HS-ESS2-3
Students who demonstrate understanding can:
HS-ESS2-3.

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 onedimensional model of Earth, with radial layers determined by density, and a threedimensional 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 highpressure laboratory experiments.]

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

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models
Modeling in 9–12 builds on K–8 experiences
and progresses to using, synthesizing, and
developing models to predict and show
relationships among variables between
systems and their components in the natural
and designed world(s).
 Develop a model based on evidence to
illustrate the relationships between
systems or between components of a
system.
--------------------------------Connections to Nature of Science

ESS2.A: Earth Materials and
Systems
 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.
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.

Energy and Matter
Energy drives the cycling of matter
within and between systems.
------------------------Connections to Engineering,
Technology, and Applications of
Science

Scientific Knowledge is Based on
Empirical Evidence
 Science knowledge is based on
empirical evidence.
 Science disciplines share common rules
of evidence used to evaluate
explanations about natural systems.
 Science includes the process of
coordinating patterns of evidence with
current theory.

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.

Observable features of the student performance by the end of the course:
1

Components of the model
a Students develop a model (i.e., graphical, verbal, or mathematical) in which they identify and
describe the components based on both seismic and magnetic evidence (e.g., the pattern of the
geothermal gradient or heat flow measurements) from Earth’s interior, including:
i.
Earth’s interior in cross-section and radial layers (crust, mantle, liquid outer core, solid
inner core) determined by density;
ii.
The plate activity in the outer part of the geosphere;
iii.
Radioactive decay and residual thermal energy from the formation of the Earth as a
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source of energy;
The loss of heat at the surface of the earth as an output of energy; and
The process of convection that causes hot matter to rise (move away from the center)
and cool matter to fall (move toward the center).
Relationships
a Students describe the relationships between components in the model, including:
i.
Energy released by radioactive decay in the Earth’s crust and mantle and residual
thermal energy from the formation of the Earth provide energy that drives the flow of
matter in the mantle.
ii.
Thermal energy is released at the surface of the Earth as new crust is formed and
cooled.
iii.
The flow of matter by convection in the solid mantle and the sinking of cold, dense crust
back into the mantle exert forces on crustal plates that then move, producing tectonic
activity.
iv.
The flow of matter by convection in the liquid outer core generates the Earth’s magnetic
field.
v.
Matter is cycled between the crust and the mantle at plate boundaries. Where plates are
pushed together, cold crustal material sinks back into the mantle, and where plates are
pulled apart, mantle material can be integrated into the crust, forming new rock.
Connections
iv.
v.

2

3

a

Students use the model to describe the cycling of matter by thermal convection in Earth’s interior,
including:
i.
The flow of matter in the mantle that causes crustal plates to move;
ii.
The flow of matter in the liquid outer core that generates the Earth’s magnetic field,
including evidence of polar reversals (e.g., seafloor exploration of changes in the
direction of Earth’s magnetic field);
iii.
The radial layers determined by density in the interior of Earth; and
iv.
The addition of a significant amount of thermal energy released by radioactive decay in
Earth’s crust and mantle.
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