
ASSESSMENT SYSTEM OVERVIEW
Each OpenSciEd unit includes an assessment system that offers many opportunities for different types of assessments throughout the lessons, including pre-assessment,
formative assessment, summative assessment, and student self assessment. Formative assessments are embedded and called out directly in the lesson plans. Please look for
the “Assessment Icon” in the teacher support boxes to identify places for assessments. In addition, the table below outlines where each type of assessment can be found in the
unit.

Overall Unit Assessment

When Assessment and
Scoring Guidance Purpose of Assessment

Lesson 1 Initial models in
science notebooks

Driving Question
Board

Pre-Assessment
The student work in Lesson 1 available for assessment should be considered a pre-assessment. It is an opportunity to
learn more about the ideas your students bring to this unit. Revealing these ideas early on can help you be more
strategic in how to build from and leverage student ideas across the unit.

The initial model developed on the first two days of Lesson 1 are a good opportunity to pre-assess student
understanding of Earth’s systems, including how land can move and change. At the end of day 1, after students
compare their initial models, and during day 2, the class develops an initial consensus model.

The Driving Question Board is another opportunity for pre-assessment. Reinforce for students to generate open-ended
questions, such as how and why questions and to post to the board. However, any questions students share, even if
they are close-ended questions, can be valuable. Make note of any close-ended questions and use navigation time
throughout the unit to have your students practice turning these questions into open-ended questions when they relate
to the investigations underway.

Lesson 8 Consensus Model

Example Model in
Teacher Guide
Gotta-Have-It
Checklist

Formative
Individually and as a class, students develop a model to explain plate movement at Mt. Everest and also in places
where plates move away from one another. This is an important moment to gauge how well students understand the
movement of the plates can cause uplifted mountains (such as Mt. Everest in the Himalayas) because they collide and
push up, or cause rift areas (mid-ocean ridges, Iceland, Baikal) where new seafloor or land is created.

Lesson 10 Student Assessment

L10 Assessment
Scoring Guidance

Formative + Summative
This is a formative assessment at the end of a set of lessons and it also gives an opportunity for midpoint grading, if
needed. In this task, students are asked to transfer their understanding of the interactions at plate boundaries to an
expanded scenario to make predictions about the patterns of landforms and earthquakes at a plate boundary.

Lesson 14 Student Assessment

L14 Assessment
Scoring Guidance

Summative
This lesson includes a transfer task to give students an opportunity to use the 3 dimensions to make sense of a different
phenomenon. This is meant to be a summative assessment task for the unit and it gives you a grading opportunity.
The task includes two parts. Part 1 focuses on a comparison of two mountainous regions in the U.S. to compare rates of
erosion and uplift and the impact on mountains, and the application of ideas to explain how fossils can be found on
the side of a cliff in the Rocky Mountains. Part 2 is a different phenomenon introduced to get students’ initial ideas
about the phenomenon, an ongoing argument about this phenomenon, and also elicit what evidence students think
they will need to figure out which argument has the most merit.

After each lesson Lesson Performance
Expectation
Assessment Guidance

Formative Assessment
Use this document to see which parts of lessons or student activity sheets can be used as embedded formative
assessments.
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When Assessment and
Scoring Guidance Purpose of Assessment

Occurs in several
lessons

Progress Tracker Formative and Student Self Assessment
The Progress Tracker is a thinking tool that was designed to help students keep track of important discoveries that the
class makes while investigating phenomena and figure out how to prioritize and use those discoveries to develop a
model to explain phenomena. It is important that what the students write in the Progress Tracker reflects their own
thinking at that particular moment in time. In this way, the Progress Tracker can be used to formatively assess
individual student progress or for students to assess their own understanding throughout the unit. Because the Progress
Tracker is meant to be a thinking tool for kids, we strongly suggest it is not collected for a summative “grade” other than
for completion.

Anytime after a
discussion

Student Self
Assessment
Discussion Rubric

Student Self Assessment
The student self-assessment discussion rubric can be used anytime after a discussion to help students reflect on their
participation in the class that day. Choose to use this at least once a week or once every other week. Initially, you might
give students ideas for what they can try to improve for the next time, such as sentence starters for discussions. As
students gain practice and proficiency with discussions, ask for their ideas about how the classroom and small group
discussions can be more productive.

After Students
Complete Substantial,
Meaningful Work

Peer Feedback
Facilitation: A Guide

Peer Feedback
There will be times in your classroom when facilitating students to give each other feedback will be very valuable for
their three-dimensional learning and for learning to give and receive feedback from others. We suggest that peer
review happen at least two times per unit. This document is designed to give you options for how to support this in
your classroom. It also includes student-facing materials to support giving and receiving feedback along with self-
assessment rubrics where students can reflect on their experience with the process.

Peer feedback is most useful when there are complex and diverse ideas visible in student work and not all work is the
same. Student models or explanations are good times to use a peer feedback protocol. They do not need to be final
pieces of student work, rather, peer feedback will be more valuable to students if they have time to revise after
receiving peer feedback. It should be a formative, not summative type of assessment. It is also necessary for students
to have experience with past investigations, observations, and activities where they can use these experiences as
evidence for their feedback.

For this unit, Peer Feedback works best for Lessons 8, 10, 13, and 14 during the consensus moments where students are
sharing their consensus models, or after an investigation where students share what they figured out with peers.

For more information about the OpenSciEd approach to assessment and general program rubrics, visit the OpenSciEd Teacher Handbook.

Lesson-by-Lesson Assessment Opportunities
Every OpenSciEd lesson includes one or more lesson-level performance expectations (LLPEs). The structure of every LLPE is designed to be a three-dimensional learning,
combining elements of science and engineering practices, disciplinary core ideas and cross cutting concepts. The font used in the LLPE indicates the source/alignment of each
piece of the text used in the statement as it relates to the NGSS dimensions: alignment to Science and Engineering Practice(s), alignment to Cross-Cutting Concept(s), and
alignment to the Disciplinary Core Ideas.

The table below summarizes opportunities in each lesson for assessing every lesson-level performance expectation (LLPE). Examples of these opportunities include student
handouts, home learning assignments, progress trackers, or student discussions. Most LLPEs are recommended as potential formative assessments. Assessing every LLPE listed
can be logistically difficult. Strategically picking which LLPEs to assess and how to provide timely and informative feedback to students on their progress toward meeting these
is left to the teacher's discretion.

Lesson Lesson-Level Performance Expectation(s) Assessment Guidance
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 1 Develop a model to describe how Mt. Everest
regularly moves and grows each year (stability),
compared to how Mt. Everest moved suddenly
during an earthquake (change).

Ask questions that arise from careful
observations of a mountain shifting position
during an earthquake and after looking at
patterns from earthquake data at different
scales.

Developing and Using Models; Stability and Change
When to check for understanding: Day 1, after students compare their initial models, and Day 2,
when the class develops an initial consensus model. It may be helpful to have students leave their
notebooks between day 1 and day 2 to quickly examine their ideas. What to look for/listen for: (1)
agreement that Mt. Everest is moving to the northeast 4 cm a year, getting taller by 6-7 cm a year,
moved backwards 3 cm to the southwest during the earthquake, (2) disagreement or uncertainty
about what causes earthquakes to happen and what causes a mountain to move and get taller. What
to do: If your students struggle with identifying the typical movement of Mt. Everest (northeast 4 cm
and taller 6-7 cm), have your students revisit their notes from the reading. You may want to label this
type of movement as the “typical” or “normal” movement that happens gradually over time
(stability). Have your students contrast the gradual movement over time with the sudden change that
happened during the earthquake. It is OK if your students are uncertain about mechanisms that cause
the movement. The initial models are intended to surface their initial ideas you can leverage in later
lessons.

Asking questions; Patterns
When to check for understanding: On day 3, the class will develop the Driving Question Board
(DQB). What to look for/listen for: Listen for students to share questions about the event on Mt.
Everest and also about patterns in the location of earthquakes and mountain ranges. Examples may
include questions similar to the following: (1)Event-focused questions: Why is Mt. Everest moving?
Why does the mountain move? What made the mountain move? What if Mt. Everest splits open?
How did the mountain move without getting smaller?(2) Pattern-focused questions: How do
mountains grow and shrink? Do earthquakes happen inside or around mountains? Why are there so
many earthquakes? What to do: Use both Stability and Change and Patterns as lenses through which
to share and discuss their questions. Cue students to identify whether their questions are about the
typical movement of Mt. Everest (stability) or the sudden change in movement caused by the
earthquake. Also, cue students to clearly say whether their questions focused on the event in 2015, or
whether they are asking questions about a pattern of earthquakes and mountain range locations. As
before, remind students to turn close-ended questions into open-ended questions where possible.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 2 Use digital tools to examine a large data set at
different spatial and temporal scales to compare
global earthquake activity to local activity.

Analyze graphical displays of earthquake and
topographic data in specific locations to
compare local patterns to global ones, and to
identify relationships between earthquake
locations and topographic features.

Using Mathematics and Computational Thinking; Scale
When to check for understanding: Initial Ideas Discussion on day 1. What to look/listen for: (1) in the
U.S. there are a lot more earthquakes on the West coast compared to other parts of the country, (2)
in “my state” or “my town” earthquakes __________ , (3) when you zoom into one location, the
earthquakes appear to happen everywhere in the area, but cluster in some places, (4) when you
zoom out to the world, the earthquakes look like they mostly happen in lines or in clusters, (5) lines
of earthquakes happen along the edges between land and the ocean and in the middle of the ocean,
and (6) when you only look at a short time period, a pattern is not as clear as when you look at data
across longer time periods. What to do: Help facilitate students shifting between spatial scales by
prompting them to think about what looks the same or different when you zoom in or out. If
students are curious about time scale, adjust the time scale to display more or less years of data. Be
prepared with example locations that typify each pattern listed above. If students struggle to notice
the patterns, zoom into the example location and have students describe the “shape” of the
earthquake activity dots in that particular area.

Analyzing and Interpreting Data; Patterns
When to check for understanding: Building Understandings Discussion on day 2 and students’ entries
on their Progress Trackers. What to look/listen for: (1) locations with a line pattern tend to be where
the ocean and land (continent or island) meet, in the middle of the ocean, or around the edges of
the ocean, (2) in some locations (Andes, Japan), as you move away from the ocean and further into
the land, the earthquakes get deeper, (3) in some locations (middle of the Atlantic Ocean, Iceland,
Baikal Rift Valley), the earthquakes are all the same depth and are more shallow, (4) in some
locations, there is a clear line of earthquakes that occur, while at other locations the earthquakes
cluster into groups, (5) every location with earthquakes appears “bumpy” on the relief map, which
indicates higher elevations (i.e. hills and mountains), including underwater. What to do: If students
struggle to identify the patterns listed above, ask students to group the locations by similarities in
earthquake data. Once grouped, have students describe what makes the locations in a group similar.
After establishing similarities, ask students to identify similarities or differences between the locations
in a group in terms of the local landforms (i.e. mountains, hills, trenches, etc.), which may be on the
ocean floor.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 3 Integrate quantitative scientific information in
written text with data in an earthquake
visualization to clarify patterns in earthquake
data in order to locate plates and the direction
of their movement.

Analyze and interpret GPS data to provide
evidence for the patterns in speed and direction
of different plate movements, showing that all
plates are moving at different rates and
directions, and this movement happens very
slowly over millions of years.

Obtain, Evaluate and Communicate Information; Patterns
When to check for understanding: (1) On Day 1 of this lesson, students will read with a partner about
how earthquake data is collected and measured. In this reading, they will also read about scientists
discovering that Earth is not one continuous solid piece of surface, but that there are many pieces
called plates. They will be asked to connect this to what they noticed about the patterns of
earthquakes from the last lesson.
What to look for: (1) Students argue that if there are different pieces of the surface that are moving
and scientists agree there are 9 large sections, or plates, then this seems to match up with the
patterns they noticed in the earthquake data in lesson 2.
What to do: (1) If students are struggling to make the connection between earthquake patterns and
plates on Earth, encourage them to return to the article and re-read the section about plates. You can
also ask others to share what they read in the article that led them to argue that the locations of
major plates could possibly be identified using earthquake data and why.

Analyze and Interpret Data; Patterns
When to check for understanding: (1) On day 2, students read about how GPS data is used today to
accurately measure movement on Earth. In this article, there is mathematical and directional data
that students analyze and link back to the map near the DQB. Students should be able to argue that
the patterns in the earthquake data and the movement of the different plates on Earth are
connected. Using this evidence, students should be able to identify with more confidence where the
9 major plates are located. In addition, students should argue that earthquakes likely happen where
plates interact with each other.
What to look for: (1) As student volunteers come up and add arrows to represent which way the
different plates are moving based on the data in the readings, students should be able to articulate
that they notice the patterns of earthquake data seem to be at the edges, or boundaries, of the
different plates.
What to do: (1) If students struggle to see the connection between the patterns of where earthquakes
happen and where the different plates end and begin, and where the edges or boundaries are
located, ask their peers to use data from the reading and from their notebooks to support claims
made about where plates are located. Encourage students to underline and/or highlight sections in
the articles that support the argument that earthquakes happen where plates interact.

Lesson 4 Develop a model to represent the structure,
composition, and temperature patterns found in
Earth’s crustal plates.

Develop a model to represent the patterns of
earthquake activity at different plate boundaries
to provide evidence for plate movement and/or
depth.

Develop a Model; Structure and Function
When to check for understanding: On Day 1, when students work in groups to draw a cross-section of
the plates using information about what they are made of.
What to look/listen for: Students should notice the plates being made of different types of rock (or
bedrock), but at the very surface they might also represent what people see (soil, grass, trees, cities).
What to do: If students do not represent different kinds of materials that make up plates, press them
to think about the different samples of rock they held, and ask them if they think bedrock is just one
type of rock. Students might need to re-read Reading: What’s beneath the surface? if their
representations do not include rocks of different compositions and densities.

Develop a Model; Patterns
When to check for understanding: On Day 2 as students complete bird’s-eye and cross-section
drawings of earthquake data at two locations.
What to look/listen for: Look for how spread out or tightly lined the bird’s-eye drawings are (for
divergents and subduction zones, the bird’s-eye earthquake patterns are usually in a tighter line; in
convergent uplight regions, the bird’s-eye patterns are more spread out, such as the Himalayas). Also,
look for how shallow or deep the students draw earthquakes on cross-sections. Subduction zones are
the only boundary type with very deep earthquakes (the cause of this will be addressed in Lesson 9).
What to do: If students struggle to transition between a bird’s-eye view of earthquake data to a cross-
section view, choose a few more locations to model with the class.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 5 Critically read scientific text to obtain scientific
information about the systems and subsystems
of the Earth to describe what is below the
surface (crust).

Develop or revise a model to represent what is
below the surface of the Earth that results in
energy flowing and matter cycling in Earth’s
system that could influence the movement of
the plates.

Obtain Information; Systems and System Models
When to check for understanding: In Reading: What would we find if we could keep digging deeper than
the deepest mine?, students obtain information about what the inside of the Earth looks like and use
this to revise their Earth model Earth Model.
What to look for: Students should include the three layers of the Earth: the crust, mantle, and core.
They should also include the temperature of these different layers.
What to do: If students struggle to come up with an idea for how to represent the different layers of
the Earth, it may help to have a manipulative for students to look at. Examples of these could
include: a hard boiled egg, an orange, or a spherical model made with clay with the three layers that
can be cut in half and opened up to see the layers.

Develop and Revise a Model; Systems and System Models
When to check for understanding: As they read, students develop a model of the Earth to reflect
what is below the plates using Earth Model.
What to look for: Students should suggest that we label the layer that holds the plates as the crust,
the layer under this as the mantle, and the center as the core. Students should incorporate the depth
and temperature of the different layers. The model should also include the relative thicknesses of the
plates and layers, to show how thin the plates actually are in comparison to the other layers and the
whole Earth in general.
What to do: If students struggle with the cross section perspective as they are editing their handout,
refer them back to the orange analogy for the Earth. The skin of the orange could represent the crust,
the inside of the orange could represent the mantle and core.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 6 Develop a model to describe how energy from
the Earth’s core flows through the mantle (a
large, complex system with subsystems),
resulting in the collision or spreading apart of
the crust’s plates, forming mountains in some
places and mid-ocean ridges in others.

Apply mathematical concepts, such as rates, and
the direction of movement of Earth’s plates that
are the result of a transfer of energy from Earth’s
interior to the crust, to explain what causes
plates to move great distances, collide, and
spread apart.

Developing Models; Systems and System Models
When to check for understanding: End of Day 1, individually on handout How are the plates moving?.
As a class, on Day 2, when they revise their Earth Model.
What to look for/listen for: (1) What each component in the system represents in the real-world (i.e.,
the liquid is the mantle, the heat source is the Earth’s core, the liquid’s motion is the movement
within the mantle), (2) As the liquid increases in temperature near the heat source, it begins to rise. As
it nears the surface, it moves out in all directions, and then eventually sinks again (as seen by the
food coloring), (3) Energy is added to the system by the heat source, and then it causes the matter
(liquid) to heat up and rise. The matter is moving in circular directions.
What to do: Students may struggle with conceptualizing the connection between the representation
of the convective movement of the liquid in the bin visualized by the movement of the food
coloring with what is happening with the molten rock in the mantle and how this affects plate
movement. Be sure to take time to problematize this using parts 1, 2 and 3 on the handout with
students. As students watch the demonstration and fill in the different components of the model in
the analogy map, encourage some students to share what they are mapping between the
demonstration and what is happening in the Earth. Encouraging students to share these connections
will help support students who struggle with mapping components in a representation to a real
world phenomenon. It will be important to explicitly link arrows on the Earth Model to the
movement observed in the demonstration. Press students for evidence from the demonstration to
support their ideas. If students struggle or can’t explain the movement in the mantle, consider doing
the demonstration again, or reference experiences from previous units, such as the Mylar balloon
(Lesson 5) and the dye convection lab (Lesson 12) of the Storms unit. Also, some students may be
able to consider what happens microscopically as material in the mantle heats and cools. However,
this goes beyond the scope of this unit.

Developing Mathematics and Computational Thinking; Matter and Energy
When to check for understanding: At the end of Day 2.
What to look for/listen for: There are two major motions to consider: A) when matter rises in the
mantle and interacts with the crust, it moves and spreads the plates in all different directions, and B)
as two parts of the different convection cells meet and the matter starts to sink, pulling plates
together. Students will need to make connections between the vertical movement of matter in the
mantle and the lateral movement of the plates on Earth’s surface.
What to do: Students’ perspectives will need to transition between a cross-section version of Earth’s
core, mantle, and crust to a top-down view of the plates, either moving away from one another or
colliding into one another. If this is difficult for students, be sure to map the directions of the
movements on the cross-section model, first by drawing arrows rising up, and then spreading away
from one another (and vice versa for colliding). Also, ask students how the fluid moved at the surface
of the convection demonstration.

Lesson 7 Apply mathematical concepts (ratio, proportion)
to measure and calculate how far two points on
Earth’s plates moved over certain amounts of
time (scale,) ranging from a few years to
millions of years.

Using mathematics and computational thinking; Scale, proportion and quantity:
When to check for understanding: (1) Students work with a partner to figure how far apart a point on
the Indian plate and a point on the Eurasian plate would have been at times in the past. (2) When
the class develops a class representative of how far apart the two plates have moved over time the
measurements that were figured in cm by students are converted to km (and/or miles).
What to look/listen for: (1) For one year in the past, on our model, the two points on these two plates
would have been 7.5 cm apart. Students should use this to figure out that for 10 years in the past,
these two points would be 75 cm apart. And then, they should be able to use this relationship to
figure this out for 1000; 100,000; and 10 million years by using simple mathematics. (2) When
shifting from cm to km, students should realize the plates have moved a far distance over time.
What to do: (1) If students struggle with the mathematics of multiples of ten, they could be provided
a calculator to find the solution. (2) If students struggle with the scale of km, or miles, using an
analogy (a football field is about 10 km, one lap around the track is about .5 km) could help.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 8 Develop a model based on evidence to explain
the gradual and sudden movements at Mt.
Everest due to plate motion and convection in
the mantle.

Construct an explanation using models to
explain how Earth’s surface is changed suddenly
and over long periods of time due to plate
movement and motion in the mantle.

Developing and Using Models; Stability and Change
When to check for understanding: On day 1 when students offer proposals for the consensus model
explaining movement at Mt. Everest.
What to look/listen for: Students making connections between (1) heat flow from the core to the
surface, which causes (2) up and down motion of material in the mantle, which affects (3) plate
motion at the surface. At Mt.Everest two plates are moving toward each other, and (4) when two
plates collide, the land lifts up and (5) earthquakes happen as the plates slip past each other and
resettle.
What to do: If students struggle to piece the ideas together, ask them to tell the story beginning with
energy flowing from the core. Make connections back to the Motion in the Mantle demonstration from
Lesson 6 and ask students to cite evidence from the demonstration that connects up and down
movement in the mantle to surface movement spreading apart or colliding. Then prompt students to
explain how mountains form at the surface (uplift) once they have agreed upon ideas about
convection within the mantle and Mt. Everest forming where plates collide.

Constructing an Explanation; Stability and Change
When to check for understanding: On day 2 when students write an individual explanation.
What to look/listen for: Students (1) identifying mountain building as a change requiring long
amounts of time because plates only move a small distance each year, and (2) explaining that an
earthquake is a quick change after built-up tension between plates is released.
What to do: Encourage students to use their data from Lesson 3 to support their ideas about gradual
and sudden movements. Display the Relief Map with Arrows from Lesson 3 as a scaffold to help
students construct their explanations.

openscied.org Page 8



Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 9 Integrate qualitative and quantitative scientific
information in written text with that contained
in media and visual displays to clarify claims
about how the Earth’s plates and mantle
(systems) interact to form volcanoes.

Use graphical, cross-section displays of large
earthquake data sets to identify spatial
relationships and patterns in data to support the
formation of volcanoes along boundaries where
one plate sinks below another.

Obtain Information; Systems and System Models
When to check for understanding: At the end of Day 1 when students have sorted through three
information sources and drawn and written new ideas as a group; On Day 2, during the Building
Understandings and Consensus Discussions using the three-column Progress Tracker.
What to look for/listen for:

Thin or cracked parts of the crust allow magma to seep through.
Places that are moving away from one another allow magma to seep through.
When a heavy plate collides with a lighter plate, the heavier plate sinks beneath the lighter
plate.
The heavier plate sinks into the mantle.
Really hot water, gas, and magma (or material in the mantle) all heat up and push through
to the surface causing volcanoes to form in some places.
Earthquake data shows that plates can sink very deep below other plates.

What to do: There are multiple places within this two-day lesson to assess students’ use of this
practice to apply obtained information to understand how Earth’s systems are interacting to form
volcanoes. At the end of Day 1, briefly inspect the groups’ models to check whether the obtained
information is useful for explaining volcano formation. On Day 2 during the Building Understandings
discussion, press students to cite evidence from one of the Day 1 sources. During the Consensus
Discussion, students will demonstrate how well they have integrated the sources of information to
develop a consensus model of volcanic formation. Again, press students for evidence from the source
to support this work and demonstrate the practice.

Analyze and Interpret Data; Patterns
When to check for understanding: Day 2 during the Seismic Explorer cross-section analysis activity.
What to look for/listen for: Ideas that connect (1) earthquakes happening when plates bump into
each other, (2) the data showing that one plate is sliding under another plate, getting deeper and
deeper, and (3) scientists’ ideas about plates sinking back into the mantle and melting.
What to do: The earthquake data shows that the two plates are still interacting deep below the
surface. If students struggle to make this connection, remind them that earthquakes indicate when
the ground is moving or shifting (Lesson 3) and that they can be found at different depths (Lesson 4,
Lesson 8). Challenge students to add to their Progress Tracker that earthquakes represent where the
ground is moving and to make connections between the earthquake data and how volcanoes form.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 10 Develop and revise a model to describe
unobservable movements within Earth’s interior
that shift the Earth’s plates in different ways
over long periods of time and large distances,
shaping what we see on the surface today.

Apply scientific ideas and evidence to construct
an explanation of the interaction of systems on
Earth that account for earthquake activity and
landform features at real-world places on a
plate boundary.

Construct an explanation using models to
predict and describe how the different plate
movements account for patterns in mountain
locations, formation of volcanoes, and
earthquake activity on the Earth’s surface.

Develop a Model; Scale, Proportion, and Quantity
When to check for understanding: On Day 1 as students review their cross-section models and
synthesize science ideas across the three types of movement.
What to look for/listen for: Students should draw on the ideas from their Gotta-Have-It Checklist and
map those ideas to specific plate movement types. Through this activity they are developing, using,
and revising models of unobservable phenomena that occur at time and space scales too large for
students to understand, but students can use these models to explain earthquake patterns and
landforms they see on the surface today.
What to do: Encourage students to work through each idea on the Gotta-Have-It Checklist and map it
to the different types of movement using the tri-venn diagram. Students can use the classroom
consensus models when needed. Press students to cite evidence from the models or different
activities in Lessons 2-9 to support their reasoning.

Construct an Explanation; Systems and System Models
When to check for understanding: At the end of Day 1 on Reading: How Volcanoes Form.
What to look for/listen for: Look for students’ explanations to include: (1) movement in the mantle
pushes the plates in different directions at the surface, (2) depending on the direction of movement,
the plates are either moving away from one another or toward one another, (3) spreading
boundaries are characterized by shallow earthquakes in a line pattern, some volcanic activity, and
mountain building, but also geothermal heating because magma is closer to the surface, and (4)
colliding boundaries where one plate is heavier than another, sinks below, and melts into the mantle,
causing volcanoes to form on the crust above. Also, earthquakes at these boundaries get deeper and
deeper as the plate sinks into the mantle.
What to do: Encourage students to use their data and model ideas from Lessons 3 and 6 to support
their ideas about direction of movement and models from Lessons 8 and 9 to help explain the plate
movement, associated earthquake patterns, and landforms.

Construct an Explanation; Patterns
When to check for understanding: On Day 2 with the student assessment, Using Models to Explain
Patterns.
What to look for/listen for: Use the scoring guidance in Using Models to Explain Patterns. At this point
in the unit, students should be comfortable with the following ideas which will prepare them for the
upcoming lesson set:

Interaction at plate boundaries causes predictable landform and earthquake patterns
The different types of plate interaction have different effects, such as mountains versus
volcanos; shallow earthquakes versus deep earthquakes)
The collision or separating of plates are caused by the convective movement in the mantel
Maps and data representations can help to understand and describe the patterns of
movement at plate boundaries

What to do: If students struggle to draw cross-section models or construct explanations of each type
of movement, revisit the three consensus models they developed as a class in Lessons 8 and 9. Ask
students which model would best fit the scenario posed in questions one, if all the plates are about
the same heaviness or density (this would be uplift model that explains Everest). But, since part of
the African plate is heavier, it is sinking, forming volcanoes, which is a different model of plate
movement. Students could also use the tri-venn diagram to help construct their explanations.

Lesson 11 Ask questions to refine a model of how Mt.
Everest is changing over time using evidence of
fossils from sea creatures found at the top of the
mountain.

Asking Questions and Defining Problems; Scale, Proportion and Quantity
When to check for understanding: Students add questions to the DQB. What to look/listen for: Look
for questions such as: How do fossils form?; How do fossils get to the top of a mountain?; What are
fossils?; Was there once a tropical area near Mt. Everest?; How do we know how old a fossil is?; If
India was near the equator 400 million years ago, where was Asia? What to do: Use Scale,
Proportion and Quantity as a lens for students to identify their questions. Encourage students to use
their class consensus model as a reference for asking questions about how fossils could be found on
the top of Mt. Everest. As always, press students to craft their questions as testable, open-ended
questions when possible.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 12 Use evidence to explain how information from
rock layers is used to figure out the relative age
and location of fossils from Earth’s geologic
history.

Analyze and interpret data regarding rock layers
and fossil patterns to describe how the Earth’s
surface has changed through past plate motions.

Analyzing and Interpreting Data; Scale, Proportion, and Quantity
When to check for understanding: At the end of day 2, or beginning of day 3 (slide U), after
examining the rock layers of Mt. Everest and time series map data, students individually use evidence
to explain what the location of Mt. Everest may have looked like in the past, and how an ancient sea
fossil could be found at the top of Mt. Everest.
What to look for/listen for: From the Mt. Everest rock layers evidence, students should notice that
only the top two layers of rocks contain fossils, that both layers are made of limestone, (evidence for
a past sea or ocean flow), and that we see sea fossils in the topmost layer (further evidence that this
layer was once near or under water). From the Mt. Everest time-series evidence, students should
notice that the approximate location of where Mt. Everest currently stands was once surrounded by
water. This increases the likelihood that sea creatures could have once lived near the area which
would eventually form Mt. Everest. (The approximate location of Mt. Everest is shown with a gray
circle throughout each map.)
What to do: If your students struggle as they interpret the evidence, consider facilitating a short
discussion in which the whole class helps to understand the data. For the rock layers data, help
students name and identify the various rock layers while reminding students about information from
the reading, in which we learned that fossils are commonly found in limestone rock layers and that
limestone is often proof of an ancient sea floor. For the time series map data, it may be helpful to
enlarge each map on separate slides so that students can see more clearly how the location of
current-day Mt. Everest has changed over time, and that it was often near an ocean throughout
Earth’s past.

Constructing Explanations; Scale, Proportion, and Quantity
When to check for understanding: Near the end of the lesson on day 3, students will update their
Progress Trackers in their notebooks by answering the question, “Why do we see the fossil of an
ancient sea creature near the top of Mt. Everest?”
What to look for/listen for: Students’ responses should include ideas related to the following:

Older layers of rocks are found below new layers of rocks.
Fossils are the remains or impressions of organisms that lived in the past and were buried
beneath rocks at the Earth’s surface.
Evidence from rock layers can tell us the approximate location for ancient sea and land
organisms, and provide clues for where ancient bodies of water once existed.
Plate movement and mountain uplift help explain how fossils buried in deep rock layers can
be found near the tops of mountains.

What to do: If students struggle to include these pieces in their explanations, try to identify which
piece of evidence is particularly problematic. Try to have one or more students who understand the
evidence facilitate a brief discussion around the meaning, importance, and implications of that piece
of evidence. Often, students who have deeper conceptual understanding will be able to explain ideas
and concepts in more student-friendly language. If students seem to be using academic terminology
(i.e. fossilization, sedimentation), press for understanding by asking them to rephrase using simpler
terminology.
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 13 Critically read scientific texts adapted for
classroom use to obtain information about the
causes of rock to break down and move around
at Earth’s surface, changing the shape of the land
over time (effect).

Apply scientific reasoning to show why
weathering and erosion data can help explain
how water and wind can shape the land over
long periods of time.

Obtain Information; Cause and Effect
When to check for understanding: In stations, students observe and read about forces that lead to
weathering and erosion of different landscapes.
What to look/listen for: Students should be discussing the stations and the forces that move
sediment and layers. Students should be making connections between these forces and their ability
to change the way the landscape looks. Listen for students to point out the exact weathering element
from their stations and list this interaction on Landscape Stations.

Station 1: This station helps explain images 1, 2, and 8, which are slowly being broken down
by small organisms, such as moss and lichen.
Station 2: This station helps explain image 6, which was worn down by a sheet of ice and
snow sliding across the surface.
Station 3: This station helps explain image 5, which was worn down by the wind.
Station 4: This station helps explain images 1 and 7, which show rock that has been worn
away because of repeated interactions with waves.
Station 5: This station helps explain images 2, 3, and 8, where the continual water across
and under the surface has worn the layers down over time. Station 6: This station helps
explain images 2, 3, and 6, which are being broken apart by organisms growing under or
between the layers.

What to do: If students struggle to understand what is causing the weathering and erosion to occur,
direct them back to the simulated part of the station and point out each element--the element that is
causing the movement, the element that is being struck, and the movement of the struck element. In
the reading, have students highlight the item that is doing the moving and the cause for the
movement.

Construct Explanation; Cause and Effect, Stability and Change
When to check for understanding: During the stations work, as students complete the handout and
also the exit ticket, students explain how the landscape of Horseshoe Bend in the Grand Canyon has
changed over time on a notecard.
What to look/listen for: Students should explain that the bend was created by water carving out the
landscape over time, exposing rock layers and moving sediment down the river.
What to do: If students struggle to make this connection, have students refer back to Image
Observation Table and Landscape Stations. Reference each row and look for connections between that
landscape and station and Horseshoe Bend. Ask students:

What elements are present in this picture?
What could have caused this canyon to form?
What could have moved this sediment to create this big cutout in the rocks?
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Lesson Lesson-Level Performance Expectation(s) Assessment Guidance

Lesson 14 Use mathematical representations of uplift and
erosion rates on Mt. Everest to develop an idea
that forces from below (Earth’s mantle) and
forces from above (weathering, erosion) shape
what we see on Mt. Everest and all of Earth’s
crust.

Develop a time-series model to show the
relationships between uplift and erosion over
time that would cause a marine fossil record to
be on the top of Mt. Everest.

Apply scientific ideas about the growth (uplift)
and shrinking (weathering and erosion) of
mountain ranges to explain the lifecycle
(stability and change) of a mountain range over
long periods of time.

Mathematics and Computational Thinking; Scale, Proportion, and Quantity
When to check for understanding: Day 1, individual whiteboards and the Building Understandings
Discussion.
What to look/listen for: Mt. Everest is getting taller because the rates of uplift are greater than the
rates of erosion. This means that mountains can get taller when uplift is greater than erosion;
mountains get smaller or shrink when uplift is less than erosion.
What to do: Consider using the math symbols greater than and less than to help students think
about what would happen to elevation if one factor (uplift) is greater than an oppositional factor
(weathering, erosion). Simple subtraction can also yield whether a mountain has net positive or
negative growth. However, don’t get too entangled in the math; it is more important for students to
understand that the two forces work together to determine growth or decline of mountains.

Develop a Model; Scale, Proportion, and Quantity:
When to check for understanding: Day 2 during Gallery Walk and Consensus Discussion.
What to look/listen for: Students should be able to explain how a fossil forms over time, how they
are uplifted by colliding plates, and then exposed by weathering and erosion. Specifically: (1) The
animal died and was buried in the seabed floor (sediment, sand), (2) Over time the sediment or sand
hardened and the animal fossilized, (3) As the Indian and Eurasian plates collided, the sea bed
disappeared as it was lifted up, (4) The uplift continued to build the Himalayas mountains. The
seabed layer was lifted up to the top of the mountains, (5) Weathering and erosion can cause old
buried rock layers to be exposed again, (6) Water (or ice, snow) and wind can break down the rock
and wash it away.
What to do: Revisit student Progress Trackers from Lesson 12 and 13 and the Gotta-Have-It Checklist
to press students to incorporate these ideas into their consensus model.

Constructing Explanations; Stability and Change
When to check for understanding: On Day 3 using the student assessment.
What to look/listen for: Students are able to draw or write ideas that are included in the scoring
guidance Key: Explaining Earth Changes and the Gotta-Have-It Checklists from both lesson sets: Gotta-
Have-It Checklist: Key for Lesson 10 and Sample Gotta-Have-It Checklist: Fossil on Mt. Everest. Students
should also reference ideas about how these processes occur over long time scales, and it is over
these long periods of time that Earth’s surface will change.
What to do: To provide an opportunity for struggling students to clarify or expand on their ideas,
consider doing talk-alouds and let students verbally explain their thinking to the assessment items.
Also consider letting students use their Gotta-Have-It Checklists or the lesson consensus models
during the assessment if needed.
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