
 

EQuIP RUBRIC FOR SCIENCE EVALUATION 

 

  

 

 

 

Energy, Forces and 
9ŀǊǘƘΩǎ /Ǌǳǎǘ 

DEVELOPER: OpenSciEd 

GRADE: High School | DATE OF REVIEW: Fall 2023  
 



9ƴŜǊƎȅΣ CƻǊŎŜǎ ŀƴŘ 9ŀǊǘƘΩǎ /Ǌǳǎǘ 
 

 

2 

 

OVERALL RATING: E 

TOTAL SCORE: 8 

 

   

CATEGORY I:  
NGSS 3D Design Score  

CATEGORY II:  
NGSS Instructional Supports Score  

CATEGORY III:  
Monitoring NGSS Student Progress 

Score  

2 3 3 

Click here to see the scoring guidelines. 

This review was conducted by the Science Peer Review Panel using the EQuIP Rubric for Science. 

   

A. 
 

 

Extensive A. 

 

Extensive  A. 

 

Extensive  

B. 
  

Adequate  B. 
 

Extensive  B. 
 

Extensive  

C. 
 

 

Extensive  C. 

 

Adequate  C. 

 

Adequate  

D. 
  

Extensive  D. 
 

Extensive  D. 
 

Adequate  

E. 
 

 

Extensive  E. 

 

Extensive  E. 

 

Extensive  

F. 
 

 

Extensive  F. 

 

Extensive  F. 

 

Adequate  

 

  
G. 

 

Adequate 
  

https://www.nextgenscience.org/peer-review-panel/science-peer-review-panel
https://nextgenscience.org/sites/default/files/EQuIPRubricforSciencev3.pdf


9ƴŜǊƎȅΣ CƻǊŎŜǎ ŀƴŘ 9ŀǊǘƘΩǎ /Ǌǳǎǘ 
 

 

3 

 

Summary Comments 

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 it is 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 science Disciplinary Core Ideas 
(DCIs) in making sense of the phenomena. 

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

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

During revisions, the authors and user of the materials should pay close attention to the following areas: 

 Intentional reduction of scaffolding in the targeted Science 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 self-assessment that allows students to see their progress in the targeted elements. 
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Extensive 
(None, Inadequate, Adequate, Extensive) 

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 linked to a central 
phenomenon of the crack in the ground in the Afar region or a similar phenomenon. Student questions 
create a need to engage in learning. However, 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. 

ά¢Ƙƛǎ ǳƴƛǘ ƛǎ ŀƴŎƘƻǊŜŘ ōȅ ŀ ǇǳȊȊƭƛƴƎ 9ŀǊǘƘ ǎŎƛŜƴŎŜ ǇƘŜƴƻƳŜƴƻƴΥ ǘƘŜ ƭŀƴŘ ƛƴ 9ŀǎǘ !ŦǊƛŎŀ ŀǇǇŜŀǊǎ ǘƻ ōŜ 
ripping apart. In 2005, a crack opened up very suddenly in a region called Afar in Ethiopia, accompanied 
by earthquakes and a volcano. This phenomenon provides the context in which to investigate the 
relationship between unbalanced forces and energy transfer through systems, how radioactive decay on 
a particle scale drives global-ǎŎŀƭŜ ŎƻƴǾŜŎǘƛƻƴΣ ŀƴŘ ǘƘŜ ǊƻƭŜ ƻŦ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎ ƛƴ ŜȄǇƭŀƛƴƛƴƎ 9ŀǊǘƘΩǎ 
surface features. 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 
ǘƘŜ ƘƛŘŘŜƴ ǇǊƻŎŜǎǎŜǎ ǇƭŀȅƛƴƎ ƻǳǘ ƛƴ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ƻǾŜǊ ǎƘƻrt and long temporal/spatial scales shape 
ǘƘŜ ǎǳǊŦŀŎŜ ǇŀǘǘŜǊƴǎ ǿŜ ǎŜŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ ммύΦ  

Student questions and prior experiences related to the phenomenon often, but not always,  motivate 
sense-making. For example: 

¶ [Ŝǎǎƻƴ мΥ άOrient students to where we have been and where we are going. Say, We have been 
ǿƻƴŘŜǊƛƴƎ ŀōƻǳǘ ǿƘŀǘ Ŏŀƴ ŎŀǳǎŜ ǘƘŜ ƭŀƴŘ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ǘƻ ŎǊŀŎƪΣ ōǊŜŀƪΣ ƻǊ ŎƘŀƴƎŜ ƻǾŜǊ 
time. You had a chance to look at some different types of data in Afar and other locations 
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 
ŀǘ ŀƴŘ ōŜƭƻǿ ǘƘŜ ǎǳǊŦŀŎŜΦ bƻǿ ǘƘŀǘ ȅƻǳΩǾŜ ƘŀŘ ǘƛƳŜ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ƛǘΣ ƭŜǘΩǎ ǎǘŀǊǘ ōǳƛƭŘƛƴƎ ƻǳǊ 
driving question board (DQB). Write initial questions for the DQB. Present slide W. Make sure 
ǘƘŜ ŎƭŀǎǎΩǎ Lƴƛǘƛŀƭ /ƻƴǎŜƴǎǳǎ aƻŘŜƭ ǇƻǎǘŜǊ ƛǎ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ŦǊƻƴǘ ƻŦ ǘƘŜ ǊƻƻƳ ǿƘŜǊŜ ǎǘǳŘŜƴǘǎ 
Ŏŀƴ ǎŜŜ ƛǘΦ 5ƛǎǇƭŀȅ ǘƘŜ Ψ5ǊƛǾƛƴƎ vǳŜǎǘƛƻƴ .ƻŀǊŘΩ ǇƻǎǘŜǊΦ tŀǎǎ ƻǳǘ о-4 sticky notes and a dark 
colored marker to each student. Say, On a sticky note, write at least one question that you have 
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related to any of the data and phenomena we have considered so far. Write only one question 
ǇŜǊ ǎǘƛŎƪȅ ǇƭŜŀǎŜΣ ŀƴŘ ŘƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŀŘŘ ȅƻǳǊ ƛƴƛǘƛŀƭǎ ǎƻ ǘƘŀǘ ǿŜ ƪƴƻǿ ǿƘƻ ŎƻƴǘǊƛōǳǘŜŘ ŀ 
question. Remember to write your question big and bold so we can all see ƛǘ ŎƭŜŀǊƭȅέ ό¢ŜŀŎƘŜǊ 
Edition, page 48). 

¶ [Ŝǎǎƻƴ нΥ άDevelop an initial explanation. Display slide GG. Give students 5 minutes to talk with 
a partner and use what we figured out about matter and forces to develop a verbal explanation 
for why one phenomena[sic] from the larger scale earth system happened. Options include: a) 
9ŀǊǘƘǉǳŀƪŜǎΣ ōύ ¢ƘŜ ǾŀǊƛŀǘƛƻƴ ƛƴ ǇƭŀǘŜ ƳƻǘƛƻƴΣ Ŏύ ¢ƘŜ ǎǳŘŘŜƴ ŎǊŀŎƪ ŀǘ !ŦŀǊέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 87).  

¶ [Ŝǎǎƻƴ рΥ άwŜǘǳǊƴ ǘƻ ǘƘŜ 5v.Φ wŜƳƛƴŘ ǎǘǳŘŜƴǘǎ ƻŦ ǘƘŜ 5v. ǉǳŜǎǘƛƻƴǎ ǘƘŜȅ ƛŘŜƴǘƛŦƛŜŘ ŜŀǊƭƛŜǊ ƛƴ 
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 checkmark near that sticky and 
ƳƻǾŜ ƛǘ ǘƻ ǘƘŜ ǎƛŘŜΦ [ŜŀǾŜ ŀƴȅ ǉǳŜǎǘƛƻƴǎ ǘƘŀǘ ƘŀǾŜ ƴƻǘ ȅŜǘ ōŜŜƴ ŀƴǎǿŜǊŜŘ ƻƴ ǘƘŜ 5v.έ 
(Teacher Edition, page 150). 

¶ [Ŝǎǎƻƴ сΥ άwŜƳƛƴŘ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭŀǎǘ ƭŜǎǎƻƴ ǘƘŜȅ ǊŜǾƛǎƛǘŜŘ ǘƘŜ 5v. ŀƴŘ 
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 made progress 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 questions do we want to add to the 
5ǊƛǾƛƴƎ vǳŜǎǘƛƻƴ .ƻŀǊŘΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мтлύΦ 

¶ [Ŝǎǎƻƴ тΥ άCelebrate progress 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 
9ŀǊǘƘΩǎ ŎǊǳǎǘΦ wŀŘƛƻŀŎǘƛǾƛǘȅ ƘŜƭǇǎ ǳǎ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ƳƛƎƘǘ ōŜ ŘǊƛǾƛƴƎ ǎƻƳŜ ƻŦ ǘƘŜ ǇǊƻcesses 
we see. I wonder if we will find radioactive material in the rock in the Afar region?[sic] 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 not?έ ό¢Ŝacher Edition, page 184). In this transition, the teacher 
is asking the question, rather than supporting students to develop the next question to explore.  

¶ [Ŝǎǎƻƴ уΥ άwŜǾƛǎŜ 5v.Φ tǊŜǎŜƴǘ ǎƭƛŘŜ 5Φ tƻƛƴǘ ǘƻ ǘƘŜ 5v. ŀƴŘ ŜƭƛŎƛǘ ǎǘǳŘŜƴǘǎ[sic] ideas with the 
prompt: What questions from our DQB involve reconstructing the past or predicting the future 
ƛƴ !ŦŀǊΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мфоύΦ 

¶ [Ŝǎǎƻƴ фΥ ά!ŘŘ ƴŜǿ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǇƭŀǘŜ ōƻǳƴŘŀǊƛŜǎ ǘƻ ǘƘŜ 5v.Φ tǊŜǎŜƴǘ ǎƭƛŘŜ ·Φ {ŀȅΣ ²Ŝ 
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 do you have about 
plate boundaries, crust, and forces in the Afar region? Add questions to our DQB about plate 
ōƻǳƴŘŀǊƛŜǎ ŀƴŘ ŎƻƴǘƛƴŜƴǘŀƭ ǾŜǊǎǳǎ ƻŎŜŀƴƛŎ ŎǊǳǎǘέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ ннпύΦ 

¶ [Ŝǎǎƻƴ моΥ άaŀǊƪ ǇŀǘǘŜǊƴǎ ƛƴ ǉǳŜǎǘƛƻƴǎ ŀƴǎǿŜǊŜŘ ǳǎƛƴƎ ǘƘŜ ǎǘƛŎƪŜǊ ŘƻǘǎΦ CŀŎƛƭƛǘŀǘŜ ǘƘŜ ǎǘǳŘŜƴǘǎ 
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 least a partial answer to, 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 to the 
5v. ŀƴŘ ŀŘŘ ǘƘŜƛǊ ǎǘƛŎƪŜǊǎ ǘƻ 5v. ǉǳŜǎǘƛƻƴǎέ (Teacher Edition, page 301).  

The focus of the unit is to support students in making sense of phenomena in most, but not all, lessons. 
Examples are listed below: 

 [Ŝǎǎƻƴ мΥ άhƴ {ŜǇǘŜƳōŜǊ нсth, 2005, at about 1:00 pm, 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 
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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 
Dabbahu. This was the first time that this volcano had erupted in recƻǊŘŜŘ ƘƛǎǘƻǊȅέ ό! {ǳŘŘŜƴ 
Crack in Ethiopia story map).  

 [Ŝǎǎƻƴ мΥ ά{ŀȅΣ [ŜǘΩǎ ǘǊȅ ǘƻ ŘŜǾŜƭƻǇ ŀ ƳƻŘŜƭ ǘƻ ŜȄǇƭŀƛƴ ǿƘŀǘ ƳƛƎƘǘ ƘŀǾŜ ƘŀǇǇŜƴŜŘ ōŜŦƻǊŜ ǘƘŜ 
events at Afar, and what might happen in the future. We also think that something similar might 
ōŜ ƘŀǇǇŜƴƛƴƎ ƛƴ ǘƘŜ ǊŜƎƛƻƴǎ ƻŦ ƻǳǊ ŜŀǊǘƘǉǳŀƪŜ ŎŀǎŜǎΦ [ŜǘΩǎ ǘǊȅ ǘƻ ŜȄplain that also, so we can 
ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ƛŦ ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ŀǘ !ŦŀǊ ƛǎ ƘŀǇǇŜƴƛƴƎ ƛƴ ƻǳǊ ŎŀǎŜǎ ŀǎ ǿŜƭƭέ ό¢ŜŀŎƘŜǊ 
Edition, page 41).  

 [Ŝǎǎƻƴ оΥ ά{ŎƛŜƴǘƛǎǘǎ ƘŀǾŜ ōŜŜƴ ǿƻƴŘŜǊƛƴƎ ŀōƻǳǘ ǿƘŀǘ ƳƛƎƘǘ ōŜ ƘŀǇǇŜƴƛƴƎ ƛƴ !ŦŀǊ ŀŦǘŜǊ ǘƘŜ 
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 a rate of about 2 
ŎŜƴǘƛƳŜǘŜǊǎ ǇŜǊ ȅŜŀǊΣ ǎƛƴŎŜ ƛǘǎ ŦƛǊǎǘ ŀǇǇŜŀǊŀƴŎŜΦ {ŎƛŜƴǘƛǎǘǎ ŀƭǎƻ ǿƻƴŘŜǊŜŘ Ƙƻǿ ƭƻŎŀƭƛȊŜŘ ǘƘŜ 
ŜȄǘŜƴǘ ƻŦ ǘƘŜǎŜ ǎƘƛŦǘǎ ƛƴ ǘƘŜ ƭŀƴŘ ǿŜǊŜΦ ¢ƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘƛǎ ǉǳŜǎǘƛƻƴ ǘƘŜȅ ŀƴŀƭȅȊŜŘ ŀŘŘƛǘƛƻƴŀƭ Dt{ 
data from a series of sensors placed in the region around where the crack occurred. One 
example can be found in question 3: ΨIf 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? WhyΚΩέ (Forces Acting on Rocks Handout).  

 [Ŝǎǎƻƴ пΥ ά9ǎǘŀōƭƛǎƘ ŀƎǊŜŜƳŜƴǘ ǘƘŀǘ ǎƛƴŎŜ !ŦŀǊ ƛǎƴΩǘ ƘŀǇǇŜƴƛƴƎ ŀǘ ŀ ǇƭŀǘŜ ōƻǳƴŘŀǊȅΣ ǎƻƳŜǘƘƛƴƎ 
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 
ŀŘŘƛǘƛƻƴŀƭ ŘŀǘŀκƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ŦƛƎǳǊŜ ƻǳǘ ǘƘŜǎŜ ǎƻǊǘ ŎŀǎŜ ǎƛǘŜǎ ǘƘŀǘ ŀǇǇŜŀǊ ǘƻ ōŜ ŜȄŎŜǇǘƛƻƴǎέ 
(Teacher Edition, page 129). 

 [Ŝǎǎƻƴ рΥ άtǊƻōƭŜƳŀǘƛȊŜ ǘƘŜ !ŦŀǊ ŜȄŀƳǇƭŜ ƴƻǘ ōŜƛƴƎ ŀǘ ŀ ǇƭŀǘŜ ōƻǳƴŘŀǊȅΦ tǊŜǎŜƴǘ ǎƭƛŘŜ .Φ {ŀȅΣ 
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 boundary, right? 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 come from to cause Earthquakes, volcanos, and breaking in 
the Afar region? Look for ideas about magma, lava, the mantle, or anything that is beneath the 
9ŀǊǘƘΩǎ ŎǊǳǎǘέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мосύΦ  

 [Ŝǎǎƻƴ сΥ ά5ŜǘŜǊƳƛƴŜ Ƙƻǿ ǘƘŜ ƳŀƴǘƭŜ ǘŀƴƪ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ǘŜǎǘ ƻǳǊ ŜȄǇƭŀƴŀǘƻǊȅ ƳƻŘŜƭǎ ƻŦ ǳƴŘŜǊ 
Afar. Present slide H. Point out that even though there are still limitations, the mantle tank still 
seems like a good representation of the mantle. Ask students, How can the mantle tank be used 
ǘƻ ǘŜǎǘ ǘƘŜ ƳƻŘŜƭǎ ǿŜ ŘǊŜǿ ŦƻǊ ǘƘŜ ƳŀƴǘƭŜ ǳƴŘŜǊ !ŦŀǊΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мсмύΦ  

 [Ŝǎǎƻƴ тΥ άtǊŜǎŜƴǘ ǎƭƛŘŜ bΦ {ŀȅΣ ²Ŝ Ŏŀƴ ŜȄǇƭŀƛƴ ǎƻ ƳǳŎƘ ƴƻǿ ŀōƻǳǘ ƳŀǘǘŜǊΣ ŜƴŜǊƎȅ ŀƴŘ ŦƻǊŎŜǎ 
ōŜƴŜŀǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘΦ wŀŘƛƻŀŎǘƛǾƛǘȅ ƘŜƭǇǎ ǳǎ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ƳƛƎƘǘ ōŜ ŘǊƛǾƛƴƎ ǎƻƳŜ ƻŦ ǘƘŜ 
processes we see. I wonder if we will find radioactive material in the rock in the Afar region?[sic] 
Turn and Talk to a partner. Based on our ideas, do you think we will find evidence of radioactive 
ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ !ŦŀǊ ǊŜƎƛƻƴΚ ²Ƙȅ ƻǊ ǿƘȅ ƴƻǘΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мупύΦ  

 [Ŝǎǎƻƴ уΥ ά5ƛǎŎǳǎǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǊŀŘƛƻŀŎǘƛǾŜ ƳŀǘŜǊƛŀƭǎ ƛƴ !ŦŀǊΦ tǊŜǎŜƴǘ ǎƭƛŘŜ .Φ 9ƭƛŎƛǘ м-2 ideas 
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 evidence of radioactive material in the 
ǊƻŎƪǎ ƛƴ !ŦŀǊΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мфоύΦ  

 Lesson 9: The teacher asks a series of questions related to prior experiences that motivate 
further exploration. άIƻǿ ƳƛƎƘǘ ǘƘŜ ȅƻǳƴƎ ōŀǎŀƭǘ ǊƻŎƪ ǿŜ ǎŜŜ ƛƴ ǘƘŜ ƻŎŜŀƴǎΣ ŀƴŘ ƛƴ ǘƘŜ !ŦŀǊ 
region be different from older continental rock? How could that help us make progress on our 
ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ !ŦŀǊ ǊŜƎƛƻƴΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ ннлύΦ ¢ƘŜ ƭŜǎǎƻƴ ŜƴŘǎ ǿƛǘƘ ǎǘǳŘŜƴǘǎ 
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revisiting the DQB which supports the introduction to the next lesson. ά²Ŝ ƘŀǾŜ ƴƻǿ ǘƘƻǳƎƘǘ 
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, 
ŀƴŘ ŦƻǊŎŜǎ ƛƴ ǘƘŜ !ŦŀǊ ǊŜƎƛƻƴΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ Ǉŀge 225).  

 [Ŝǎǎƻƴ млΥ άaƻǘƛǾŀǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ŎƻƴǎŜƴǎǳǎ ƳƻŘŜƭΦ Lǘ Ŏŀƴ ōŜ ƘŀǊŘ ǘƻ ƳŀƪŜ ŀ 
prediction about what is going to happen in Africa when there are so many pieces of the system 
ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ƻƴŜ ŀƴƻǘƘŜǊ ŀƴŘ ƳǳƭǘƛǇƭŜ ǎƻǳǊŎŜǎ ƻŦ ŜǾƛŘŜƴŎŜΦ [ŜǘΩǎ ǘǊȅ ǘƻ ǎort through our 
evidence together and create a model with all our ideas about the way plates interact. That can 
ƘŜƭǇ ǳǎ ƛƳǇǊƻǾŜ ƻǳǊ ǇǊŜŘƛŎǘƛƻƴǎ ŀōƻǳǘ ǘƘŜ ŦǳǘǳǊŜ ƻŦ !ŦǊƛŎŀ ŀƴŘ !ŦŀǊέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ 
242). 

 Lesson 11: The lesson focuses on variables that affect friction forces without connecting back to 
Afar. The teacher reminds students, ά[ŀǎǘ ǘƛƳŜ ǿŜ ǿŜǊŜ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜ ŦƻǊŎŜǎ ǘƘŀǘ ŎƻǳƭŘ ōŜ 
acting on the plates that could help us explain the difference in the ways plates are moving. 
²ƘƛŎƘ ŦƻǊŎŜǎ Řƻ ǿŜ ǘƘƛƴƪ ŀǊŜ ŀŎǘƛƴƎ ƻƴ ǇƭŀǘŜǎ ǘƘŀǘ ŎƻǳƭŘ ŜȄǇƭŀƛƴ ǘƘŜ Ƴƻǘƛƻƴ ǿŜ ƻōǎŜǊǾŜŘΚέ 
(Teacher Edition, page 263). 

 Lesson 12: The 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 lesson τ ά²ƘƛŎƘ ƻǘƘŜǊ 
force(s) should we investigate that could help us explain why some plates change motion 
ŘƛŦŦŜǊŜƴǘƭȅ ǘƘŀƴ ƻǘƘŜǊǎΚύ όtt¢ ǎƭƛŘŜ !ύέ {ǘǳŘŜƴǘǎ ŘŜŎƛŘŜ ƻƴ ƎǊŀǾƛǘȅ ǿƘƛŎƘ ƛǎ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƘƛǎ 
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 
ǇƘŜƴƻƳŜƴƻƴΦ /ƻƴǎƛŘŜǊ ƳŀƪƛƴƎ ǘƘƛǎ ŜȄǇƭƛŎƛǘ ƛƴ ǘƘŜ ƭŀǎǘ ǘǿƻ ƭŜǎǎƻƴǎ ǘƻ ŦǳǊǘƘŜǊ ǎǳǇǇƻǊǘ ǎǘǳŘŜƴǘǎΩ 
sense-making of phenomena.  

 

 

 

 

Adequate 
(None, Inadequate, Adequate, Extensive) 
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The reviewers found adequate evidence that the materials give students opportunities to build 
understanding of grade-appropriate elements of the three dimensions because the materials provide 
students with opportunities to develop and use DCI elements at the high school level. However, some 
claimed Crosscutting Concept (CCC) and SEP elements are fully developed and used in the unit. 

Science and Engineering Practices (SEPs) |  Rating: 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 elements of Developing and Using Models in particular depth and 
frequency. However, elements of the focal SEP, Constructing Explanations and Designing Solutions, is 
under-developed, 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 not claimed. 

Constructing Explanations and Designing Solutions 

¶ Construct and revise an explanation based on valid and reliable evidence obtained from a variety 
ƻŦ ǎƻǳǊŎŜǎ όƛƴŎƭǳŘƛƴƎ ǎǘǳŘŜƴǘǎΩ ƻǿƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΣ ƳƻŘŜƭǎΣ ǘƘŜƻǊƛŜǎΣ ǎƛƳǳƭŀǘƛƻƴǎΣ ǇŜŜǊ ǊŜǾƛŜǿύ 
and the assumption that theories and laws that describe the natural world operate today as they 
did in the past and will continue to do so in the future.  

o [Ŝǎǎƻƴ тΥ {ǘǳŘŜƴǘǎ ŎƻƴǎǘǊǳŎǘ ŀƴ ŜȄǇƭŀƴŀǘƛƻƴ ǳǎƛƴƎ ǘƘŜ άŎŀǳǎŜ ŀƴŘ ŜŦŦŜŎǘ ƳƻŘŜƭ !κ.έ 
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 discussion. Students do not discuss the 
assumption that theories operate the same in the past and will continue to do in the 
future.  

o [Ŝǎǎƻƴ млΥ άмΦ aŀƪŜ ŀ ǇǊŜŘƛŎǘƛƻƴ ŀōƻǳǘ Ƙƻǿ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ 9ŀǎǘ !ŦǊƛŎŀ ǿƛƭƭ ƭƻƻƪ ƛƴ 
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 cause the 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 
ǎǳǇǇƻǊǘ ȅƻǳǊ ǇǊŜŘƛŎǘƛƻƴέ όtǊŜŘƛŎǘƛƴƎ ǘƘŜ CǳǘǳǊŜ ƻŦ !ŦŀǊ IŀƴŘƻǳǘύΦ άtǊŜǎŜƴǘ ǎƭƛŘŜ hΦ 
Say, We can use 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 
ŘǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪΦ [ŜǘΩǎ ǎŜŜ ƛŦ ǿŜ Ŏŀƴ ǳǎŜ ǘƘƛǎ ŜǾƛŘŜƴŎŜΣ ŀƴŘ ǘƘŜ ƳƻŘŜƭ ǿŜ ƳŀŘŜΣ ǘƻ 
improve our predictions and 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 their responses to questions 1 and 2 on Predicting the 
CǳǘǳǊŜ ƻŦ !ŦǊƛŎŀ ŀƴŘ !ŦŀǊΣ ŀƴŘ ǘƘŜƴ ǊŜǎǇƻƴŘ ǘƻ ŀƭƭ ǇŀǊǘǎ ƻŦ ǉǳŜǎǘƛƻƴ о ƻƴ ǘƘŜ ōŀŎƪέ 
(Teacher Edition, page 255).  

o [Ŝǎǎƻƴ моΥ ά5ƛǎŎǳǎǎ ǘƘŜ ǉǳŜǎǘƛƻƴǎ ǘƘŜ Ŏƭŀǎǎ Ŏŀƴ ƴƻǿ ŀƴǎǿŜǊΦ tǊŜǎŜƴǘ ǎƭƛŘŜ /Φ IŀǾŜ 
them gather in a Scientists Circle to discuss the answers to those questions as a 
ǿƘƻƭŜ ƎǊƻǳǇΦ 5ƛǎǇƭŀȅ ǘƘŜ ¢ŀƪŜŀǿŀȅǎ ǇƻǎǘŜǊ ǘƻ ǊŜŎƻǊŘ ǘƘŜ ŎƭŀǎǎΩ ŀƴǎǿŜǊǎΦ wŜǾƛǎƛǘƛƴƎ 
the DQB at the 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 
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constructed an answer for, but can now fully explain. When this occurs, ask students 
ǘƻ ŜȄǇƭŀƛƴ ǿƘŀǘ ŜǾƛŘŜƴŎŜ ǘƘŜȅ ŎƻƭƭŜŎǘŜŘ ǘƘŀǘ ƘŜƭǇŜŘ ǘƘŜƳ ǊŜǾƛǎŜ ǘƘŜƛǊ ŀƴǎǿŜǊέ 
(Teacher Edition, page 301). Laws and theories regarding the processes that drive 
radioactive decay and convection operated the same way 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 unit. However, 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: Apply scientific ideas, principles, and/or evidence to 
construct, revise and/or use an explanation for real-world phenomena, examples, or 
events. 

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

o 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. 

o [Ŝǎǎƻƴ оΥ άvǳŜǎǘƛƻƴ мύ  LŦ ŀƴ ŜƴƎƛƴŜŜǊ ǘŜǎǘŜŘ ǎƛƳƛƭŀǊ ǎƛȊŜŘ ǎŀƳǇƭŜǎ ƻŦ ǘǿƻ ŘƛŦŦŜǊŜƴǘ 
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 evidence-based claim that answers this 
question. Make sure your claim references the variables in question and two materials 
ƛƴ ǘƘŜ Řŀǘŀ ǘŀōƭŜΥ vǳŜǎǘƛƻƴ нύ Iƻǿ ǿƻǳƭŘ ŘƻǳōƭƛƴƎ ǘƘŜ ŜȄǘŜǊƴŀƭ ŦƻǊŎŜ ŀǇǇƭƛŜŘ ǘƻ 
elastically deform a solid, affect the amount of energy that could be transferred back 
out of it when the force is removed? Write an evidence-based claim to answer this 
question. Make sure your claim references the variables in question and two materials 
in the data table. Use the ideas in the M-E-F poster your class developed, to support 
ȅƻǳǊ ŎƭŀƛƳέ όCƻǊŎŜǎ !ŎǘƛƴƎ ƻƴ wƻŎƪǎ IŀƴŘƻǳǘύΦ {ǘǳŘŜƴǘǎ ƳŀƪŜ ŎƭŀƛƳǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ 
relationship between external force and deformation of a solid. Students 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 

¶ 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.  

o [Ŝǎǎƻƴ мΥ {ǘǳŘŜƴǘǎ ǳǎŜ ǘƘƛǎ ŜƭŜƳŜƴǘ ƛƴ ǘƘŜ άLƴƛǘƛŀƭ !ŦŀǊ aƻŘŜƭǎέ ƘŀƴŘƻǳǘΦ hƴŜ ǉǳŜǎǘƛƻƴ 
asks, ά²Ƙŀǘ ƳŜŎƘŀƴƛǎƳǎ ƳƛƎƘǘ ōŜ ŎŀǳǎƛƴƎ ŎƘŀƴƎŜǎ ŀƴŘ ǿƘŀǘ ƛƴǘŜǊŀŎǘƛƻƴǎ ƳƛƎƘǘ ōŜ 
ƘŀǇǇŜƴƛƴƎ ōŜǘǿŜŜƴ ǘƘƻǎŜ ƳŜŎƘŀƴƛǎƳǎΚέ 

o [Ŝǎǎƻƴ пΥ ¢ƘŜ ƘŀƴŘƻǳǘ άtŀǊǘƛŎƭŜ LƴǾŜǎǘƛƎŀǘƛƻƴǎέ ŘƛǊŜŎǘǎ ǎǘǳŘŜƴǘǎ ǘƻ ŜȄǇƭƻǊŜ Ƙƻǿ 
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 the 
system. They use a computer model in order to make these relationship predictions.  

o Lesson 6: Students create a predictive model on the role of temperature and matter 
ό[Ŝǎǎƻƴ с ǎƭƛŘŜ /ύΦ Lƴ ǘƘŜ ƘŀƴŘƻǳǘ άaƻŘŜƭ ǘŀƴƪέ ǉǳŜǎǘƛƻƴ Ін ŀǎƪǎ students to άŎǊŜŀǘŜ ŀ 
model to describe and explain why the matter in the tank is moving in the way we 
ƻōǎŜǊǾŜŘΦέ {ǘǳŘŜƴǘǎ ŎǊŜŀǘŜ ŀ ŎƻƴǎŜƴǎǳǎ ƳƻŘŜƭ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ ǊƻƭŜǎ ƻŦ ƳŀǘǘŜǊΣ 
energy and force in the pellet model. They then compare this to the Afar model and are 
asked to reflect. ά!ǎƪ ǎǘǳŘŜƴǘǎ ǘƻ ǳǎŜ ǘƘŜ ƴŜǿƭȅ ŦƻǊƳŜŘ ŎƻƴǎŜƴǎǳǎ ƳƻŘŜƭ ǘƘŀǘ ǿŀǎ 
developed using the video evidence to check if their initial models to explain how and 
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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 
ǳƴŎŜǊǘŀƛƴǘƛŜǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мсфύΦ  

o [Ŝǎǎƻƴ ммΥ ά5Ǌŀǿ ŀƴ ƛƴƛǘƛŀƭ ƳƻŘŜƭ ǘƘŀǘ ǎƘƻǿǎ ȅƻǳǊ ƛŘŜŀǎ ŀōƻǳǘ Ƙƻǿ ǘƘŜǎŜ ŦƻǊŎŜǎ ŀŎǘ ƻƴ 
the plates to cause their motion. What would happen to a plate's motion if multiple 
ŦƻǊŎŜǎ ǿŜǊŜ ŀŎǘƛƴƎ ƻƴ ƛǘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΚέ ό[Ŝǎǎƻƴ мм ǎƭƛŘŜ /ύΦ ¢ƘŜƴ ǎǘǳŘŜƴǘǎ ŘƛǎŎǳǎǎ 
ŎƘŀƴƎƛƴƎ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǊŜǾƛǎƛǘ ǘƘŜƛǊ ƳƻŘŜƭǎ ǘƻ ǎƘƻǿ ǘƘƛǎ ǇǊŜŘƛŎǘƛƻƴΥ άǊŜǾƛǎŜ ȅƻǳǊ ƳƻŘŜƭ 
on a separate piece of paper in order to predict what would happen to the forces acting 
ƻƴ ǘƘŜ ǇƭŀǘŜǎ ƛŦ ƻƴŜ ƻŦ ǘƘŜǎŜ ǇǊƻǇŜǊǘƛŜǎ ƛǎ ŎƘŀƴƎŜŘέ ό[Ŝǎǎƻƴ мм ǎƭƛŘŜ 9ύΦ Cƛƴŀƭly, students 
are asked to add in the roles of friction, mass, surface area, and tension to convert 
predictive models to explanatory models (Lesson 11 slide X).  

o [Ŝǎǎƻƴ мнΥ ά{ŜŎǘƛƻƴ пΥ /ƻƴƴŜŎǘƛƴƎ DǊŀǾƛǘȅ ŀƴŘ tƭŀǘŜ aƻǘƛƻƴ ²Ƙŀǘ Řƻ ƻǳǊ ƭŀō ǊŜǎǳƭǘǎ ǘŜƭƭ 
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 time[sic] ǎŎŀƭŜǎέ όtΦн [Ŝǎǎƻƴ мн IŀƴŘƻǳǘ aŜŀǎǳǊƛƴƎ CƻǊŎŜǎ ƻƴΣ ǇŀƎŜ пύΦ  

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

o This element is listed as a focal element in the unit overview materials (Teacher Edition, 
page 14), but there are no claims of this element being used or developed within the 
unit itself.  

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

o Lesson 10: There is potential for students to develop this element in the Handout: 
άtǊŜŘƛŎǘƛƴƎ ǘƘŜ ŦǳǘǳǊŜ ƻŦ !ŦǊƛŎŀ ŀƴŘ !ŦŀǊέ ǉǳŜǎǘƛƻƴ ІоōΥ ά²Ƙŀǘ ŀǊŜ ǘƘŜ ƭƛƳƛǘŀǘƛƻƴǎ ŀƴŘ 
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 
ŀǎǎǳƳǇǘƛƻƴǎ ƛƴŦƭǳŜƴŎŜ ȅƻǳǊ ǇǊŜŘƛŎǘƛƻƴΚέ 

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

o [Ŝǎǎƻƴ нΥ άExplore with the manipulatives. Distribute one copy of Free-Body Placemat 
and one bag of cutouts from Free-body Manipulatives to each pair of students. Cue 
students to use a calculator and work with a partner with these manipulatives for about 
5 minutes to see 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 can form a right triangle, using the smaller two force vectors as the legs and 
ǘƘŜ ƭŀǊƎŜǊ ŦƻǊŎŜ ŀǎ ǘƘŜ ƘȅǇƻǘŜƴǳǎŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ туύΦ Students do not engage 
ǿƛǘƘ ǘƘŜ ǎŜŎƻƴŘ ǇŀǊǘ ƻŦ ǘƘƛǎ ŜƭŜƳŜƴǘ άsupport explanations, predict phenomena, analyze 
systems, and/or solve problems.έ  

o [Ŝǎǎƻƴ млΥ άмΦ aŀƪŜ ŀ ǇǊŜŘƛŎǘƛƻƴ ŀōƻǳǘ Ƙƻǿ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ 9ŀǎǘ !ŦǊƛŎŀ ǿƛƭƭ ƭƻƻƪ ƛƴ ǘƘŜ 
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 cause the 
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 
ǇǊŜŘƛŎǘƛƻƴέ όIŀƴŘƻǳǘ tǊŜŘƛŎǘƛƴƎ ǘƘŜ CǳǘǳǊŜΣ ǇŀƎŜ мύΦ  
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¶ 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.  

o Lesson 4: άDisplay 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 
ǳǎŜŘ ƛƴ ƳƻǊŜ ŜǾŜǊȅŘŀȅ ƭŀƴƎǳŀƎŜ ōȅ ƳƻǊŜ ǎǘǳŘŜƴǘǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ ммпύΦ 
Students subsequently evaluate two different models of fault lines, one with smooth 
edges and one with rough edges.  

o [Ŝǎǎƻƴ пΥ ά9ƳǇƘŀǎƛȊŜ ǘƘŀǘ ƻǇǘƛƻƴ Ř ƛǎ ƛƴŎƭǳŘŜŘ ƻƴ ǘƘŜ ǎƭƛŘŜΣ ōŜŎŀǳǎŜ ǘƘŜ ƳƻŘŜƭǎ ƻŦ 
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 
eȄǇƭŀƛƴƛƴƎ ǿƘŀǘ ōƻƴŘǎ ŀǊŜ ŀƴŀƭƻƎƻǳǎ ǘƻ ǘƘŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŀ ǎƻƭƛŘǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 117).  

o [Ŝǎǎƻƴ пΥ ά[Ŝǎǎƻƴ пΥ άLŘŜƴǘƛŦȅ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ƳƻŘŜƭ нΦ tǊŜǎŜƴǘ ǎƭƛŘŜ bΦ 
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 
ǘƘŜƛǊ ƘŀƴŘƻǳǘ ǳǎƛƴƎ ŀƴŘ ǘƘŜ ƭŜƴǎ ǘƘŜȅ ŀǊŜ ǳǎƛƴƎ ǘƻ ŜǾŀƭǳŀǘŜ ƳƻŘŜƭ нέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 118). Students do not select or revise a model to fit the evidence or design criteria.  

o Lesson 6: The element is not claimed in this lesson, but students are provided with the 
ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǳǎŜ ƛǘΦ ά5ƛǎŎǳǎǎ ŀŘǾŀƴǘŀƎŜǎ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ƳŀƴǘƭŜ ǘŀƴƪΦ tǊŜǎŜƴǘ 
slide G. Read the prompt on the slide: What advantages and limitations does this model 
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 across different scales; and 3) Cause and effect in M-E-F relationships. 
Encourage students to continue using these lenses to assess whether and how a model 
can help explain ǘƘŜ ǇƘŜƴƻƳŜƴƻƴ ǳƴŘŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мсмύΦ  

 
Asking Questions and Defining Problems  

¶ Ask questions that arise from careful observation of phenomena, or unexpected results, to clarity 
and/or seek additional information.  

o [Ŝǎǎƻƴ мΥ άOn a sticky note, 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, and ŘƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŀŘŘ ȅƻǳǊ ƛƴƛǘƛŀƭǎ ǎƻ ǘƘŀǘ ǿŜ ƪƴƻǿ ǿƘƻ ŎƻƴǘǊƛōǳǘŜŘ ŀ 
ǉǳŜǎǘƛƻƴΦ wŜƳŜƳōŜǊ ǘƻ ǿǊƛǘŜ ȅƻǳǊ ǉǳŜǎǘƛƻƴ ōƛƎ ŀƴŘ ōƻƭŘ ǎƻ ǿŜ Ŏŀƴ ŀƭƭ ǎŜŜ ƛǘ ŎƭŜŀǊƭȅέ 
(Teacher edition, page 48).  

o [Ŝǎǎƻƴ фΥ άtǊŜǎŜƴǘ ǎƭƛŘŜ ·Φ {ŀȅΣ ²Ŝ ƘŀǾŜ ƴƻǿ ǘƘƻǳƎƘǘ ŀōƻǳǘ Ƙƻǿ ƴŜǿ ŎǊǳǎǘ ƛǎ ŎǊŜŀǘŜŘ ŀǘ 
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 
ƻŎŜŀƴƛŎ ŎǊǳǎǘέ  (Teacher edition, page 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.  

¶ Ask questions that arise from examining models or a theory, to clarify and/or seek additional 
information and relationships.   

o [Ŝǎǎƻƴ оΥ άQuestion 4) What new question(s) does this raise for you about what 
ƛƴǘŜǊŀŎǘƛƻƴǎ ƳƛƎƘǘ ōŜ ƘŀǇǇŜƴƛƴƎ ōŜƭƻǿ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΚέ όtΦн [Ŝǎǎƻƴ о IŀƴŘƻǳǘ CƻǊŎŜǎ 
Acting on, page 4). After analyzing new data and information about rock elasticity and 
deformation, students ask questions about the overarching phenomenon of the Afar 
crack.  

o [Ŝǎǎƻƴ тΥ άtǊŜǎŜƴǘ ǎƭƛŘŜ 9Φ {ŀȅΣ ¢ƻŘŀȅΣ ŜŀŎƘ ƻŦ ȅƻǳ Ƙŀǎ ōŜŜƴ ǘƘƛƴƪƛƴƎ ŘŜŜǇƭȅ ŀōƻǳǘ ƻƴƭȅ 
one corner of the M-E-F triangle. What questions do you have about the other two 
corners of the M-E-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 
ǇǊƻƳǇǘ ƻƴ ǘƘŜ ǎƭƛŘŜ ŀǎ ŀƴ ŜȄƛǘ ǘƛŎƪŜǘΦέ ό¢ŜŀŎƘŜǊ ŜŘƛǘƛƻƴΣ ǇŀƎŜ мтфύ  

o [Ŝǎǎƻƴ фΥ ά!ŘŘ ƴŜǿ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǇƭŀǘŜ ōƻǳƴŘŀǊƛŜǎ ǘƻ ǘƘŜ 5v.Φ tǊŜǎŜƴǘ ǎƭƛŘŜ ·Φ {ŀȅΣ 
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 
do you havŜ ŀōƻǳǘ ǇƭŀǘŜ ōƻǳƴŘŀǊƛŜǎΣ ŎǊǳǎǘΣ ŀƴŘ ŦƻǊŎŜǎ ƛƴ ǘƘŜ !ŦŀǊ ǊŜƎƛƻƴΚέ ό¢ŜŀŎƘŜǊ 
Edition, page 224).  

 
Planning and Carrying Out Investigations  

¶ 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 limitations on the precision of the data 
(e.g., number of trials, cost, risk, time), and refine the design accordingly.  

o [Ŝǎǎƻƴ нΥ άмύ CƻǊ ŜŀŎƘ ƛƴǾŜǎǘƛƎŀǘƛƻƴΣ ǇƭŀŎŜ ǘƘŜ ŦƻǳǊ ǎǇǊƛƴƎ ǎŎŀƭŜǎ ǇǊƻǾƛŘŜŘ ǘƻ ȅƻǳǊ ƎǊƻǳǇ 
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 record the 
force measurements when the system is stable (the foam is not moving and nobody is 
ǘƻǳŎƘƛƴƎ ǘƘŜ ŦƻŀƳύέ όP.2 Lesson 2 Handout Investigation A&B, page 1). And άYou may 
also want to suggest the following to support students in future use of this practice: ω 
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 to be ready 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.έ 

o [Ŝǎǎƻƴ нΥ άсΦ wŜǇŜŀǘ ǎǘŜǇǎ н-5 for each condition you test, 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 come in. 8. Answer the 
ǉǳŜǎǘƛƻƴǎ ƻƴ ǘƘŜ ōŀŎƪ ƻŦ ǘƘƛǎ ƘŀƴŘƻǳǘέ όtн [Ŝǎǎƻƴ н IŀƴŘƻǳǘ LƴǾŜǎǘƛƎŀǘƛƻƴ /ϧ5ύΦ  

o [Ŝǎǎƻƴ уΥ άSUPPORTING 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 students in the 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 
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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 
ƳƻǊŜ ǘǊƛŀƭǎέ ό¢ŜŀŎƘŜǊ Edition, page 198). This element is not claimed for this lesson.  

 
 Analyzing and Interpreting Data  

¶ 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.  

o 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 [Ŝǎǎƻƴ уΥ ά!ƴŀƭȅȊŜ ŀƴŘ LƴǘŜǊǇǊŜǘ Řŀǘŀ ƛƴŘƛǾƛŘǳŀƭƭȅΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ ¦Φ 5ƛǎǘǊƛōǳǘŜ !ƴŀƭȅȊƛƴƎ 
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 compare? How do 
ǘƘŜǎŜ ǇŀǘǘŜǊƴǎ ŎƻƳǇŀǊŜ ǘƻ ȅƻǳǊ ǇǊŜŘƛŎǘƛƻƴǎΚέ  (Teacher Edition, page 199). Students 
take the data they collected from the radioactive decay simulation and analyze the data 
to look for patterns in their graphs.  

¶ Evaluate the impact of new data on a working explanation and/or model of a proposed process 
or system.  

o [Ŝǎǎƻƴ рΥ άRevise 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 
ŜȄǇƭŀƛƴ ǘƘŜ ǇƭŀǘŜ Ƴƻǘƛƻƴǎ ǿŜ ƻōǎŜǊǾŜŘΚ Iƻǿ ǎƘƻǳƭŘ ǿŜ ǊŜǾƛǎŜ ƻǳǊ 9ŀǊǘƘΩǎ LƴǘŜǊƛƻǊ 
Model to reflect oǳǊ ƴŜǿ ǳƴŘŜǊǎǘŀƴŘƛƴƎǎ ŀōƻǳǘ ǘƘŜ ƳŀƴǘƭŜΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ 
149). Students revise their model based on new data, but they do not evaluate the 
impact of that data on their model data to determine what that implies about their 
ƳƻŘŜƭ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊΦ  

o [Ŝǎǎƻƴ сΥ ά¢ŜǎǘκǊŜǾƛǎŜ !ŦŀǊ ƳŀƴǘƭŜ ƳƻŘŜƭǎ ǳǎƛƴƎ ƳŀƴǘƭŜ ǘŀƴƪ ǳƴŘŜǊǎǘŀƴŘƛƴƎΦ tǊŜǎŜƴǘ 
slide R. Ask students to use the newly formed consensus model that was developed 
using the video evidence to check if their initial models to explain 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 lingering questions or 
ǳƴŎŜǊǘŀƛƴǘƛŜǎέ (Teacher Edition, page 169). This element is not claimed for this lesson, 
but students are engaged with this element. 

 
Using Mathematics and Computational Thinking  

¶ Decide if qualitative or quantitative data are best to determine whether a proposed object or 
tool meets criteria for success.  

o [Ŝǎǎƻƴ нΥ άSUPPORTING STUDENTS IN ENGAGING IN USING MATHEMATICS AND 
COMPUTATIONAL THINKING Encourage students to manipulate attributes of the 
model, both geometrically or[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 paperέ 
(Teacher Edition, page 78). This element and its use in Lesson 2 are not claimed.  

¶ Use mathematical, computational, and/or algorithmic representations of phenomena or design 
solutions to describe and/or support claims and/or explanations.  

o [Ŝǎǎƻƴ рΥ άTest data points 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 
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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. The P-wave 
appears to arrive at about 3 minutes, and the S-wave appears to arrive at about 11 
minutes.2000km/(3*60 seconds) = 11.1 km/s 2000km/(11*60 seconds) = 3 km/s. Ask 
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 the graph. The 
rest of the class should test the anomalous data. Give students time to work out the 
math, ŀƴŘ ǘƘŜƴ ŀǎƪ ǘƘŜƳ ǘƻ ǎƘŀǊŜ ǘƘŜƛǊ ŦƛƴŘƛƴƎǎ ǿƛǘƘ ŀ ǎƘƻǿ ƻŦ ƘŀƴŘǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 140).  

o [Ŝǎǎƻƴ уΥ άtǊŜŘƛŎǘƛƻƴ мΥ ω 5Ǌŀǿ ŀ ǎƻƭƛŘ ƭƛƴŜ ōŜƭƻǿ ǘƻ ǎƘƻǿ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǘǊŜƴŘ ŦƻǊ ǘƘŜ ҈ 
ƻŦ ǇŀǊŜƴǘ ŜƭŜƳŜƴǘ ŦƻǳƴŘ ƛƴ ŀ ŎǊȅǎǘŀƭ ƻǾŜǊ ǘƛƳŜΦ ω 5Ǌŀǿ ŀ ŘƻǘǘŜŘ ƭƛƴŜ ōŜƭƻǿ ǘƻ ǎƘƻǿ ǘƘŜ 
predicted trend for the % daughter element(s) found in a crystal over timeέ όtΦн [Ŝǎǎƻƴ 
8 Handout Predicting composition trends, page 1).  

o [Ŝǎǎƻƴ уΥ άHave students 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 may only get to completing this table for a smaller sub-set of conditions 
(e.g.[sic] н ƻǊ оύΣ ǿƘƛŎƘ ƛǎ ŦƛƴŜΦ ¢Ƙƛǎ ǎƘƻǳƭŘ ǘŀƪŜ ŀōƻǳǘ п ƳƛƴǳǘŜǎέ ό¢ŜŀŎƘŜǊ Edition, page 
199). And ά!ǊƎǳŜ ŦǊƻƳ ŜǾƛŘŜƴŎŜΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ ·Φ 5ƛǎǘǊƛōǳǘŜ !ƴŀƭȅȊƛƴƎ ŘŜŎŀȅ ǘǊŜƴŘǎΦ 
Discuss the question on the slide as the class. Does crystal size affect the time at which 
there is a certain fraction (e.g.[sic] ½ or ¼) of the parent material left? Which of these 
ǘǿƻ ŎƭŀƛƳǎ ǎƘƻǿƴ ƻƴ ǘƘŜ ǎƭƛŘŜ ŘƛŘ ǘƘŜ Řŀǘŀ ǎǳǇǇƻǊǘΚ ω bƻΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ŎǊȅǎǘŀƭ ǎƛȊŜΣ 
ǘƘŜ ǘƛƳŜ ƛǎ ǎƛƳƛƭŀǊΦ ω ¸ŜǎΣ ǘƘŜ ƭŀǊƎŜǊ ǘƘŜ ŎǊȅǎǘŀƭ ǎƛȊŜΣ ǘƘŜ ƭƻƴƎŜǊ ǘƘŜ ǘƛƳŜέ ό¢ŜŀŎƘŜǊ 
Edition, page 200).  

o [Ŝǎǎƻƴ мнΥ ά[ŜǘΩǎ ǳǎŜ ƻǳǊ ŦƛƴŘƛƴƎǎ ǘƻ ǿǊƛǘŜ ŀ ƳŀǘƘŜƳŀǘƛŎŀƭ ƳƻŘŜƭ ŦƻǊ ǘƘŜ ŦƻǊŎŜ ƻŦ ƎǊŀǾƛǘȅ 
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 the Ψx 100 =Ω and ask what 
variable the grams should become, adding ΨmassΩ to the end of the equation when 
prompted by students. On the board this should look like ΨForce of Gravity x100 = MassΩ. 
ContƛƴǳŜΣ bƻǿ ƭŜǘΩǎ ŦƛƎǳǊŜ ƻǳǘ ǿƘŀǘ ǘƘŜ ǳƴƛǘǎ ƻŦ ǘƘƛǎ млл ŀǊŜΦ [ƻƻƪ ŦƻǊ ǎǘǳŘŜƴǘǎ ǘƻ 
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 
fƻǊ ǘƘŀǘΦ Iƻǿ ǎƘƻǳƭŘ ǿŜ ǊŜŀǊǊŀƴƎŜ ǘƘŜ Ŝǉǳŀǘƛƻƴ ǘƻ ǎƻƭǾŜ ŦƻǊ ǘƘŜ ŦƻǊŎŜ ƻŦ ƎǊŀǾƛǘȅΚέ 
(Teacher Edition, page 287). Students use data from their investigations to develop a 
mathematical model of gravity in order to support their explanation of how forces on 
the tectonic plates affect their motion.  

Disciplinary Core Ideas (DCIs) |  Rating: Extensive 

The reviewers found extensive evidence that students have the opportunity to use or develop the DCIs 
in this unit because students regularly develop and use targeted high school DCI elements in both the 
Earth science and physical science domains to make sense of phenomena. There is a close match 
ōŜǘǿŜŜƴ 5/L ŜƭŜƳŜƴǘǎ ŎƭŀƛƳŜŘ ƛƴ ǘƘŜ ά9ƭŜƳŜƴǘǎ ƻŦ bD{{ 5ƛƳŜƴǎƛƻƴǎέ ŘƻŎǳƳŜƴǘ ŀƴŘ ǎǘǳŘŜƴǘ ŀŎǘƛǾƛǘƛŜǎ 
found in the lessons.  
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PS2.B: Types of Interactions  

¶ Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating 
space that can transfer energy through space. Magnets or electric currents cause magnetic 
fields; electric charges or changing magnetic fields cause electric fields.  

o [Ŝǎǎƻƴ тΥ ά.ŜŎŀǳǎŜ ǎǘǊƻƴƎ ŦƻǊŎŜ ƛǎ ǎƻ ŀŦŦŜŎǘŜŘ ōȅ ŘƛǎǘŀƴŎŜΣ ƛŦ ǘǿƻ ǇǊƻǘƻƴǎ ƳƻǾŜ ŀǇŀǊǘ ŦŀǊ 
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 forces pulling 
them together to shift. The electric forces will be stronger than the strong force. If this 
happens, some of the particles that are furthest away from the center of the nucleus 
will be pushed away from the nucleus. We call an atom that reaches this sǘŀǘŜ ǳƴǎǘŀōƭŜέ 
(Radioactive Decay (Forces) Handout).  

¶ Attraction and repulsion between electric charges at the atomic scale explain the structure, 
properties, and transformations of matter, as well as the contact forces between material 
objects.  

o [Ŝǎǎƻƴ пΥ ά²ƘƛŎƘ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀǘ ǘƘŜ ǇŀǊǘƛŎƭŜ ǎŎŀƭŜ Řƻ ǿŜ ƴŜŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄǇƭŀƛƴ ǿƘȅ 
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 particles of rock 
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 
ǿŜŀƪŜƴ ǿƘŜƴ ǘƘŜ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ŦƻǊŎŜŘ ŀǇŀǊǘ ōȅ ǘƘŜ ǳǇǿŀǊŘ ŦƻǊŎŜǎέ ό[Ŝǎǎƻƴ п 9Ȅƛǘ ¢icket).  

 
PS3.A: Definitions of Energy  

¶ At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, 
light, and thermal energy.  

o [Ŝǎǎƻƴ пΥ ά¦ǇŘŀǘŜ ǘƘŜ a-E-F poster as you prompt students for examples for how we 
knew there was energy 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 
transferring eneǊƎȅ ǘƘǊƻǳƎƘ ǘƘŜ ǎȅǎǘŜƳΧtƻƛƴǘ ƻǳǘ ǘƘŀǘ ǘƘƛǎ ƴŜǿ ǿŀȅ ǿŜ ŀǊŜ ŎƻƴǎƛŘŜǊƛƴƎ 
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 position 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 
ŜƴŜǊƎȅΣ ǘƘƻǳƎƘ ǿŜ ŘƛŘƴΩǘ ŦƻŎǳǎ ƻƴ Ƙƻǿ ŦƛŜƭŘǎ Ŏŀƴ ǎǘƻǊŜ ŜƴŜǊƎȅέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ pages 
127ς128).  

o [Ŝǎǎƻƴ сΥ ά¦ǎŜ ȅƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ǘƘŜ ǇŀǊǘƛŎƭŜ ƴŀǘǳǊŜ ƻŦ ƳŀǘǘŜǊ ŀǘ ŘƛŦŦŜǊŜƴǘ 
ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƻ ŎǊŜŀǘŜ ŀ ƳƻŘŜƭ ŦƻǊ ǿƘȅ ǘƘŜ ǇŀǊŎŜƭǎ ƛƴ ǘƘŜ ƳŀƴǘƭŜ ƳƻǾŜ ƻƴ ǘƘŜ 
tomography data below. Use a combination of words and drawings to explain the 
mechanisms behind the ƳƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ƳŀƴǘƭŜέ ό!ŦŀǊ aŀƴǘƭŜ aƻŘŜƭ IŀƴŘƻǳǘύ.  

o [Ŝǎǎƻƴ тΥ άIƻǿ ƛǎ ŜƴŜǊƎȅ ǘǊŀƴǎŦŜǊǊŜŘ ŀǿŀȅ ŦǊƻƳ ŀƴ ŀǘƻƳƛŎ ƴǳŎƭŜǳǎΚ ¢ƘŜ ǇǊƻǘƻƴǎ ŀƴŘ 
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 particles collide with nearby atoms, they will transfer 
energy to them, because collisions transfer energy. This will make the average kinetic 
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ŜƴŜǊƎȅ ƻŦ ǘƘŜ ŀǘƻƳǎ ƛƴ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ƳŀǘǘŜǊ Ǝƻ ǳǇ όǘƘŜȅ ǿƛƭƭ ǾƛōǊŀǘŜ ƳƻǊŜύΣ ŎŀǳǎƛƴƎ 
that matter to heat up (temperature to rise). This energy transfer process from 
ǊŀŘƛƻŀŎǘƛǾŜ ŘŜŎŀȅ ƛƴ ǘƘŜ ƳŀƴǘƭŜ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǇǊƛƳŀǊȅ ŎŀǳǎŜǎ ƻŦ ŎƻƴǾŜŎǘƛƻƴ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ 
ƛƴǘŜǊƛƻǊέ όwŀŘƛƻŀŎǘƛǾŜ 5ŜŎŀȅ [Energy] Handout). 

¶ 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 particles). This last concept includes radiation, a 
phenomenon in which energy stored in fields moves across space.  

o [Ŝǎǎƻƴ пΥ άtƻƛƴǘ ƻǳǘ ǘƘŀǘ ǘƘƛǎ ƴŜǿ ǿŀȅ ǿŜ ŀǊŜ ŎƻƴǎƛŘŜǊƛƴƎ Ƙƻǿ ŜƴŜǊƎȅ ƛǎ ǎǘƻǊŜŘ ƛƴ 
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 
ǊŜƭŀǘƛǾŜ ǘƻ ŜŀŎƘ ƻǘƘŜǊΧtƻƛƴǘ ƻǳǘ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ Ƨǳǎǘ ŜƭŀǎǘƛŎ ŘŜŦƻǊƳŀǘƛƻƴ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ 
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 transferred - either the kinetic 
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 forward - that we can, if needed, account for all changes in energy 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 
ǎƻƳŜǘƘƛƴƎ ƭƛƪŜ ΨǎƻǳƴŘΩ ƻǊ ΨƘŜŀǘΩò (Teacher Edition, page 128).   
 

PS3.B: Conservation of Energy and Energy Transfer  

¶ Energy cannot be created or destroyed, but it can be transported from one place to another and 
transferred between systems.  

o [Ŝǎǎƻƴ оΥ ά5ƛǎǇƭŀȅ ǎƭƛŘŜ DΦ DƛǾŜ ǎǘǳŘŜƴǘǎ м ƳƛƴǳǘŜ ǘƻ ¢ǳǊƴ ŀƴŘ ¢ŀƭƪ ǿƛǘƘ ǘƘŜ ŦƛǊǎǘ 
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 
1 minuteΣ ƘŀǾŜ ǎǘǳŘŜƴǘǎ ǎƘŀǊŜ ǘƘŜƛǊ ƛŘŜŀǎ ŀōƻǳǘ ǘƘŜ ŦƛǊǎǘ ǇǊƻƳǇǘέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ 
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.  

o [Ŝǎǎƻƴ пΥ άLŘŜƴǘƛŦȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƻƴƴŜŎǘƛƻƴǎ ǘƻ ǇǊƛƻǊ ŘƛǎŎǳǎǎƛƻƴǎΦ /ƻƴǘƛƴǳŜΣ ²ƘŜƴ ǘƘŜ 
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 temperature. We need to 
find a way to describe where exactly the energy is being stored, otherwise we will not 
be able to account for conservation of energy ς something we know should occur in 
every process. When changing distance between objects or particles acting on each 
other through a field affects the amount of energy stored in the system, scientists say 
ǘƘŀǘ ǘƘŜ ŜƴŜǊƎȅ ƛǎ ƎŜǘǘƛƴƎ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻΣ ƻǳǘ ƻŦ ƻǊ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ŦƛŜƭŘόǎύέ ό¢ŜŀŎƘŜǊ 
Edition, page 125).  
 

PS4.A: Wave Properties  
 Geologists use seismic waves and their reflection at interfaces between layers to probe 

structures deep in the planet.  
o [Ŝǎǎƻƴ рΥ άtƛŎǘǳǊŜŘ ŀōƻǾŜ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘƭȅ ŀŎŎŜǇǘŜŘ ƳƻŘŜƭ ƻŦ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊΦ 

Earthquakes create seismic waves that travel through the Earth. By analyzing these 
ǎŜƛǎƳƛŎ ǿŀǾŜǎΣ ǎŜƛǎƳƻƭƻƎƛǎǘǎ Ŏŀƴ ƳŀƪŜ ƛƴŦŜǊŜƴŎŜǎ ŀōƻǳǘ ǘƘŜ ƳŀǘǘŜǊ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ 
interior. The difference 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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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 
ǘƘǳǎ ǘƘŜ ǎǇŜŜŘ ƻŦ ǎŜƛǎƳƛŎ ǿŀǾŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ƳŀǘŜǊƛŀƭέ ό9ŀǊǘƘΩǎ LƴǘŜǊƛƻǊ aƻŘŜƭ IŀƴŘƻǳt).  

¶ The wavelength and frequency of a wave are related to one another by the speed of travel of the 
wave, which depends on the type of wave and the medium through which it is passing. 

o The part of the element that has strikethrough text is only present in the unit overview 
(Unit Overview Materials, page 14) but not in the dimensions document (Elements of 
NGSS Dimensions, page 11). 

o [Ŝǎǎƻƴ рΥ ά¢Ƙƛǎ ƛǎ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƘŜƭǇ ǎǘǳŘŜƴǘǎ ǎŜŜ ǘƘŀǘ ΨΧǘƘŜ ǎǇŜŜŘ ƻŦ ǘǊŀǾŜƭ ƻŦ ώŀϐ 
ǿŀǾŜΧŘŜǇŜƴŘǎ ƻƴ ǘƘŜΧƳŜŘƛǳƳ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ƛǘ ƛǎ ǇŀǎǎƛƴƎΦΩ ¢Ƙƛǎ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ 5/L 
element associated with the performance expectation HS-PS4-мΥ Ψ¦ǎŜ ƳŀǘƘŜƳŀǘƛŎŀƭ 
representations to support a claim regarding relationships among the frequency, 
ǿŀǾŜƭŜƴƎǘƘΣ ŀƴŘ ǎǇŜŜŘ ƻŦ ǿŀǾŜǎ ǘǊŀǾŜƭƛƴƎ ƛƴ ǾŀǊƛƻǳǎ ƳŜŘƛŀΦΩ ¢Ƙƛǎ ǇŜǊŦƻǊƳŀƴŎŜ 
expectation and the associated DCI are addressed primarily in [material: pr], where 
students derive the relationship between frequency, wavelength, and wave speed. But 
the important idea that wave speed is affected by the medium is established first in this 
ǳƴƛǘέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мплύΦ  

 
PS1.C Nuclear Processes  

¶ Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, involve 
release or absorption of energy. The total number of neutrons plus protons does not change in 
any nuclear process.   

 ֙ [Ŝǎǎƻƴ тΥ άCƻǊŎŜǎ vмΥ Iƻǿ ŘƻŜǎ the size of the atom cause the forces 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 the particles that make up an atomic nucleus 
ŘǳǊƛƴƎ ǊŀŘƛƻŀŎǘƛǾŜ ŘŜŎŀȅέ όwŀŘƛƻŀŎǘƛǾŜ 5ŜŎŀȅ όCƻǊŎŜǎύ IŀƴŘƻǳǘύΦ  

¶ 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.  

o [Ŝǎǎƻƴ уΥ άLŘŜƴǘƛŦȅ ǘƘŜ ƘŀƭŦ-lives. Say, Scientists have found this 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 of time to 
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 50% to 25%. 
¢ƘŜȅ Ŏŀƭƭ ǘƘƛǎ ǘƛƳŜ ǘƘŜ ŜƭŜƳŜƴǘΩǎ ƘŀƭŦ ƭƛŦŜΦ /ƛǊŎƭŜ ǘƘŜ ƘŀƭŦ ƭƛŦŜ ƻƴ ǘƘŜ Ŏƭŀǎǎ ƘŀƭŦ ƭƛŦŜ table for 
each of the elements and label it as the half-ƭƛŦŜ ŦƻǊ ǘƘŀǘ ŜƭŜƳŜƴǘέ ό¢ŜŀŎƘŜǊ 9Řƛǘƛƻƴ, page 
201). After looking at mathematical patterns in their data, students learn about the idea 
of half-lives to determine the age of a sample.  

 
ESS1.C: The History of Planet Earth  

¶ Continental rocks, which can be older than four billion years, are generally much older than the 
rocks of the ocean floor, which are less than 200 million years old.   

o [Ŝǎǎƻƴ фΥ ά!ǎǎŜǎǎ ǎǘǳŘŜƴǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 5/L ōȅ ƭƻƻƪƛƴƎ ŦƻǊ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǇƭŀǘŜ 
boundaries, oceanic versus continental crust, and the ages of rocks in the Afar region 
ŀƴŘ ŜƭǎŜǿƘŜǊŜ ǘƘŀǘ ƴŜŜŘ ŜƳǇƛǊƛŎŀƭ ŜǾƛŘŜƴŎŜ ǘƻ ŀƴǎǿŜǊΦ ό///Υ мΦрΤ 5/LΥ 9{{мΦ/Φмύέ 
(Teacher Edition, page 316). 
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ESS2.A: Earth Materials and Systems  

 Evidence from deep probes and seismic waves, ǊŜŎƻƴǎǘǊǳŎǘƛƻƴǎ ƻŦ ƘƛǎǘƻǊƛŎŀƭ ŎƘŀƴƎŜǎ ƛƴ 9ŀǊǘƘΩǎ 
surface and its magnetic field, and 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, which involves 
ǘƘŜ ŎȅŎƭƛƴƎ ƻŦ ƳŀǘǘŜǊ ŘǳŜ ǘƻ ǘƘŜ ƻǳǘǿŀǊŘ Ŧƭƻǿ ƻŦ ŜƴŜǊƎȅ ŦǊƻƳ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ŀƴŘ ƎǊŀǾƛǘŀǘƛƻƴŀƭ 
movement of denser materials toward the interior.  

o [Ŝǎǎƻƴ рΥ άtƻǎŜ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻƴ ǘƘŜ ǎƭƛŘŜΥ ²Ƙŀǘ Ŏŀƴ ǿŜ ƛƴŦŜǊ ŀōƻǳǘ ǘƘŜ ǎǘŀǘŜǎ ƻŦ ƳŀǘǘŜǊ 
ǘƘŀǘ ƳŀƪŜ ǳǇ 9ŀǊǘƘΩǎ ǎǘǊǳŎǘǳǊŜ ŦǊƻƳ ŜŀŎƘ ǇŀǊǘ ƻŦ ǘƘŜ ƎǊŀǇƘΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ 
141).  

o [Ŝǎǎƻƴ рΥ άtƛŎǘǳǊŜŘ ŀōƻǾŜ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘƭȅ ŀŎŎŜǇǘŜŘ ƳƻŘŜƭ ƻŦ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊΦ 
Earthquakes create seismic waves that travel through the Earth. By analyzing these 
ǎŜƛǎƳƛŎ ǿŀǾŜǎΣ ǎŜƛǎƳƻƭƻƎƛǎǘǎ Ŏŀƴ ƳŀƪŜ ƛƴŦŜǊŜƴŎŜǎ ŀōƻǳǘ ǘƘŜ ƳŀǘǘŜǊ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ 
interior. The difference 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 composition affects the structure and state of matter of the material, 
ŀƴŘ ǘƘǳǎ ǘƘŜ ǎǇŜŜŘ ƻŦ ǎŜƛǎƳƛŎ ǿŀǾŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ƳŀǘŜǊƛŀƭέ ό9ŀǊǘƘΩǎ LƴǘŜǊƛƻǊ aƻŘŜƭ 
Handout).  

o [Ŝǎǎƻƴ сΥ ά¦ǎŜ ȅƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ǘƘŜ ǇŀǊǘƛŎƭŜ ƴŀǘǳǊŜ ƻŦ ƳŀǘǘŜǊ ŀǘ ŘƛŦŦŜǊŜƴǘ 
ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƻ ŎǊŜŀǘŜ ŀ ƳƻŘŜƭ ŦƻǊ ǿƘȅ ǘƘŜ ǇŀǊŎŜƭǎ ƛƴ ǘƘŜ ƳŀƴǘƭŜ ƳƻǾŜ ƻƴ ǘƘŜ 
tomography data below. Use a combination of words and drawings to explain the 
mechanisms behind the ƳƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ƳŀƴǘƭŜέ ό!ŦŀǊ aŀƴǘƭŜ aƻŘŜƭύΦ  

o [Ŝǎǎƻƴ ммΥ ά{ŀȅΣ Lǘ ǎŜŜƳǎ ƭƛƪŜ ǿŜ ǎǘƛƭƭ ƘŀǾŜ ŀ ƭƻǘ ƻŦ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ŦƻǊŎŜǎ ƻƴ ǘƘŜ ǇƭŀǘŜǎΦ 
Two themes that seem to be common are rubbing forces between the mantle and 
ŎǊǳǎǘ ŀƴŘ ǿƘŜǊŜ ǘƘŜ ǇƭŀǘŜǎ ǎŜŜƳ ǘƻ ōŜ ǎƭƛŘƛƴƎ Řƻǿƴ ƛƴŎƭƛƴŜǎ ǇǳƭƭŜŘ ōȅ 9ŀǊǘƘΩǎ ƎǊŀǾƛǘȅΦ 
Maybe we need to investigate how these types of forces work more in order to build 
ƻǳǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎΦ IŀƴŘ ǘƘƻǳƎƘǘ ŜȄǇŜǊƛƳŜƴǘΦ tǊŜǎŜƴǘ ǎƭƛŘŜ IΦ {ŀȅΣ [ŜǘΩǎ ǘƘƛƴƪ ŦƻǊ ŀ 
ƳƛƴǳǘŜ ŀōƻǳǘ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƳŀƴǘƭŜ ŀƴŘ ǘƘŜ ǇƭŀǘŜǎΦ [ŜǘΩǎ ǳǎŜ ƻǳǊ ƘŀƴŘ 
and a book to model how we think these two layers are interacting. Demonstrate 
ǇǳǘǘƛƴƎ ŀ ōƻƻƪ ƻƴ ǘƻǇ ƻŦ ȅƻǳǊ ƘŀƴŘ ŀƴŘ ǎƭƛŘƛƴƎ ƛǘ ŀŎǊƻǎǎ ȅƻǳǊ ƘŀƴŘέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 266).  

o [Ŝǎǎƻƴ мнΥ άtǊŜǎŜƴǘ ǎƭƛŘŜ ¸Φ wŜǇŜŀǘ ǘƘŜ ǇǊƻŎŜǎǎ ŦƻǊ ŎƻƴǾŜǊƎŜƴǘ ōƻǳƴŘŀǊƛŜǎΦ [ƻƻƪ ŦƻǊ 
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 
ŘŜƴǎŜǊέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ нфнύΦ  

o [Ŝǎǎƻƴ моΥ άvмŀΥ ¢ƘŜ ŦƻǳǊ ŎǊƻǎǎ-sections below model modern-day seismic velocity 
ŀƴƻƳŀƭƛŜǎ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜΦ ²ƘƛŎƘ ŎǊƻǎǎ-section do you think is the most similar to 
what was happening in the mantle under the Midcontinent Rift 1.1 billion years ago? 
Q1b: Explain how the energy in the mantle cross-section you chose would result in 
rifting at the surface using your understanding of convection and unbalanced forces. 
vнΥ Iƻǿ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƘŜ ƳŀƴǘƭŜ ǳƴŘŜǊ ǘƘƛǎ ǊŜƎƛƻƴ ƳƛƎƘǘ ƘŀǾŜ ŎƘŀƴƎŜŘ ƻǾŜǊ ǘƛƳŜΚ 

How would ǘƘƛǎ ŎƘŀƴƎŜ ƻǾŜǊ ǘƛƳŜ ŀŦŦŜŎǘ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ŜƴŜǊƎȅ ŦǊƻƳ ǘƘŜ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ 
ǘƻ ǘƘŜ ǎǳǊŦŀŎŜΚέ όaƛŘŎƻƴǘƛƴŜƴǘ wƛŘƎŜ !ǎǎŜǎǎƳŜƴǘύΦ  

¶ 9ŀǊǘƘΩǎ ǎȅǎǘŜƳǎΣ ōŜƛƴƎ ŘȅƴŀƳƛŎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƴƎΣ ŎŀǳǎŜ ŦŜŜŘōŀŎƪ ŜŦŦŜŎǘǎ ǘƘŀǘ Ŏŀƴ ƛƴŎǊŜŀǎŜ ƻǊ 
decrease the original changes.  
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o Lesson 2: Students do not engage with feedback effects increasing or decreasing 
changes. Students instead engage with the PS2.A element, bŜǿǘƻƴΩǎ ǎŜŎƻƴŘ ƭŀǿ 
accurately predicts changes in the motion of macroscopic objects. 

o Lesson 3: Students do not engage with feedback effects increasing or decreasing 
changes. Students instead engage with the PS2.A element, bŜǿǘƻƴΩǎ ǎŜŎƻƴŘ ƭŀǿ 
accurately predicts changes in the motion of macroscopic objects.   

 
ESS2.B: Plate Tectonics and Large-Scale System Interactions  

¶ Plate movements are responsible for most continental and ocean-floor features and for the 
ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ Ƴƻǎǘ ǊƻŎƪǎ ŀƴŘ ƳƛƴŜǊŀƭǎ ǿƛǘƘƛƴ 9ŀǊǘƘΩǎ ŎǊǳǎǘΦ  

o [Ŝǎǎƻƴ млΥ άмΦ Which specific plates 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 the density 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 
ǇƭŀǘŜǎ ŀƴŘ ǘƘŜ ƻōǎŜǊǾŜŘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ŎǊǳǎǘΚέ όLƴǾŜǎǘƛƎŀǘƛƴƎ tƭŀǘŜ LƴǘŜǊŀŎǘƛƻƴǎ 
Handout). 

o [Ŝǎǎƻƴ моΥ άvсΥ ¢ƘŜ ǇǊƻŎŜǎǎ ƻŦ ǊƛŦǘƛƴƎ Ƙŀǎ Ƴŀƴȅ ŎƻƳǇƻƴŜƴǘǎΣ ƭƛǎǘŜŘ ōŜƭƻǿΥ ±ƻƭŎŀƴƛŎ 
activity Earthquakes Formation of new plate material (basalt) Mantle convection Plate 
ƳƻǾŜƳŜƴǘ .ǊŜŀƪƛƴƎ ƻŦ ǇƭŀǘŜ ƳŀǘŜǊƛŀƭ .ŀǎŜŘ ƻƴ ȅƻǳǊ ƪƴƻǿƭŜŘƎŜ ƻŦ ŎƘŀƴƎŜǎ ǘƻ 9ŀǊǘƘΩǎ 
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 
between thosŜ ŎƘŀƴƎŜǎέ όaƛŘŎƻƴǘƛƴŜƴǘ wƛŘƎŜ !ǎǎŜǎǎƳŜƴǘύΦ  

ƀ Plate tectonics is the unifying theory that explains the past and current movements of the rocks 
ŀǘ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛǘǎ ƎŜƻƭƻƎƛŎ ƘƛǎǘƻǊȅΦ  

o [Ŝǎǎƻƴ пΥ άIƻǿ ǿƻǳƭŘ ǘƘŜ ǎŎŀƭŜ ƻŦ ŀ ǇƭŀǘŜΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǘƛŎƭŜǎ ǘƘŀǘ ƳŀƪŜ ǳǇ 
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 motion of 
the plates is relatively slow. What does that tell us about why there are periods of 
ŀǇǇŀǊŜƴǘ ǎǘŀōƛƭƛǘȅ ōŜǘǿŜŜƴ ƻƴŜ ŜŀǊǘƘǉǳŀƪŜ ŀƴŘ ǘƘŜ ƴŜȄǘ ƻƴŜ ƛƴ ŀƴȅ ǎǇŜŎƛŦƛŎ ǊŜƎƛƻƴΚέ  
(PPT slide Z). Students are prompted to think about how changes at the particle level 
can be seen over time at the macroscopic level of rock formation. 

o [Ŝǎǎƻƴ пΥ ά!ƴŀƪ YǊŀƪŀǘŀǳ ƛǎ ŀ ǾƻƭŎŀƴƻ ƻŦŦ ǘƘŜ Ŏƻŀǎǘ ƻŦ LƴŘƻƴŜǎƛŀΦ Lǘ ƭƛŜǎ ƴŜŀǊ ǘƘŜ 
boundary between the Indo-!ǳǎǘǊŀƭƛŀƴ tƭŀǘŜΣ ŀƴŘ ǘƘŜ 9ǳǊŀǎƛŀƴ tƭŀǘŜΦ LƴǘŜǊŀŎǘƛƻƴǎ 
between these two plates transfer energy into the rock near the boundary. This causes 
pockets 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 
magma to reach tƘŜ ǎǳǊŦŀŎŜέ ό[Ŝǎǎƻƴ п 9Ȅƛǘ ¢ƛŎƪŜǘύΦ {ǘǳŘŜƴǘǎ ǳǎŜ ŀƴ Exit Ticket to show 
their learning about how interactions at a plate boundary can cause geologic 
phenomena.  

o [Ŝǎǎƻƴ млΥ ά¢ƻ ǘǳǊƴ ŀ ǎƻƭƛŘ ǊƻŎƪ ƛƴǘƻ ƭŀǾŀΣ ǿŜ ƴŜŜŘ ǘƻ ǊŀƛǎŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƘƛƎƘ 
ŜƴƻǳƎƘ ǘƻ ŎŀǳǎŜ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ ǊƻŎƪ ǘƻ ƳŜƭǘΦ hƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ǿŜ ǊŜŦŜǊ ǘƻ ǘƘŜ 
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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ǘƘŜ ƳƻŘŜƭ ǿŜ ŘŜǾŜƭƻǇŜŘ ƛƴ [Ŝǎǎƻƴ рΦ ¢ƘŜ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ƛǎ Ƴƻǎǘƭȅ ǎƻƭƛŘΗέ όaŀƎƳŀΩǎ 
Origins Handout).  

¶ ¢ƘŜ ǊŀŘƛƻŀŎǘƛǾŜ ŘŜŎŀȅ ƻŦ ǳƴǎǘŀōƭŜ ƛǎƻǘƻǇŜǎ Ŏƻƴǘƛƴǳŀƭƭȅ ƎŜƴŜǊŀǘŜǎ ƴŜǿ ŜƴŜǊƎȅ ǿƛǘƘƛƴ 9ŀǊǘƘΩǎ ŎǊǳǎǘ 
and mantle, providing the primary source of the heat that drives mantle convection. Plate 
tectonics can be viewed as the surface expression of mantle convection.  

o [Ŝǎǎƻƴ тΥ ά²ƛǘƘ ȅƻǳǊ wƻǳƴŘ м DǊƻǳǇ Σ ŀƴǎǿŜǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǉǳŜǎǘƛƻƴǎΥ 9ƴŜǊƎȅ vмΥ 
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? Energy vоΥ /ƻƳǇƭŜǘŜ ŀƴŘ ŀƴƴƻǘŀǘŜ ǘƘŜ ŘƛŀƎǊŀƳ 
below to show how energy transfers between systems and system components during 
ǊŀŘƛƻŀŎǘƛǾŜ ŘŜŎŀȅΧέ όwŀŘƛƻŀŎǘƛǾŜ 5ŜŎŀȅ ό9ƴŜǊƎȅύ IŀƴŘƻǳǘύΦ  

o [Ŝǎǎƻƴ млΥ ά¢ƻ ǘǳǊƴ ŀ ǎƻƭƛŘ ǊƻŎƪ ƛƴǘƻ ƭŀǾŀΣ ǿŜ ƴŜŜŘ ǘƻ ǊŀƛǎŜ ǘƘŜ temperature high 
ŜƴƻǳƎƘ ǘƻ ŎŀǳǎŜ ǘƘŜ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ ǊƻŎƪ ǘƻ ƳŜƭǘΦ hƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ǿŜ ǊŜŦŜǊ ǘƻ ǘƘŜ 
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 
ǘƘŜ ƳƻŘŜƭ ǿŜ ŘŜǾŜƭƻǇŜŘ ƛƴ [Ŝǎǎƻƴ рΦ ¢ƘŜ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ƛǎ Ƴƻǎǘƭȅ ǎƻƭƛŘΗέ όaŀƎƳŀΩǎ 
Origins Handout).  

Crosscutting Concepts (CCCs) |  Rating: 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 focal CCC 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 CCCs, which may be too many for the CCCs to be a 
framework to support student thinking about phenomena. There are numerous examples of CCC use 
that are described in the Teacher Edition, but that use is not claimed, or claims are contradictory.  

Patterns 

¶ Mathematical representations are needed to identify some patterns.  
o [Ŝǎǎƻƴ рΥ άtǊŜǎŜƴǘ ǎƭƛŘŜ YΦ {ŀȅΣ hƴŜ ǿŀȅ ǿŜ Ŏŀƴ ǘŜǎǘ ǘƻ ǎŜŜ ƛŦ ǘƘƛǎ ƛǎ ǊŜŀƭƭȅ ŀƴ ŀƴƻƳŀƭȅ ƛǎ 

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. 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. The P-wave appears to arrive at about 3 minutes, and 
the S-wave appears to arrive at about 11 minutes. 2000km/(3*60 seconds) = 11.1 km/s 
2000km/(11*60 seconds) = 3 km/s. Ask 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 the graph. 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 
ŦƛƴŘƛƴƎǎ ǿƛǘƘ ŀ ǎƘƻǿ ƻŦ ƘŀƴŘǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мплύΦ {ǘǳŘŜƴǘǎ ǳǎŜ ŀ 
mathematical representation of speed to analyze the data in the graph to determine 
the speed of P-waves.  

o [Ŝǎǎƻƴ уΥ ά!ƴŀƭȅȊŜ ŀƴŘ LƴǘŜǊǇǊŜǘ Řŀǘŀ ƛƴ ƎǊƻǳǇǎΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ ±Φ IŀǾŜ ǎǘǳŘŜƴǘǎ ǿƻǊƪ ƛƴ 
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 sub-set of conditions (e.g.[sic] 2 or 3), which is fine. 
¢Ƙƛǎ ǎƘƻǳƭŘ ǘŀƪŜ ŀōƻǳǘ п ƳƛƴǳǘŜǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мффύΦ {ǘǳŘŜƴǘǎ ƛŘŜƴǘƛŦȅ 
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 original sample.  

ƀ Empirical evidence is needed to identify patterns.  
o Lesson 8: Students collect data from a netlogo simulation, and do not use empirical 

evidence in order to identify patterns related to geologic activity. άIƻǿ Řƻ ǘƘŜ ǇŀǘǘŜǊƴǎ 
ŀŎǊƻǎǎ ȅƻǳǊ ƎǊŀǇƘǎ ŎƻƳǇŀǊŜΚ Iƻǿ Řƻ ǘƘŜǎŜ ǇŀǘǘŜǊƴǎ ŎƻƳǇŀǊŜ ǘƻ ȅƻǳǊ ǇǊŜŘƛŎǘƛƻƴǎΚέ 
(Teacher Edition, page 199). 

o Lesson 9: Students review map data about the ages of rocks (PPT slides D and F) in 
order to determine what is going on with the age of rocks in Afar. άLŦ ǘƘŜ ŎǊǳǎǘ ƛƴ ǘƘŜ 
Afar region is ōŀǎŀƭǘΣ ŘƻŜǎ ǘƘŀǘ ƳŜŀƴ ŀ ƴŜǿ ƻŎŜŀƴ ƛǎ ŦƻǊƳƛƴƎ ǘƘŜǊŜΚά ό[Ŝǎǎƻƴ ф, slide 
U).  

o Lesson 10: Students use the radiometric data to identify matters that build 
ŜȄǇƭŀƴŀǘƛƻƴǎΦ ά²Ƙŀǘ ǿŜǊŜ ǘƘŜ ǇŀǘǘŜǊƴǎ ǿŜ ƛŘŜƴǘƛŦƛŜŘ ŀōƻǳǘ ǘƘŜ ŀƎŜǎ ƻŦ ƻŎŜŀƴƛŎ ŀƴŘ 
continental crusts? How can our consensus model help us explain how the flow of 
matter through and ōŜǘǿŜŜƴ 9ŀǊǘƘΩǎ ǎȅǎǘŜƳǎ ŎǊŜŀǘŜǎ ǘƘŜǎŜ ǇŀǘǘŜǊƴǎΚέ όtt¢ ǎƭƛŘŜ bύ. In 
this lesson students identify patterns using a computer simulation model, not empirical 
evidence. 

¶ 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.  

o [Ŝǎǎƻƴ рΥ ά5ƻŜǎ ǘƘƛǎ ƳƻŘŜƭ ƻŦ ǘƘŜ 9ŀǊǘƘ ŜȄǇƭŀƛƴ ǿƘȅ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ !ŦŀǊ ǊŜƎƛƻƴ ƛǎ ǎƻ 
active (breaking, earthquakes, volcanos), and other locations are not? What else do we 
ƴŜŜŘ ǘƻ ƪƴƻǿ ŀōƻǳǘ ǘƘŜ ƳŀƴǘƭŜ ǘƻ ŦƛƎǳǊŜ ǘƘƛǎ ƻǳǘΚέ ό[Ŝǎǎƻƴ р, slide R). 

o Lesson 5: άPresent Slide Z. Give students 5 minutes to respond to the final questions on 
the handout before they share their ideas if they have not already. 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 
ƻōǎŜǊǾŜŘΚ Iƻǿ ǎƘƻǳƭŘ ǿŜ ǊŜǾƛǎŜ ƻǳǊ 9ŀǊǘƘΩǎ LƴǘŜǊƛƻǊ aƻŘŜƭ ǘƻ reflect our new 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀōƻǳǘ ǘƘŜ ƳŀƴǘƭŜΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мпфύΦ  

¶ 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.  

o [Ŝǎǎƻƴ мΥ !ƭǘƘƻǳƎƘ ǘƘƛǎ ŜƭŜƳŜƴǘ ƛǎ ƴƻǘ ŎƭŀƛƳŜŘΣ ǘƘŜǊŜΩǎ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ǎǘǳŘŜƴǘǎ ǘƻ 
ŘŜǾŜƭƻǇ ǘƘƛǎ ŜƭŜƳŜƴǘΦ άSUPPORTING STUDENTS IN 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 at multiple scales, it can provide evidence for correlation, or 
even causality. In this unit, students will explain how unbalanced forces arising from 
ǇǊƻǇŜǊǘƛŜǎ ƻŦ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ŎŀǳǎŜ ǎǳǊŦŀŎŜ ŜŦŦŜŎǘǎ ŀǘ ōƻǘƘ Ǝƭƻōŀƭ ŀƴŘ ƭƻŎŀƭ ǎŎŀƭŜǎΦ 
These surface effects occur in recognizable patterns that allow geologists to make 
ƛƴŦŜǊŜƴŎŜǎ ŀōƻǳǘ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ псύΦ 

o [Ŝǎǎƻƴ рΥ άLƴǘǊƻŘǳŎŜ ǘƘŜ ƳƻŘŜƭƛƴƎ ǘƻƻƭ {ǳōaŀŎƘƛƴŜΦ tǊŜǎŜƴǘ ǎƭƛŘŜ ¢Φ {ŀȅΣ ¢ƘŜ ǘƻƻƭ ǿŜ 
are going to use lets us generate a model of the seismic wave anomalies over a much 
ǎƳŀƭƭŜǊ ǎŎŀƭŜ ŀƴŘ ƛƴ ƎǊŜŀǘŜǊ ŘŜǘŀƛƭΣ ŀǘ ŀƴȅ ƭƻŎŀǘƛƻƴ ǿƛǘƘƛƴ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜΦ ²Ŝ Ŏŀƴ ǳǎŜ it 
to ΨseeΩ ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀǘ ǎǇŜŎƛŦƛŎ ǇŀǊǘǎ ƻŦ ǘƘŜ ǿƻǊƭŘ ŀƴŘ ŦƛƴŘ ƻǳǘ ƛŦ ǘƘŜ 
speed of energy transfer through the mantle material in that region is above average, 
ōŜƭƻǿ ŀǾŜǊŀƎŜΣ ƻǊ ŎƭƻǎŜ ǘƻ ŀǾŜǊŀƎŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мппύ άDo you see any 
patterns between some surface features and the seismic velocity anomalies in the 
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ƳŀƴǘƭŜ ōŜƴŜŀǘƘ ǘƘŜƳΚ LŦ ǎƻΣ ǿƘŀǘ ŀǊŜ ǘƘŜȅΚέ όtΦн [Ŝǎǎƻƴ р IŀƴŘƻǳǘ LƴǾŜǎǘƛƎŀǘƛƴƎ 
Cross-sections of, page 6). ¢ŜŀŎƘŜǊ ǇƻǎŜǎ ǘƘŜ ǉǳŜǎǘƛƻƴ άIƻǿ ŘƻŜǎ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜǎŜ 
ƳŀƴǘƭŜ ŀƴƻƳŀƭƛŜǎ ŎƻƳǇŀǊŜ ǘƻ ǘƘŜ ǎŎŀƭŜ ƻŦ ǘƘŜ ŀƴƻƳŀƭƛŜǎ ǿŜ ǳǎŜŘ ǘƻ ŦƛƎǳǊŜ ƻǳǘ 9ŀǊǘƘΩǎ 
ƭŀȅŜǊǎΚέ ό[Ŝǎǎƻƴ р, slide BB).  

Cause and Effect 

¶ Cause 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. 

o [Ŝǎǎƻƴ мΥ ά5ƻŎǳƳŜƴǘ Ƙƻǿ ǘƘƛǎ ǊŜƎƛƻƴ ƳƛƎƘǘ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜ όŀŦǘŜǊύΦ /ƻƴǎƛŘŜǊ Ƙƻǿ 
the mechanisms in your model above might cause the region to change over time, and 
Ƙƻǿ ǉǳƛŎƪƭȅ ǘƘŜǎŜ ŎƘŀƴƎŜǎ ƳƛƎƘǘ ƻŎŎǳǊΧ /ƻƴǎƛŘŜǊ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜ ŎŀǎŜ ȅƻǳ ǊŜŀŘ 
about. What will 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 
ȅƻǳǊ ƛŘŜŀǎ ōŜƭƻǿέ όLƴƛǘƛŀƭ Afar Model Handout).   

o Lesson 3: Students explore cause and effect relationships in complex natural systems 
ǿƘŜƴ ǘƘŜȅ ǊŜŀŘ ŀōƻǳǘ ǊƻŎƪ ŘŜŦƻǊƳŀǘƛƻƴǎΦ ¢ƘŜ bD{{ ŘƛƳŜƴǎƛƻƴǎ ŎƭŀƛƳǎ ά{ǘǳŘŜƴǘǎ ǳǎŜ 
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 
ŘŜŦƻǊƳŀǘƛƻƴ ŀǘ ŀ ǾŜǊȅ ǎƳŀƭƭ ǎŎŀƭŜέ όbD{{ ŜƭŜƳŜƴǘǎ, page 5). However, the question 
asks students to think about: If an engineer tested similar-sized samples of two 
different 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? This CCC element is not 
necessarily exploring smaller scale mechanisms just yet (gets covered in Lesson 4).  

o [Ŝǎǎƻƴ пΥ ά9ƳǇƘŀǎƛȊŜ ǘƘŀǘ ǿŜ ǎƘƻǳƭŘ ƴƻǿ ōŜ ŀōƭŜ ǘƻ ǎŀȅ ǘƘŀǘ ŜǾŜǊȅǘƘƛƴƎ ǘƘŀǘ ƘŀǇǇŜƴǎ 
at a very small scale ς a particle level, can explain changes we are seeing in the plates 
at a much larger scale ς including things like earthquakes and cracks in the plates. And 
part of that explanation connects to some amount of elastic deformation steadily 
ƛƴŎǊŜŀǎƛƴƎ ƻǾŜǊ ǘƛƳŜ ƛƴ ǘƘŜ ǎȅǎǘŜƳέ ό¢ŜŀŎƘŜǊ 9Řƛǘƛƻƴ, page 126).  

o Lesson тΥ Lƴ ǘƘŜ ά/ŀǳǎŜ-9ŦŦŜŎǘ aƻŘŜƭέ IŀƴŘƻǳǘ ǎǘǳŘŜƴǘǎ ǿǊƛǘŜ ŎŀǳǎŜ ŀƴŘ ŜŦŦŜŎǘ 
relationships for how atomic radioactive interactions can cause the energy needed for 
convection in the mantle. IƻǿŜǾŜǊΣ ǘƘŜǊŜ ƛǎƴΩǘ ǎǳŦŦƛŎƛŜƴǘ ƛƴǎǘǊǳŎǘƛƻƴ ƻǊ ǎŎŀŦŦƻƭŘƛƴƎ ǘƻ 
make it clear to students that this is what they should do. 

 
Scale, Proportion and Quantity 

¶ Some systems can only be studied indirectly as they are too small, too large, too fast, or too slow 
to observe directly.  

o [Ŝǎǎƻƴ мΥ ά²Ƙŀǘ ǘƻ ŘƻΥ CƻŎǳǎ ǎǘǳŘŜƴǘǎ ƻƴ ǘƘŜ ŎǊƻǎǎ-cutting concepts of patterns, cause 
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 
ŘƛǊŜŎǘƭȅΚέ (Teacher Edition, page 49).  

o [Ŝǎǎƻƴ нΥ άSUPPORTING 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 phenomena[sic] of their choice. This can help 
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them see the generality of this idea for helping making sense of phenomena beyond 
those that are the focus of this unit: Some systems can only be studied indirectly as 
ǘƘŜȅ ŀǊŜ ǘƻƻ ǎƳŀƭƭΣ ǘƻƻ ƭŀǊƎŜΣ ǘƻƻ ŦŀǎǘΣ ƻǊ ǘƻƻ ǎƭƻǿ ǘƻ ƻōǎŜǊǾŜ ŘƛǊŜŎǘƭȅέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 64). The use of this CCC element is unclaimed in this lesson.  

o [Ŝǎǎƻƴ пΥ ά9ƳǇƘŀǎƛȊŜ ǘƘŀǘ ǿŜ ǎƘƻǳƭŘ ƴƻǿ ōŜ ŀōƭŜ ǘƻ ǎŀȅ ǘƘŀǘ ŜǾŜǊȅǘƘƛƴƎ ǘƘŀǘ ƘŀǇǇŜƴǎ 
at a very small scale - a particle level, can explain changes we are seeing in the plates at 
a much larger scale - including things like earthquakes and cracks in the plates. And 
part of that explanation connects to some amount of elastic deformation steadily 
ƛƴŎǊŜŀǎƛƴƎ ƻǾŜǊ ǘƛƳŜ ƛƴ ǘƘŜ ǎȅǎǘŜƳέ ό¢ŜŀŎƘŜǊ 9Řƛǘƛƻƴ, page 126) The effects of small-
scale changes on larger-scale observations are discussed but not the idea that some 
systems can only be studied indirectly because they are too large or slow. Student 
prompts and activities for Lesson 4 fit better with the listed element for Cause and 
Effect. 

o [Ŝǎǎƻƴ рΥ Lƴ ǘƘŜ ƘŀƴŘƻǳǘ άIƻǿ Řƻ ǎŎƛŜƴǘƛǎǘǎ ƳŜŀǎǳǊŜ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊέ ǉǳŜǎǘƛƻƴ Ім ŀǎƪǎ 
ǎǘǳŘŜƴǘǎ ǘƻ ǊŜŦƭŜŎǘ ƻƴ ǘƘƛǎ ŎƻƴŎŜǇǘΥ άScientists need indirect evidence to study the 
interior of the Earth. What other systems have you studied that require indirect 
ŜǾƛŘŜƴŎŜΣ ŀƴŘ ǿƘȅΚέ  

o [Ŝǎǎƻƴ ІммΥ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ŎƭŀƛƳŜŘΥ ά{ǘǳŘŜƴǘǎ ŘŜǾŜƭƻǇ ƳƻŘŜƭǎ ƻŦ ŦƻǊŎŜǎ ŀŎǘƛƴƎ ƻƴ 
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 
ƻƴ ǘƘŜ ǇƭŀǘŜ Ŏŀƴƴƻǘ ōŜ ǎǘǳŘƛŜŘ ƻƴ ǘƘŀǘ ǎŎŀƭŜ ŘƛǊŜŎǘƭȅΦέ ¢ƘŜ ǘŜŀŎƘŜǊ is instructed to, 
ά{ŀȅΣ Lǘ ǎŜŜƳǎ ǿŜ ŀǊŜ ǎŀȅƛƴƎ ǘƘŀǘ ǘƘŜǎŜ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ǾŀǊƛŀōƭŜǎ ǘƘŀǘ Ŏŀƴ ŀŦŦŜŎǘ ǘƘŜ 
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 plates are too large, 
and the motion of the plates is too slow for us to observe directlyέ (Teacher Edition, 
page 265). This might not be enough for students to understand this CCC. 

o Lesson 12: ά{ǘǳŘŜƴǘǎ ǳǎŜ ōƻǘǘƭŜǎ ƻƴ ǊŀƳǇǎ ǘƻ ǎǘǳŘȅ ŀƴŘ ƳŀƪŜ ǎŜƴǎŜ ƻŦ ǘƘŜ ŦƻǊŎŜ ƻŦ 
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 
and motion ŀǊŜ ǘƻƻ ǎƭƻǿ ŀƴŘ ƭŀǊƎŜ ǘƻ ƻōǎŜǊǾŜ ŘƛǊŜŎǘƭȅΦέ ¢ƘŜ ƭŜǎǎƻƴ guides teachers to 
ǎǘŀǘŜΥ άhƪŀȅΣ ǿŜ ǿŀƴǘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǊƻƭŜ ƻŦ ƎǊŀǾƛǘȅ ŀŎǘƛƴƎ ƻƴ ǇƭŀǘŜǎΣ ōǳǘ ǿŜ ƪƴƻǿ 
that we cannot investigate plates directly. Similar to our friction investigation, we are 
ƎƻƛƴƎ ǘƻ ƘŀǾŜ ǘƻ ǳǎŜ ŀ ǎƛƳǇƭŜǊ ƻōƧŜŎǘ ƛƴ ǘƘŜ ŎƭŀǎǎǊƻƻƳέ ό¢ŜŀŎƘŜǊ 9Řƛǘƛƻƴ, page 286). 
And then for day two, the teachers is directed to ǊŜƳƛƴŘ ǎǘǳŘŜƴǘǎΥ ά.Ŝ ǎǳǊŜ ǘƘŀǘ ǘƘŜ 
discussion talks about not only the bottle and gravity on an incline, but also the forces 
ƻƴ ǇƭŀǘŜǎ ǿŜ ŀǊŜ ƳƻŘŜƭƛƴƎέ ό¢ŜŀŎƘŜǊ 9Řƛǘƛƻƴ, page 290). Since this is coming from the 
teacher, students may not show understanding of use or development of this CCC. 

¶ Patterns observable at one scale may not be observable or exist at other scales.  
o [Ŝǎǎƻƴ мΥ ά!ǎ ǘƘŜ Ŏƭŀǎǎ ƭƻƻƪǎ ŀǘ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜǎ ǘƘŜȅ Ŏŀƴ ŀƭǎƻ ƭƻƻƪ ŦƻǊ ǇƻǘŜƴǘƛŀƭ 

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 earthquakes? 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 
earthquakes inside 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 
ǎŎŀƭŜΚέ  

o [Ŝǎǎƻƴ тΥ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƛǎ ŎƭŀƛƳŜŘΥ ά{ǘǳŘŜƴǘǎ ǳǎŜ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ǎǘǊƻƴƎ ŦƻǊŎŜǎ ǘƘŀǘ ƻƴƭȅ 
ŜȄƛǎǘ ŀǘ ŀ ƴǳŎƭŜŀǊ ǎŎŀƭŜ ǘƻ ŜȄǇƭŀƛƴ ǇŀǘǘŜǊƴǎ ƻŦ ŎƻƴǾŜŎǘƛƻƴ ŀǘ ŀ Ǝƭƻōŀƭ ǎŎŀƭŜέ όbD{{ 
dimensions). However, patterns within these scales are not explicitly covered.  

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

 ֙ [Ŝǎǎƻƴ нΥ άSUPPORTING 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 lesson - that the same data at 
different scales can be 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 is not 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 
ǘƛƳŜ ŀ ƴŜǿ ǇǊƻƎǊŜǎǎ ŜƴǘǊȅ ƛǎ ƳŀŘŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ тсύΦ This element and its use 
are unclaimed in the unit. 
  

Energy and Matter 

¶ The total amount of energy and matter in closed systems is conserved.  
o This element is claimed in the materials overview but it is not claimed in the NGSS 

dimensions handout in any of the lessons.  

¶ Changes of energy and matter in a system can be described in terms of energy and matter flows 
into, out of, and within that system.  

o [Ŝǎǎƻƴ оΥ ά{ŀȅΣ Lƴ ƻǳǊ ǇǊƛƻǊ ǳƴƛǘΣ όƳŀǘŜǊƛŀƭΦǇŜΦƴύΣ ǿŜ ŜȄǇƭŀƛƴŜŘ Ƴŀƴȅ ǇƘŜƴƻƳŜƴŀ ōȅ 
ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ŜƴŜǊƎȅ ǘǊŀƴǎŦŜǊ ǘƘǊƻǳƎƘ ǘƘŜ ǎȅǎǘŜƳΦ [ŜǘΩǎ ǳǎŜ ǘƘŀǘ ƭŜƴǎ ŀƎŀƛƴ ǘƻ ǘǊȅ ǘƻ 
ŜȄǇƭŀƛƴ ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ƛƴ ǘƘƛǎ ǎȅǎǘŜƳΧ Φ DƛǾŜ ǎǘǳŘŜƴǘǎ м ƳƛƴǳǘŜ ǘƻ ¢ǳǊƴ ŀƴŘ ¢ŀƭƪ 
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 
ǎŜŎǘƛƻƴ όǘƘŜ ŦƛǊǎǘ ¢ƘŜƴ ǾŜǊȅ ǉǳƛŎƪƭȅύΦ !ŘŘ ǘƘŜǎŜ ŜƴŜǊƎȅ ǘǊŀƴǎŦŜǊ ƴƻǘŀǘƛƻƴǎ ǘƻ ǘƘŜ ōƻŀǊŘέ 
(Teacher Edition, pages 100ς101). 

o [Ŝǎǎƻƴ пΥ ά{¦tthw¢LbD {¢¦59b¢{ Lb 59±9[htLbD !b5 ¦{LbD 9b9wD¸ !b5 a!¢¢9w 
One of the purposes of the prompts that you include in the M-E-F poster is to assist 
students in making sense of the changes in energy within a system. By prompting 
students to observe 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 
macroscopically and at thŜ ǇŀǊǘƛŎƭŜ ƭŜǾŜƭέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мнмύΦ The use of this 
CCC element is unclaimed in this lesson.  
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o [Ŝǎǎƻƴ рΥ ά{¦tthw¢LbD {¢¦59b¢{ Lb 59±9[htLbD !b5 ¦{LbD 9b9wD¸ !b5 a!¢¢9w 
Students might say that motion or compression or vibration is moving through the solid. 
Point to the M-E-F poster developed in an earlier lesson to prime them to be thinking 
about matter-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 
transferring through it, according to our M-E-F triangle? When you say vibration, what 
do you mean? Is a vibration something that moves, or is it evidence of something else 
ǘƘŀǘ ƛǎ ƳƻǾƛƴƎ ƻǊ ǘǊŀƴǎŦŜǊǊƛƴƎΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ моуύΦ The use of this CCC element 
is unclaimed in this lesson.  

¶ Energy cannot be created or destroyed τ only moves between one place and another place, 
between objects and/or fields, or between systems.  

o 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.  
o [Ŝǎǎƻƴ нΥ άLƴǘǊƻŘǳŎŜ ΨstabilityΩ as a relative measure. Present slide F. Emphasize that the 
ǇƭŀǘŜ Ƴƻǘƛƻƴ Řŀǘŀ ƳŜŀǎǳǊŜŘ ƻǾŜǊ ŀ Řŀȅ ƛǎƴΩǘ ǘƘŜ ƻƴƭȅ ŜȄŀƳǇƭŜ ǿƘŜǊŜ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ 
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 and discuss the prompts 
ōŜƭƻǿΧ¦ƴŘŜǊ ǿƘŀǘ ŎƻƴŘƛǘƛƻƴǎ ƛǎ ƛǘ ǎǘŀōƭŜΚ ²Ƙŀǘ ƛŦ ǿŜ ŎƘŀƴƎŜŘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ ǘƘŜ 
room? What if we changed the temperature and looked at a particle scale? What if we 
leŦǘ ǘƘŜ ǘŀōƭŜ ƘŜǊŜ ŦƻǊ ƘǳƴŘǊŜŘǎ ƻŦ ȅŜŀǊǎΚ ²ƻǳƭŘ ƛǘ ǎǘƛƭƭ ōŜ ǎǘŀōƭŜΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 64).  

o [Ŝǎǎƻƴ оΥ ά!Ǝŀƛƴ ŀǎƪ ǎǘǳŘŜƴǘǎ ƛŦ ǘƘŜ ŦƻǊŎŜǎ ƻƴ ŜŀŎƘ ǇƛŜŎŜ ƻŦ ƳŀǘǘŜǊ ƛƴ ǘƘŜ ǎȅǎǘŜƳ ŀǊŜ 
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 before: The forces 
on each piece of matter are balanced because they are all stationary όΨstableΩύΦ The net 
force on each part of the system (in a free body diagram) would be zero. The matter is 
ƴƻǘ ŎƘŀƴƎƛƴƎΧ ²Ƙŀǘ ǿŀǎ ǘƘŜ ŀǇǇǊƻȄƛƳŀǘŜ ǎŎŀƭŜ ƻŦ ǘƛƳŜ ǘƘŀǘ ƛǘ ǘƻƻƪ ǘƘŜ ǎystem to go 
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 
ōŀƭŀƴŎŜŘΣ ƻǊ ǳƴōŀƭŀƴŎŜŘ ŘǳǊƛƴƎ ǘƘƛǎ ǘǊŀƴǎƛǘƛƻƴΚ Iƻǿ Ŏŀƴ ǿŜ ǘŜƭƭΚέ (Teacher Edition, 
pages 97ς98).  

o [Ŝǎǎƻƴ пΥ άIƻǿ ǿƻǳƭŘ ǘƘŜ ǎŎŀƭŜ ƻŦ ŀ ǇƭŀǘŜΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǘƛŎƭŜǎ ǘƘŀǘ ƳŀƪŜ ǳǇ ǘƘŜ 
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 motion of 
the plates is relatively slow. What does that tell us about why there are periods of 
ŀǇǇŀǊŜƴǘ ǎǘŀōƛƭƛǘȅ ōŜǘǿŜŜƴ ƻƴŜ ŜŀǊǘƘǉǳŀƪŜ ŀƴŘ ǘƘŜ ƴŜȄǘ ƻƴŜ ƛƴ ŀƴȅ ǎǇŜŎƛŦƛŎ ǊŜƎƛƻƴΚέ 
(Teacher Edition, page 126). 

 Change and rates of change can be quantified and modeled over very short or very long periods 
of time. Some system changes are irreversible.  

o [Ŝǎǎƻƴ сΥ άSUPPORTING 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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ŘŜŎǊŜŀǎŜŘ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ǎŀƳǇƭŜΦ ¢Ƙƛǎ ŎƘŀƴƎŜ ƘŀǇǇŜƴǎ ƻǾŜǊ ŀ ƭŀǊƎŜ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜέ 
(Teacher Edition, page 171). The use of this CCC element is not claimed in this lesson.   

o Lesson 13Υ ά.ŀǎŜŘ ƻƴ ȅƻǳǊ ƪƴƻǿƭŜŘƎŜ ƻŦ ŎƘŀƴƎŜǎ ǘƻ 9ŀǊǘƘΩǎ ǎȅǎǘŜƳǎΣ Řƻ ȅƻǳ ǘƘƛƴƪ ǘƘƛǎ 
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 wƻǳƭŘ ƻŎŎǳǊΣ ŀǎ ǿŜƭƭ ŀǎ ŀƴȅ ŎƻƴƴŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘƻǎŜ ŎƘŀƴƎŜǎέ όaƛŘŎƻƴǘƛƴŜƴǘ 
Ridge Assessment) This element is claimed for Lesson 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 

¶ 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 example: άMake a quantitative and/or qualitative 
ŎƭŀƛƳ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŘŜǇŜƴŘŜƴǘ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜǎέ is claimed as a 
focal element. However students are not provided with the opportunity to develop this element 
and only use it in one lesson. 

Disciplinary Core Ideas 

¶ Consider providing additional opportunities for students to further develop the elements that 
are only covered in one lesson. 

¶ Wherever students are developing grade-appropriate science DCIs, consider claiming the 
elements in the unit overview and for each lesson.  

Crosscutting Concepts 

¶ 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.  

¶ Consider the alignment of the CCCs which are claimed, and those that are intentionally 
supported.  

 
 
 
 

 

 

 

Extensive 
(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 numerous events 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: 

¶ [Ŝǎǎƻƴ сΥ ά¦ǎŜ ǘƘŜ ŜǾƛŘŜƴŎŜ ǿŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ƳŀƴǘƭŜ ǘŀƴƪ ǾƛŘŜƻ ǘƻ ŎǊŜŀǘŜ ŀ ƳƻŘŜƭ ǘƻ 
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: Matter (particle level 
ƛƴǘŜǊŀŎǘƛƻƴǎύ 9ƴŜǊƎȅ CƻǊŎŜǎέ όaŀƴǘƭŜ ¢ŀƪŜ aƻŘŜƭ IŀƴŘƻǳǘύΦ {ǘǳŘŜƴǘǎ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
elements in this activity: 

o SEP: 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.  

o DCI: Motions of the mantle and its plates occur primarily through thermal convection, 
ǿƘƛŎƘ ƛƴǾƻƭǾŜǎ ǘƘŜ ŎȅŎƭƛƴƎ ƻŦ ƳŀǘǘŜǊ ŘǳŜ ǘƻ ǘƘŜ ƻǳǘǿŀǊŘ Ŧƭƻǿ ƻŦ ŜƴŜǊƎȅ ŦǊƻƳ 9ŀǊǘƘΩǎ 
interior and gravitational movement of denser materials toward the interior. 

o CCC: Energy drives the cycling of matter within and between systems.  

¶ [Ŝǎǎƻƴ тΥ ά²ƛǘƘ ǘƘŜƛǊ ǊƻǳƴŘ н ƎǊƻǳǇΣ ŀǎƪ ǎǘǳŘŜƴǘǎ ǘƻ ǳǎŜ ǘƘŜ ŀƴǎǿŜǊǎ ǘƻ ŀƭƭ ǘƘŜ ŎŀǳǎŜ-effect 
questions to fill out the Cause-Effect Model handout (whichever version you choose) to explain 
ǿƘŜǊŜ ǘƘŜ ŜƴŜǊƎȅ ŎƻƳŜǎ ŦǊƻƳ ǘƻ ŘǊƛǾŜ ŎƻƴǾŜŎǘƛƻƴέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ Ǉage 180). In this 
handout, students must make claims about cause-effect 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 the following elements in this activity: 

o SEP: Construct and revise an explanation based on valid and reliable evidence obtained 
ŦǊƻƳ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎƻǳǊŎŜǎ όƛƴŎƭǳŘƛƴƎ ǎǘǳŘŜƴǘǎΩ ƻǿƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΣ ƳƻŘŜƭǎΣ ǘƘŜƻǊƛŜǎΣ 
simulations, peer review) and the assumption that theories and laws that describe the 
natural world operate today as they did in the past and will continue to do so in the 
future. 

o DCI: The radioactive decay of unstable isotopes continually generates new energy 
ǿƛǘƘƛƴ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƳŀƴǘƭŜΣ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ǇǊƛƳŀǊȅ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ƘŜŀǘ ǘƘŀǘ ŘǊƛǾŜǎ 
mantle convection. Plate tectonics can be viewed as the surface expression of mantle 
convection. 

o CCC: Cause 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.  

¶ [Ŝǎǎƻƴ уΥ ά!ƴŀƭȅȊŜ ŀƴŘ LƴǘŜǊǇǊŜǘ Řŀǘŀ ƛƴ ƎǊƻǳǇǎΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ ±Φ IŀǾŜ ǎǘǳŘŜƴǘǎ ǿƻǊƪ ƛƴ ŀ ƎǊƻǳǇ 
to analyze their graphs to approximate the times (on average) when there was 50% and 25% of 
ǇŀǊŜƴǘ ŜƭŜƳŜƴǘ ƭŜŦǘΦέ Students integrate the following elements in this activity: 

o SEP: Use mathematical, computational, and/or algorithmic representations of 
phenomena or design solutions to describe and/or support claims and/or explanations. 

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

o CCC: Mathematical representations are needed to identify some patterns. 

¶ [Ŝǎǎƻƴ млΥ άмΦ aŀƪŜ ŀ ǇǊŜŘƛŎǘƛƻƴ ŀōƻǳǘ Ƙƻǿ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ 9ŀǎǘ !ŦǊƛŎŀ ǿƛƭƭ ƭƻƻƪ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ 
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 cause the 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 prediction. Revise your prediction 
and explanation on the front of this page before you 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 you are predicting? Why do you think so? 3b. What are the limitations and 
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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 
ƛƴŦƭǳŜƴŎŜ ȅƻǳǊ ǇǊŜŘƛŎǘƛƻƴΚέ όtΦн [Ŝǎǎƻƴ мл IŀƴŘƻǳǘ tǊŜŘƛŎǘƛƴƎ ǘƘŜ CǳǘǳǊŜ). Students integrate 
the following elements in this activity: 

o SEP: Construct and revise an explanation based on valid and reliable evidence obtained 
ŦǊƻƳ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎƻǳǊŎŜǎ όƛƴŎƭǳŘƛƴƎ ǎǘǳŘŜƴǘǎΩ ƻǿƴ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΣ ƳƻŘŜƭǎΣ ǘƘŜƻǊƛŜǎΣ 
simulations, peer review) and the assumption that theories and laws that describe the 
natural world operate today as they did in the past and will continue to do so in the 
future. 

o DCI: The radioactive decay of unstable isotopes continually generates new energy 
ǿƛǘƘƛƴ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƳŀƴǘƭŜΣ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ǇǊƛƳŀǊȅ ǎƻǳǊŎŜ ƻŦ ǘƘŜ ƘŜŀǘ ǘƘŀǘ ŘǊƛǾŜǎ 
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 
ƻŦ ǘƘŜ ǊƻŎƪǎ ŀǘ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛǘǎ ƎŜƻƭƻƎƛŎ 
history. 

o CCC: Models can be used to predict the behavior of a system, but these predictions have 
limited precision and reliability due to the assumptions and approximations inherent in 
models. 

 

Suggestions for Improvement 
None.  

 
 

 

 

 

Extensive 
(None, Inadequate, Adequate, Extensive) 

The reviewers found extensive evidence that lessons fit together coherently to target a set of 

Performance Expectations (PEs) because 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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The unit uses άƴŀǾƛƎŀǘƛƻƴέ ǎǘŜǇǎΣ ǘƻ ǎǳǇǇƻǊǘ ŎƻƘŜǊŜƴŎŜ ŦǊƻƳ ǘƘŜ ǎǘǳŘŜƴǘ ǇŜǊǎǇŜŎǘƛǾŜΦ bŀǾƛƎŀǘƛƻƴ ōŜƎƛƴǎ 
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 will be answered next. Examples are 
below:  

¶ [Ŝǎǎƻƴ мΥ άbŀǾƛƎŀǘŜ ǿƛǘƘ ŀ ǎǘƻǇ ŀƴŘ ƧƻǘΦ tǊŜǎŜƴǘ ǎƭƛŘŜ !!Φ tƻǎŜ ǘƘŜ ǇǊƻƳǇǘǎ ƻƴ ǘƘŜ ǎƭƛŘŜ ŀƴŘ 
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 only move and crack during an 
earthquake, or could it happen where there is no perceptible shaking? Ask for volunteers to 
ǎƘŀǊŜ ǘƘŜƛǊ ǊŜǎǇƻƴǎŜǎ ǿƛǘƘ ǘƘŜ ŎƭŀǎǎΦ 9ƴŎƻǳǊŀƎŜ ǎǘǳŘŜƴǘǎ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΩǎ ƛŘŜŀǎ ǘƻ 
draw out a variety of thoughts. Tell students that we will have to explore the changes that might 
ƻŎŎǳǊ ǘƻ ǘƘŜ ƭŀƴŘ ƛƴ ƻǳǊ ƴŜȄǘ ƭŜǎǎƻƴέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ рмύΦ  

¶ [Ŝǎǎƻƴ нΥ ¢ƘŜ ƭŜǎǎƻƴ ōŜƎƛƴǎ ǿƛǘƘ άwŜƳƛƴŘ ǘƘŜ Ŏƭŀǎǎ ŀōƻǳǘ ǘƘŜ ŀƴŎƘƻǊƛƴƎ ǇƘŜƴƻƳŜƴƻƴΦ {ŀȅΣ [ŀǎǘ 
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 Earth, beyond 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: What could be causing the land to be moving or crack? Lava 
ǳƴŘŜǊƴŜŀǘƘ ƛǎ ǇǳǎƘƛƴƎ ǘƘŜ ƎǊƻǳƴŘ ŦǊƻƳ ōŜƭƻǿΦ ¢ƘŜ 9ŀǊǘƘΩǎ ǇƭŀǘŜǎ ŀǊŜ ƳƻǾƛƴƎΦ aŀǘŜǊƛŀƭ ōŜƭƻǿ 
the plates is interacting with the material above it. The land in some places, like Afar, might be 
too dry, so it cracks. 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 type of phenomenon 
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 ground. Weather or climate data related to 
ǊŀƛƴŦŀƭƭ ŀƴŘ ƘǳƳƛŘƛǘȅΦ /ƻƴƴŜŎǘ ǘƘƛǎ ǘƻ ǘƘŜ ǎŎƻǇŜ ƻŦ ǘƘŜ ƴŜȄǘ ŦŜǿ ƭŜǎǎƻƴǎΦ {ŀȅ ǎƻƳŜǘƘƛƴƎ ƭƛƪŜΣ [ŜǘΩǎ 
Ǉƭŀƴ ǘƻ ŀƴŀƭȅȊŜ ǎƻƳŜ ƻŦ ǘƘŜǎŜ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ Řŀǘŀ ǎŜǘǎ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ŎƻǳǇƭŜ ƻŦ ƭŜǎǎƻƴǎέ 
(Teacher Edition, page 61). The first step of exploring how forces interact with matter may not 
be intuitive to students after their experience in Lesson 1.  

¶ [Ŝǎǎƻƴ нΥ ¢ƘŜ ƭŜǎǎƻƴ ŜƴŘǎ ǿƛǘƘ ά.ǊŀƛƴǎǘƻǊƳ ŀŘŘƛǘƛƻƴŀƭ ƻǳǘŎƻƳŜǎ ŀƴŘ ǿŀȅǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘƛǎΦ 
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 to our unaided 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 predict would happen to it? It could break. It could bend. It could 
ŎǊŀŎƪΦ {ŀȅΣ [ŜǘΩǎ Ǉƭŀƴ ƻƴ ŘƻƛƴƎ ǎƻƳŜ ƻŦ ǘƘƻǎŜ ǎƻǊǘǎ ƻŦ ǘƘƛƴƎǎ ŀƴŘ ŀƴŀƭȅȊƛƴƎ ǘƘŀǘ ǎƻǊǘ ƻŦ Řŀǘŀ ƛƴ 
ƻǳǊ ƴŜȄǘ ƭŜǎǎƻƴέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ ууς89).  

¶ [Ŝǎǎƻƴ оΥ άwŜŎŀƭƭ ǇǊŜŘƛŎǘƛƻƴǎΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ !Φ IŀǾŜ ǎǘǳŘŜƴǘǎ ǊŜŎŀǇ ǎƻƳŜ ƻŦ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴǎ ǿŜ 
made last time around increasing the magnitude of balanced forces acting on a stationary 
ƻōƧŜŎǘΦ [ƛǎǘŜƴ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛŘŜŀǎΥ ωLǘ ŎƻǳƭŘ ōǊŜŀƪ ωLǘ ŎƻǳƭŘ ōŜƴŘ ωLǘ ŎƻǳƭŘ ŎǊŀŎƪέ ό¢ŜŀŎƘŜǊ 
Edition, page 96).  

¶ [Ŝǎǎƻƴ оΥ άtŀǳǎŜ ŘƛǎŎǳǎǎƛƻƴǎΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ YΦ IŀǾŜ ǎǘǳŘŜƴǘǎ ǘŀƪŜ ŀ ƳƛƴǳǘŜ ǘƻ ǊŜŎƻǊŘ ǘƘŜ ƴŜǿ 
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 the end of 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 response to 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 
ƴŜȄǘ ǘƛƳŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ млрύΦ  

¶ [Ŝǎǎƻƴ пΥ άwŜǾƛŜǿ ǉǳŜǎǘƛƻƴǎ ŦǊƻƳ ƭŀǎǘ ŎƭŀǎǎΦ tǊŜǎŜƴǘ ǎƭƛŘŜ !Σ ǿƘƛŎƘ ǎƘƻǳƭŘ ƴƻǿ ƘŀǾŜ ǎƻƳŜ ƻŦ ǘƘŜ 
questions 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 slide: How might answering these 
questions 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 
ǇƘŜƴƻƳŜƴŀΦ {ŀȅΣ [ŜǘΩǎ ǎŜŜ ƛŦ ǿŜ Ŏŀƴ ŀǇǇƭȅ ƻǳǊ ƛŘŜŀs about matter, energy, and forces, to make 
progress on some of these questions today - by 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 to 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: 
9ŀǊǘƘǉǳŀƪŜǎ /ǊŀŎƪƛƴƎ 9ƭŀǎǘƛŎ ōŜƘŀǾƛƻǊ ƻŦ ŀƭƭ ƳŀǘǘŜǊέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ ммоύΦ  

¶ [Ŝǎǎƻƴ пΥ άbŀǾƛƎŀǘŜ ƛƴǘƻ ǘƘŜ ƴŜȄǘ ƭŜǎǎƻƴΦ tǊŜǎŜƴǘ ǎƭƛŘŜ //Φ !ǎƪ ǎǘǳŘŜƴǘǎ ǘƻ ǊŀƛǎŜ ǘƘŜƛǊ ƘŀƴŘ ƛƴ 
response to the prompt: Can we fully explain what is happening at Afar or do we need more 
ƛƴŦƻǊƳŀǘƛƻƴκŘŀǘŀΚ 9ǎǘŀōƭƛǎƘ ŀƎǊŜŜƳŜƴǘ ǘƘŀǘ ǎƛƴŎŜ !ŦŀǊ ƛǎƴΩǘ ƘŀǇǇŜƴƛƴƎ at a plate boundary, 
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 out these sort case sites that appear to 
ōŜ ŜȄŎŜǇǘƛƻƴǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мнфύΦ Students might not notice that Afar is not located at 
a plate boundary, or they may not understand why they are studying interactions at plate 
boundaries.  

¶ [Ŝǎǎƻƴ рΥ άtǊƻōƭŜƳŀǘƛȊŜ ǘƘŜ !ŦŀǊ ŜȄŀƳǇƭŜ ƴƻǘ ōŜƛƴƎ ŀǘ ŀ ǇƭŀǘŜ ōƻǳƴŘŀǊȅΦ tǊŜǎŜƴǘ ǎƭƛŘŜ .Φ {ŀȅΣ 
Ψ.ǳǘ ǿŜ ƴƻǘƛŎŜŘ ƛƴ [Ŝǎǎƻƴ м ǘƘŀǘ ǘƘŜ ŜŀǊǘƘǉǳŀƪŜǎ ƛƴ 9ŀǎǘ !ŦǊƛŎŀ ǘƘŀǘ ǿŜ ǘƘƻǳƎƘǘ ǿŜǊŜ ŎƻƴƴŜŎǘŜŘ 
to the Afar region did not appear to be along an established boundaǊȅΣ ǊƛƎƘǘΚΩέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ 
page 136).  

¶ [Ŝǎǎƻƴ сΥ άwŜǾƛǎƛǘ ǘƘŜ [Ŝǎǎƻƴ р 9Ȅƛǘ ¢ƛŎƪŜǘΦ 5ƛǎǇƭŀȅ ǎƭƛŘŜ !Φ wŜƳƛƴŘ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ 
Lesson 5, they had individually considered the heterogeneous mantle. Students recognized that 
the mantle moved, but were trying to explain how the matter of different temperatures might 
ŀŦŦŜŎǘ ǘƘŜ Ŧƭƻǿ ǿƛǘƘƛƴ ŜŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊΦ IŀǾŜ ǎǘǳŘŜƴǘǎ ¢ǳǊƴ ŀƴŘ ¢ŀƭƪ ŀōƻǳǘ ǿƘŀǘ ǘƘŜȅ ǿǊƻǘŜ ƻƴ 
their exit ticket at the end of Lesson 5. After a minute or two, have a few students share their 
ƛŘŜŀǎΦ tǊŜǎŜƴǘ ǎƭƛŘŜ .Φ {ŀȅΣ [ŜǘΩǎ ǿƻǊk on connecting these ideas to the mantle and our 
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 
ǘƘŜ ǇŀǊǘƛŎƭŜ ƭŜǾŜƭΚέ όTeacher Edition, page 158). The teacher provides students with the 
ǉǳŜǎǘƛƻƴǎ ǊŀǘƘŜǊ ǘƘŀƴ ƎǳƛŘƛƴƎ ǎǘǳŘŜƴǘǎΩ ǉǳŜǎǘƛƻƴǎ ǘƻ ƭŜŀŘ ǘƻ ǘƘŜ ŘǊƛǾƛƴƎ ǉǳŜǎǘƛƻƴǎΦ  

¶ [Ŝǎǎƻƴ тΥ ά5ƛǎǇƭŀȅ ǎƭƛŘŜ ! ŀƴŘ ǎŀȅΣ ǿŜ ŦƛƎǳǊŜŘ ƻǳǘ ǘƘŀǘ ǊƻŎƪ ƛƴ ǘƘŜ ƳŀƴǘƭŜ ƛǎ ƳƻǾƛƴƎΦ !ǎ ǊƻŎƪ ŘŜŜǇ 
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 ideas did we have about where the heat 
ƳƛƎƘǘ ōŜ ŎƻƳƛƴƎ ŦǊƻƳ ǘƻ ŘǊƛǾŜ ŎƻƴǾŜŎǘƛƻƴ ƛƴ ǘƘŜ ƳŀƴǘƭŜΚέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мттύΦ  

¶ [Ŝǎǎƻƴ уΥ άIƻǿ ŎƻǳƭŘ ǎǳŎƘ ŎƻƳǇŀǊƛǎƻƴǎ ƘŜƭǇ ǳǎ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ŀǘ !ŦŀǊ 
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 on Afar might 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 happen to Afar 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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ǎŀȅƛƴƎΣ Lǘ ǎƻǳƴŘǎ ƭƛƪŜ ƳƻǊŜ Řŀǘŀ Ŏŀƴ ƘŜƭǇ ǳǎ ǘƻ ŦƛƴŘ ǇŀǘǘŜǊƴǎΦ [ŜǘΩǎ Ǉƭŀƴ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ȅƻǳǊ ƛŘŜŀ 
of looking into how the age of rocks in Afar compare to those found in other places to test our 
ǇǊŜŘƛŎǘƛƻƴǎ ƴŜȄǘ Ŏƭŀǎǎ ǇŜǊƛƻŘά ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ нлтύΦ  

¶ [Ŝǎǎƻƴ фΥ ά¢ǳǊƴ ŀƴŘ ǘŀƭƪ ŀōƻǳǘ ǘƘŜ ŀƎŜ ƻŦ !ŦŀǊ ǊƻŎƪ ǘƻ ƳƻǘƛǾŀǘŜ ŀ ŎƻƳǇŀǊƛǎƻƴΦ {ŀȅΣ Lƴ ǘƘŜ ƭŀǎǘ 
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 years old. But ǿŜ ǿŜǊŜƴΩǘ ǎǳǊŜ ǿƘŀǘ ǘƘƛǎ 
ƳŜŀƴǘΣ ŀƴŘ ǿŜǊŜ ǿƻƴŘŜǊƛƴƎ Ƙƻǿ ƛǘ ŎƻƳǇŀǊŜŘέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ нмоύΦ This last statement 
is teacher-directed and it may not be clear to students that their questions are driving their 
learning.  

¶ [Ŝǎǎƻƴ фΥ άtƻƛƴǘ ǘƻ ŀ ŎƻƴǾŜǊƎŜƴǘ ōƻǳƴŘŀǊȅ ƻƴ ǘƘŜ map where subduction is occurring, such as 
the western edge of South America. Accept all ideas, and point to places where we still have 
questions and controversy. We still have a lot of questions about what happens at these places 
where plates meet, and in particular 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 
ǘƘŀǘΚά ό¢ŜŀŎƘŜǊ Edition, page 229).  

¶ [Ŝǎǎƻƴ млΥ άwŜƳƛƴŘ students where we are 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 
meŜǘ ǳǇέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ нонύΦ ¢ƘŜ ǇǊŜǾƛƻǳǎ ƭŜǎǎƻƴ ŜƴŘŜŘ ǿƛǘƘ ǘƘŜ ǘŜŀŎƘŜǊ ǎǘŀǘƛƴƎ, άWe 
want to start by looking at these boundaries between plates and find out more about what is 
happening to the material at those boundariesέ (Teacher Edition, page 225). 

¶ [Ŝǎǎƻƴ млΥ  άtǊŜǎŜƴǘ ǎƭƛŘŜ hΦ {ŀȅΣ ²Ŝ Ŏŀƴ ǳǎŜ ƳƻŘŜƭǎ ǘƻ ŜȄǇƭŀƛƴ ŘŀǘŀΣ ŀƴŘ ǿŜ Ŏŀƴ ǳǎŜ ƳƻŘŜƭǎ ǘƻ 
make predictions about events in the future. We have used so many different types of evidence 
ŘǳǊƛƴƎ ǘƘƛǎ ǿƻǊƪΦ [ŜǘΩǎ ǎŜŜ ƛŦ ǿŜ Ŏŀƴ ǳǎŜ ǘƘƛǎ ŜǾƛŘŜƴŎŜΣ ŀƴŘ ǘƘŜ Ƴƻdel we made, to improve our 
predictions and explanations about what will happen to Afar in the future. You can change or 
ŀŘŘ ƻƴ ǘƻ ǘƘŜ ǇǊŜŘƛŎǘƛƻƴǎ ŀƴŘ ŜȄǇƭŀƴŀǘƛƻƴǎ ȅƻǳ ŘŜǾŜƭƻǇŜŘ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ Ŏƭŀǎǎέ 
(Teacher Edition, page 255). 

¶ Lesson 11: The lesson begins with, ά{ŀȅΣ [ŀǎǘ ǘƛƳŜ ǿŜ ǿŜǊŜ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜ ŦƻǊŎŜǎ ǘƘŀǘ ŎƻǳƭŘ 
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 create a T-chart with ΨForces acting on 
platesΩ on 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 
ƳǳƭǘƛǇƭŜ ŦƻǊŎŜǎ ŀǘ ƻƴŎŜ ŀŎǘƛƴƎ ƻƴ ŀ ǇƭŀǘŜΦ [ŜǘΩǎ ǿƻǊƪ ƛƴ ƎǊƻǳǇǎ ǘƻ ŘŜǾŜƭƻǇ a model that can help 
us illustrate the forces acting on a plate and what would happen to the motion of a plate when 
ƳǳƭǘƛǇƭŜ ŦƻǊŎŜǎ ŀǊŜ ŀŎǘƛƴƎ ƻƴ ƛǘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ нсоύΦ ¢Ƙƛǎ ƴŜȄǘ ǎǘŜǇ ƛƴ 
the investigation is teacher directed. 

¶ Lesson 11: The lesson ends with, άtǊŜǎŜƴǘ ǎƭƛŘŜ ¸Φ aŀƪŜ ǎǳǊŜ ǘƘŜ CƻǊŎŜǎ ŀƴŘ ±ŀǊƛŀōƭŜǎ ǇƻǎǘŜǊ ƛǎ 
visible to all students so they can see the forces and plate variables that should be the focus of 
the next investigation. Say, Okay, I 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 why some plates change motion 
differently than others? Tell students that in our next class period we will revisit this prompt and 
ŎƻƴǎƛŘŜǊ ƻǳǊ ƛŘŜŀǎ ŀǎ ŀ Ŏƭŀǎǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ нтпύ. 
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¶ Lesson 12: The lesson begins with, ά{ŀȅΣ [ŀǎǘ ǘƛƳŜ ǿŜ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƘŜ ǊƻƭŜ ƻŦ ŦǊƛŎǘƛƻƴ ƻƴ ǘƘŜ 
motion of an object, and we found that some plate variables affect the force of friction acting on 
ŀ ǇƭŀǘŜΦ .ǳǘ ǿŜ ǘƘƛƴƪ ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊ ŦƻǊŎŜǎ ƛƴǾƻƭǾŜŘΦ [ŜǘΩǎ ŎƻƴǎƛŘŜǊ ǘƘŜ ŦƻǊŎŜ ǘƘŀǘ ǿŜ ǎƘƻǳƭŘ 
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 gravity, point to the Plate Interactions 
ǇƻǎǘŜǊ ǘƻ ŦƻŎǳǎ ǎǘǳŘŜƴǘǎΩ ŀǘǘŜƴǘƛƻƴ ǘƻ ǘƘŜ Ƴƻǘƛƻƴ ƻŦ ǇƭŀǘŜǎ ǎƭƛŘƛƴƎ Řƻǿƴ ƛƴŎƭƛƴŜǎ ƛƴǘƻ ǘƘŜ ƳŀƴǘƭŜέ 
(Teacher Edition, page 283). 

¶ Lesson 12: During the course of the investigation, students need to connect their experience 
from Lesson 2 on breaking down force components. After students analyze data, they have to 
think about how this connects to the following ǇƘŜƴƻƳŜƴƻƴΥ ά²Ƙŀǘ Řƻ ƻǳǊ ƭŀō ǊŜǎǳƭǘǎ ǘŜƭƭ ǳǎ 
about the more complex plate systems? Use free body diagrams, words, and/or drawings to 
ŎƻƴƴŜŎǘ ƻǳǊ ƭŀō ŦƛƴŘƛƴƎǎ ǿƛǘƘ ǘƘŜ ǎǘŀōƛƭƛǘȅ ŀƴŘ ŎƘŀƴƎŜ ƻŦ ǇƭŀǘŜ Ƴƻǘƛƻƴ ƻǾŜǊ ƭƻƴƎ ǘƛƳŜ ǎŎŀƭŜǎέ 
(Measuring Forces on Inclines Investigation, section 4).  

¶ [Ŝǎǎƻƴ моΥ ά²ŜΩǾŜ ŦƛƎǳǊŜŘ ƻǳǘ ǎƻ ƳǳŎƘΗ L ōŜǘ ǿŜ Ŏŀƴ ŀƴǎǿŜǊ Ƴŀƴȅ ƻŦ ƻǳǊ ǉǳŜǎǘƛƻƴǎ ƻƴ ǘƘŜ 
Driving Question Board. Mark patterns in questions answered using the sticker dots. Facilitate 
the students 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 least a partial answer to, 
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 
ǘƻ ǘƘŜ 5v. ŀƴŘ ŀŘŘ ǘƘŜƛǊ ǎǘƛŎƪŜǊǎ ǘƻ 5v. ǉǳŜǎǘƛƻƴǎέ ό¢ŜŀŎƘŜǊ 9Řƛtion, page 301). 

 
The lessons help students develop proficiency in a targeted set of PEs.  

¶ In the Unit Overview Materials document the targeted NGSS PEs are identified as the following 
and students develop elements from all of these performance expectations throughout the unit 
(see Category 1.B): 

o HS-ESS1-5: Evaluate evidence of the past and current movements of continental and 
oceanic crust and the theory of plate tectonics to explain the ages of crustal rocks.  

o HS-ESS2-1: 5ŜǾŜƭƻǇ ŀ ƳƻŘŜƭ ǘƻ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ 9ŀǊǘƘΩǎ ƛƴǘŜǊƴŀƭ ŀƴŘ ǎǳǊŦŀŎŜ ǇǊƻŎŜǎǎŜǎ 
operate at different spatial and temporal scales to form continental and ocean-floor 
features.  

o HS-ESS2-3: 5ŜǾŜƭƻǇ ŀ ƳƻŘŜƭ ōŀǎŜŘ ƻƴ ŜǾƛŘŜƴŎŜ ƻŦ 9ŀǊǘƘΩǎ ƛƴǘŜǊƛƻǊ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŎȅŎƭƛƴƎ 
of matter by thermal convection.  

o HS-PS1-8: 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 teacher-driven and may seem 
ƛƴŎƻƘŜǊŜƴǘ ŦǊƻƳ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ǎǘǳŘŜƴǘǎ ǿƘƻ Ƴŀȅ ƘŀǾŜ ƳƛǎǎŜŘ ŀ ƭŜǎǎƻƴΦ 
Consider providing opportunities for students to revisit their own questions 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. 
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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) DCIs with physical science (PS) 
DCIs and uses CCCs to explicitly make connections across science domains and/or science courses.  
 
Disciplinary core ideas from both ESS (ESS1.C, ESS2.A, ESS2.B) and PS (PS1.C, PS2.A, PS2.B, PS3.A, PS3.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 DCIs are integrated in some individual lessons. For example, 
lesson-level PEs include both ESS and PS DCIs in the following Lessons: 3, 4, 5, 6, and 7. (Teacher Edition, 
pages 312ς315).  

 
There are some instances where CCCs are used to make connections across science domains and science 
courses. For example:  

 Connections within the unit: 
o [Ŝǎǎƻƴ рΥ Lƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ƳƛƎƘǘ ōŜ ōŜƭƻǿ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ǎǘǳŘŜƴǘǎ ǊŜŀŘ 

about p and s waves. They look for patterns in order to see whether seismic waves are 
moving at expected speeds (slide L). Teachers are guided to ask the following questions 
ƛƴ ǊŜŦŜǊŜƴŎŜ ǘƻ ǘƘŜ ƎǊŀǇƘǎΥ ά¦ǎŜ ǇǊƻōƛƴƎ ǉǳŜǎǘƛƻƴǎ ǘƻ ƘŜƭǇ ǎǘǳŘŜƴǘǎ ŎƭŀǊƛŦȅ ǘƘŜƛǊ ǘƘƛƴƪƛƴƎ 
as they make connections between the patterns that they identified, and the reality of 
seismic waves moving through 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 pass all the way through the center of the Earth? What 
information can we draw from the reading that could help us explain that pattern? Take 
ŀ ƳƻƳŜƴǘ ǘƻ ƭƻƻƪ ōŀŎƪ ŀǘ ǘƘŜ ǎŜŎǘƛƻƴ ƻƴ ǎŜƛǎƳƛŎ ǿŀǾŜǎέ ό¢ŜŀŎƘŜǊ 9ŘƛǘƛƻƴΣ ǇŀƎŜ мпмύΦ 
The connection between Earth and space science and physical science using the CCC of 
Patterns is implied and students may not be aware that they're making this connection. 

o Lesson 5: Students also explore waves on a local scale in order to understand the 9ŀǊǘƘΩǎ 
mantle and are asked to reflect on how changing scales can help explore what is going 
ƻƴ ƛƴ !ŦŀǊΦ ¢ŜŀŎƘŜǊǎ ŀǊŜ ƎǳƛŘŜŘΥ άCƻǊŜǎƘŀŘƻǿ ŎƻƴǾŜŎǘƛƻƴ ōȅ ŦƻŎǳǎƛƴƎ ƻƴ ǎŎŀƭŜ ŀƴŘ 
change. Present slide BB. Pose only the first question on the slide: How does the scale of 
these mantle anomalies compare to the scale of the anomalies we used to figure out 




























































































