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LIST OF STANDARDS
AND OBJECTIVES

STANDARD 1. INTERACTIONS, MODELS, AND SCALE

Changes in the natural world are the result of interactions. The
description, explanation, and prediction of interactions depend on
the size and time scale and our models of the structure of matter. For
objects moving very fast, the macro (human) scale ideas of absolute
time and space must be revised.

Objective 1.1 Interactions, Systems, and Scale
(Grades 5-8)

Students understand that observed changes in our world are the
result of interactions. The description, explanation, and prediction
of interactions depends on the defined system and defined time
interval, and the size and time scales involved [cosmic, macro
(human), and the atomic and subatomic domains of magnitude].

Objective 1.2 Interactions and Properties (Grades 5-8)

Students understand that at the macro (human) scale, the
properties of objects are qualitative and quantitative descriptions
of how the objects interact with other objects or systems.
Properties that do not depend on the amount of material can be
used to identify the material.

Objective 1.3 Interactions and Atomic and Subatomic
Models (Grades 5-8 and Grades 9-12)

Students understand that different mental models are useful at the
atomic scale (small particle model of matter) and subatomic scale
(quantum mechanics) for describing, explaining and predicting
events, processes, and the properties of systems.

Objective 1.4 Interactions and Objects Moving Very
Fast (Grades 9-12)

Students understand that the Newtonian ideas about absolute
space and time are incorrect, as Einstein demonstrated with his
special theory of relativity.

STANDARD 2. CONSERVATION PRINCIPLES

The interaction of one object with another object is governed by a few
conservation principles. These principles are considered fundamental
because they apply to interactions at all time and size scales and
cannot be derived from other theories.

Objective 2.1 Conservation of Mass, Energy, and
Charge (Grades 5-8 and Grades 9-12)

Students understand that at the macro (human) and atomic
scales, mass and energy are conserved separately for all types of
interactions and defined systems (open or closed). Charge is
always conserved at all scales.

Objective 2.2. Conservation of Linear Momentum
(Grades 9-12)

Students understand that at the macro (human) scale, linear
momentum is conserved for all types of interactions and defined
systems (open or closed)

Objective 2.3. Nuclear Interactions and the
Conservation of Mass-Energy (Grades 9-12)

Students understand that nuclear interactions result in product
particle(s) with less mass than the original particle(s); the missing
mass appears as an energy transfer out the system. Mass-energy is
conserved at all size and time scales, for all types of interactions,
and for all defined systems (open or closed).

STANDARD 3. NEWTON’S LAWS OF MOTION

Interactions of an object with other objects can be described,
explained, and predicted using the concept of forces, which can cause
achange in motion of one or both interacting objects. Different types
of interactions are identified by their defining characteristics. At the
macro (human) scale, interactions are governed by Newton's second
and third laws of motion.

Objective 3.1 Constant and Changing Linear Motion
(Grades 5-8 and Grades 9-12)

Students understand that linear motion is characterized by speed,
velocity, and acceleration, and that velocity and acceleration are
vectors.

Objective 3.2 Forces and Changes in Motion (Grades 5-8
and Grades 9-12)

Students understand that interactions can be described in terms of
forces. The acceleration of an object is proportional to the vector
sum of all the forces (net force) on the object and inversely
proportional to the object’s mass (a = >F/m). When two
interacting objects push or pull on each other, the force on one
object is equal in magnitude but opposite in direction to the force
on the other object.

Objective 3.3 Contact Interactions and Forces (Grades 5-8
and Grades 9-12)

Students understand that contact interactions occur when two
objects in contact push or pull on each other, which can cause a
change in the motion of the objects. Some types of contact
interactions have force laws that are empirical approximations;
some have no force laws.

Objective 3.4 Gravitational Interactions and Forces
(Grades 5-8 and Grades 9-12)

Students understand that gravity is an attractive interaction
between any two objects with mass, which can cause a change in
the motion of the objects. Gravitational interactions are governed
by a force law.

Objective 3.5 Magnetic and Electrical Interactions and
Forces (Grades 5-8 and Grades 9-12)

Students understand that both magnetic interactions and
electrical interactions occur between mutually attracting or
repelling objects, which can cause a change in the motion of the
objects. Electrical interactions apply to point charges and are
governed by a force law.



STANDARD 4. ENERGY TRANSFERS AND STORAGE

Interactions of an object with other objects can be described and
explained by using the concept of the transfer of energy from one
object to another, both within a defined system and across the
boundary of the system. Energy transfers across the boundary of a
system can change the energy within the system. In the conservation
of energy equation, one or more of the energy transfers across the
system boundary could be applicable, not applicable, or too small of
an effect to be measurable, depending on the problem situation.

Objective 4.1 Contact Interactions and Energy (Grades 5-
8 and Grades 9-12)

Students understand that a mechanical energy transfer (work)
across the boundary of a system can change the stored kinetic
energy, elastic energy, thermal energy, chemical energy, or other
types of energy stored within the system.

Objective 4.2 Electric Circuit Interactions and Energy
(Grades 5-8 and Grades 9-12)

Students understand that an electrical energy transfer from the
source of electric current to the electrical device(s) in a circuit can
change the energy stored in the system. All electrical devices
transfer energy out of the system. The energy changes within the
system depend on the properties of the electrical energy source
and the electrical device(s) in the circuit. The electric charges that
flow in the circuit are in the conductors of the circuit. A battery or
other source moves electric charges through the circuit but does
not create electric charges.

Objective 4.3 Mechanical Wave Interactions and Energy

(Grades 5-8 and Grades 9-12)

Students understand that a mechanical wave from a vibrating
source transfers energy through a material to surrounding objects
without a transfer of material. Interaction of a mechanical wave
with different objects can cause the path of the wave to change.

Energy changes within the receiver object depend on the properties

of the object.

Objective 4.4 Radiant Energy Interactions (Grades 5-8
and Grades 9-12)

Students understand that radiant energy from a source can be
transferred to surrounding objects without a material (medium),
and there are two models of how this happens. The energy
changes within a receiver object depend on the properties of the

object. There is a continuous range of radiant energies, which
includes visible light. Humans can only perceive visible light
energy — either from a source or that which is reflected off
objects — when the light interacts with the eye-brain system.

Objective 4.5 Heating and Cooling Interactions and
Energy (Grades 5-8 and Grades 9-12)

Students understand that a thermal energy transfer (heat) from
one object to another can change the thermal energies of the
objects. The interactions depend on the properties of the materials
and on how far the system is from equilibrium. There are three
different methods of thermal energy transfer: conduction,
convection, and thermal radiation. At a constant temperature in
any time interval, the amount of thermal radiation emitted by an
object to its surroundings is equal to the amount of thermal
radiation absorbed by the object from its surroundings in that
same time interval (thermal equilibrium).

STANDARD 5. FORCES, ENERGY, AND FIELDS

Attractive and repulsive interactions at a distance (e.g., gravitational,
magnetic, electrical and electromagnetic) can be described and
explained using a field model.

Objective 5.1 Forces and Fields (Grades 5-8 and Grades 9-12)

Students understand that the field model explains how objects
exert attractive and repulsive forces on each other at a distance:
their fields are the agents of the interaction.

Objective 5.2 Energy and Fields (Grades 5-8 and Grades 9-12)

Students understand that the field model explains where the
energy is stored in a system of two mutually attracting or repelling
objects -- in the field of the system. Only systems (not single
objects) can have field (potential) energies. Energy can be
transferred to and from the field of the system.

Objective 5.3 Electromagnetic Interactions and Fields
(Grades 5-8 and Grades 9-12)

Students understand that an electromagnetic interaction occurs
when a flow of charged patrticles creates a magnetic field around
the moving particles, or when a changing magnetic field creates
an electric field.



Standard 1 Interactions, Models and
Scale

Changes in the natural world are the result of
interactions. The description, explanation,
and prediction of interactions depend on the
distance and time scale and our models of the
structure of matter. For objects moving very
fast, the macro (human) scale ideas of
absolute space and time must be revised.

Standard 2: Conservation Principles

The interaction of one object with another
object is governed by a few conservation
principles. These principles are considered
fundamental because they apply to
interactions at all time and distance scales
and cannot be derived from other theories.

Standard 3: Newton’s Laws of Motion

Interactions of an object with other objects can
be described, explained, and predicted using
the concept of forces, which can cause a
change in motion of one or both interacting
objects. Different types of interactions are
identified by their defining characteristics. At
the macro (human) scale, interactions are
governed by Newton’s second and third laws of
motion.

Standard 4: Energy Transfers and Storage

Interactions of an object with other objects
can be described and explained by using the
concept of the transfer of energy from one
object to another, both within a defined
system and across the boundary of the system.
Energy transfers across the boundary of a
system can change the energy within the
system. In the conservation of energy
equation, one or more of the energy transfers
across the system boundary could be
applicable, not applicable, or too small of an
effect to be measurable, depending on the
problem situation.

Standard 5: Forces, Energy, and Fields

Attractive and repulsive interactions at a
distance (e.g., gravitational, magnetic,
electrical and electromagnetic) can be
described and explained using a field model.

COLLEGE-READY PHYSICS STANDARDS:
A LOOK TO THE FUTURE

INTRODUCTION

Since the 1990’s, there have been several projects to develop national
science standards. In 1993, the American Association for the
Advancement of Science published the Project 2061 Benchmarks for
Science Literacy (BSL). The benchmarks are reported for three grade level
bands, grades K-5, grades 6-8, and grades 9-12. A few years later (1996),
the National Research Council published the National Science Education
Standards (NSES). The purpose of these standards was improvement in
the scientific literacy of all Americans. Many states adopted one of these
national science standards.

One problem for K-12 physics education is that the national standards
embed the physics content standards with many other standards, such as
standards for the nature of science, science as inquiry, the history of
science, science and technology, unifying concepts and processes of
science, and many others. The content standards seemed to be less
important than all the other standards. For example, physics standards
are in only in one of thirteen chapters of BSL (The Physical Setting), along
with all the content standards for earth sciences, astronomy, and
chemistry. This made it difficult for state curriculum supervisors or
curriculum developers to place some of the broad content standards in a
meaningful curriculum context.! The overwhelming number of
benchmarks or standards also led to diffuse, unfocused state content
standards (Fordham Institute, 2005; Pacific Research Institute, 1999).

Another problem with the K-12 national and state standards is the lack of
learning outcomes for students — what we expect students to do with
their knowledge to both build their understanding of the content and to
demonstrate their mastery of the content. This became an issue in 2000
with the advent of No Child Left Behind, which emphasized assessment
of content knowledge. In 2009, the College Board published Science
Standards for College Success, which focuses on science content standards
and includes examples of leaning outcomes (performance expectations).
The purpose of these standards is to help states, school districts and
schools provide students with the rigorous education that will prepare
them for success in college introductory science courses and enriched
opportunities in the workplace.

The state standards based on the national standards and the College
Board standards have one issue that that has not been addressed.
Physics and chemistry are always combined into “physical science” at the
middle school level. Consequently, middle school standards are often
unfocused and the level of physics knowledge and reasoning required
does not prepare students for high school physics (Fordham Institute,
2005).

The K-12 physics standards in this document resolve this issue. They
reflect the rigorous progression of learning from elementary school

" The AASA addressed this issue, in part, by publishing concept maps for different topics, filling in some of the missing content. [AAAS,
Atlas for Science Literacy, Volume 1 (2001) and Volume 2 (2007)]
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through middle school to high school that is required to meet the goal of depth of conceptual understanding of physics.
The standards look to the future, when school districts vertically align their curriculum and instruction K - 12, avoiding
unnecessary repetition of content. With the depth of understanding and qualitative and quantitative problem solving
skills that could be developed by the time students graduate high school, the introductory physics courses in college
could reflect the kind of preparation students need to enter many different professions. Additionally, the College Board
AP Physics B™ course could be reduced from two years to one year.

ORGANIZATION AND STRUCTURE OF THE STANDARDS

vi

The Advanced Placement (AP) Physics Redesign Commission for the College Board completed a physics-domain analysis,
which resulted in seven “big ideas” or core principles of physics for the new AP Physics B courses. The authors of these
College Ready Physics Standards revised this analysis to be suitable for grades K-12. The physics standards are organized
around five core ideas of physics: Interactions, Models, and Scale; Conservation Principles; Newton’s Laws of Motion;
Energy Transfers and Storage; and Forces, Energy, and Fields (see sidebar on previous page). The central organizing
theme of the standards is the concept of interaction. Two objects (which can be a defined quantity of a solid, liquid or
gas) interact when they act on or influence each other to cause some effect. The evidence of the interaction is usually the
effect — an observed change (e.g., change in motion, shape, mass, temperature, state) in one or both objects.
Interaction is a causality statement in physics. In classical physics, the concepts of forces, energy transfers, linear
momentum transfers, and fields are four ways physicists describe, explain, and predict events, processes, and the
properties of systems.

While there are five standards, they are not meant to represent an equal division of physics concepts and principles.
Each standard has three to five objectives that provide detailed descriptions of specific physics concepts students should
learn. The objectives are the focus of student mastery, and the key elements of the interactions conceptual framework.

Each objective is, in turn, supported by:

a. Elementary Foundational Knowledge - a set of 3 - 6 statements of what STANDARD
students should know by the end of the fourth grade. These statements
primarily come from the AAAS Benchmarks for Science Literacy, Online Version.

l OBJECTIVE 1 l OBJECTIVE 2 l
A A

9-12 Crades 9-12
d LOs EKs and LOs

\ A

b  Asetof4-8essential knowledge (EK) statements for both middle school
(grades 5-8) and high school (grades 9-12). The EK statements are the
conceptual targets for student learning. They provide a more detailed
description of the broader knowledge delineated in the objective statement.
The EK statements should not be viewed as a list of discrete, unrelated facts for

;%5 »

students to memorize, but as a set of interrelated ideas. The essential Crades 5.8
knowledge statements also provide the language and appropriate terminology Elisiand]E0s
that students should use as they complete the tasks described in the learning A
outcomes.
Elementary Elementary
(Kno«medge (Knov.(edge

c. Asetof5-10 learning outcomes (LOs) for both middle school (grades 5-8) and
high school (grades 9-12). The learning outcomes describe what students
should be able to do in order to build and reason with, as well as apply the essential knowledge that is necessary
to understand the content delineated in the objectives. In general, the LOs for each grade level are ordered from
the least to most difficult.

The physics standards reflect current research about student learning by identifying and building on previous knowledge
in a cumulative manner, and requiring increasing intellectual sophistication and higher levels of abstraction from
elementary school to middle school through high school. See Appendix B for the Principles of Learning used in these
standards, and Appendix C for a research summary of conceptual and problem-solving difficulties students have learning
physics.

The order of the standards and objectives does not indicate a linear progression through physics. For example, two of
the high school objectives in the first standard would not be addressed until near the end of a course. The learning
pathways within each objective are not developmentally inevitable, nor is there a single “correct order” (Smith, Wiser,
Anderson, Krajcik, & Coppola, 2004). There are multiple pathways by which certain understandings can be reached.
Learning outcomes and essential knowledge statements from more than one objective, possibly from more than one
standard, are often required for students to apply their knowledge in a particular physics topic. Within each objective,
the learning progression is rigorous, but this provides the curriculum specialists and curriculum developers more possible
pathways through a curriculum because the prior knowledge to develop a new understanding can be determined from
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the essential knowledge statements. The number of learning objectives or essential knowledge statements required to
support the understanding of any objective does not reflect the importance of the objective. Some objectives require
more supporting knowledge than others. Similarly, research indicates that some learning outcomes must be given more
instructional time than others.

BREADTH OF COVERAGE VERSUS DEPTH OF UNDERSTANDING

Two current issues within science education are the large number of concepts taught in each science discipline and the
repetition of the same discipline content in middle school and high school science courses. Both of these practices leave
little time in a school year for developing students’ depth of understanding of key physics concepts and core principles.
The physics standards are designed to address these issues.

In order to provide adequate time for instructors to teach fewer concepts in depth during each grade band, tough
decisions were made to restrict the breadth of coverage and prevent unnecessary redundancy of basic ideas in middle
school and high school. For example, the physics standards for force and motion are limited to straight-line motion and
horizontal and vertical forces. (The exceptions are uniform circular motion and forces, which were included because of
their importance for astronomy topics in the earth sciences, and a suggested extension activity for projectile motion.)
Two-and three-dimensional forces are excluded from the standards. This decision narrows the breadth of information
and leaves time for students to develop depth of physics understanding both within the Newton’s Laws of Motion
standard, as well as in the other physics standards. Limitations to breadth of coverage are indicated in boundary
statements that appear after standard or objective statements.

The physics objective for force and motion also illustrates the prevention of unnecessary repetition of basic ideas. Atthe
middle school level, students learn and apply the concepts of constant and average speeds for straight-line motion. A
change in motion (speeding up, slowing down, and/or changing direction) is associated with the sum of the forces on an
object. These ideas are not repeated at the high school level. Instead, the high school level builds on and extends these
ideas to the more abstract concepts of displacement, constant and average velocity, instantaneous velocity, and
acceleration in the horizontal or vertical direction. The linear acceleration of an object is related to the sum of forces (net
force) on the object [a = YF/m]. Similarly, in middle school the students develop the important basic skills of defining a
system of interest and identifying interactions by their defining characteristics. These skills are used and reinforced at the
high school level, without the need for repeat teaching of the basic skills. The principle of conservation is carefully
developed at the middle school level in the context of conservation of mass, a quantity that can be understood and
measured at this level. The high school level extends the use of the conservation principle to charge, energy, linear
momentum and mass-energy.

A further example of reduction of breadth of coverage is placing less emphasis on plug-and-

chug calculations and limiting the number of equations students are required to understand System of Interest
and use. Research indicates that students can often manipulate equations without P battery
understanding the concepts. Real problem solving skills are developed with the depth of in chemicall EjTELL
conceptual understanding that allows a student to understand why they would choose to enerey =
use an equation. For some learning outcomes, an equation is required. In these cases, the %
equation appears within an essential knowledge statement or in parentheses at the end of B Slamsrt

the statement. At the middle school level (grades 5-8), only 9% of the learning outcomes :
require students to solve a simple quantitative problem involving density, average speed, or \if@
wave speeds. Only 26% of the high school (grades 9-12) learning outcomes require students | *I*j;;lf‘ %
to write an equation or solve a problem mathematically. It should be noted that the symbols | (é«‘::lru;;)t »

in the equations do not have to be the same as those shown.

Objects in
Surroundings

Another difficult decision was made regarding depth of understanding of energy and the
conservation of energy principle, particularly at the middle school level. Energy is not a
mechanism that explains how things happen, nor can students at the middle school level measure energies.
Consequently, energy conservation has no immediate practical use at this level. The introduction to energy concepts at
the middle school level should provide an integrating framework that can be used to think about an enormously wide
range of phenomena, across all the sciences (Millar, 2005). Standard 4 emphasizes the representation, both verbally and
with diagrams, of a variety of events and physical processes in terms of energy transfers within a defined system, energy
transfers across the boundary of the system, and the changes of energy within the system. At the high school level, a few
different forms of energy and methods of energy transfer can be measured and calculated. The verbal and diagrammatic
energy representations of phenomena are extended to include the mathematical representation and interpretation of




the conservation of energy principle: the total change in energy within a defined system is equal to the total transfer of
energy into or out of the system (Jewett, 2008d).

GOAL OF CONCEPTUAL UNDERSTANDING

For physics to be useful and interesting to students, they must understand the core principles of physics in terms of how
the ideas are related to a wide range of phenomena. This learning principle also influences the depth vs. breadth issue as
students see there is only one conservation principle which they can apply to mass, charge, energy, mass-energy and
linear momentum, or that so many separate laws and theorems are simply special cases of the law of conservation of
energy. To reduce the students’ tendency to rely on memorization, the advice of Arnold Arons (1996) was adopted. He
showed that depth of understanding requires students to first develop the idea that requires the technical term. In these
standards, before a technical term is introduced, a simpler term or statement that summarizes the meaning of the
technical term is used. This applies to Greek and Latin terms, such as motion (kinetic) energy, as well as common words
that have a different, very specific physics definition, such as thermal energy transfer (heat).

These standards also take into account the large number of research studies in physics education and cognitive
psychology that address how students learn physics concepts and problem-solving skills, and that address students’
pervasive conceptual difficulties. It would be a disservice to students to ignore this extensive research literature. The
research literature guided the writing of the learning outcomes and the essential knowledge statements. Appendix B
contains a description of the process used to summarize the research literature on a Table of Common Student Conceptual
Difficulties for each physics objective. Each Table includes the most relevant essential knowledge statements and
learning outcomes that give teachers the opportunity to address the conceptual difficulty.

Only appropriate curricula and instruction can address students’ pervasive conceptual difficulties as found in the
extensive research literature. Conceptual understanding cannot be achieved, however, without developing some
qualitative and quantitative problem-solving skills. For example, to collect and share information and to build
understanding of the world around them, students must be able to use many different forms of representation, and also
be able to translate between representations. They must be able to identify what concepts or principles are applicable in
any situation, recognize interactions and identify the interactions through their defining characteristics, and recognize
when a simplifying assumption can be made. In addition, these standards assume that students are enrolled in
mathematics courses that meet the College Board Standards for College Success: Mathematics and Statistics™ (1996).

LEARNING OUTCOMES

The types of tasks and activities students should engage in to build their knowledge and demonstrate mastery include:
calculate; compare and contrast; give real-world examples of; describe; translate among different representations;
analyze different real-world situations; explain why or how; and predict (qualitatively and quantitatively). Several themes
are also carried out in the learning objectives. One theme is investigation. Below is an example from the middle school
Newton’s Laws of Motion standard for the middle school level.

Investigate the patterns of motion of objects in different experimental situations (limited to straight-line motion):
¢ Ask and refine a scientific question about the basic pattern of motion of the object.
¢ Determine and justify the data needed to answer the scientific question about the pattern of motion of the object

¢ Follow a protocol to collect, record and organize data about the position of the moving object at different times
(clock readings). Data include estimates of measurement errors.

¢ Analyze the data for outliers, and represent the motion of the object on a graph showing distance versus time,
and with a motion diagram.
Determine whether the data can be used as evidence to support a claim about the pattern of motion.

¢ Make a claim about the pattern of motion of the object. Justification should include the evidence and knowledge

of the different patterns of motion of objects (i.e., no motion, moving with a constant speed, speeding up, slowing
down, and changing (reversing) direction of motion).

A related theme is recognizing (grades 5-8) and evaluating (grades 9-12) when the evidence is convincing enough
to support a claim. For example:

Recognize when the evidence is convincing or not convincing to support claims about the pattern of motion of an
object, using the criteria: (a) appropriate match of the evidence to the question; (b) adequate precision and accuracy
(i.e., adequate precision of measuring instruments, adequate care taken in measurement procedures, and sufficient
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data was collected — sample size was large); (c) adequate data analysis and representation procedures were used; and
(d) the investigation was replicated (by other groups or classes).

Another theme is constructing mental models and analogue models and evaluating the usefulness of the models. Two
examples from middle school include:

Construct analogue models of the conservation principle from everyday life. Explain how the analogue
model is the same and different from the conservation of mass principle.

Recognize when small-particle explanations of different physical properties of room temperature gases, liquids, and
solids are good or poor, using the criteria: (a) the explanation links the macroscopic property of the gas, liquid, or solid
to the relevant small-particle model idea(s); (b) the explanation is based on the correct small-particle model ideafs),
and (c) the explanation is complete (no important small-particle model ideas are missing from the explanation).

A final theme that pervades the objectives is the domains of magnitude of distance and time (i.e., cosmic scale, macro
(human) scale, atomic scale, and subatomic scale). An example from the middle school objective about the small particle
model of matter is:

Give examples of objects to add to a chart that shows the atomic and part of the macro (human) size scale (about

10-10m to 10+3 m). Investigate the range in sizes that can be seen with the unaided eye, a visible light microscope,
and instruments like the electron microscope.

INSTRUCTIONAL GUIDANCE FOR EACH STANDARD

The second part of this document comprises five sections of instructional guidance, one for each standard. Each
standard is divided by objective. These sections provide guidance for interpreting the essential knowledge statements
and learning outcomes in each objective, particularly the difference in the level of intellectual abstractness and
sophistication of reasoning expected at the middle school and high school levels.

Three items in each objective guide the interpretation of the essential knowledge (EK) statements and learning outcomes
(LOs). The firstis a Table of Common Student Conceptual Difficulties for the content of the objective. The table also
includes the specific LOs and EK statements that most directly provide teachers the opportunity to address the
conceptual difficulty. The second item of instructional guidance is a Table of Content Boundaries for each grade level
band. These tables outline the objects and phenomena appropriate for the learning outcomes, and any other limitations
to the content. They also summarize the models and representations, as well as the technical terms introduced in the
objective. Finally, most objectives include some example questions and problem situations for a few of the learning
outcomes. These examples are intended to illustrate how the essential knowledge in the objective is to be developed
and used through reasoning and in problem solving.

USING THE PHYSICS OBJECTIVES

The objectives in these standards are longer than other national and state standards because they are research-based
and explicitly incorporate several themes. While the extra length requires more effort to read, the learning progressions
from elementary school to middle school through high school are unmistakable. This should make it easier for school
districts to plan any required changes needed in their physics curriculum and instruction K-12 to prepare students for
success in college and the work place.

While these are physics standards, some of the content at the middle school level (grades 5 — 8) could be addressed in the
other sciences. For example, the properties of objects (including density), thermal energy transfers (heat) by conduction,
convection, and radiation, and the transfer of mechanical waves in solids could be addressed in an earth science class.

Some essential knowledge statements and learning outcomes, especially at the high school level, are the same as in the
College Board Science Standards for College Success™ (SSCS, 2009). They are referenced by page number.



Guide to Using the College-ready Physics Standards

Since the physics standards do not imply a curriculum or instructional order, the reader should begin where he or she is the
most comfortable. If you want an overview of the major themes of the standards, start with Standard 1 (Interactions, Scales,
and Models) and Standard 2 (Conservation Principles). If you want to begin with familiar content, go to Standard 3
(Newton's Laws of Motion) or Standard 4 (Energy Transfer and Storage).

Objectives describe the OBJECTIVE 4.1

target understanding for CONTACT INTERACTIONS AND ENERGY (Grades 5-8 and Grades 9-12)
college readiness; they
explain specific learning
goals that relate to the
corresponding standard.
Like the standards, each
objective has a unique
code as well as a By the end of grade 4, students should know:
corresponding key phrase.

kinetic energy, stored elastic energy, thermal energy, chemical energy, or other types of energy stored within the

Students understand that a mechanical energy transfer (work)across the boundary of a system can change the
system.

Elementary Foundations

1. The way to change how something is moving is to give it a push or a pull. [BSL 4F/P2]

2. Changes in speed or direction of motion are caused by forces. [BSL4F/E1a]

3. The greater the force is, the greater the change in motion will be. The more massive an object is, the less effect
a given force will have. [BSL 4F/E1bc]

Elementary Foundations

specify what student Grades5 - 8

should know at the end of

Grade 4. The number in .

square brackets refers to Clarification. Students begin to develop fluency in qualitatively describing ﬁ:::;?ozm;g:’r::'and Scale
the statement in contact interactions in terms of a mechanical energy transfer (work) from (1.1); Conser’vation of’Mass,

one object, the energy source, to the interacting object, the energy receiver.
Students are also introduced to four methods of energy storage by obj
motion (kinetic) energy; thermal energy, elastic energy, and
energy.

Energy, and Charge (2.1); Contact
Interactions and Forces (3.3),
Heating and Cooling Interactions
and Energy (4.5)

Benchmarks for Science
Literacy: Online.

BOUNDARY ! Problems are limited ts involving horizontal, one-dimensional contact interactions (see Objective 5.2
for gravitational interactig energy). All other simultaneous interactions should be negligible. Excluded are situations
that require New, ird law, such as a person who is walking or a moving car. The term “work” is not used until grades 9
of the conceptual difficulties students have using this term.

Related Objectives

are provided to show how
the content of a given
objective links to the
content of other objectives
in different standards.

ESSENTIAL KNOWLEDGE*
Students reason with and apply the following concepts in the learning outcomes:

M.4.1.2 During an interaction between two objects or systems, energy is transferred from one system (energy
source) to the interacting system (energy receiver). The energy of the source decreases and the energy
of the receiver increases. There are different methods of energy transfer. [SSCS, pages 103-104]

M.4.1.2 Mechanical energy transfer occurs when one object (energy source) pushes or pulls another object
(energy receiver). The amount of mechanical energy transfer during an interaction depends on the
strength of the force (the greater the force, the larger the energy transfer) and the distance the force
acts (the greater the distance, the larger the energy transfer).

Essential Knowledge
statements describe the
key concepts for student

M.4.1.3 A useful analogy (analogue model) for the energy of objects or systems is: Just as material objects are

learning that support the
corresgonding opb'}ective. kept stored in containers, energy is “stored” in physical and chemical systems. The different methods
They provide the of energy storage in a physical system are associated with different observable changes that can

indicate an increase or decrease of the stored energy when energy is transferred into or out of the

language and boundaries
system.

of the learning outcomes.

M.4.1.4 There are different methods of storing energy in objects/systems.

a. Energy can be stored in elastic objects, such as rubber bands or springs. The elastic energy of an
object changes when it is stretched or compressed.

* For further background and instructional guidance, including restrictions in the scope of the content for the learning outcomes, see
the objective chartin Instructional Guidance for Standard 4.

* For further clarification of the learning outcomes and essential knowledge statements, see the objective Table of Common Student
Conceptual Difficulties in Instructional Guidance for Standard 4.

Footnotes refer to sections of the document that contain
instructional guidance and a Table of Common Student
Conceptual Difficulties for each objective.
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Guide to Using the College-ready Physics Standards
(continued)

Each essential knowledge statement has its own unique code with
the letter indicating the grade level band (middle school or high
school), and the first two numbers are the standard and objective

number.
EsSENTIAL KNOWLEDGE 5-8, confdhued
b. Energy cafi be stored in the motion of objects. Motion (kinetic) energy changes when an object’s A Le‘a‘rning Outcome
speedhanges. [SSCS, page 104] specifies what students
should know, understand
c. Engfrgy can be stored in a system of chemicals. The chemical energy of a system changes when the and be able to do in order
emicals are allowed to react and new substances are produced. to meet the overall goal of

depth of conceptual
understanding of the
objective. They also

. Energy can be stored because objects have a temperature and state (solid, liquid, or gas). The
thermal energy of an object changes when its temperature or state changes.

M.4.1.5 The oxygen we breathe reacts chemically with digested food in the blood in our muscles (food- illustrate the types of
oxygen subsystem in humans)' when the muscles are used to push or pull on an object and move it tasks in which students
some distance. After the push or pull (force) has stopped, the human body has less food in the food- can engage to build their
oxygen subsystem, and the chemical energy of the human decreases. uE‘derﬁtanding of the

objective.

LEARNING OUTCOMES 4

Ways in which students engage with and apply the essential knowledge in order to understand the objective:

® Represent, verbally and with a diagram, the energy source, energy receiver, and the direction of energy
transfer in simple contact interactions or a chain of interactions (i.e., the object that is energy receiver of
first interaction is energy source for second interaction, and so on).

[BOUNDARY: Representations do not need to include the type of energy transfer or the changes in the stored
energy of the source or receiver.]

® Investigate the variables that influence the amount of mechanical energy tr in different real-world
situations involving a contact interaction (e.g., the strength of the force; the distance rce acts):

4 |dentify the energy source and the energy receiver. Predict how changing the variable will

Boundary statements
influence the amount of mechanical energy transfer.

provide instructional
guidance by restricting the

4 Decide how you will determine the change in the energy transfer (more, less or the same).
scope of the content.

4 Gather data and record observations.

4 Make a claim ab
interaction.

how the variable influences how much energy is transferred during the

®  Analyze simple, real-world situations involving contact inter. een two objects defined as a
system. (a) Observe changes in each object during the interaction. (b) Make clar
of the energy transfer and energy changes within the system. Justification is based on observations Glossary terms are
knowledge of mechanical energy transfer and the characteristics of the different methods of storing underlined.
energy. (c) Construct an energy diagram for the interaction.

®  Give real-world examples of mechanical energy transfers that result in a change in the motion (kinetic)
energy, elastic energy (e.g., stretched rubber band or compressed spring), thermal energy (e.g.,
baseball player sliding to home base), or chemical energy (e.g., a human pushes or pulls on an object)
of the energy source or receiver.

® Analyze, and represent with energy diagrams, different real-world situations that involve a chain of
contact interactions and mechanical energy transfers. Justification is based on observations of changes
and knowledge of mechanical energy transfer and the characteristics of the different methods of
storing energy.

1 The level of sophistication of this knowledge depends on what students have previously learned about respiration in
their life science classes.
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