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• NGSS/AR CURRICULUM STANDARDS for Grades 2, 4, MS, & HS met by this session are 

provided in DETAILED TABLES on pages 7-15 and SUMMARIZED on pages 17-21. 

• HIGHLIGHTED TEXT INDICATES ITEMS SPECIFICALLY RELEVANT TO THIS SESSION ON 

EROSION BY WATER 

The “new” vision for Science Learning shifts the organization of instruction from presentation 

of facts and information by a teacher and “cookbook science lab” exercises to initial student 

inquiry, implementation of Science and Engineering Practices (1*) that leads to deeper 

experiential understanding of Disciplinary Core Ideas (2*) and revelation and identification of 

Cross-Cutting Concepts (3*), and (3*-Dimensions of Science Learning BOX S-1) 

(www.etlpd.com/a-vision-and-plan-for-science-teaching-and-learning/).  

SMALL-SCALE effects of water on fine-to-medium grained sand (in desktop “erosion” bins) 

MODEL PLANET-SCALE PROCESSES & PATTERNS in this “Classroom Example” of Phenomenon-

Based 3-Dimensional Science Learning that may be modified to be age appropriate and suitable 

for all grade levels (K-12). The inquiry-driven approach is designed to pique curiosity as students 

first ponder & discuss, pose & note questions about ways varying volumes and velocities of 

water impact and interact with earth materials, then observe and describe (note &/or draw) the 

effect of water dripped by pipette drop-by-drop from different heights, applied in diffuse mist 

or focused stream from a spray bottle, and poured from a cup. Maps and images of terrestrial 

water erosion features will be provided for a compare/contrast SMALL-TO-LARGE SCALE water 

erosion PROCESSES & PATTERNS summary discussion, as well as links to student educational 

resources for further inquiry & investigation into “Factors and Forces That Shape Earth’s 

Surface.” 

http://www.etlpd.com/a-vision-and-plan-for-science-teaching-and-learning/
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ASSORTED EROSION BY WATER YOUTUBE VIDEOS 

K-4 Water Erosion Model 
https://www.youtube.com/watch?v=FEppX7ahU3s 

 
 

K-4 Wave Erosion Lab 
https://www.youtube.com/watch?v=ZNJe6hrdL3M 

 

HowStuffWorks Show: Episode 4: Power Of 
Water Erosion 
https://www.youtube.com/watch?v=MFpCJsc_k64 

 

Water Erosion 
https://www.youtube.com/watch?v=ofhQvAu_L1I 

 

K-6 Erosion By Water 
https://www.youtube.com/watch?v=xzVBFkpD94E 

 

G6-12 Erosion by Running Water – Video 
Notes 
https://www.youtube.com/watch?v=6VzpzQ01Nsw 
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ASSORTED EROSION BY WATER YOUTUBE VIDEOS 

G6-12 A Stream Story by Devin and Pete – 
Science project on meandering rivers, 
sedimentary deposits and water erosion. 
http://www.youtube.com/watch?v=RRFsUuqOBvQ&featur
e=related 
 

1) Canyons – Flow over flatland picks up/erodes rocks and 
sediment, banks collapse, form v-shaped channel 
 

2) Waterfalls – Plunge pools, undercutting, overhang 
collapse, headward erosion 
 

3) Meanders and Oxbows – Rapid flow side of channel 
erodes forming cutbank, slow flow side of channel forms 
depositional point bars, erosion progresses on upstream 
side of point bar, new channel forms, deposition occurs at 
entrance and exit of former meander 
 

 

G6-12 Meandering River – Stream Table 
Experiment (SJS 2008-2009. Geography 12. 
Byron’s River Design. 
http://www.youtube.com/watch?v=U6CsRNLoqH0&featur
e=related 

 

G6-12 Emriver river gravel mining 
demonstration (www.emriver.com) 
12/02/2007 
http://www.youtube.com/watch?v=0tb5may-Ghw  

 

  

G6-12 Stream Channel Demo – Meander 
Cutoff During Flood 09/25/2011 
http://www.youtube.com/watch?v=qszdUx6zNag  

 

G6-12 Winona State University (MN) 
Em4 Delta Building and Analysis 
(www.emriver.com) 09/01/2011 
http://www.youtube.com/watch?v=zbdM5Kjoxaw&featur
e=related  
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The overarching goal of our framework for K-12 science education is to ensure that by the end of 12th grade, 
all students have some appreciation of the beauty and wonder of science; possess sufficient knowledge of 
science and engineering to engage in public discussions on related issues; are careful consumers of scientific 
and technological information related to their everyday lives; are able to continue to learn about science 
outside school; and have the skills to enter careers of their choice, including (but not limited to) careers in 
science, engineering, and technology. 

 

CHAPTER 7: Dimension 3 

DISCIPLINARY CORE IDEAS—EARTH AND 

SPACE SCIENCES 

Suggested Citation:"7 Dimension 3: Disciplinary Core Ideas - Earth 

and Space Sciences." National Research Council. 2012. A Framework 

for K-12 Science Education: Practices, Crosscutting Concepts, and 

Core Ideas. Washington, DC: The National Academies Press. doi: 

10.17226/13165. 

Earth and space sciences (ESS) investigate processes that operate on Earth and also address its place in the 

solar system and the galaxy. Thus ESS involve phenomena that range in scale from the unimaginably large to 

the invisibly small. Earth consists of a set of systems—atmosphere, hydrosphere, geosphere, and 

biosphere—that are intricately interconnected. Small changes in one part of one system can have large and 

sudden consequences in parts of other systems, or they can have no effect at all. Understanding the different 

processes that cause Earth to change over time (in a sense, how it “works”) therefore requires knowledge of 

the multiple systems’ interconnections and feedbacks. 

ESS1: Earth’s Place in the Universe, describes the universe as a whole and addresses its grand scale in both 

space and time. 

ESS2: Earth’s Systems, encompasses the processes that drive Earth’s conditions and its continual evolution (i.e., 

change over time). It addresses the planet’s large-scale structure and composition, describes its individual systems, 
and explains how they are interrelated. It also focuses on the mechanisms driving Earth’s internal motions and on the 
vital role that water plays in all of the planet’s systems and surface processes. 

ESS3: Earth and Human Activity, addresses society’s interactions with the planet. Connecting the ESS to the 

intimate scale of human life, this idea explains how Earth’s processes affect people through natural resources and 
natural hazards, and it describes as well some of the ways in which humanity in turn affects Earth’s processes. See Box 
7-1 for a summary of the core and component ideas. 

 
 

http://www.nap.edu/
https://www.nap.edu/read/13165/chapter/1#ct12
https://www.nap.edu/read/13165/chapter/1#ct12
https://www.nap.edu/read/13165/chapter/1#ct12
https://www.nap.edu/read/13165/chapter/11#box_7-1
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BOX 7-1 
CORE AND COMPONENT IDEAS IN EARTH AND SPACE SCIENCES 

Core Idea ESS1: Earth’s Place in the Universe 
ESS1.A: The Universe and Its Stars 
ESS1.B: Earth and the Solar System 
ESS1.C: The History of Planet Earth 

Core Idea ESS2: Earth’s Systems 
ESS2.A: Earth Materials and Systems 
ESS2.B: Plate Tectonics and Large-Scale System Interactions 
ESS2.C: The Roles of Water in Earth’s Surface Processes 
ESS2.D: Weather and Climate 
ESS2.E: Biogeology 

Core Idea ESS3: Earth and Human Activity 
ESS3.A: Natural Resources 
ESS3.B: Natural Hazards 
ESS3.C: Human Impacts on Earth Systems 
ESS3.D: Global Climate Change 

 

Vast amounts of new data, especially from satellites, together with modern computational models, are 

revealing the complexity of the interacting systems that control Earth’s ever-changing surface. 

The most important justification for the framework’s increased emphasis on ESS is the rapidly increasing 

relevance of earth science to so many aspects of human society. It may seem as if natural hazards, such as 

earthquakes and hurricanes, have been more active in recent years, but this is primarily because the growing 

population of cities has heightened their impacts. The rapidly rising number of humans on the planet—

doubling in number roughly every 40 years—combined with increased global industrialization, has also 

stressed limited planetary resources of water, arable land, plants and animals, minerals, and hydrocarbons. 

Only in the relatively recent past have people begun to recognize the dramatic role humans play as an 

essentially geological force on the surface of Earth, affecting large-scale conditions and processes. 

Core Idea ESS1: Earth’s Place in the Universe  
ESS1.C: THE HISTORY OF PLANET EARTH 
How do people reconstruct and date events in Earth’s planetary history? 

Earth scientists use the structure, sequence, and properties of rocks, sediments, and fossils, as well as the 
locations of current and past ocean basins, lakes, and rivers, to reconstruct events in Earth’s planetary 
history. For example, rock layers show the sequence of geological events, and the presence and amount of 
radioactive elements in rocks make it possible to determine their ages. 

The geological time scale organizes Earth’s history into the increasingly long time intervals of eras, periods, 
and epochs. Major historical events include the formation of mountain chains and ocean basins, volcanic 
activity, the evolution and extinction of living organisms, periods of massive glaciation, and development of 
watersheds and rivers. 

Grade Band Endpoints for ESS1.C 



By the end of grade 2. Some events on Earth occur in cycles, like day and night, and others have a beginning 
and an end, like a volcanic eruption. Some events, like an earthquake, happen very quickly; others, such as 
the formation of the Grand Canyon, occur very slowly, over a time period much longer than one can observe. 

By the end of grade 5. Earth has changed over time. Understanding how landforms develop, are weathered 
(broken down into smaller pieces), and erode (get transported elsewhere) can help infer the history of the 
current landscape. Local, regional, and global patterns of rock formations reveal changes over time due to 
Earth forces, such as earthquakes. The presence and location of certain fossil types indicate the order in 
which rock layers were formed. Patterns of tree rings and ice cores from glaciers can help reconstruct Earth’s 
recent climate history. 

By the end of grade 8. The geological time scale interpreted from rock strata provides a way to organize 
Earth’s history. Major historical events include the formation of mountain chains and ocean basins, the 
evolution and extinction of particular living organisms, volcanic eruptions, periods of massive glaciation, and 
development of watersheds and rivers through glaciation and water erosion. Analyses of rock strata and the 
fossil record provide only relative dates, not an absolute scale. 

By the end of grade 12. Radioactive decay lifetimes and isotopic content in rocks provide a way of dating 
rock formations and thereby fixing the scale of geological time. Continental rocks, which can be older than 4 
billion years, are generally much older than rocks on the ocean floor, which are less than 200 million years 
old. Tectonic processes continually generate new ocean seafloor at ridges and destroy old seafloor at 
trenches. Although active geological processes, such as plate tectonics (link to ESS2.B) and erosion, have 
destroyed or altered most of the very early rock record on Earth, other objects in the solar system, such as 
lunar rocks, asteroids, and meteorites, have changed little over billions of years. Studying these objects can 
provide information about Earth’s formation and early history. 

Core Idea ESS2 
Earth’s 
Systems  
ESS2.C: THE ROLES 

OF WATER IN 

EARTH’S SURFACE 

PROCESSES 

How do the properties and 

movements of water shape 

Earth’s surface and affect its 

systems? 

Earth is often called the water planet because of the abundance of liquid water on its surface and because 

water’s unique combination of physical and chemical properties is central to Earth’s dynamics. These 

properties include water’s exceptional capacity to absorb, store, and release large amounts of energy as it 

changes state; to transmit sunlight; to expand upon freezing; to dissolve and transport many materials; and 

to lower the viscosities and freezing points of the material when mixed with fluid rocks in the mantle. Each 

of these properties plays a role in how water affects other Earth systems (e.g., ice expansion contributes to 

rock erosion, ocean thermal capacity contributes to moderating temperature variations). 



Water is found almost everywhere on Earth, from high in the atmosphere (as water vapor and ice crystals) 

to low in the atmosphere (precipitation, droplets in clouds) to mountain snowcaps and glaciers (solid) to 

running liquid water on the land, ocean, and underground. Energy from the sun and the force of gravity drive 

the continual cycling of water among these reservoirs. Sunlight causes evaporation and propels oceanic and 

atmospheric circulation, which transports water around the globe. Gravity causes precipitation to fall from 

clouds and water to flow downward on the land through watersheds. 

About 97 percent of Earth’s water is in the ocean, and most fresh water is contained in glaciers or 

underground aquifers; only a tiny fraction of Earth’s water is found in streams, lakes, and rivers. The relative 

availability of water is a major factor in distinguishing habitats for different living organisms. 

Water participates both in the dissolution and formation of Earth’s materials. The downward flow of water, 

both in liquid and solid form, shapes landscapes through the erosion, transport, and deposition of sediment. 

Shoreline waves in the ocean and lakes are powerful agents of erosion. Over millions of years, coastlines 

have moved back and forth over continents by hundreds of kilometers, largely due to the rise and fall of sea 

level as the climate changed (e.g., ice ages). 

GRADE BAND ENDPOINTS FOR ESS2.C 

BY THE END OF GRADE 2. Water is found in the ocean, rivers, lakes, and ponds. Water exists as solid 

ice and in liquid form. It carries soil and rocks from one place to another and determines the variety of life 
forms that can live in a particular location. 

Earth is often called the water planet because of the abundance of liquid water on its 
surface and because water’s unique combination of physical and chemical properties is 
central to Earth’s dynamics.  

BY THE END OF GRADE 5. Water is found almost everywhere on Earth: as vapor; as fog or clouds in 

the atmosphere; as rain or snow falling from clouds; as ice, snow, and running water on land and in the 

ocean; and as groundwater beneath the surface. The downhill movement of water as it flows to the ocean 

shapes the appearance of the land. Nearly all of Earth’s available water is in the ocean. Most fresh water is 

in glaciers or underground; only a tiny fraction is in streams, lakes, wetlands, and the atmosphere. 

BY THE END OF GRADE 8. Water continually cycles among land, ocean, and atmosphere via 

transpiration, evaporation, condensation and crystallization, and precipitation as well as downhill flows on 

land. The complex patterns of the changes and the movement of water in the atmosphere, determined by 

winds, landforms, and ocean temperatures and currents, are major determinants of local weather patterns. 

Global movements of water and its changes in form are propelled by sunlight and gravity. Variations in 

density due to variations in temperature and salinity drive a global pattern of interconnected ocean currents. 

Water’s movements—both on the land and underground—cause weathering and erosion, which change the 

land’s surface features and create underground formations. 

BY THE END OF GRADE 12. The abundance of liquid water on Earth’s surface and its unique 

combination of physical and chemical properties are central to the planet’s dynamics. These properties 

include water’s exceptional capacity to absorb, store, and release large amounts of energy; transmit sunlight; 

expand upon freezing; dissolve and transport materials; and lower the viscosities and melting points of rocks. 

 



2.Earth’s Systems: Processes that Shape the Earth 

Students who demonstrate understanding can: 
2-ESS1-1. Use information from several sources to provide evidence that Earth events can occur quickly or 

slowly. [Clarification Statement: Examples of events and timescales could include volcanic explosions and 
earthquakes, which happen quickly and erosion of rocks, which occurs slowly.] [Assessment Boundary: Assessment 
does not include quantitative measurements of timescales.] 

2-ESS2-1. Compare multiple solutions designed to slow or prevent wind or water from changing the shape of the 
land.* [Clarification Statement: Examples of solutions could include different designs of dikes and windbreaks to 
hold back wind and water, and different designs for using shrubs, grass, and trees to hold back the land.] 

2-ESS2-2. Develop a model to represent the shapes and kinds of land and bodies of water in an area.  [Assessment 
Boundary: Assessment does not include quantitative scaling in models.] 

2-ESS2-3. Obtain information to identify where water is found on Earth and that it can be solid or liquid. 
 

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

Science and 

Engineering Practices 

Developing and Using 
Models 
Modeling in K–2 builds on 
prior experiences and 
progresses to include using 
and developing models (i.e., 
diagram, drawing, physical 
replica, diorama, 
dramatization, or storyboard) 
that represent concrete 
events or design solutions. 

• Develop a model to 
represent patterns in the 
natural world. (2-ESS2-2) 

Constructing Explanations 
and Designing Solutions 
Constructing explanations 
and designing solutions in K–2 
builds on prior experiences 
and progresses to the use of 
evidence and ideas in 
constructing evidence-based 
accounts of natural 
phenomena and designing 
solutions. 

• Make observations from 
several sources to 
construct an evidence-
based account for natural 
phenomena. (2-ESS1-1) 

• Compare multiple 
solutions to a problem. 
(2-ESS2-1) 

Obtaining, Evaluating, and 
Communicating Information 
Obtaining, evaluating, and 
communicating information 
in K–2 builds on prior 
experiences and uses 
observations and texts to 
communicate new 
information. 

• Obtain information using 
various texts, text 

Disciplinary Core Ideas 

ESS1.C: The History of Planet 
Earth 

• Some events happen very 
quickly; others occur very 
slowly, over a time period 
much longer than one 
can observe. (2-ESS1- 1) 

ESS2.A: Earth Materials and 
Systems 

• Wind and water can 
change the shape of the 
land. (2-ESS2-1) 

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

• Maps show where things 
are located. One can map 
the shapes and kinds of 
land and water in any 
area. (2-ESS2-2) 

ESS2.C: The Roles of Water in 
Earth’s Surface Processes 

• Water is found in the 
ocean, rivers, lakes, and 
ponds. Water exists as 
solid ice and in liquid 
form. (2-ESS2-3) 

ETS1.C: Optimizing the 
Design Solution 

• Because there is always 
more than one possible 
solution to a problem, it 
is useful to compare and 
test designs.(secondary 
to 2-ESS2-1) 

Crosscutting Concepts 

Patterns 

• Patterns in the natural world can be observed. (2-ESS2-2),(2-ESS2-3) 
Stability and Change 

• Things may change slowly or rapidly. (2-ESS2-1) 
   - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  
        Connections to Engineering,Technology, 
                     and Applications of Science 
  
Influence of Engineering, Technology, and Science on Society and the Natural 
World 

• Developing and using technology has impacts on the natural world. (2-ESS2-1) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  
         Connections to Nature of Science 
  
Science Addresses Questions About the Natural and Material World 

• Scientists study the natural and material world. (2-ESS2-1) 
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features (e.g., headings, 
tables of contents, 
glossaries, electronic 
menus, icons), and other 
media that will be useful 
in answering a scientific 
question. (2-ESS2-3) 

Connections to other DCIs in second grade: 
2.PS1.A (2-ESS2-3) 
Articulation of DCIs across grade-bands: 
K.ETS1.A (2-ESS2-1); 3.LS2.C (2-ESS1-1); 4.ESS2.A (2-ESS1-1),(2-ESS2-1); 4.ESS2.B (2-ESS2-2);4.ETS1.A (2-ESS2-1); 4.ETS1.B (2-ESS2-1); 4.ETS1.C (2-ESS2-
1); 5.ESS2.A (2-ESS2-1); 5.ESS2.C (2-ESS2-2),(2 -ESS2-3) 
Common Core State Standards Connections: 
ELA/Literacy — 
RI.2.1 Ask and answer such questions as who, what, where, when, why, and how to demonstrate understanding of key details in a text. (2-

ESS1-1) 

RI.2.3 Describe the connection between a series of historical events, scientific ideas or concepts, or steps in technical procedures in a text. (2-
ESS1-1),(2-ESS2-1) 

RI.2.9 Compare and contrast the most important points presented by two texts on the same topic. (2-ESS2-1) 

W.2.6  With guidance and support from adults, use a variety of digital tools to produce and publish writing, including in collaboration with 
peers. (2-ESS1-1),(2-ESS2-3) 

W.2.7  Participate in shared research and writing projects (e.g., read a number of books on a single topic to produce a report; record science 
observations). (2-ESS1-1) 

W.2.8  Recall information from experiences or gather information from provided sources to answer a question. (2- ESS1-1),(2-ESS2-3) 

SL.2.2 Recount or describe key ideas or details from a text read aloud or information presented orally or through other media. (2-ESS1-1) 

SL.2.5 Create audio recordings of stories or poems; add drawings or other visual displays to stories or recounts of experiences when 
appropriate to clarify ideas, thoughts, and feelings. (2-ESS2-2) 

Mathematics — 
MP.2 Reason abstractly and quantitatively. (2-ESS1-1),(2-ESS2-1),(2- ESS2-2) 

MP.4 Model with mathematics. (2-ESS1-1),(2-ESS2-1),(2-ESS2-2) 

MP.5 Use appropriate tools strategically. (2-ESS2-1) 

2.NBT.A Understand place value. (2-ESS1-1) 

2.NBT.A.3 Read and write numbers to 1000 using base-ten numerals, number names, and expanded form. (2- ESS2-2) 

2.MD.B.5 Use addition and subtraction within 100 to solve word problems involving lengths that are given in the same units, e.g., by using 
drawings (such as drawings of rulers) and equations with a symbol for the unknown number to represent the problem. (2-ESS2-1) 
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4.Earth's Systems: Processes that Shape the Earth 

Students who demonstrate understanding can: 

4-ESS1-1. Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation 

for changes in a landscape over time. [Clarification Statement: Examples of evidence from patterns could include 

rock layers with marine shell fossils above rock layers with plant fossils and no shells, indicating a change from land 

to water over time; and, a canyon with different rock layers in the walls and a river in the bottom, indicating that 

over time a river cut through the rock.] [Assessment Boundary: Assessment does not include specific knowledge of 

the mechanism of rock formation or memorization of specific rock formations and layers. Assessment is limited to 

relative time.] 

4-ESS2-1. Make observations and/or measurements to provide evidence of the effects of weathering or the rate of 

erosion by water, ice, wind, or vegetation. [Clarification Statement: Examples of variables to test could include 

angle of slope in the downhill movement of water, amount of vegetation, speed of wind, relative rate of deposition, 

cycles of freezing and thawing of water, cycles of heating and cooling, and volume of water flow.] [Assessment 

Boundary: Assessment is limited to a single form of weathering or erosion.] 

4-ESS2-2. Analyze and interpret data from maps to describe patterns of Earth’s features.  [Clarification Statement: Maps 

can include topographic maps of Earth’s land and ocean floor, as well as maps of the locations of mountains, 

continental boundaries, volcanoes, and earthquakes.] 

4-ESS3-2. Generate and compare multiple solutions to reduce the impacts of natural Earth processes on 

humans.* [Clarification Statement: Examples of solutions could include designing an earthquake resistant building 

and improving monitoring of volcanic activity.] [Assessment Boundary: Assessment is limited to earthquakes, 

floods, tsunamis, and volcanic eruptions.] 
 

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

Science and Engineering Practices 

Planning and Carrying Out Investigations 
Planning and carrying out investigations to answer 

questions or test solutions to problems in 3–5 builds on 

K–2 experiences and progresses to include investigations 

that control variables and provide evidence to support 

explanations or design solutions. 

• Make observations and/or measurements to produce 

data to serve as the basis for evidence for an 

explanation of a phenomenon. (4-ESS2-1) 

Analyzing and Interpreting Data 
Analyzing data in 3–5 builds on K–2 experiences and 

progresses to introducing quantitative approaches to 

collecting data and conducting multiple trials of 

qualitative observations. When possible and feasible, 

digital tools should be used. 

• Analyze and interpret data to make sense of 

phenomena using logical reasoning. (4-ESS2-2) 

Constructing Explanations and Designing 
Solutions 
Constructing explanations and designing solutions in 3–5 

builds on K–2 experiences and progresses to the use of 

evidence in constructing explanations that specify 

variables that describe and predict phenomena and in 

designing multiple solutions to design problems. 

• Identify the evidence that supports particular points 

in an explanation. (4-ESS1-1) 

• Generate and compare multiple solutions to a 

problem based on how well they meet the criteria 

and constraints of the design solution. (4-ESS3-2) 

Disciplinary Core Ideas 

ESS1.C: The History of Planet Earth 

• Local, regional, and global patterns of rock 

formations reveal changes over time due to earth 

forces, such as earthquakes. The presence and 

location of certain fossil types indicate the order in 

which rock layers were formed. (4-ESS1-1) 

ESS2.A: Earth Materials and Systems 

• Rainfall helps to shape the land and affects the types 

of living things found in a region. Water, ice, wind, 

living organisms, and gravity break rocks, soils, and 

sediments into smaller particles and move them 

around. (4-ESS2-1) 

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

• The locations of mountain ranges, deep ocean 

trenches, ocean floor structures, earthquakes, and 

volcanoes occur in patterns. Most earthquakes and 

volcanoes occur in bands that are often along the 

boundaries between continents and oceans. Major 

mountain chains form inside continents or near their 

edges. Maps can help locate the different land and 

water features areas of Earth. (4-ESS2-2) 

ESS2.E: Biogeology 

• Living things affect the physical characteristics of 

their regions. (4-ESS2-1) 

ESS3.B: Natural Hazards 

• A variety of hazards result from natural processes 

(e.g., earthquakes, tsunamis, volcanic eruptions). 

Humans cannot eliminate the hazards but can take 

steps to reduce their impacts. (4-ESS3-2) (Note: This 

Disciplinary Core Idea can also be found in 3.WC.) 

ETS1.B: Designing Solutions to Engineering 
Problems 

• Testing a solution involves investigating how well it 

performs under a range of likely 

conditions. (secondary to 4-ESS3-2) 

Crosscutting Concepts 

Patterns 

• Patterns can be used as evidence to support an 

explanation. (4-ESS1-1),(4-ESS2-2) 

Cause and Effect 

• Cause and effect relationships are routinely 

identified, tested, and used to explain change. (4- 

ESS2-1),(4-ESS3-2) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

  Connections to Engineering, Technology, 
and                      Applications of Science 
  

Influence of Engineering, Technology, and Science 
on Society and the Natural World 

• Engineers improve existing technologies or develop 

new ones to increase their benefits, to decrease 

known risks, and to meet societal demands. (4-ESS3-

2) 

- - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  

         Connections to Nature of Science 
  

Scientific Knowledge Assumes an Order and 
Consistency in Natural Systems 

• Science assumes consistent patterns in natural 

systems. (4-ESS1-1) 

Connections to other DCIs in fourth grade: 

4.EST1.C (4-ESS3-2) 
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Articulation of DCIs across grade-levels: 

K.ETS1.A (4-ESS3-2); 2.ESS1.C (4-ESS1-1),(4-ESS2-1); 2.ESS2.A (4-ESS2-1); 2.ESS2.B (4- ESS2-2); 2.ESS2.C (4-ESS2-2); 2.ETS1.B (4-ESS3-2); 2.ETS1.C (4-ESS3-

2); 3.LS4.A (4-ESS1-1); 5.ESS2.A (4-ESS2-1); 5.ESS2.C (4-ESS2-2); MS.LS4.A (4-ESS1-1); MS.ESS1.C (4-ESS1-1),(4-ESS2-2); MS.ESS2.A (4-ESS1-1),(4-ESS2-2),(4-ESS3-

2); MS.ESS2.B (4-ESS1-1),(4-ESS2-2); MS.ESS3.B (4-ESS3-2); MS.ETS1.B (4-ESS3-2) 
Common Core State Standards Connections: 

ELA/Literacy - 

RI.4.1 Refer to details and examples in a text when explaining what the text says explicitly and when drawing inferences from the text. (4-ESS3-

2) 

RI.4.7 Interpret information presented visually, orally, or quantitatively (e.g., in charts, graphs, diagrams, time lines, animations, or interactive 

elements on Web pages) and explain how the information contributes to an understanding of the text in which it appears. (4-ESS2-2) 

RI.4.9 Integrate information from two texts on the same topic in order to write or speak about the subject knowledgeably. (4-ESS3-2) 

W.4.7 Interpret information presented visually, orally, or quantitatively (e.g., in charts, graphs, diagrams, time lines, animations, or interactive 

elements on Web pages) and explain how the information contributes to an understanding of the text in which it appears. (4-ESS1-1),(4-

ESS2-2) 

W.4.8 Recall relevant information from experiences or gather relevant information from print and digital sources; take notes and categorize 

information, and provide a list of sources. (4-ESS1-1),(4-ESS2-1) 

W.4.9 Draw evidence from literary or informational texts to support analysis, reflection, and research. (4-ESS1-1) 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (4-ESS1-1),(4-ESS2-1),(4- ESS3-2) 

MP.4 Model with mathematics. (4-ESS1-1),(4-ESS2-1)(4-ESS3-2) 

MP.5 Use appropriate tools strategically. (4-ESS2-1) 

4.MD.A.1 Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a 

single system of measurement, express measurements in a larger unit in terms of a smaller unit. Record measurement equivalents in a 

two-column table. (4-ESS1-1),(4-ESS2-1) 

4.MD.A.2 Use the four operations to solve word problems involving distances, intervals of time, liquid volumes, masses of objects, and money, 

including problems involving simple fractions or decimals, and problems that require expressing measurements given in a larger unit in 

terms of a smaller unit. Represent measurement quantities using diagrams such as number line diagrams that feature a measurement 

scale. (4-ESS2-1),(4-ESS2-2) 

4.OA.A.1 Interpret a multiplication equation as a comparison, e.g., interpret 35 = 5 × 7 as a statement that 35 is 5 times as many as 7 and 7 times as 

many as 5. Represent verbal statements of multiplicative comparisons as multiplication equations. (4-ESS3-2) 
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MS-ESS2 Earth's Systems 

Students who demonstrate understanding can: 

MS-ESS2-

1. 

Develop a model to describe the cycling of Earth's materials and the flow of energy that drives this 

process. [Clarification Statement: Emphasis is on the processes of melting, crystallization, weathering, deformation, 

and sedimentation, which act together to form minerals and rocks through the cycling of Earth’s 

materials.] [Assessment Boundary: Assessment does not include the identification and naming of minerals.] 

MS-ESS2-

2. 

Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at 

varying time and spatial scales. [Clarification Statement: Emphasis is on how processes change Earth’s surface at 

time and spatial scales that can be large (such as slow plate motions or the uplift of large mountain ranges) or small 

(such as rapid landslides or microscopic geochemical reactions), and how many geoscience processes (such as 

earthquakes, volcanoes, and meteor impacts) usually behave gradually but are punctuated by catastrophic events. 

Examples of geoscience processes include surface weathering and deposition by the movements of water, ice, and 

wind. Emphasis is on geoscience processes that shape local geographic features, where appropriate.] 

MS-ESS2-

3. 

Analyze and interpret data on the distribution of fossils and rocks, continental shapes, and seafloor structures 

to provide evidence of the past plate motions. [Clarification Statement: Examples of data include similarities of 

rock and fossil types on different continents, the shapes of the continents (including continental shelves), and the 

locations of ocean structures (such as ridges, fracture zones, and trenches).]  [Assessment Boundary: Paleomagnetic 

anomalies in oceanic and continental crust are not assessed.] 

MS-ESS2-

4. 

Develop a model to describe the cycling of water through Earth's systems driven by energy from the sun and 

the force of gravity.[Clarification Statement: Emphasis is on the ways water changes its state as it moves through 

the multiple pathways of the hydrologic cycle. Examples of models can be conceptual or physical.] [Assessment 

Boundary: A quantitative understanding of the latent heats of vaporization and fusion is not assessed.] 

MS-ESS2-

5. 

Collect data to provide evidence for how the motions and complex interactions of air masses result in 

changes in weather conditions.[Clarification Statement: Emphasis is on how air masses flow from regions of high 

pressure to low pressure, causing weather (defined by temperature, pressure, humidity, precipitation, and wind) at a 

fixed location to change over time, and how sudden changes in weather can result when different air masses collide. 

Emphasis is on how weather can be predicted within probabilistic ranges. Examples of data can be provided to 

students (such as weather maps, diagrams, and visualizations) or obtained through laboratory experiments (such as 

with condensation).] [Assessment Boundary: Assessment does not include recalling the names of cloud types or 

weather symbols used on weather maps or the reported diagrams from weather stations.] 

MS-ESS2-

6. 

Develop and use a model to describe how unequal heating and rotation of the Earth cause patterns 

of atmospheric and oceanic circulation that determine regional climates. [Clarification Statement: Emphasis is 

on how patterns vary by latitude, altitude, and geographic land distribution. Emphasis of atmospheric circulation is 

on the sunlight-driven latitudinal banding, the Coriolis effect, and resulting prevailing winds; emphasis of ocean 

circulation is on the transfer of heat by the global ocean convection cycle, which is constrained by the Coriolis effect 

and the outlines of continents. Examples of models can be diagrams, maps and globes, or digital 

representations.] [Assessment Boundary: Assessment does not include the dynamics of the Coriolis effect.] 
 

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

Science and Engineering Practices 

Developing and Using Models 
Modeling in 6–8 builds on K–5 experiences and 

progresses to developing, using, and revising models 

to describe, test, and predict more abstract 

phenomena and design systems. 

• Develop and use a model to describe 

phenomena. (MS-ESS2-1),(MS-ESS2-6) 

• Develop a model to describe unobservable 

mechanisms. (MS-ESS2-4) 

Planning and Carrying Out Investigations 
Planning and carrying out investigations in 6-8 

builds on K-5 experiences and progresses to include 

investigations that use multiple variables and provide 

evidence to support explanations or solutions. 

• Collect data to produce data to serve as the basis 

for evidence to answer scientific questions or 

test design solutions under a range of conditions. 

(MS-ESS2-5) 

Analyzing and Interpreting Data 

Disciplinary Core 

Ideas 

ESS1.C: The History of 
Planet Earth 

• Tectonic processes 

continually generate 

new ocean sea floor 

at ridges and destroy 

old sea floor at 

trenches. (HS.ESS1.

C GBE),(secondary 

to MS-ESS2-3) 

ESS2.A: Earth’s 
Materials and Systems 

• All Earth processes 

are the result of 

energy flowing and 

matter cycling within 

and among the 

Crosscutting Concepts 

Patterns 

• Patterns in rates of change and other numerical relationships 

can provide information about natural systems. (MS-ESS2-3) 

Cause and Effect 

• Cause and effect relationships may be used to predict 

phenomena in natural or designed systems. (MS-ESS2-5) 

Scale Proportion and Quantity 

• Time, space, and energy phenomena can be observed at 

various scales using models to study systems that are too 

large or too small. (MS-ESS2-2) 

Systems and System Models 

• Models can be used to represent systems and their 

interactions—such as inputs, processes and outputs—and 

energy, matter, and information flows within systems. (MS-

ESS2-6) 

Energy and Matter 

• Within a natural or designed system, the transfer of energy 

drives the motion and/or cycling of matter. (MS-ESS2-4) 
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Analyzing data in 6–8 builds on K–5 experiences 

and progresses to extending quantitative analysis to 

investigations, distinguishing between correlation 

and causation, and basic statistical techniques of data 

and error analysis. 

• Analyze and interpret data to provide evidence 

for phenomena. (MS-ESS2-3) 

Constructing Explanations and Designing 
Solutions 
Constructing explanations and designing solutions in 

6–8 builds on K–5 experiences and progresses to 

include constructing explanations and designing 

solutions supported by multiple sources of evidence 

consistent with scientific ideas, principles, and 

theories. 

• Construct a scientific explanation based on valid 

and reliable evidence obtained from sources 

(including the students’ own experiments) and 

the assumption that theories and laws that 

describe nature operate today as they did in the 

past and will continue to do so in the future. 

(MS-ESS2-2) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
         Connections to Nature of Science 
  

Scientific Knowledge is Open to Revision in 
Light of New Evidence 

• Science findings are frequently revised and/or 

reinterpreted based on new evidence. (MS-

ESS2-3) 

planet’s systems. 

This energy is 

derived from the sun 

and Earth’s hot 

interior. The energy 

that flows and matter 

that cycles produce 

chemical and 

physical changes in 

Earth’s materials and 

living organisms. 

(MS-ESS2-1) 

• The planet’s systems 

interact over scales 

that range from 

microscopic to 

global in size, and 

they operate over 

fractions of a second 

to billions of years. 

These interactions 

have shaped Earth’s 

history and will 

determine its future. 

(MS-ESS2-2) 

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

• Maps of ancient land 

and water patterns, 

based on 

investigations of 

rocks and fossils, 

make clear how 

Earth’s plates have 

moved great 

distances, collided, 

and spread apart. 

(MS-ESS2-3) 

ESS2.C: The Roles of 
Water in Earth's 
Surface Processes 

• Water continually 

cycles among land, 

ocean, and 

atmosphere via 

transpiration, 

evaporation, 

condensation and 

crystallization, and 

precipitation, as well 

as downhill flows on 

land. (MS-ESS2-4) 

• The complex 

patterns of the 

changes and the 

movement of water 

in the atmosphere, 

determined by 

winds, landforms, 

and ocean 

temperatures and 

currents, are major 

determinants of local 

weather patterns. 

(MS-ESS2-5) 

• Global movements 

of water and its 

changes in form are 

propelled by sunlight 

and gravity. (MS-

ESS2-4) 

Stability and Change 

• Explanations of stability and change in natural or designed 

systems can be constructed by examining the changes over 

time and processes at different scales, including the atomic 

scale. (MS-ESS2-1) 
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• Variations in density 

due to variations in 

temperature and 

salinity drive a 

global pattern of 

interconnected ocean 

currents. (MS-ESS2-

6) 

• Water’s 

movements—both 

on the land and 

underground—cause 

weathering and 

erosion, which 

change the land’s 

surface features and 

create underground 

formations. (MS-

ESS2-2) 

ESS2.D: Weather and 
Climate 

• Weather and climate 

are influenced by 

interactions 

involving sunlight, 

the ocean, the 

atmosphere, ice, 

landforms, and living 

things. These 

interactions vary 

with latitude, 

altitude, and local 

and regional 

geography, all of 

which can affect 

oceanic and 

atmospheric flow 

patterns. (MS-ESS2-

6) 

• Because these 

patterns are so 

complex, weather 

can only be predicted 

probabilistically. 

(MS-ESS2-5) 

• The ocean exerts a 

major influence on 

weather and climate 

by absorbing energy 

from the sun, 

releasing it over 

time, and globally 

redistributing it 

through ocean 

currents. (MS-ESS2-

6) 

Connections to other DCIs in this grade band: 

MS.PS1.A (MS-ESS2-1),(MS-ESS2-4),(MS-ESS2-5); MS.PS1.B (MS-ESS2-1),(MS-ESS2-2); MS.PS2.A(MS-ESS2-5),(MS-ESS2-6); MS.PS2.B (MS-ESS2-

4); MS.PS3.A (MS-ESS2-4),(MS-ESS2-5); MS.PS3.B(MS-ESS2-1),(MS-ESS2-5),(MS-ESS2-6); MS.PS3.D (MS-ESS2-4); MS.PS4.B (MS-ESS2-

6); MS.LS2.B(MS-ESS2-1),(MS-ESS2-2); MS.LS2.C (MS-ESS2-1); MS.LS4.B (MS-ESS2-3); MS.ESS1.B (MS-ESS2-1); MS.ESS3.C (MS-ESS2-1) 

  

Articulation of DCIs across grade-bands: 

3.PS2.A (MS-ESS2-4),(MS-ESS2-6); 3.LS4.A (MS-ESS2-3); 3.ESS2.D (MS-ESS2-5),(MS-ESS2-6); 3.ESS3.B (MS-ESS2-3); 4.PS3.B (MS-ESS2-1),(MS-

ESS2-4); 4.ESS1.C (MS-ESS2-2),(MS-ESS2-3); 4.ESS2.A (MS-ESS2-1),(MS-ESS2-2); 4.ESS2.B (MS-ESS2-3); 4.ESS2.E (MS-ESS2-2); 4.ESS3.B (MS-

ESS2-3); 5.PS2.B (MS-ESS2-4); 5.ESS2.A (MS-ESS2-1),(MS-ESS2-2),(MS-ESS2-5),(MS-ESS2-6); 5.ESS2.C (MS-ESS2-4); HS.PS1.B (MS-ESS2-

1); HS.PS2.B (MS-ESS2-4),(MS-ESS2-6); HS.PS3.B (MS-ESS2-1),(MS-ESS2-4),(MS-ESS2-6); HS.PS3.D (MS-ESS2-2); HS.PS4.B (MS-ESS2-

4); HS.LS1.C (MS-ESS2-1); HS.LS2.B (MS-ESS2-1),(MS-ESS2-2); HS.LS4.A (MS-ESS2-3); HS.LS4.C (MS-ESS2-3); HS.ESS1.B (MS-ESS2-

6); HS.ESS1.C (MS-ESS2-2),(MS-ESS2-3); HS.ESS2.A (MS-ESS2-1),(MS-ESS2-2),(MS-ESS2-3),(MS-ESS2-4),(MS-ESS2-6); HS.ESS2.B (MS-ESS2-

2),(MS-ESS2-3); HS.ESS2.C (MS-ESS2-1),(MS-ESS2-2),(MS-ESS2-4),(MS-ESS2-5); HS.ESS2.D (MS-ESS2-2),(MS-ESS2-4),(MS-ESS2-5),(MS-ESS2-

6); HS.ESS2.E (MS-ESS2-1),(MS-ESS2-2); HS.ESS3.D (MS-ESS2-2) 

  

Common Core State Standards Connections: 

ELA/Literacy - 
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RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts. (MS-ESS2-2),(MS-ESS2-3),(MS-ESS2-5) 

RST.6-8.7 Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a 

flowchart, diagram, model, graph, or table). (MS-ESS2-3) 

RST.6-8.9 Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading 

a text on the same topic. (MS-ESS2-3),(MS-ESS2-5) 

WHST.6-8.2 Write informative/explanatory texts to examine a topic and convey ideas, concepts, and information through the selection, organization, 

and analysis of relevant content. (MS-ESS2-2) 

WHST.6-8.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of 

each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for 

citation. (MS-ESS2-5) 

SL.8.5 Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS-

ESS2-1),(MS-ESS2-2),(MS-ESS2-6) 

Mathematics - 

MP.2 Reason abstractly and quantitatively. (MS-ESS2-2),(MS-ESS2-3),(MS-ESS2-5) 

6.NS.C.5 Understand that positive and negative numbers are used together to describe quantities having opposite directions or values (e.g., 

temperature above/below zero, elevation above/below sea level, credits/debits, positive/negative electric charge); use positive and 

negative numbers to represent quantities in real-world contexts, explaining the meaning of 0 in each situation. (MS-ESS2-5) 

6.EE.B.6 Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable 

can represent an unknown number, or, depending on the purpose at hand, any number in a specified set. (MS-ESS2-2),(MS-ESS2-3) 

7.EE.B.4 Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and inequalities to solve 

problems by reasoning about the quantities. (MS-ESS2-2),(MS-ESS2-3) 
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HS-ESS2-5 Earth's Systems 

Students who demonstrate understanding can: 

HS-ESS2-

5. 

Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface 

processes.[Clarification Statement: Emphasis is on mechanical and chemical investigations with water and a variety 

of solid materials to provide the evidence for connections between the hydrologic cycle and system interactions 

commonly known as the rock cycle. Examples of mechanical investigations include stream transportation and 

deposition using a stream table, erosion using variations in soil moisture content, or frost wedging by the expansion 

of water as it freezes. Examples of chemical investigations include chemical weathering and recrystallization (by 

testing the solubility of different materials) or melt generation (by examining how water lowers the melting 

temperature of most solids).] 
 

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

Science and Engineering Practices 

Planning and Carrying Out Investigations 

 
Planning and carrying out investigations in 9-12 builds 

on K-8 experiences and progresses to include 

investigations that provide evidence for and test 

conceptual, mathematical, physical, and empirical 

models. 
 

• 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. 

Disciplinary Core Ideas 

ESS2.C: The Roles of Water in Earth's Surface 
Processes 

• The abundance of liquid water on Earth’s surface 

and its unique combination of physical and chemical 

properties are central to the planet’s dynamics. These 

properties include water’s exceptional capacity to 

absorb, store, and release large amounts of energy, 

transmit sunlight, expand upon freezing, dissolve 

and transport materials, and lower the viscosities and 

melting points of rocks. 

Crosscutting Concepts 

Structure and Function 

• The functions and properties of natural and designed 

objects and systems can be inferred from their 

overall structure, the way their components are 

shaped and used, and the molecular substructures of 

its various materials. 

Connections to other DCIs in this grade-band: 

HS.PS1.A ; HS.PS1.B ; HS.PS3.B ; HS.ESS3.C 

Articulation of DCIs across grade-bands: 

MS.PS1.A ; MS.PS4.B ; MS.ESS2.A ; MS.ESS2.C ; MS.ESS2.D 

Common Core State Standards Connections: 

ELA/Literacy - 

WHST.9-12.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; 

narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject 

under investigation. (HS-ESS2-5) 

Mathematics - 

HSN.Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities. (HS-ESS2-5) 
 

* The performance expectations marked with an asterisk integrate traditional science content with engineering through a 
Practice or Disciplinary Core Idea. 

The section entitled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K-12 Science Education: 
Practices, Cross-Cutting Concepts, and Core Ideas. Integrated and reprinted with permission from the National Academy 
of Sciences. 
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CONCEPTUAL CORE IDEA: 
ESS2: Earth’s Systems & ESS3: Earth & Human Activity 

2 ESS1.C: The History of Planet Earth 
ESS2.A: Earth Materials and Systems 
ESS2.B: Plate Tectonics and Large-Scale System Interactions 
ESS2.C: The Roles of Water in Earth’s Surface Processes 
ETS1.C: Optimizing the Design Solution 

4 ESS1.C: The History of Planet Earth 
ESS2.A: Earth Materials and Systems 
ESS2.B: Plate Tectonics and Large-Scale System Interactions 
ESS2.E: Biogeology 
ESS3.B: Natural Hazards 
ETS1.B: Designing Solutions to Engineering Problems 

MS ESS1.C: The History of Planet Earth 
ESS2.A: Earth’s Materials and Systems 
ESS2.B: Plate Tectonics and Large-Scale System Interactions 
ESS2.C: The Roles of Water in Earth's Surface Processes 
ESS2.D: Weather and Climate 

HS ESS2.C: The Roles of Water in Earth’s Surface Processes 

Analogous Phenomena Analogous Phenomena Analogous Phenomena 

   

   

   

Using Core Idea in a 3D Performance 
Phenomenon: Varying volumes and velocities of water proportionally deform, displace, 
and/or transport unconsolidated materials. 

3D Performance 

Disciplinary Core Idea(s): 

2 ESS1.C: The History of Planet Earth 
• Some events happen very quickly; others occur very slowly, over a time period much longer than one can observe. (2-ESS1- 1) 

ESS2.A: Earth Materials and Systems 
• Wind and water can change the shape of the land. (2-ESS2-1) 

ESS2.B: Plate Tectonics and Large-Scale System Interactions 
• Maps show where things are located. One can map the shapes and kinds of land and water in any area. (2-ESS2-2) 

ESS2.C: The Roles of Water in Earth’s Surface Processes 

• Water is found in the ocean, rivers, lakes, and ponds. Water exists as solid ice and in liquid form. (2-ESS2-3) 

ETS1.C: Optimizing the Design Solution 
Because there is always more than one possible solution to a problem, it is useful to compare and test designs.(secondary to 2-ESS2-1) 
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4 ESS1.C: The History of Planet Earth 
• Local, regional, and global patterns of rock formations reveal changes over time due to earth forces, such as earthquakes. The 

presence and location of certain fossil types indicate the order in which rock layers were formed. (4-ESS1-1) 

ESS2.A: Earth Materials and Systems 
• Rainfall helps to shape the land and affects the types of living things found in a region. Water, ice, wind, living organisms, and gravity 

break rocks, soils, and sediments into smaller particles and move them around. (4-ESS2-1) 

ESS2.B: Plate Tectonics and Large-Scale System Interactions 
• The locations of mountain ranges, deep ocean trenches, ocean floor structures, earthquakes, and volcanoes occur in patterns. Most 

earthquakes and volcanoes occur in bands that are often along the boundaries between continents and oceans. Major mountain 
chains form inside continents or near their edges. Maps can help locate the different land and water features areas of Earth. (4-
ESS2-2) 

ESS2.E: Biogeology 
• Living things affect the physical characteristics of their regions. (4-ESS2-1) 

ESS3.B: Natural Hazards 
• A variety of hazards result from natural processes (e.g., earthquakes, tsunamis, volcanic eruptions). Humans cannot eliminate the 

hazards but can take steps to reduce their impacts. (4-ESS3-2) (Note: This Disciplinary Core Idea can also be found in 3.WC.) 

ETS1.B: Designing Solutions to Engineering Problems 
• Testing a solution involves investigating how well it performs under a range of likely conditions. (secondary to 4-ESS3-2) 

MS ESS1.C: The History of Planet Earth 
• Tectonic processes continually generate new ocean sea floor at ridges and destroy old sea floor at trenches. (HS.ESS1.C 

GBE),(secondary to MS-ESS2-3) 

ESS2.A: Earth’s Materials and Systems 
• All Earth processes are the result of energy flowing and matter cycling within and among the planet’s systems. This energy is 

derived from the sun and Earth’s hot interior. The energy that flows and matter that cycles produce chemical and physical 
changes in Earth’s materials and living organisms. (MS-ESS2-1) 

• The planet’s systems interact over scales that range from microscopic to global in size, and they operate over fractions of a second 
to billions of years. These interactions have shaped Earth’s history and will determine its future. (MS-ESS2-2) 

ESS2.B: Plate Tectonics and Large-Scale System Interactions 
• Maps of ancient land and water patterns, based on investigations of rocks and fossils, make clear how Earth’s plates have moved 

great distances, collided, and spread apart. (MS-ESS2-3) 

ESS2.C: The Roles of Water in Earth's Surface Processes 
• Water continually cycles among land, ocean, and atmosphere via transpiration, evaporation, condensation and crystallization, and 

precipitation, as well as downhill flows on land. (MS-ESS2-4) 

• Global movements of water and its changes in form are propelled by sunlight and gravity. (MS-ESS2-4) 

• Water’s movements—both on the land and underground—cause weathering and erosion, which change the land’s surface 
features and create underground formations. (MS-ESS2-2) 

HS ESS2.C: The Roles of Water in Earth's Surface Processes 
The abundance of liquid water on Earth’s surface and its unique combination of physical and chemical properties are central to the 
planet’s dynamics. These properties include water’s exceptional capacity to absorb, store, and release large amounts of energy, transmit 
sunlight, expand upon freezing, dissolve and transport materials, and lower the viscosities and melting points of rocks. 

Science & Engineering Practice(s): 
2 Developing and Using Models 

Modeling in K–2 builds on prior experiences and progresses to include using and developing models (i.e., diagram, drawing, physical 
replica, diorama, dramatization, or storyboard) that represent concrete events or design solutions. 

• Develop a model to represent patterns in the natural world. (2-ESS2-2) 

Constructing Explanations and Designing Solutions 
Constructing explanations and designing solutions in K–2 builds on prior experiences and progresses to the use of evidence and ideas in 
constructing evidence-based accounts of natural phenomena and designing solutions. 

• Make observations from several sources to construct an evidence-based account for natural phenomena. (2-ESS1-1) 

• Compare multiple solutions to a problem. (2-ESS2-1) 

Obtaining, Evaluating, and Communicating Information 
Obtaining, evaluating, and communicating information in K–2 builds on prior experiences and uses observations and texts to 
communicate new information. 
Obtain information using various texts, text features (e.g., headings, tables of contents, glossaries, electronic menus, icons), and other 
media that will be useful in answering a scientific question. (2-ESS2-3) 

4 Planning and Carrying Out Investigations 
Planning and carrying out investigations to answer questions or test solutions to problems in 3–5 builds on K–2 experiences and 
progresses to include investigations that control variables and provide evidence to support explanations or design solutions. 

• Make observations and/or measurements to produce data to serve as the basis for evidence for an explanation of a phenomenon. 
(4-ESS2-1) 
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Analyzing and Interpreting Data 
Analyzing data in 3–5 builds on K–2 experiences and progresses to introducing quantitative approaches to collecting data and conducting 
multiple trials of qualitative observations. When possible and feasible, digital tools should be used. 

• Analyze and interpret data to make sense of phenomena using logical reasoning. (4-ESS2-2) 

Constructing Explanations and Designing Solutions 
Constructing explanations and designing solutions in 3–5 builds on K–2 experiences and progresses to the use of evidence in constructing 
explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems. 

• Identify the evidence that supports particular points in an explanation. (4-ESS1-1) 
Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design solution. 
(4-ESS3-2) 

MS Developing and Using Models 
Modeling in 6–8 builds on K–5 experiences and progresses to developing, using, and revising models to describe, test, and predict more 
abstract phenomena and design systems. 

• Develop and use a model to describe phenomena. (MS-ESS2-1),(MS-ESS2-6) 

• Develop a model to describe unobservable mechanisms. (MS-ESS2-4) 

Planning and Carrying Out Investigations 
Planning and carrying out investigations in 6-8 builds on K-5 experiences and progresses to include investigations that use multiple 
variables and provide evidence to support explanations or solutions. 

• Collect data to produce data to serve as the basis for evidence to answer scientific questions or test design solutions under a range 
of conditions. (MS-ESS2-5) 

Analyzing and Interpreting Data 
Analyzing data in 6–8 builds on K–5 experiences and progresses to extending quantitative analysis to investigations, distinguishing 
between correlation and causation, and basic statistical techniques of data and error analysis. 

• Analyze and interpret data to provide evidence for phenomena. (MS-ESS2-3) 

Constructing Explanations and Designing Solutions 
Constructing explanations and designing solutions in 6–8 builds on K–5 experiences and progresses to include constructing explanations 
and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories. 

• Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the students’ own 
experiments) and the assumption that theories and laws that describe nature operate today as they did in the past and will continue 
to do so in the future. (MS-ESS2-2) 

         Connections to Nature of Science 
Scientific Knowledge is Open to Revision in Light of New Evidence 
Science findings are frequently revised and/or reinterpreted based on new evidence. (MS-ESS2-3) 

HS Planning and Carrying Out Investigations 
 

Planning and carrying out investigations in 9-12 builds on K-8 experiences and progresses to include investigations that provide evidence 
for and test conceptual, mathematical, physical, and empirical models. 
 

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. 

Cross Cutting Concept(s): 
2 Patterns 

• Patterns in the natural world can be observed. (2-ESS2-2),(2-ESS2-3) 

Stability and Change 
• Things may change slowly or rapidly. (2-ESS2-1) 

   Connections to Engineering,Technology, and Applications of Science 
Influence of Engineering, Technology, and Science on Society and the Natural World 

• Developing and using technology has impacts on the natural world. (2-ESS2-1) 

  Connections to Nature of Science 
Science Addresses Questions About the Natural and Material World 
Scientists study the natural and material world. (2-ESS2-1) 

4 Patterns 
• Patterns can be used as evidence to support an explanation. (4-ESS1-1),(4-ESS2-2) 

Cause and Effect 
• Cause and effect relationships are routinely identified, tested, and used to explain change. (4- ESS2-1),(4-ESS3-2) 

  Connections to Engineering, Technology, and Applications of Science 
Influence of Engineering, Technology, and Science on Society and the Natural World 

• Engineers improve existing technologies or develop new ones to increase their benefits, to decrease known risks, and to meet 
societal demands. (4-ESS3-2) 

  Connections to Nature of Science 
Scientific Knowledge Assumes an Order and Consistency in Natural Systems 
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Science assumes consistent patterns in natural systems. (4-ESS1-1) 

MS Patterns 
• Patterns in rates of change and other numerical relationships can provide information about natural systems. (MS-ESS2-3) 

Cause and Effect 
• Cause and effect relationships may be used to predict phenomena in natural or designed systems. (MS-ESS2-5) 

Scale Proportion and Quantity 
• Time, space, and energy phenomena can be observed at various scales using models to study systems that are too large or too 

small. (MS-ESS2-2) 

Systems and System Models 
• Models can be used to represent systems and their interactions—such as inputs, processes and outputs—and energy, matter, and 

information flows within systems. (MS-ESS2-6) 

Energy and Matter 
• Within a natural or designed system, the transfer of energy drives the motion and/or cycling of matter. (MS-ESS2-4) 

Stability and Change 
Explanations of stability and change in natural or designed systems can be constructed by examining the changes over time and 

processes at different scales, including the atomic scale. (MS-ESS2-1) 

HS Structure and Function 
The functions and properties of natural and designed objects and systems can be inferred from their overall structure, the way their 
components are shaped and used, and the molecular substructures of its various materials. 

Performance Expectation 

2-ESS1-1. Use information from several sources to provide evidence that Earth events can occur quickly or 
slowly. [Clarification Statement: Examples of events and timescales could include volcanic explosions and earthquakes, which 

happen quickly and erosion of rocks, which occurs slowly.] [Assessment Boundary: Assessment does not include quantitative 
measurements of timescales.] 

2-ESS2-1. Compare multiple solutions designed to slow or prevent wind or water from changing the shape of the 
land.* [Clarification Statement: Examples of solutions could include different designs of dikes and windbreaks to hold back wind 
and water, and different designs for using shrubs, grass, and trees to hold back the land.] 

4-ESS1-1. Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation 
for changes in a landscape over time. [Clarification Statement: Examples of evidence from patterns could include rock layers 
with marine shell fossils above rock layers with plant fossils and no shells, indicating a change from land to water over time; and, 
a canyon with different rock layers in the walls and a river in the bottom, indicating that over time a river cut through the rock.] 
[Assessment Boundary: Assessment does not include specific knowledge of the mechanism of rock formation or memorization 
of specific rock formations and layers. Assessment is limited to relative time.] 

4-ESS2-1. Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion 
by water, ice, wind, or vegetation. [Clarification Statement: Examples of variables to test could include angle of slope in the 

downhill movement of water, amount of vegetation, speed of wind, relative rate of deposition, cycles of freezing and thawing 
of water, cycles of heating and cooling, and volume of water flow.] [Assessment Boundary: Assessment is limited to a single form 
of weathering or erosion.] 

4-ESS2-2. Analyze and interpret data from maps to describe patterns of Earth’s features.  [Clarification Statement: Maps can 
include topographic maps of Earth’s land and ocean floor, as well as maps of the locations of mountains, continental boundaries, 
volcanoes, and earthquakes.] 

MS-ESS2-1. Develop a model to describe the cycling of Earth's materials and the flow of energy that drives this 
process. [Clarification Statement: Emphasis is on the processes of melting, crystallization, weathering, deformation, and 

sedimentation, which act together to form minerals and rocks through the cycling of Earth’s materials.] [Assessment Boundary: 
Assessment does not include the identification and naming of minerals.] 

MS-ESS2-2. Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at 
varying time and spatial scales. [Clarification Statement: Emphasis is on how processes change Earth’s surface at time and 
spatial scales that can be large (such as slow plate motions or the uplift of large mountain ranges) or small (such as rapid 
landslides or microscopic geochemical reactions), and how many geoscience processes (such as earthquakes, volcanoes, and 
meteor impacts) usually behave gradually but are punctuated by catastrophic events. Examples of geoscience processes include 
surface weathering and deposition by the movements of water, ice, and wind. Emphasis is on geoscience processes that shape 
local geographic features, where appropriate.] 

HS-ESS2-5. Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface 
processes. [Clarification Statement: Emphasis is on mechanical and chemical investigations with water and a variety of solid 

materials to provide the evidence for connections between the hydrologic cycle and system interactions commonly known as 
the rock cycle. Examples of mechanical investigations include stream transportation and deposition using a stream table, erosion 
using variations in soil moisture content, or frost wedging by the expansion of water as it freezes. Examples of chemical 
investigations include chemical weathering and recrystallization (by testing the solubility of different materials) or melt 
generation (by examining how water lowers the melting temperature of most solids).] 
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