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Enduring Understandings
• The surface of the Earth has changed and continues to change due to volcanism, mountain building, 

erosion, and weathering.

• The history of the Earth is discussed in terms of a geological time scale.

• Some information about Earth is theory, which is supported by evidence in the fossil record, ice cores, 
radiometric dating, etc.

• Models are used to understand complex processes.

Essential Questions
• How has Earth’s surface changed over time?

• How long does it take to make a mountain?

• How much force is needed to move a continent?

• What can possibly provide the energy to move a continent?

• How do we know if all rocks are the same age?

• How do changes in the geosphere affect the atmosphere and other processes?

 

 

Student Learning Objectives (PE, SEP, DCI, CCC) & Aligned Standards
• Examine earthquake data. 

• Examine plate tectonics. 

Performance Expectations 

 



Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and 
temporal scales to form continental and ocean-floor features. [Clarification Statement: Emphasis is on 
how the appearance of land features (such as mountains, valleys, and plateaus) and sea-floor features (such 
as trenches, ridges, and seamounts) are a result of both constructive forces (such as volcanism, tectonic uplift, 
and orogeny) and destructive mechanisms (such as weathering, mass wasting, and coastal erosion).] 
[Assessment Boundary: Assessment does not include memorization of the details of the formation of specific 
geographic features of Earth’s surface.] (HS-ESS2-1)

 

Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal 
convection. [Clarification Statement: Emphasis is on both a one-dimensional model of Earth, with radial 
layers determined by density, and a three-dimensional model, which is controlled by mantle convection and 
the resulting plate tectonics. Examples of evidence include maps of Earth’s three dimensional structure 
obtained from seismic waves, records of the rate of change of Earth’s magnetic field (as constraints on 
convection in the outer core), and identification of the composition of Earth’s layers from high-pressure 
laboratory experiments.] (HS-ESS2-3)

 

Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of 
plate tectonics to explain the ages of crustal rocks. [Clarification Statement: Emphasis is on the ability of 
plate tectonics to explain the ages of crustal rocks. Examples include evidence of the ages oceanic crust 
increasing with distance from mid-ocean ridges (a result of plate spreading) and the ages of North American 
continental crust increasing with distance away from a central ancient core (a result of past plate 
interactions).] (HS-ESS1-5)

 

Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that 
cause changes to other Earth systems. [Clarification Statement: Examples should include climate feedbacks, 
such as how an increase in greenhouse gases causes a rise in global temperatures that melts glacial ice, which 
reduces the amount of sunlight reflected from Earth’s surface, increasing surface temperatures and further 
reducing the amount of ice. Examples could also be taken from other system interactions, such as how the loss 
of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers increase 
groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands 
causes a decrease in local humidity that further reduces the wetland extent.] (HS-ESS2-2)

 

Science and Engineering Practices 

 

Developing and Using Models

• Develop a model based on evidence to illustrate the relationships between systems or between 
components of a system. (HS-ESS2-1),(HS-ESS2-3)

Analyzing and Interpreting Data

• Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in order to 
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make valid and reliable scientific claims or determine an optimal design solution. (HS-ESS2-2)

Engaging in Argument from Evidence

• Evaluate evidence behind currently accepted explanations or solutions to determine the merits of 
arguments. (HS-ESS1-5)

 

Disciplinary Core Ideas 

 

ESS2.A: Earth Materials and Systems

• Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease 
the original changes. (HS-ESS2-1),(HS-ESS2-2)

• Evidence from deep probes and seismic waves, reconstructions of historical changes in Earth’s surface 
and its magnetic field, and an understanding of physical and chemical processes lead to a model of 
Earth with a hot but solid inner core, a liquid outer core, a solid mantle and crust. Motions of the 
mantle and its plates occur primarily through thermal convection, which involves the cycling of matter 
due to the outward flow of energy from Earth’s interior and gravitational movement of denser 
materials toward the interior. (HS-ESS2-3)

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

• The radioactive decay of unstable isotopes continually generates new energy within Earth’s crust and 
mantle, providing the primary source of the heat that drives mantle convection. Plate tectonics can be 
viewed as the surface expression of mantle convection. (HS-ESS2-3)

• Plate tectonics is the unifying theory that explains the past and current movements of the rocks at 
Earth’s surface and provides a framework for understanding its geologic history. Plate movements are 
responsible for most continental and ocean-floor features and for the distribution of most rocks and 
minerals within Earth’s crust. (HS-ESS2-1)

ESS2.D: Weather and Climate

• The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as 
well as its reflection, absorption, storage, and redistribution among the atmosphere, ocean, and land 
systems, and this energy’s re-radiation into space. (HS-ESS2-2)

ESS1.C: The History of Planet Earth

• Continental rocks, which can be older than 4 billion years, are generally much older than the rocks of 
the ocean floor, which are less than 200 million years old. (HS-ESS1-5) 

 

Crosscutting Concepts

 

Energy and Matter

• Energy drives the cycling of matter within and between systems. (HS-ESS2-3)
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• Change and rates of change can be quantified and modeled over very short or very long periods of 
time. Some system changes are irreversible. (HS-ESS2-1)

• Feedback (negative or positive) can stabilize or destabilize a system. (HS-ESS2-2)

Patterns

• Empirical evidence is needed to identify patterns. (HS-ESS1-5)

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

        Connections to Engineering, Technology,

                     and Applications of Science

Interdependence of Science, Engineering, and Technology

• Science and engineering complement each other in the cycle known as research and development 
(R&D). Many R&D projects may involve scientists, engineers, and others with wide ranges of 
expertise. (HS-ESS2-3)

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

• New technologies can have deep impacts on society and the environment, including some that were not 
anticipated. Analysis of costs and benefits is a critical aspect of decisions about technology. (HS-
ESS2-2)

Scientific Knowledge is Based on Empirical Evidence

• Science knowledge is based on empirical evidence. (HS-ESS2-3)
• Science disciplines share common rules of evidence used to evaluate explanations about natural 

systems. (HS-ESS2-3)
• Science includes the process of coordinating patterns of evidence with current theory. (HS-ESS2-3)

 

SCI.9-12.1.5 Empirical evidence is needed to identify patterns. 

SCI.9-12.2.2 Cause and effect relationships can be suggested and predicted for complex natural and 
human designed systems by examining what is known about smaller scale mechanisms 
within the system. 

SCI.9-12.2.4 Changes in systems may have various causes that may not have equal effects. 

SCI.9-12.3.2 Some systems can only be studied indirectly as they are too small, too large, too fast, or 
too slow to observe directly. 

SCI.9-12.3.3 Patterns observable at one scale may not be observable or exist at other scales. 

SCI.9-12.4.3 Models (e.g., physical, mathematical, computer models) can be used to simulate systems 
and interactions—including energy, matter, and information flows—within and between 
systems at different scales. 

SCI.9-12.4.4 Models can be used to predict the behavior of a system, but these predictions have 
limited precision and reliability due to the assumptions and approximations inherent in 
models. 

SCI.9-12.5.1.12.A.c Revisions of predictions and explanations are based on systematic observations, accurate 
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measurements, and structured data/evidence. 

SCI.9-12.5.1.12.B.2 Build, refine, and represent evidence-based models using mathematical, physical, and 
computational tools. 

SCI.9-12.5.1.12.B.3 Revise predictions and explanations using evidence, and connect explanations/arguments 
to established scientific knowledge, models, and theories. 

SCI.9-12.5.1.12.B.c Empirical evidence is used to construct and defend arguments. 

SCI.9-12.5.1.12.B.d Scientific reasoning is used to evaluate and interpret data patterns and scientific 
conclusions. 

SCI.9-12.5.1.12.C.1 Reflect on and revise understandings as new evidence emerges. 

SCI.9-12.5.1.12.C.2 Use data representations and new models to revise predictions and explanations. 

SCI.9-12.5.1.12.C.3 Consider alternative theories to interpret and evaluate evidence-based arguments. 

SCI.9-12.5.1.12.C.a Refinement of understandings, explanations, and models occurs as new evidence is 
incorporated. 

SCI.9-12.5.1.12.C.b Data and refined models are used to revise predictions and explanations. 

SCI.9-12.5.1.12.C.c Science is a practice in which an established body of knowledge is continually revised, 
refined, and extended as new evidence emerges. 

SCI.9-12.5.1.12.D.1 Engage in multiple forms of discussion in order to process, make sense of, and learn from 
others’ ideas, observations, and experiences. 

SCI.9-12.5.1.12.D.2 Represent ideas using literal representations, such as graphs, tables, journals, concept 
maps, and diagrams. 

SCI.9-12.5.1.12.D.a Science involves practicing productive social interactions with peers, such as partner talk, 
whole-group discussions, and small-group work. 

SCI.9-12.5.1.12.D.b Science involves using language, both oral and written, as a tool for making thinking 
public. 

SCI.9-12.5.2 Changes of energy and matter in a system can be described in terms of energy and matter 
flows into, out of, and within that system. 

SCI.9-12.5.4 Energy drives the cycling of matter within and between systems. 

SCI.9-12.6.2 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. 

SCI.9-12.7.2 Change and rates of change can be quantified and modeled over very short or very long 
periods of time. Some system changes are irreversible. 

SCI.9-12.7.3 Feedback (negative or positive) can stabilize or destabilize a system. 

SCI.9-12.CCC.3.1 students understand the significance of a phenomenon is dependent on the scale, 
proportion, and quantity at which it occurs. They recognize patterns observable at one 
scale may not be observable or exist at other scales, and some systems can only be 
studied indirectly as they are too small, too large, too fast, or too slow to observe directly. 
Students use orders of magnitude to understand how a model at one scale relates to a 
model at another scale. They use algebraic thinking to examine scientific data and predict 
the effect of a change in one variable on another (e.g., linear growth vs. exponential 
growth). 

SCI.9-12.CCC.6.1 students investigate systems by examining the properties of different materials, the 
structures of different components, and their interconnections to reveal the system’s 
function and/or solve a problem. They infer the functions and properties of natural and 
designed objects and systems from their overall structure, the way their components are 
shaped and used, and the molecular substructures of their various materials. 

SCI.9-12.CCC.7.1 students understand much of science deals with constructing explanations of how things 
change and how they remain stable. They quantify and model changes in systems over 



very short or very long periods of time. They see some changes are irreversible, and 
negative feedback can stabilize a system, while positive feedback can destabilize it. They 
recognize systems can be designed for greater or lesser stability. 

SCI.9-12.SEP.1.a Ask questions 

SCI.9-12.SEP.1.a.1 that arise from careful observation of phenomena, or unexpected results, to clarify and/or 
seek additional information. 

SCI.9-12.SEP.1.a.2 that arise from examining models or a theory, to clarify and/or seek additional information 
and relationships. 

SCI.9-12.SEP.1.a.3 to determine relationships, including quantitative relationships, between independent and 
dependent variables. 

SCI.9-12.SEP.1.d Ask and/or evaluate questions that challenge the premise(s) of an argument, the 
interpretation of a data set, or the suitability of a design. 

SCI.9-12.SEP.2.a Evaluate merits and limitations of two different models of the same proposed tool, 
process, mechanism or system in order to select or revise a model that best fits the 
evidence or design criteria. 

SCI.9-12.SEP.4.c Consider limitations of data analysis (e.g., measurement error, sample selection) when 
analyzing and interpreting data. 

SCI.9-12.SEP.4.d Compare and contrast various types of data sets (e.g., self-generated, archival) to examine 
consistency of measurements and observations. 

SCI.9-12.SEP.4.e Evaluate the impact of new data on a working explanation and/or model of a proposed 
process or system. 

SCI.9-12.SEP.5.b Use mathematical, computational, and/or algorithmic representations of phenomena or 
design solutions to describe and/or support claims and/or explanations. 

SCI.9-12.SEP.5.d Use simple limit cases to test mathematical expressions, computer programs, algorithms, 
or simulations of a process or system to see if a model “makes sense” by comparing the 
outcomes with what is known about the real world. 

SCI.9-12.SEP.8.a Critically read scientific literature adapted for classroom use to determine the central 
ideas or conclusions and/or to obtain scientific and/or technical information to summarize 
complex evidence, concepts, processes, or information presented in a text by 
paraphrasing them in simpler but still accurate terms. 

SCI.9-12.SEP.8.b Compare, integrate and evaluate sources of information presented in different media or 
formats (e.g., visually, quantitatively) as well as in words in order to address a scientific 
question or solve a problem. 

SCI.9-12.SEP.8.c Gather, read, and evaluate scientific and/or technical information from multiple 
authoritative sources, assessing the evidence and usefulness of each source. 

SCI.9-12.SEP.8.d Evaluate the validity and reliability of and/or synthesize multiple claims, methods, and/or 
designs that appear in scientific and technical texts or media reports, verifying the data 
when possible. 

SCI.9-12.SEP.8.e Communicate scientific and/or technical information or ideas (e.g. about phenomena 
and/or the process of development and the design and performance of a proposed 
process or system) in multiple formats (i.e., orally, graphically, textually, mathematically). 

SCI.9-12.HS-ESS2-1 Develop a model to illustrate how Earth’s internal and surface processes operate at 
different spatial and temporal scales to form continental and ocean-floor features. 

SCI.9-12.HS-ESS2-7 Construct an argument based on evidence about the simultaneous coevolution of Earth's 
systems and life on Earth. 

SCI.9-12.HS-ESS2-5 Plan and conduct an investigation of the properties of water and its effects on Earth 
materials and surface processes. 

SCI.9-12.HS-ESS2-6 Develop a quantitative model to describe the cycling of carbon among the hydrosphere, 
atmosphere, geosphere, and biosphere. 



SCI.9-12.HS-ESS1-6 Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and 
other planetary surfaces to construct an account of Earth’s formation and early history. 

SCI.9-12.HS-ESS1-5 Evaluate evidence of the past and current movements of continental and oceanic crust 
and the theory of plate tectonics to explain the ages of crustal rocks. 

SCI.9-12.HS-ESS2-3 Develop a model based on evidence of Earth’s interior to describe the cycling of matter by 
thermal convection. 

SCI.9-12.HS-ESS2-2 Analyze geoscience data to make the claim that one change to Earth’s surface can create 
feedbacks that cause changes to other Earth systems. 

SCI.9-12.HS-ESS2-4 Use a model to describe how variations in the flow of energy into and out of Earth's 
systems result in changes in climate. 

Emphasis is on the ability of plate tectonics to explain the ages of crustal rocks. Examples 
include evidence of the ages oceanic crust increasing with distance from mid-ocean ridges 
(a result of plate spreading) and the ages of North American continental crust decreasing 
with distance away from a central ancient core of the continental plate (a result of past 
plate interactions). 

Resources
 

EarthViewer (IPAd or Android) or for Chrome browsers: Students explore the co-evolution of the geology and 
biology found on Earth to develop arguments from evidence for the co-evolution of geology and biology 
found on Earth. If IPads, Androids or Chrome browsers are not available, similar interactives may be found at 
this link, and this link.

 

Earth Systems Activity: Students model the carbon cycle and its connection with Earth’s climate.

 

Greenhouse Effect: Students explore the atmosphere during the ice age and today. What happens when you 
add clouds? Change the greenhouse gas concentration and see how the temperature changes. Then compare to 
the effect of glass panes. Zoom in and see how light interacts with molecules. Do all atmospheric gases 
contribute to the greenhouse effect?

https://www.hhmi.org/biointeractive/classroom-activities-earthviewer
https://www.hhmi.org/biointeractive/earthviewer-online-and-downloadable-version
https://www.hhmi.org/biointeractive/deep-history-life-earth
https://www.hhmi.org/biointeractive/geological-history-oxygen
https://www.hhmi.org/biointeractive/earth-systems-activity
https://phet.colorado.edu/en/simulation/greenhouse

