Howard County Public School System
Curriculum for Middle School Science

GRADE 8: Physical Science

Overview:

Middle school physical science learning will equip students to address the four essential
questions as identified within the Next Generation Science Standards.

1. How do atomic and molecular interactions explain the properties of matter that we
see and feel?

2. How can one describe physical interactions between objects and within systems
of objects?

3. How can energy be transferred from one object or system to another?

4. What are the characteristic properties of waves and how can they be used?

The middle school Performance Expectations (PEs) in the physical sciences address these
essential questions and build on PK-5 ideas and experiences. They blend Disciplinary
Core Ideas (DCI) with Scientific and Engineering Practices (SEP) and Crosscutting
Concepts (CCC) to support students in developing usable knowledge to explain real-
world phenomena in the physical sciences. In Physical Science, students regularly
engage in asking scientific questions that drive their investigations and lead to
increasingly sophisticated evaluation of data and their presentation. Students also have
opportunities to learn and to apply engineering-specific practices such as designing
solutions to identified problems. Visit the full NGSS storyline for physical science for
more information.

Performance Expectations:

The Next Generation Science Standards (NGSS) are very different than previous
standards documents. NGSS purposely combines the three dimensions of science
learning into single, target statements for student learning. The three dimensions
are: Science and Engineering Practices (SEP), Crosscutting Concepts (CCC), and
Disciplinary Core Ideas (DCI). Earlier science standards treated the three
dimensions as separate and distinct. This treatment led to assessment and
instruction that emphasized one dimension preferentially over the others.

The combination of SEP, CCC, and DCI in each PE is not intended to limit instruction.
Instead, the PEs are designed to guide assessment of student learning. The
Performance Expectations for Middle School Physical Science support student
learning in four, important disciplinary core ideas: matter and its interaction;
motion and stability: forces and interactions; energy; and waves and their



applications for information transfer. The performance expectations for middle
school physical science are below:

MS-PS1 Matter and its interaction

Students who demonstrate understanding can:

MS-PS1-1.

Develop models to describe the atomic composition of simple molecules and
extended structures. [Clarification Statement: Emphasis is on developing models of
molecules that vary in complexity. Examples of simple molecules could include
ammonia and methanol. Examples of extended structures could include sodium
chloride or diamonds. Examples of molecular-level models could include drawings,
3D ball and stick structures, or computer representations showing different
molecules with different types of atoms.] [Assessment Boundary: Assessment does
not include valence electrons and bonding energy, discussing the ionic nature of
subunits of complex structures, or a complete description of all individual atoms in
a complex molecule or extended structure is not required.]

MS-PS1-2.

Analyze and interpret data on the properties of substances before and after the
substances interact to determine if a chemical reaction has occurred. [Clarification
Statement: Examples of reactions could include burning sugar or steel wool, fat
reacting with sodium hydroxide, and mixing zinc with hydrogen

chloride.] [Assessment boundary: Assessment is limited to analysis of the following
\properties: density, melting point, boiling point, solubility, flammability, and odor ]

MS-PS1-3.

Gather and make sense of information to describe that synthetic materials come
from natural resources and impact society. [Clarification Statement: Emphasis is on
natural resources that undergo a chemical process to form the synthetic material.
Examples of new materials could include new medicine, foods, and alternative
fuels.] [Assessment Boundary: Assessment is limited to qualitative information.)

MS-PS1-4.

Develop a model that predicts and describes changes in particle motion,
temperature, and state of a pure substance when thermal energy is added or
removed. [Clarification Statement: Emphasis is on qualitative molecular-level
models of solids, liquids, and gases to show that adding or removing thermal energy
increases or decreases kinetic energy of the particles until a change of state occurs.
Examples of models could include drawing and diagrams. Examples of particles
could include molecules or inert atoms. Examples of pure substances could include
water, carbon dioxide, and helium.]

MS-PS1-5.

Develop and use a model to describe how the total number of atoms does not change
in a chemical reaction and thus mass is conserved. [Clarification Statement:
Emphasis is on law of conservation of matter and on physical models or drawings,
including digital forms, that represent atoms.] [Assessment Boundary: Assessment
does not include the use of atomic masses, balancing symbolic equations, or
intermolecular forces.]

MS-PS1-6.

Undertake a design project to construct, test, and modify a device that either releases
or absorbs thermal energy by chemical processes.* [Clarification Statement:
Emphasis is on the design, controlling the transfer of energy to the environment, and
modification of a device using factors such as type and concentration of a substance.
Examples of designs could involve chemical reactions such as dissolving
ammonium chloride or calcium chloride.] [Assessment Boundary: Assessment is
limited to the criteria of amount, time, and temperature of substance in testing the

device.]




MS-PS2 Motion and Stability: Forces and Interactions

Students who demonstrate understanding can:

MS-PS2-1.

Apply Newton’s Third Law to design a solution to a problem involving the motion of
two colliding objects.* [Clarification Statement: Examples of practical problems could
include the impact of collisions between two cars, between a car and stationary
objects, and between a meteor and a space vehicle.] [Assessment Boundary:
Assessment is limited to vertical or horizontal interactions in one dimension.]

MS-PS2-2.

Plan an investigation to provide evidence that the change in an object’s motion
depends on the sum of the forces on the object and the mass of the object.
[Clarification Statement: Emphasis is on balanced (Newton’s First Law) and
unbalanced forces in a system, qualitative comparisons of forces, mass and changes in
motion (Newton’s Second Law), frame of reference, and specification of units.]
[Assessment Boundary: Assessment is limited to forces and changes in motion in one-
dimension in an inertial reference frame and to change in one variable at a time.
Assessment does not include the use of trigonometry.]

MS-PS2-3.

Ask questions about data to determine the factors that affect the strength of electric
and magnetic forces. [Clarification Statement: Examples of devices that use electric
and magnetic forces could include electromagnets, electric motors, or generators.
Examples of data could include the effect of the number of turns of wire on the
strength of an electromagnet, or the effect of increasing the number or strength of
magnets on the speed of an electric motor.] [Assessment Boundary: Assessment about
questions that require quantitative answers is limited to proportional reasoning and
algebraic thinking.]

MS-PS2-4.

Construct and present arguments using evidence to support the claim that gravitational
interactions are attractive and depend on the masses of interacting objects.
[Clarification Statement: Examples of evidence for arguments could include data
generated from simulations or digital tools; and charts displaying mass, strength of
interaction, distance from the Sun, and orbital periods of objects within the solar
system.] [Assessment Boundary: Assessment does not include Newton’s Law of
Gravitation or Kepler’s Laws ]

MS-PS2-5.

Conduct an investigation and evaluate the experimental design to provide evidence
that fields exist between objects exerting forces on each other even though the objects
are not in contact. [Clarification Statement: Examples of this phenomenon could
include the interactions of magnets, electrically-charged strips of tape, and electrically-
charged pith balls. Examples of investigations could include first-hand experiences or
simulations.] [Assessment Boundary: Assessment is limited to electric and magnetic
fields, and limited to qualitative evidence for the existence of fields.]

MS PS 3 Energy

Students who demonstrate understanding can:

Construct and interpret graphical displays of data to describe the relationships of
kinetic energy to the mass of an object and to the speed of an object. [Clarification
Statement: Emphasis is on descriptive relationships between kinetic energy and mass

MS-PS3-1. separately from kinetic energy and speed. Examples could include riding a bicycle at
different speeds, rolling different sizes of rocks downhill, and getting hit by a wiffle
ball versus a tennis ball.]

MS-PS3-2. ||Develop a model to describe that when the arrangement of objects interacting at a




distance changes, different amounts of potential energy are stored in the system.
[Clarification Statement: Emphasis is on relative amounts of potential energy, not on
calculations of potential energy. Examples of objects within systems interacting at
varying distances could include: the Earth and either a roller coaster cart at varying
positions on a hill or objects at varying heights on shelves, changing the
direction/orientation of a magnet, and a balloon with static electrical charge being
brought closer to a classmate’s hair. Examples of models could include
representations, diagrams, pictures, and written descriptions of systems.] [Assessment
Boundary: Assessment is limited to two objects and electric, magnetic, and
gravitational interactions.]

MS-PS3-3.

Apply scientific principles to design, construct, and test a device that either minimizes
or maximizes thermal energy transfer.* [Clarification Statement: Examples of devices
could include an insulated box, a solar cooker, and a Styrofoam cup.] [Assessment
Boundary: Assessment does not include calculating the total amount of thermal energy
transferred.]

MS-PS3-4.

Plan an investigation to determine the relationships among the energy transferred, the
type of matter, the mass, and the change in the average kinetic energy of the particles
as measured by the temperature of the sample. [Clarification Statement: Examples of
experiments could include comparing final water temperatures after different masses
of ice melted in the same volume of water with the same initial temperature, the
temperature change of samples of different materials with the same mass as they cool
or heat in the environment, or the same material with different masses when a specific
amount of energy is added.] [Assessment Boundary: Assessment does not include
calculating the total amount of thermal energy transferred.]

MS-PS3-5.

Construct, use, and present arguments to support the claim that when the kinetic
energy of an object changes, energy is transferred to or from the object. [Clarification
Statement: Examples of empirical evidence used in arguments could include an
inventory or other representation of the energy before and after the transfer in the form
of temperature changes or motion of object.] [Assessment Boundary: Assessment does
not include calculations of energy.]

MS PS 4 Waves and their Applications in Technologies for Information Transfer

Students who demonstrate understanding can:

MS-PS4-1.

Use mathematical representations to describe a simple model for waves that includes
how the amplitude of a wave is related to the energy in a wave. [Clarification
Statement: Emphasis is on describing waves with both qualitative and quantitative
thinking.] [Assessment Boundary: Assessment does not include electromagnetic waves
and is limited to standard repeating waves.]

MS-PS4-2.

Develop and use a model to describe that waves are reflected, absorbed, or transmitted
through various materials. [Clarification Statement: Emphasis is on both light and
mechanical waves. Examples of models could include drawings, simulations, and
written descriptions.] [Assessment Boundary: Assessment is limited to qualitative
applications pertaining to light and mechanical waves.]

MS-PS4-3.

Integrate qualitative scientific and technical information to support the claim that
digitized signals are a more reliable way to encode and transmit information than
analog signals. [Clarification Statement: Emphasis is on a basic understanding that
waves can be used for communication purposes. Examples could include using fiber
optic cable to transmit light pulses, radio wave pulses in wifi devices, and conversion
of stored binary patterns to make sound or text on a computer screen.] [Assessment
Boundary: Assessment does not include binary counting. Assessment does not include




|| ||the specific mechanism of any given device.]

HCPSS Learning Sequence:

The Next Generation Science Standards provide the learning targets for students in
middle school science. The HCPSS curriculum is designed to lead students to
achievement of these targets by engaging them in the Science and Engineering Practices
in pursuit of understanding of important scientific ideas. The learning sequence in
Physical Science is organized around a series of driving questions that provide the
context and motivation for learning. While exploring each driving question, students
engage in unique learning experiences that are carefully designed to immerse them in the
SEPs as they construct their understanding of important concepts. These experiences are
carefully sequenced so that students encounter ideas that are developmentally and
cognitively appropriate. By the end of the learning experiences, students will be able to
meet the NGSS performance expectations and address the driving questions.

Middle School Physical Science Grade 8 is comprised of three Driving Questions:

| Driving Question 1

Driving Question 2

Driving Question 3

How do Scientists work together to
design and build vehicles that meet
specific criteria?

How do scientists utilize energy and
changes in energy to design
solutions to problems?

How do scientists work together
to understand and improve air
quality? EL

EL indicates that Maryland Environmental Literacy Standards are included within

this learning sequence.




