSf L) dza
and what might happen there in the future? Knowing when rock was formed in different parts
of the world, could help us figure out how long the processes going onmiddnt keep going on.
If the rock in Afar is much younger than the rest of the region, it would suggest it is a relatively
recent phenomenon. We could compare Afar with places that have much older rocks. That
could give us clues as to what could happertar in its far future. So do you think that looking
at more data will help us find patterns? The more data we have the more patterns we can find
that will help us determine where Afar fits into those patterns. Navigate into the next lesson by
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aléAay3dzr LG az2dzyRa tA1S Y2NB RIFGF OFy KSf L dzaa
of looking into how the age of rocks in Afar compare to those found in other places to test our
LINBRAOGAZ2y & ySEG Ofl aa LISNA2RG 0¢SI OKSNI 9RAGA 2

T [ Saaz2zy oY ac¢dzNYy FyR GlFf1 Ftoz2dzi GKS +F3S 2F | FIN
lesson, we figured out that we can date rock using radioactivity. Using this method, the
youngest basalt in the Afar region is less than a million yearsolds But 6 SNBYy Qi & dzNB ¢
YSIYyG FYR 6SNB g2yRSNAY3A K2g Athis@G2MddmNBRE 06 ¢
isteacherdirected and it may not be clear to students that their questions are driving their
learning.

T [ Saazy oY at2Ayd (2 ImaehgiesBNEEDY IS ocaudirdgysich a2 2y
the western edge of South America. Accept all ideas, and point to places where we still have
guestions and controversy. We still have a lot of questions about what happens at these places
where plates meet, and iparticular we want to know about what is happening when these two
types of crust meet up. We want to start by looking at these boundaries between plates and find
out more about what is happening to the material at those boundaries. Administer an Exit
Ticket. Ask students to respond to the prompt on the slide as an exit ticket. What do you think
might be happening at the places where these two types of crust meet up, and why do you think
0KF{Ka HEiitioS,pa@eiRSoNJ

1 [ Saazy wmstMderiswBeyeAvg &e coming from. Present slide A. Say, Last time we left
with a lot of questions about what happens at plate boundaries where plates meet, and in
particular, we wanted to know about what is happening when oceanic and continental crusts
meSi dzL¥ 6¢SIFOKSNJI 9RAGAZ2Y T LI IS HOHOD GWEKS LINBOJA
want to start by looking at these boundaries between plates and find out more about what is
happening to the material at those boundarig3eacherEdition, page 225).

T [ Saazy wmnyY Gt NBaSyid atARS ho {le&x 2SS OFy dzas$s
make predictions about events in the future. We have used so many different types of evidence
RAZNAY3I GKAA ¢2N] ® [ SGQA &S Sdeiwe mad& tobriprgve dad S G KA &
predictions and explanations about what will happen to Afar in the future. You can change or
FRR 2y (G2 GKS LINBRAOGAZ2Yy& yR SELXLFylLGA2Yy & @&2d:
(TeacheiEdition,page 255).

f Lesson1l:Thelessonbeginswith{ I @ > [l ad GAYS 6S 6SNB GKAYylAy3
be acting on the plates that could help us explain the difference in the ways plates are moving.

Which forces do we think are acting on plates that could explain the motion we observed? Take

the piece of chart paper titled Forces and Variables and createlaift with Forces acting on

plate<bn the left. Keep a record of student ideas about forces on this side of the chart, and

leave the second column empty at this point. Present slide C. Say, So we think that there are

Ydzft GALX S F2NOSa G 2y O0S I O Ay Janbgel that cadhelgi S [ S
us illustrate the forces acting on a plate and what would happen to the motion of a plate when

Ydzft GALX S F2NOS& FNBE FOdAy3 2y AdG +Fd GKS alrysS
the investigation iseacher directed

f Lesson11: Thelessonendswitht NS&aSy i a4t ARS & al 1S &daNB (KS (
visible to all students so they can see the forces and plate variables that should be the focus of
the next investigation. Say, Okay, | think we made some progress, but it seems we still have
some questions about how forces are acting on plates. Ask students to take a moment and
record their ideas related to the prompt on the slide as an exit ticket in their notebooks: Which
other force(s) should we investigate that could help us explain whyegaates change motion
differently than others? Tell students that in our next class period we will revisit this prompt and
O2yaARSNI 2dz2NJ ARSIF& Fa | .O0ftlF&aaé 6¢SFOKSNI 9RAGA?2
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f Lesson12: Thelessonbeginswith{ | @ > [ Fad GAYS ¢S Ay@SaidAidal iSR
motion of an object, and we found that some plate variables affect the force of friction acting on
' LXFGSed . dzi 6S GKAY] GKSNB INB 20KSNJ F2NDSa A
investigate next. Give students a moment to review what they wrote on their exit tickets at the
end of the last lesson. Ask a few students to share. Look for students to suggest that they should
investigate the force of gravity. If they do not mention grayvjtoint to the Plate Interactions
L2Aa0GSN) 2 F20dza addzRRSydaQ GdGdSydAazy G2 GKS Y2i
(Teacher Edition, page 283)

9 Lesson 12: During the course of the investigation, students need to connect their experience
from Lessor? on breaking down force components. After students analyze data, they have to
think about how this connects to thellowingLIK Sy 2 YSy 2yY a2 KIF G R2 2dzNJ f |
about the more complex plate systems? Use free body diagrams, words, and/or drawings to
O2yySOG 2dzNJ 6 FAYRAYIE gAGK GKS adroAftAade |y
(Measuring Forces on InclinBs/estigation, section 4).

T [ Saaz2zy mMoY a2S8SQ@S FAIAdZNBR 2dzi a2 YdzOKH L o6Si ¢
Driving Question Board/ark patterns in questions answered using the sticker dots. Facilitate
the students in identifying patterns in DQB questions. Focus the discussion on identifying (1)
guestions we agree that we can answer, (2) questions that we have at least a partiat émswe
and (3) questions we cannot answer at all. Choose one color of sticker dots to mark each of
these categories. Hand out each student one set of the sticker dots and allow them to come up
G2 GKS 5v. FyR FRR GKSANI & tandgedeN@l) (2 5v. jdzSad

The lessons help students develop proficiency in a targeted $eEsf
1 Inthe Unit Overview Materials document the targeted N®&Sare identified as the following
and students develop elements from all of these performance expectations throughout the unit
(see Category 1.B):
0 HSESSS: Evaluate evidence of the past and current movement®ofinental and
oceanic crust and the theory of plate tectonics to explain the ages of crustal rocks.

0 HSESSA:5S@St 2L I Y2RSt G2 AffdaiNIGS K2g 9 NI
operate at different spatial and temporal scales to form continental and cfilean
features.

0 HSESSB:5S@St2L)J I Y2RStf o0lFlaSR 2y S@OARSyOS 27 9

of matter by thermal convection.

0 HSPS18: Develop models to illustrate the changes in the composition of the nucleus of
the atom and the energy released during the processes of fission, fusion, and radioactive
decay.

Suggestions for Improvement

Currently, some of the transitions from one lesson to another are teadhgen and may seem
AYO2KSNBY:G FTNRBY GKS aGdzRSyiaQ LISNALISOGAGSAaA: SalLlSo.
Consider providing opportunities for students to revisit theimogquestions more frequently and/or for

the teacher to provide guiding questions for the students to suggest next steps rather than having the

teacher make those steps in the form of statements.

33
Gen
equip D) scioses



NHe > C2
C FOR SCIEN

<
—_— ()
NnZ
mb(
m

9
EQuIP RUBR

I.E. MULTIPLE SCIENCE DOMAINS

When appropriate, links are made across the science domains of life science, physical science and
Earth and space science.

it Disciplinary core ideas from different disciplines are used together to explain phenomena.

ii.  The usefulness of crosscutting concepts to make sense of phenomena or design solutions to
problems across science domains is highlighted.

Extensive
(None, Inadequate, Adequate, Extensive)

The reviewers found extensive evidence that links are made across the science domains when
appropriate because the unit integrates Earth and space science (ESS) DCls with physical science (PS)
DCls andises CCCs to explicitly make connections across science domains and/or science courses.

Disciplinary core ideas from both EES$1.ESS2. AESS2.Band PSRS1.CPS2.APS2.BPS3.APS3.B

PS4.A are necessary to make sense of the Afar region phenomenon that students are engaged with
throughout the unit.The use of ESS and PS DClIs are integrated in some individual lessons. For example,
lessonlevelPEsnclude both ESS and PS DCls in the follokgggpns: 3, 4, 5, 6, and 7. (Teacher Edition,
pages 312¢315).

There are some instances where G&f@ used to make connections across science domains and science
courses. For example:
Connections within the unit:

o [ Saazy pY Ly 2NRSNJ (G2 dzyRSNRGIFIYR ¢KIF{i YAIKI{

about p and s waves. They look for patterns in order to see whether seismic waves are
moving at expected speeddifle L). Teachers are guided to ask the following questions
AY NBFSNBYyOS (2 GKS 3INILKAY a'!'asS LINROoAYST
as they make connections between the patterns that they identified, and the reality of
seismic waves moving ithugh matter. Some examples of questions might include:

Which pattern are you explaining right now? Can you point to the pattern on the slide?
What about this pattern right here? What does that tell us about the speed of the

seismic wave for waves that gaall the way through the center of the Earth? What
information can we draw from the reading that could help us explain that pattern? Take

lj d

F Y2YSyd G2 €221 oFO1 F+G GKS aSOlAz2y 2y &SA

The connection between Earth and space science and physical science using the CCC of
Patternsis implied and students may not be aware that they're making this connection.

0 Lesson 5: Students also explore waves on a local scale in order to understénd tNeli K Q &
mantle and are asked to reflect on how changing scales can help explore what is going

2y AY VP FIN® ¢S OKSNE | NB JIdZARSRY GC2NBAaAKFR2

change. Present slide BB. Pose only the first question on the slide: How does thd scale o
these mantle anomalies compare to the scale of the anomalies we used to figure out
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