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Springfield Public Schools

Cullivating compassionate and extracrdinary learners?

EXTRACT OF THE MINUTES OF A MEETING OF
THE BOARD OF EDUCATION OF
THE TOWNGSHIP OF SPRINGFIELD
COUNTY GF UNION, NEW JERSLY
AS RECORDED IN THE OFFICIAL MINUTE BOOK

Resolution: 21

Introdueed By: Mrs, Gamarekian
Seconded By: Vice President Rinaldi
Adopted: July 27, 2026

Curricuhnn Adeption

To approve the following new and revised curiculum and courses for the 2026-2027 schood year:

1, fligh School Conrsex
a. AP Cybersccourly (new course)
b AP DBusingss with Personal Finance {new course)
c. AF Biology
d. AP Chemistry
¢. AP Physics t
PLTW Roboties and Automalion
g. PLTW Introdaction o Engincering Desipn
h. PLEW Principles of Engimeering
i. Biclogy
}- Buology Honors
k. Chemistry
|, Chemistry Honors
m, Conceptual Physics
n. Physics
o. Environenemal Science
p. Forensics
¢. Human Anztomy and Physiology
. Oceanopraphy
5. Scignce 8
t. Molecular Biology Hesearch Lab {new course)
2. Middie Nefool Conrses
a. Science 6
L. Scicnce 7
3. Elemmentary Schoof Cotrses
a. Kindergarten Science
k. Grade I Science
c. (irade 2 Science

-

Michelle Calas, schaol Business Administrator/Board Secretary

139 fountain Avenue, Springlietd, 41 081 & mcatas@springfiefdschoals.com & 973 37616025



{continued}

1, Micheile Calas, School Business Adininistrator/ Board Secretary of the Springfield Board of
Educalion, hereby ceitify that the extract from the minuies of a meeting of the Board of Education
duly called and held on July 27, 2026 has been compared by me with the original niinale book ol said
Board of Hducation, and is a true, complete and exacl copy thereof, as far as the same relates lo the
subject matter o on said extract.

In WITNESS THEREOT, [ have hereunio set my hand and seal of the Springfield Board of
Education, this 28" day of Inly 2026.

SEAL

Michelle Calas
School Business Administratorf Board Secretary
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Unit Overview Template

Content Area: Physics Grade Level: 11 Unit Title: Motion and Forces

Unit Summary: This unit covers motion and kinematics which includes displacement, distance,
speed, velocity, acceleration and force. The Motion and Forces unit motivates students to describe
motion through words, mathematical quantities and graphical representations using real-life
examples such as walking, driving, collisions, and sports. Students will collect data through hands-on
experiments and use the data to calculate displacement, speed, velocity, and acceleration. Through
this process, they will discover the relationships between the quantities. Forces will be introduced as
the main source of motion. Different forces such as gravity and friction will be measured. Finally,
Newton’s Laws will be examined through hands-on activities and a multitude of recognizable
scenarios.

Primary Interdisciplinary Connections: Mathematics

21 Century Themes [ Creativity and Innovation B Critical Thinking and Problem Solving 1 ICT Literacy

O Information Literacy B Life and Career Skills [0 Gommunication and Collaboration Media Literacy

Unit Rationale: Force is a key concept in the application of physics. In order to understand upcoming
units on Energy, Work, and other interactions, an understanding of force will be essential.

Carcer Readiness (Standard 9):
e 0.2.12.CAP.3: Investigate how continuing education contribules to one's career and personal
growth.
e 0.2.12.CAP.5: Assess and modify a personal plan to support current interests and
postsecondary plans.
e 0.4.12.CL1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas.
9.4.12.CI.2: Identify career pathways that highlight personal talents, skills, and abilities.
e 0.4.12.CL3: Investigate new challenges and opportunities for personal growth, advancement,
and transition.
e 0.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and
problem solving,
e 0.4.12.IML.2: Evaluale digital sources for timeliness, accuracy, perspective, credibility of the
source, and relevance of information, in media, data, or other resources.
e 0.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to
determine optimal design solutions.
e 0.4.12.TL.1: Assess digital tools based on features such as accessibility options, capacities, and
utility for accomplishing a specified task.
e 0.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw
conclusions about the data.

Learning Targets

Standards: HS-PS2
Content Statements: Motion and Stability: Forces and Interactions; Types of Interactions
CPIi: Cumulative Progress Indicator (CPI):
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HS-PSz2-1 Analyze data to support the claim that Newton’s second law of motion describes
the mathematical relationship among the net force on a macroscopic object, its
mass, and its acceleration.

HS-PS2-2 Use mathematical representations to support the claim that the total momentum
of a system of objects is conserved when there is no net force on the system.

HS-PS2-3 Apply scientific and engineering ideas to design, evaluate, and refine a device that
minimizes the force on a macroscopic object during a collision.

HS-PS2-4 Use mathematical representalions of Newlon’s Law of Gravitation and Coulomb’s
Law to describe and predict the gravitational and electrostatic forces between
objects.

HS-PS2-5 Plan and conduct an investigation to provide evidence that an electric current can
produce a magnelic [ield and that a changing magnetic field can produce an
electric current.

HS-PSz2-6 Communicate scientific and technical information about why the molecular-level

structure is important in the functioning of designed materials.

Math.A-CED.A Create equations that describe numbers or relationships.

Math.A-SSE.B Write expressions in equivalent forms to solve problems.

8.2.12. ETW.1 Evaluate ethical considerations regarding the sustainability of environmental
resources that are used for the design, creation, and maintenance of a chosen
product.

8.2.12.ETW.3 Identify a complex, global environmental or climate change issue, develop a
systemie plan of invesligatlion, and propose an innovative sustainable solution.

8.2.12.EC.3 Synthesize data, analyze trends, and draw conclusions regarding the effecl of a

technology on the individual, culture, society, and environment and share this
information with the appropriate aundience.

Science and Engineering Practices:

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer questions or test solutions to problems in g—12
builds on K-8 experiences and progresses lo include investigations that provide evidence for and test
conceptual, mathematieal, physical and empirical models.

e Plan and conduct an investigation individually and collaboratively to produce data to serve as
the bhasis 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. (HS-PS2-5)

Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to introducing more detailed statistical analysis,
the comparison of data sets for consistency, and the use of models to generate and analyze data.
e Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in
order to make valid and reliable scientific claims or determine an optimal design solution.

(HS-P52-1)
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Using Mathematics and Computational Thinking
Mathemalical and computational thinking at the g—12 builds on K-8 and progresses Lo using
algebraie thinking and analysis, a range of linear and nonlinear functions including trigonometric
functions, exponenlials and logarithms, and computational tools for statistical analysis to analyze,
represent, and model data. Simple computational simulations are created and used based on
mathematical models of basic assumptions.

e Use mathematical representations of phenomena to describe explanations. (HS-PS2-2),

(I1S-PS2-4)

Constructing Explanalions and Designing Solutions
Construeting explanations and designing solutions in 9g—12 bhuilds on K-8 experiences and progresses
to explanations and designs that are supported by multiple and independent student-gencrated
sources of evidence consistent with scientific ideas, principles, and theories.
e Apply scientific ideas to solve a design problem, taking into account possible unanticipated
effects. (I1S-PS52-3)

Obtaining, Evalualing, and Communicating Information
Obtaining, evaluating, and communicating information in g—12 builds on K-8 and progresses to
evalualing the validity and reliability of the claims, methods, and designs.
e Communicate scientific and technical information (e.g. about the process of development and
the design and performance of a proposed process or system) in multiple formats (including
orally, graphically, textually, and mathematically). (HS-PS2-6)

Disciplinary Core Ideas (DCIs):

PS1.A: Structure and Properties of Matter
e The structure and interactions of matter at the bulk scale are determined by electrical forces
within and between atoms. (secondary to [1S-P52-6)

PS2.A: Forces and Motion

e Newton’s second law accurately predicts changes in the motion of macroscopic objects.
(HS-PS2-1)

e Momentum is defined for a particular frame of reference; it is the mass limes the velocity of
the object. (HS-PS2-2)

e If a system interacts with objects outside itself, the total momentum of the system can change;
however, any such change is balanced by changes in the momentum of objects outside the
system. (HS-PS2-2), (11S-PS2-3)

PS2.B: Types of Interactions
e Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to
describe and predict the effects of gravitational and electrostatic forces between distant
objects. (HS-PS2-4)
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e Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating
space Lhal can transfer energy through space. Magnets or electric currents cause magnetic
fields; electric charges or changing magnetic ficlds cause clectric fields. (HS-PS2-4),
(HS-PS2-5)

e Attraction and repulsion between electric charges at the atomic scale explain the structure,
properties, and transformations of matter, as well as the contact forces between material
objects. (HS-PS2-6), (secondary to 118-PS1-1), (secondary to IIS-PSi1-3)

ETS1.A: Defining and Delimiting Engineering Problems
e Criteria and constraints also include satisfying any requirements set by society, such as taking
issues of risk mitigation into account, and they should be quantified to the extent possible and
stated in such a way that one can tell if a given design meets them. (secondary to HS-PS2-3)

ETS1.C: Optimizing the Design Solution
e (Criteria may need to be broken down into simpler ones that can be approached systematically,
and decisions about the priority of certain criteria over others (tradeoffs) may be needed.
(secondary to HS5-PS2-3)

Crosscutting Concepts:

Cause and Effect
e Empirical evidence is required to differenliate between cause and correlation and make claims
about specific causes and effects. (HS-PS2-1), (HS-PS2-5)
e Systems can be designed to cause a desired effect. (HS-P52-3)

Systems and System Models
e When investigating or describing a system, the boundarics and initial conditions of the system
need to be defined, (IS-PS2-2)

Structure and Function
e Investigating or designing new systems or structures requires a detailed examination of the
properties of different materials, the structures of different components, and connections of
components to reveal its function and/or solve a problem. (HS-PS2-6)

Connections to Nature of Science

Science Models, L.aws, Mechanisms, and Theories Explain Natural Phenomena
e Theories and laws provide explanations in science. (HS-PS2-1), (HS-PS2-4)
e Laws are statements or descriptions of the relationships among observable phenomena.
(HS-PS2-1), (HS-PS2-4)

Unit Essential Questions:
¢ What causes Foree and how is il connected to motion?
e How are contact and non contact forces similar and different?
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How does the interaction of matter and motion create change?

What causes objecls Lo move, stop, or change direction?

How are force and motion related?

How are contact and non-contact forces similar and different?

How do forces influence the motion of objects on Earth and in space?

How can mathematical models be used to predict and explain motion?

How does understanding force and motion help engineers design safer and more effective
technologies?

e How does the interaction of matter and motion create change?

Unit Enduring Understandings:
e Forces are interactions that can change an object's motion.
e The motion of an object can be described, measured, and predicted using models and

mathematical relationships.

e Mass, force, and acceleration are interconnected and can be used to explain changes in motion.

Objects continue in their state of motion unless acted upon by a net external force,

e Momentum is conserved in isolated systems and can be transferred between objects during
collisions.

e Contact forces and non-contact forces both influence motion, but they act through different
mechanisms.

e Gravitational forces govern the motion of planets, moons, satellites, and objects on Earth.

e The strength of gravitational and electrostatic forces depends on distance and follows
predictable mathematical relationships.

e Scientific investigations and data analysis can be used to identify patterns and relationships
between force and motion.

¢ Engineers use principles of force and motion to design transportation systems, structures,
sporting equipment, and safety devices.

Unit Learning Targets:
Students will....
e Describe and analyze motion using observations, measurements, graphs, and models.
e Differentiate between scalar and vector quantities such as distance, displacement, speed,
velocity, and acceleration.
e Apply Newton's First Law to explain inertia and predict the motion of objects.
e Apply Newton's Second Law to predict changes in acceleration when mass or force are altered
and relate these changes to real-world situations.
Apply Newton's Third Law to analyze interactions between objects.
Investigate the relationship among force, mass, and acceleration through laboratlory activities
and data analysis.
¢ Explain and calculate momentum and describe how momentum is conserved in collisions.
Apply concepts of impulse and conservation of momentum to real-world events such as vehicle
safety systems and sports.
Compare and contrast contact forces and non-contact forces.
Analyze how gravitational forces influence the motion of objects on Earth and in space.
Use Newton's Law of Universal Gravitation to explain planetary motion and orbital behavior.
Relate weight as a gravitational force to Newton's Second Law and Newton's Law of Universal

Gravitation.
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Construet and interpret graphical and mathematical representations of motion and force.
Collect, organize, and analyze experimental data to identify patterns and support scientific

explanations.

Evaluate how engineers use principles of force and motion to solve practical problems and

improve technology.
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Evidence of Learning

Summative Assessment: Unit Assessment and Labs

Equipment Needed: Student iPads, laboratory materials and supplies, safety equipment, measuring
Lools, calculators

Teacher Resources: Teacher laptop, textbook, laboratory materials and supplies, safety equipment,
measuring tools, calculators

Formative Assessments:
e HW assignments

Lab activities

Do nows

(Q and A sessions

Exit cards
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Lesson Plans

Gravitation

Lesson Time Frame
Lesson 1 Newton's First Law 3 days
Lesson 2 Newton's Second Law 4 days
Lesson 3 Newton's Law of Universal 3 days

Teacher Notes:

LEITS

“motion requires force,
e Emphasis is on using data (graphs,

connect small-scale systems (carts,

reasoning.

e This unil builds from observable motion Lo Newtonian force models using repeated

prediction—testing—revision cycles.
heavier objects fall fasler,
simulations are designed to confront these directly with evidence.

Students commonly enter with misconceptions (e.g.,
” “space has no gravily”), so labs and

tables, and observations) to explain relationships between

force, mass, and acceleration rather than memorizing formulas. Students should regularly

ramps) to large-scale systems (gravity, orbits).

e Vernier tools and iPad-based investigations are used for measurement and analysis, not just
presentation. Collaboration should include clear roles to support accurale data collection and

e By the end of the unit, students should be able to identify forces in a system, determine
whether they are balanced, and predict resulting motion with justification.

https://phet.colorado edu/

Curriculum Development Resources/Technology Resources:
Click the links below to access additional resources used to design this unit:
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Lesson Plan 1 Template

Content Area: Physics Lesson Title: Newton's First Law Time Frame: 3 days

Lesson Components

21% Century Themes
[ Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy
[ Civic Literacy [ Health Literacy

21% Century Skills

B Creativity and Innovation Critical Thinking and Problem Solving [ Information Literacy
K Life and Career SkillsB] Communication and Collaboration B Media Literacy [ ICT Literacy
Interdisciplinary Connections:

Mathematics

Integration of Technology:

Student iPads for data collection, analysis, research, and collaboration

Vernier Go Direct motion sensors for collecting motion data during investigations

Google Sheets for organizing data and identifying patterns

PhET "Forces and Motion: Basics" simulation for exploring balanced and unbalanced forces
Digital presentation and video tools for communicating scientific explanations

Equipment Needed:
e Student iPads
Vernier Go Direcl molion sensors
Index cards
Coins or washers
Tablecloth and demonstration malerials
Balloons
String
Tape
Meter sticks
Stopwatches
Safety goggles
Data collection sheets

* @ @ o o 2 0 @ 2 0 @

Goals/Objectives Learning Activities/ Formative Assessment Tasks

Instructional Strategies

Students will:
e Explain Newton's First : e
Law of Motion using Anchoring Phenomenon e Pre-investigation
predictions

Lesson Sequence Formative Assessment Tasks:

evidence from
investigations and 1. Students watch a brief
observations. video showing




SprINGFIELD PuBLic ScHooLs
ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 21sr CENTURY GLOBAL SKILLS

Distinguish between
balanced and unbalanced
forces.

Describe inertia as the
tendency of objects Lo
resist changes in motion.
Collect and analyze data
related to motion and
forces.

Construct evidence-based
explanations for the
motion of ohjects.

Apply Newton's First Law
to everyday situations
and engineering designs.
Communicate scientific
findings using
appropriate scientific
vocabulary and dala.

passengers lurching
forward when a vehicle
stops suddenly despite
the vehicle itself coming
Lo rest.

Students discuss the
question: "Why do
passengers continue
moving forward when
the car stops?”

Groups develop initial
explanations and identify
evidence they would
need to support their
ideas.

. Students share initial

explanations and discuss
examples of motion they
have obhserved in
vehicles, sports,
amusement rides, and
daily life.

The teacher introduces
Newton's First Law
through demonstrations
and discussion of
real-world examples
including seat belts,
sports equipment,
spacecraft, and
transportation safety
systems.

Students participate in

. the tablecloth

investigation.

o Groups predict
what will happen
when a tablecloth
is pulled from
beneath objects.

o Students observe
resulls and
explain outcomes
using inertia and
balanced forces.

Observation records
from the tablecloth
investigation

Inertia tower data tables
Balloon rocket
measurements and
analysis

PhET simulation
invesligation sheet
Group safety
recommendation
Claim-Evidence-Reasoni
ng explanation of the
anchoring phenomenon
Exit ticket explaining
Newton's First Law using
an original example
Quiz, laboratory
assessment, or unit test
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7. Students construct and
test inertia towers using
coins and index cards.

o Students record
observations and
identify evidence
supporting
Newton's First
Law.

o Groups compare
successful and
unsuccessful trials
and discuss
variables affecting
outcomes.

8. Students conduct a
halloon rocket
investigation.

o Teams design a
balloon-powered
system and test
motion along a
string,.

o Students measure
travel distance
and time.

o Groups discuss
why motion
eventually
changes and
identify forces
acting on the
system,

9. Students use the PhET
simulation to investigate
balanced and unbalanced
forces.

o Students
manipulate
variables and
compare
simulation results
with observations
from the physical
investigations.

o Teams develop
explanations
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connecting all
three
investigations.

10. Students analyze
collected data using
Google Sheets and
identify patterns relating
force and motion,

11. Student groups develop a
safely recommendation
for a transportation
system, amusement ride,
or sporting activily based
on Newton's First Law
and inertia.

12, Students complete a
written explanation
addressing the anchoring
phenomenon and
explaining why
passengers lurch forward
when vehicles stop
suddenly.

Differentiation:

e Students may access content through demonstrations, investigations, simulations, vidcos,
readings, and collaborative discussions.

e Students may demonstrate understanding through written explanations, diagrams,
presentations, models, videos, or multimedia products.

e Guided notes, graphic organizers, scaffolded data tables, and modified problem sets may be
provided as needed.

e Extension opportunities include analyzing vehicle safety technologies, sports equipment
design, amusement ride engineering, or aerospace applications of Newton's First Law.

Resources Provided:
e Textbook
e PhET Forces and Motion simulation
e Relevant class notes and instructional resources
e Laboratory investigation materials
e Data colleclion templates
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Lesson Plan 2 Template

Content Area: Physics Lesson Title: Newton's Second Law Time Frame: 4 days

Lesson Components

21 Century Themes
 Global Awareness [ Financial, Economic, Business and Entrepreneurial Literacy

B Civic Literacy [ Health Literacy

21% Century Skills

B Creativity and Innovation B Critical Thinking and Problem Solving Information Literacy
M Life and Career SkillsB] Communication and Collaboration B Media Literacy B ICT Literacy
Interdisciplinary Connections

Mathematics

Integration of Technology:

Student iPads for data collection, analysis, research, and collaboration

Vernier Go Direct force and motion sensors for measuring forces, mass, and acceleration
Google Sheets for graphing and analyzing experimental data

PhET "Forces and Motion" simulation for investigating relationships among force, mass, and
acceleration

Digital presentation and video tools for communicating scientific findings

Equipment Needed:
e Student iPads
Vernier Go Direct force and motion sensors
Dynamics carts
Mass sets
Ramps
Meter sticks
Stopwatches
Toy cars
Rubber bands
Force meters or spring scales
Rope for lug-ol-war investigation
Safety goggles
Data collection sheets

Goals/Objectives Learning Activities/ Formative Assessment Tasks

Instructional Strategies

Students will: Lesson Sequence

e Apply Newton's Second e Pre-investigation
Law to explain the Anchoring Phenomenon predictions
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relationship among force,
mass, and acceleration.
Collect and analyze data
from investigations
involving motion and
forces.

Construct graphs and
mathematical models
from experimental data.
Predict how changes in
force or mass affect
acceleration.

Develop evidence-based
explanations using data
collected during
investigations.

Apply Newton's Second
Law to transportation,
engineering, and
everyday phenomena.
Communicate scientific
findings using
quantitative and
qualitative evidence.

Students examine videos
of two vehicles
attempting to accelerate:
a small passenger car and
a fully loaded delivery
truck.

2. Students discuss why the

vehicles respond
differently despite both
being powered by
engines.

. Groups generate initial

explanations and identify
variables that may
influence acceleration.

. Students share initial

ideas about the
relationship among force,
mass, and motion.

5. The teacher introduces

Newton's Second Law
through demonstrations
and real-world examples
involving vehicles, sports,
amusement rides, and
rocket launches.

. Studenls conduct a

rubber band rocket car
investigation.

o Teams vary the
force applied by
stretching rubber
bands different
amounts.

o Students add mass
Lo the vehicles and
measure distance
traveled and
motion
characteristics.

o Groups collect,
organize, and
graph data to
identify patterns.

Students conduct a ramp
acceleration
investigation.

Rubber band car data
lables and graphs

Ramp investigation
calculations and analysis
Tug-of-war force
measurements and
explanations

PhET simulation
investigation sheet
Graph interpretation
questions

Engineering design
scenario responsc
Claim-Evidence-Reasoni
ng explanation of the
anchoring phenomenon
Exit tickel analyzing the
effects of changing force
Or MAass

Quiz, laboratory
assessment, or unit test
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o Groups use carts,
ramps, and
Vernier sensors to
measure motion
under different
conditions.

o Students calculate
acceleration and
compare how
changing the
applied force
affects motion.

8. Students parlicipate in a
tug-of-war force
investigation.

o 'I'eams use force
meters to measure
pulling forces.

o Students compare
balanced and
unbalanced
situations and
determine the net
force acting on the
system.

o Groups relate
observations to
Newton's Second
Law.

g. Students analyze data
using Google Sheets,

o 'Teams create
graphs and
identify
relationships
among force,
mass, and
acceleration.

o Students
determine how
their results
support or refine
their initial
explanations.

10. Students use the PhET
simulation Lo test
scenarios that would be
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difficult to recreate
physically.

o Students
investigate
extreme values of
force and mass
and compare
simulation results
with laboratory
findings.

11. Student groups evaluate a
real-world transportation
problem, such as
designing a delivery
vehicle, amusement ride,
O emergency response
vehicle.

o Teams use
Newton's Second
Law to justify
design decisions
related to safety,
efficiency, and

- performance.

12. Students revisit the
anchoring phenomenon
and explain why a loaded
truck accelerates
differently than a

passenger vehicle.

Differentiation:

e Students may access content through demonstrations, investigations, simulations, videos,
readings, and collaborative discussions.

e Students may demonstrate understanding through wrillen explanations, diagrams,
presentations, videos, models, or multimedia products.

e Guided notes, scaffolded data tables, graphing supports, and modified calculations may be
provided as needed.

e Extension opportunities include analyzing vehicle design, rocket propulsion, athletic
performance, or transportation safely systems using Newton's Second Law.

Resources Provided:
e Textbook
PhET Forces and Motion simulation
Relevant class notes and instructional resources
Laboratory investigation materials

L ]
L ]
L ]
e Data collection templates
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Lesson Plan 3 Template

Content Area: Physics Lesson Title: Newton's Law Universal Gravitation Time Frame: 3 days

Lesson Components

21% Century Themes
B Global Awareness Financial, Economic, Business and Entrepreneurial Literacy

B Civic Literacy B Health Literacy

21% Century Skills

Creativity and Innovation B Critical Thinking and Problem Solving B Information Literacy
B Life and Career SkillsB® Communication and Collaboration [ Media Literacy B ICT Literacy
Interdisciplinary Connections:

Mathematics

Integration of Technology:

Student iPads for research, calculations, collaboration, and data analysis

Google Sheets for organizing and graphing gravitational data

PhET "Gravity and Orbits” simulation for modeling gravitational interactions and orbital motion
Digital graphing and presentation tools for communicating findings

Multimedia resources exploring the history of gravitation, planetary science, and modern space
exploration

Equipment Needed:

Student iPads

Modeling clay

String

Meter sticks

Graph paper

Circular cutouts of varying sizes
Spring scales or digital scales
Calculators

Planet data cards

Safety goggles

Data collection sheels

Goals/Objectives Learning Activities/ Formative Assessment Tasks

Instructional Strategies

Students will: Lesson Sequence

_ e Pre-investigation

e Explain Newton's Law of Anchoring Phenomenon predictions
Universal Gravitation e Planet weight

and its significance in 1. Students examine images calculations and analysis

understanding the and video footage of
universe. astronauts floating
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Predict how changes in
mass and distance affect
gravitational force,
Apply Newton's Law of
Universal Gravitation to
calceulate forces and
planctary weights.
Analyze the
inverse-square
relationship between
distance and
gravitational attraction.
Develop models that
explain planetary motion
and orbital systems.
Evaluate how scientific
understanding of gravity
has evolved over time.
Communicate scientific
explanations using
mathematical, graphical,
and conceptual evidence.

aboard the International
Space Station.

. Students consider the

question:

o "If gravity exists
everywhere in
space, why do
astronauts appear
weightless?"

. Groups develop initial

explanations and identify
evidence needed to
support their claims.

. Students discuss

observations from the
anchoring phenomenon
and share initial idecas
about gravity, weight,
and motion.

5. The teacher introduces

Newton's Law of
Universal Gravitation
through demonstrations
and examples involving
planets, satellites, and
everyday objects.

. Students participate in

the Planet Weight
Investigation.

o Teams calculate
their weight on
Earth, the Moon,
Mars, and Jupiter
using provided
planetary data.

o Students compare
results and
identify patterns
relating
gravitational force
to planetary mass
and radius.

o Groups discuss
implications for
human
exploration and
cngineering

Inverse square law data
table and graph

Gravity and Orbits
simulation investigation
sheet

Cavendish model
reflection questions
Historical analysis of
gravitational discoveries
Claim-Evidence-Reasoni
ng explanation of the
anchoring phenomenon
Problem-solving
scenarios involving
changes in mass and
distance

Exit ticket explaining the
difference between mass
and weight

Quiz, laboratory
assessment, or unit test
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challenges on
different worlds.

7. Students complete an
Inverse Square Law
Modeling Investigation.

o Teams use circular
cutouts and graph
paper to model
how gravitational
influence spreads
over increasing
distances.

o Students collect
measurements and
graph
relationships
between distance
and force.

o Groups explain
why gravitational
attraction
decreases rapidly
with increasing
distance.

8. Students investigate
planetary motion using
the PhET Gravity and
Orbits simulation.

o Teams manipulate
masses and orbital
distances.

o Students observe
how changes affect
orbital paths and
gravitational
interactions.

o Groups compare
simulalion results
with predictions
from Newton's
Law.

9. Students explore the
historical development of
gravitational theory.

o Students examine
how scientists
such as Isaac
Newton and Henry
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Cavendish
contributed to our
understanding of
gravity.

o Students analyze
the significance of
measuring Lhe
gravitational
constant and the
challenges
involved.

10. Students participate in a
Cavendish Investigation
Model.

o Using suspended
objects and
modeling
materials, students
observe how
extremely small
forces can produce
measurable
effects.

o Students discuss
the limitations of
models and the
importance of
precision in
scientific
measurement.

11, Students examine how
gravity influences
satellite systems,
planetary defense efforts,
and space exploration.

o Teams evaluate
how scientists
predict asteroid
Lrajectories and
assess potential
impact risks.

o Students consider
economic,
technological, and
societal factors
involved in
protecting Earth
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from near-Earth
objects.

12. Students revisit the
anchoring phenomenon
and explain why
astronauts appear
weightless despite
remaining under the
influence of Earth's

gravity.

Differentiation:

e Students may access content through demonstrations, simulations, videos, readings,
invesligations, and collaboralive discussions.

e Students may demonstrate understanding through written explanations, diagrams, models,
presentations, videos, or multimedia products.

e Guided notes, graphic organizers, scaffolded calculations, and modified problem sets may be
provided as needed.

e [Lxtension opportunities include satellite design, planetary exploration, asteroid tracking,
orbital mechanics, and comparisons between Newtonian gravity and modern gravitational
theory.

Resources Provided:
e Textbook
PhET Gravity and Orbits simulation
Planclary data tables
Relevant class notes and instructional resources
Laboratory investigation materials
Data collection templates
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Lesson Reflection

Reflect on the lesson you have developed and rate the degree to which the lesson Strongly, Moderately or Wealdy
meets the criteria below:
Lesson Activities Strongly | Moderately | Weakly
Are challenging Strongly and require higher order thinking and problem o O (]
solving skills
Allow for student choice O = O
Provide scaffolding for acquiring targeted knowledge/skills | O O
Integrate global perspectives k=l l L1
Integrate 21st century skills & 3 O
Provide opportunities for interdisciplinary connection and transfer of
: | O O

knowledge and skills
Foster student use of technology as a tool to develop critical thinking,

i : i : | & O
creativity and innovation skills
Are varied to address different student learning styles and preferences 17} O O
Are differentiated based on student needs (] | ]
Are student-centered with teacher acting as a facilitator and co-learner O = N
during the teaching and learning process
Provide means for students to demonstrate knowledge and skills and = Ll 0
progress in meeting learning goals and objectives
Provide opportunities for student reflection and self- assessment ] 1 1
Provide data to inform and adjust instruction to better meet the varying 0 = 0
needs of learners B

Curriculum Design Template

Content Area: Physics Grade Level: 11 Unit Title: Motion and Forces

Created: 2026 Board Approved on:
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Unit Overview Template

Content Area: Physics  Grade Level: 11 Unit Title: Energy and Work

Unit Summary: This unit explores how energy is stored, transferred, transformed, and conserved
within physical systems. Students investigate the relationships among work, kinetic energy, potential
energy, thermal cnergy, and efficiency through hands-on investigations and engineering design
challenges. Through the analysis of moving objects, energy transfer processes, and real-world
technologies, students develop models that explain how energy flows through systems and how
engineers work to maximize useful energy while minimizing losses. Students apply scientific and
mathematical reasoning to design, test, and refine solutions to authentic problems involving energy
conversion and efficiency.

Primary Interdisciplinary Connections: Mathematics
212 Century Themes [ Creativity and Innovation B Critical Thinking and Problem Solving B ICT Literacy
K Information Literacy & Life and Career Skills Communication and Collaboration Media Literacy

Unit Rationale: Energy is one of the most fundamental concepts in physics because it provides a
framework for explaining changes within physical systems. Understanding how energy is transferred
and transformed helps students make sense of everyday phenomena ranging {rom transportation and
household energy use to emerging technologies and environmental challenges. Through engineering
design experiences and quantitative analysis, students learn to evaluate efficiency, make
evidence-bhased decisions, and understand the tradeoffs involved in developing encrgy solutions. The
concepts developed in this unit provide a foundation for future study of power, electricity,
thermodynamics, and sustainable technologies.

Career Readiness (Standard 9):

e 0.2.12.CAP.3: Investigate how continuing education contributes to one's career and personal
growth.

e 0.2.12.CAP.5: Assess and modify a personal plan to support current interests and
postsecondary plans.

e 0.4.12.CIL1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas.

e 9.4.12.CL2: Identify career pathways that highlight personal talents, skills, and abilities.

® 0.4.12.CI.3: Investigate new challenges and opportunities for personal growth, advancement,
and transition.

e 0.4.12,CT.2: Explain the potential benefits of collaboraling to enhance critical thinking and
problem solving.

e 0.4.12.IMI..2: Evaluate digital sources for timeliness, accuracy, perspective, credibility of the
source, and relevance of information, in media, data, or other resources.

e 9.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to
determine optimal design solutions.

e 0.4.12.TL.1: Assess digital Lools based on features such as accessibility options, capacilies, and
utility for accomplishing a specified task.

e 0.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw
conclusions about the data.

Learning Targets

Standards: HS-PS3, HS-ETS1
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Content Statements: Energy; Engincering Design

CPli:

Cumulative Progress Indicator (CPI):

HS5-PS3-1

Create a computational model to caleulate the change in the energy of one
component in a system when the change in energy of the other component(s)
and energy flows in and out of the system are known.

HS-PS3-2

Develop and use models to illustrate that energy at the macroscopic scale can be
accounted for as a combination of energy associated with the motions of
particles (objects) and energy associated with the relative position of particles
(objects).

HS5-PS3-3

Design, build, and refine a device that works within given constraints to convert
one form of energy into another form of energy.

HS-P53-4

Plan and conduct an investigation to provide evidence that the transfer of
thermal energy when two components of different temperature are combined
within a closed system results in a more uniform energy distribution among the
components in the system (second law of thermodynamics).

HS-PS53-5

Develop and use a model of two objects interacting through electric or magnetic
fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction.

HS-ETS51-1

Analyze a major global challenge to specify qualitative and quantitative criteria
and constraints for solutions that account for societal needs and wants.

HS-ETS1-2 Design a solution to a complex real-world problem by breaking it down into
smaller, more manageable problems that can be solved through engineering.

HS-ETS1-3 Evaluate a solution to a complex real-world problem based on prioritized criteria
and trade-offs that account for a range of constraints, including cost, safety,
reliability, and aesthetics, as well as possible social, cultural, and environmental
impacts.

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a
complex real-world problem with numerous criteria and constraints on
interactions within and between systems relevant to the problem.

Math.A-SSE.B | Write expressions in equivalent forms to solve problems.

Math.A-CED.A | Create equations that describe numbers or relationships.

8.2.12. ETW.1 Evaluate ethical considerations regarding the sustainability of environmental
resources that are used for the design, creation, and maintenance of a chosen
product.

8.2.12.ETW.3 Identify a complex, global environmental or climate change issue, develop a

systemic plan of investigation, and propose an innovative sustainable solution.

8.2.12.EC.3

Synthesize data, analyze trends, and draw conclusions regarding the effect of a
technology on the individual, culture, society, and environment and share this
information with the appropriate audience.

Science and Engineering Practices:




SerINGFIELD PuBLIc ScHooLs
ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 21s: CENTURY GLOBAL SKILLS

Developing and Using Models

Modeling in 9—12 builds on K-8 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 worlds.

Develop and use a model based on evidence to illustrate the relationships between systems
or between components of a system. (HS-P53-2), (HS-P53-5)

Planning and Carrying Out Investigations

Planning and carrying out investigations to answer questions or test solutions to problems 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 eollaboratively 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. (HS-PS3-4)

Using Mathematics and Computational Thinking

Mathematical and computational thinking at the g—12 builds on K-8 and progresses to using
algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometrie
functions, exponentials and logarithms, and computational tools for statistical analysis to analyze,
represent, and model data. Simple computational simulations are created and used based on
mathematical models of basic assumptions.

Create a computational model or simulation of a phenomenon, designed device, process, or
system. (11S-PS53-1)

Use mathematical models and/or computer simulations to predict the effects of a design
solulion on systems and/or the interactions between systems. (HS-ETS1-4)

Constructing Explanations and Designing Solutions

Constructing explanations and designing solutions in 9—12 builds on K-8 experiences and
progresses to explanations and designs that are supported by multiple and independent
student-generated sources of evidence consistenl with scientific ideas, principles, and theories.

Design, evaluate, and/or refine a solution to a complex real-world problem, based on
scientific knowledge, student-generated sources of evidence, prioritized criteria, and
tradeoff considerations. (HS-PS3-3)

Design a solution to a complex real-world problem, based on scientific knowledge,
student-generated sources of evidence, prioritized criteria, and tradeoll considerations,
(HS-ETS1-2)

Evaluate a solution to a complex real-world problem, based on scientific knowledge,
student-generated sources of evidence, priorilized criteria, and tradeoff considerations.
(HS-ETS51-3)

Asking Questions and Defining Problems

Asking questions and defining problems in g—12 builds on K-8 experiences and progresses to
formulaling, refining, and evaluating empirically testable questions and design problems using
models and simulations.
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e Analyze complex real-world problems by specifying criteria and constraints for successful
solutions. (HS-ETS1-1)

Disciplinary Core Ideas (DCIs):

PS3.A: Definitions of Energy

e Energy is a quantitative property of a system that depends on the motion and interactions of
matter and radiation within thal system. That there is a single quantity called energy is due
to the fact that a system’s total energy is conserved, even as, within the system, energy is
continually transferred from one object to another and between its various possible forms.
(HS-PS3-1), (HS-PS3-2)

e At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound,
light, and thermal energy. (HS-PS3-2) (HS-PS3-3)

e These relationships are better understood at the microscopic scale, at which all of the
different manifestations of energy can be modeled as a combination of energy associated
with the motion of particles and energy associated with the configuration (relative position
of the particles). In some cases the relative position energy can be thought of as stored in
fields (which mediate interactions between particles). This last concept includes radiation, a
phenomenon in which energy stored in fields moves across space. (HS-PS3-2)

PS3.B: Conservation of Energy and Energy Transfer

e Conservation of energy means that the total change of energy in any system is always equal
to the total energy transferred into or out of the system. (HS-PS3-1)

e Energy cannot be created or destroyed, but it can be transported from one place to another
and transferred between systems. (HS-PS3-1), (HS-PS3-4)

o Mathematical expressions, which quantify how the stored energy in a system depends on its
configuration (e.g. relative positions of charged particles, compression of a spring) and how
kinetic energy depends on mass and speed, allow the concept of conservation of energy to be
used to predict and describe system behavior. (HS-PS3-1)

e The availability of energy limits what can oceur in any system. (HS-PS3-1)

e Uncontrolled systems always evolve toward more stable states—that is, toward more
uniform energy distribution (e.g., water flows downhill, objects hotter than their
surrounding environment cool down). (HS-PS3-4)

PS3.C: Relationship Belween Energy and Forces
e When two objects interacting through a field change relative position, the energy stored in
the field is changed. (HS-PS3-5)

PS3.D: Energy in Chemical Processes
e Although energy cannol be destroyed, il can be converted to less useful forms—for example,
to thermal energy in the surrounding environment. (HS-PS3-3), (HS-PS3-4)

Delimiting Engineering Problems
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e Criteria and constraints also include satisfying any requirements set by society, such as
taking issues of risk mitigation into account, and they should be quantified to the extent
possible and stated in such a way that one can tell if a given design meets them, (I1S-ETS1-1)

e Humanity faces major global challenges today, such as the need for supplies of clean water
and food or for energy sources that minimize pollution, which can be addressed through
engineering. These global challenges also may have manifestations in local communities.
(HS-ETS1-1)

ETS1.A: Defining and Delimiting Engincering Problems
e (riteria and constraints also include satisfying any requirements set by society, such as
taking issues of risk mitigation into account, and they should be quantified to the extent
possible and stated in such a way that one can tell if a given design meets them. (sccondary
to HS-PS3-3)

ETS1.B: Developing Possible Solutions

e When evaluating solutions, it is important to Lake into account a range of constraints,
including cost, safety, reliability, and aesthetics, and to consider social, cultural, and
environmental impacts. (HS-ETS1-3)

e Both physical models and computers can be used in various ways to aid in the engineering
design process. Computers are useful for a variety of purposes, such as running simulations
to test different ways of solving a problem or to see which one is most efficient or
economical; and in making a persuasive presentation to a client about how a given design
will meet his or her needs. (IIS-ETS1-4)

ETS1.C: Optimizing the Design Solulion
e Criteria may need to be broken down into simpler ones that can be approached
systematically, and decisions aboul the priority of certain criteria over others (tradeoffs)
may be needed. (I115-LT51-2)

Crossculling Concepis:

Cause and Effect
e Cause and effect relationships can be suggested and predicted for complex natural and
human designed systems by examining what is known abhout smaller scale mechanisms
within the system. (HS-PS3-5)

Systems and System Models
e When investigating or describing a system, the boundaries and inilial conditions of the
system need to be defined and their inputs and outputs analyzed and described using
models. (HS-PS3-4)
e Models can be used to predict the behavior of a system, but these predictions have limited
precision and reliability due to the assumplions and approximations inherent in models.
(HS-PS3-1)
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Models (e.g., physical, mathematical, computer models) can be used to simulate systems
and interactions—including energy, malter, and information flows— within and between
systems at different scales. (I1S-ETS1-4)

Energy and Matter

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. (HS-P53-3)

Energy cannol be created or destroyed—only moves between one place and another place,
between objects and/or fields, or between systems. (HS-PS3-2)

Conneclions to Engineering, Technology, and Applications of Science

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

Modern civilization depends on major technological systems. Engineers continuously
modify these technological systems by applying scientific knowledge and engineering design
practices to increase benefits while decreasing costs and risks. (I1S-PS3-3)

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. (IIS-ETS1-1), (HS-ETS1-3)

Connections to Nature of Science

Scientific Knowledge Assumes an Order and Consistency in Natural Systems

Science assumes the universe is a vast single system in which basic laws are consistent,
(IIS-PS3-1)

Unit Essential Questions:

How is energy lransferred and transformed within physical systems?

How can energy be measured, modeled, and accounted for during real-world processes?
Why is some energy always unavailable for useful work?

How do engineers design systems that maximize efficicncy while working within
constraints?

Unit Enduring Understandings:

Energy cannot be created or destroyed, but it can be transferred, transformed, and
distributed among components of a system.

All energy transformations involve some loss of useful energy to the surrounding
environment, often as thermal energy.

Engineers use scientific principles and data to design systems that convert energy efficiently.
Models and calculations help predict energy transfers, but real-world systems are influenced
by friction, resistance, and other inefficiencies.

Understanding energy flow allows us to evaluate technologies, improve designs, and make
informed decisions about resource use.

Unit Learning Targets:
Students will.....
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Develop and use models to explain how energy moves into, out of, and within systems.
Calculate and analyze changes in kinetie, potential, thermal, and electrical energy.
Design, build, test, and refine devices that convert one form of energy into another.
Evaluate the efficiency of engineered systems using quantitative evidence.

Construct explanations for observed energy transformations using scientific principles.
Use data, graphs, and mathematical relationships to predict system behavior.
Compare competing engineering solutions based on performance, cost, efficiency, and

design constraints.
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Evidence of Learning

Summative Assessment: Unit Assessment and Labs

Equipment Needed: Student iPads, laboratory materials and supplies, safety equipment, measuring
tools, calculators

Teacher Resources: Teacher laptop, texthook, laboratory materials and supplies, safety equipment,
measuring tools, calculators

Formative Assessments:
e HW assignments

Lab activities

Do nows

() and A scssions

Exit cards
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Lesson Plans

Lesson Time Frame
Lesson 1 Mousetrap Vehicle Engineering 5 days
Challenge
Lesson 2 Energy Efficiency and Thermal 3 days
Encrgy Transfer
Lesson 3 Designing an Energy-Efficient 4 days
Home

Teacher Notes:

This unit emphasizes energy as a unifying concept in physics. Students investigate how energy is
stored, transferred, transformed, and conserved through engineering design challenges and
laboratory investigations. Emphasis should be placed on using evidence, data analysis, and modeling
to explain energy flow within systems. Students should regularly connect classroom investigations to
real-world applications involving efficiency, consumer choices, sustainability, and technological
innovation.

Curriculum Development Resources/Technology Resources:
Click the links below to access additional resources used to design this unit:

https://phet.colorado edu/
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Lesson Plan 1 Template

Content Area: Physics Lesson Title: Mousetrap Vehicle Engineering Challenge Time Frame: 5 days

Lesson Components

21# Century Themes
B Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

[ civic Literacy & Health Literacy

21% Century Skills

[ Creativity and Innovation B Critical Thinking and Problem Solving B Information Literacy

[ Life and Career Skills B Communication and Collaboration B Media Literacy B ICT Literacy

Interdisciplinary Gonnections:
Mathematics

Integration of Technology:

Students will use iPads and digital design tools to research, model, test, and refine an
energy-conversion device. Students will collect and analyze quantitative data using spreadsheets,
graphing tools, and Vernier sensors when available. Technology will be used to evaluate design
effectiveness, communicate findings, and support evidence-based engineering decisions.

Equipment Needed:
¢ Mouselraps
Waooden dowels, axles, wheels, CDs, or other wheel materials

[ ]

e Siring

e Tape, glue, rubber bands

e Meter sticks and tape measures

e Digital scales

e Stopwatches

e Vernier force sensors (if available)

e Graph paper

e iPads

e Design materials and construction tools

e Safety goggles

Goals/Objectives Learning Activities/ Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Sequence

e Explain how energy is Anchoring Phenomenon: o [Initial design sketches
stored, transferred, and annutatec‘_l
transformed, and 1. Students watch a short energy-flow diagrams
conserved within a video of a world-record e Spring energy
mechanical system. mouselrap vehicle investigation data sheet

traveling an unexpectedly
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Design and construct a
mousetrap-powered
vehicle that converts
stored potential energy
into motion.

Collect and analyze
quantitative data related
to distance traveled,
speed, and efficiency.
Apply principles of work,
kinetic energy, potential
energy, and energy
conservation to improve
performance.

Evaluate design tradeoffs
involving mass, friction,
wheel size, stability, and
efficiency.

Reline a prototype hased
on testing data and
engineering constraints,
Communicate design
decisions and
evidence-based
recommendations.

. Teams construct and test

ln_ng distance. Students e Prototype construction
discuss: check
o "How can a small e Engineering design
mousetrap power notebook
a vehicle across an ¢ Distance, speed, and
entire ] efficiency data tables
gymnasium?" o Graphical analysis of
. Students generate initial tesling results
ideas about where the e Peer feedback during
energy comes [rom, design review sessions
where it goes, and what e Team engineering
factors affect presentation
performance. 1 e Written refleclion
3. Students participate in a explaining how energy
1_ant"lf:f spring-energy was transformed
investigation using throughout the vehicle
mousetraps or springs to system
observe how elastic s Final vehicle
potential energy can be performance evaluation

stored and released.
Students examine
successful mousetrap
vehicle designs and
identify features that may
influence performance,
including wheel size,
mass, axle length,
friction, and lever-arm
design.

Working in engineering
teams, students:

o Tdentify design
criteria and
constraints,

o Sketch multiple
prototype designs.

o Predict how
energy will move
through their
system,

o Select materials
and justify design
choices.

an initial prototype.
Students collect
quantitative data
including:
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o Distance traveled

o Time traveled

o Average speed

o Vehicle mass

o Trial-to-trial
consistency

8. Teams analyze results
using tables, graphs, and
calculations.

9. Students identify sources
of energy loss such as:

o Friction

o  Wheel slippage
o Misalignment
o Air resistance

10. Teams redesign and
refine their vehicles
hased on evidence from
testing.

11, Students conduct a
second round of testing
and compare
performance to their
original design.

12. The lesson concludes
with an engineering
showcase in which teams
present:

o Their design
process

o  Energy
transformations
within the system

o Data collected

o Design
improvements

o Tradeolls
considered during
refinement

13. Studenls discuss how
engineers use iterative
design to improve
efficiency in real-world
technologies.

Differentiation:
e Structure lessons around authentic engineering challenges that connect to transportation,

sustainability, and technological innovation.
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Provide students with multiple choices for how they can represent their understanding (e.g.,
diagrams, data tables, presentations, videos, models, written explanalions).

Utilize collaborative team roles to support communication, leadership, and problem-solving
skills.

Provide scaffolded calculation guides, data templates, and design examples as needed.
Allow varying levels of design complexity based on student readiness.

Use project-based learning to connect scientific concepts with real-world engineering
applications.

Resources Provided:

Mousetrap vehicle design challenge handout
Engineering design notebook template

Vernier data collection resources

Spreadsheet templates for graphing and analysis
Approved engineering and physics video resources
Sample prototype images

Safety guidelines for construction and testing
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Lesson Plan 2 Template

Content Area: Physics Lesson Title: Energy Efficiency and Thermal Energy Transfer Time
Frame: 3 days

Lesson Components

21% Century Themes

B Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

B Civic Literacy B Health Literacy

21% Century Skills

[ Creativity and Innovation B Critical Thinking and Problem Solving [ Information Literacy

B Life and Career Skills B Communication and Collaboration B Media Literacy B ICT Literacy

Interdisciplinary Gonnections:
Mathematics

Integration of Technology:
Students will use iPads, digital data collection tools, spreadsheets, and graphing applications to
collect, analyze, and interpret thermal encrgy data. Technology will support modeling energy
transfers, calculating efficiency, evaluating experimental results, and communicaling evidence-based
conclusions.
Equipment Needed:

e Foam cup calorimeters

¢ Thermometers or temperature probes
e [Hot water
e (Cold water
o Graduated cylinders
e Beakers
e Digital scales
e Stirring rods
e Metal samples (aluminum, copper, steel, ete.)
e Heating source (hot plate or hot water bath)
e iPads
e Graph paper
e Safety goggles
Goals/Objectives Learning Activities/ Formative Assessment Tasks
Instructional Strategies g
Students will: Lesson Sequence
e Explain how thermal Anchoring Phenomenon: e Anchoring phenomenon
energy is transferred ‘ response
between objects and 5 Studentst examine e Prediction and
systems. thermal images of a observation charl

house during winter that e Calorimetry data table
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Investigate how
temperature changes can
be used to measure
energy transfer.

Apply the Law of
Conservation of Energy
to thermal systems.
Calculate thermal energy
transferred using
experimental data.
Analyze efficiency and
identify sources of energy
loss in physical systems.
Evaluate the
effectiveness of different
materials for storing and
transferring thermal
energy.

Use evidence to explain
why no real-world energy
conversion process is
100% efficient.

show significant heat loss
through windows, doors,
and roofing materials.

. Students discuss:

o "lfenergyis
conserved, where
is all of this energy
going?"

. Students develop initial

models explaining energy

transfer between systems.
. Students participate in a

brief demonstration
comparing hot and cold
waler mixing.
Students predict:
o Final temperature
o Direction of
energy transfer
o Relative changes
in thermal energy

. Students conduct a

calorimetry investigation
in which measured
amounts of hot and cold
water are combined.
Students then:
o Record initial
temperaturcs
o Measure final
equilibrium
temperature
o Calculate thermal
energy transfer
o Compare
predictions with
results

. Students then investigate

thermal energy transfer
using heated metal
samples placed into
water.

. Working in teams,

students:
o Collect
temperature data
o Determine which
materials transfer

Thermal energy
calculations
Temperature graph
analysis

Material comparison
investigation
Engineering
recommendation activity
Group discussion
participation

CER explanation of
energy transfer and
efficiency

Exit ticket explaining
why no energy
CONVersion process is
perfectly efficient
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thermal energy
most effectively
o Analyze
differences in
thermal behavior
among materials

10. Students conslruct
graphical representations
of temperature changes
over time.

11. Using experimental data,
students calculate
efficiency and discuss
why some energy
becomes unavailable for
useful work.

12. Students connect
findings to:

o Home insulation

o 'Transportation
systems

o Electronic devices

o Renewable energy
technologies

13. Student teams evaluate
several real-world
products designed to
reduce energy loss and
recommend the most
effective solution based
on evidence, cost,
environmental impact,
and practicality.

14. Students revise their
original energy-transfer
models using evidence
gathered throughout the
investigation.

Differentiation:
e Structure lessons around authentic energy-use scenarios that connect to homes,
transportation, technology, and environmental sustainability.
e Provide students with multiple choices for demonstrating understanding (e.g., models,
diagrams, presentations, graphs, videos, written explanations).
e Utilize collaborative group roles to support communication and problem-solving.
Provide calculation guides, formula sheets, and scaffolded data tables as needed.
e Offer extensions involving energy-efficient technologies and renewable energy systems.
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e Use project-based learning approaches to connect scientific concepts to real-world engineering
challenges.

Resources Provided:
e Calorimetry investigation handout
Data collection templates
Energy transfer graphic organizers
Spreadsheet and graphing templates
Approved physics and engineering video resources
CER writing framework
Safety guidelines for thermal investigations
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Lesson Plan 3 Template

Content Area: Physics Lesson Title: Designing an Energy-Efficient Ilome Time Frame: 4 days

Lesson Components

21% Century Themes

K Global Awareness Financial, Economic, Business and Entrepreneurial Literacy

& Civic Literacy X Health Literacy

21% Century Skills

[ Creativity and Innovation [ Critical Thinking and Problem Solving B Information Literacy

[ Life and Career Skills B Communication and Collaboration B Media Literacy B ICT Literacy

Interdisciplinary Connections:
Mathematics

Integration of Technology:

Students will use iPads, digital research tools, spreadsheets, and design software to investigate energy
consumption, compare energy-efficient technologies, model home energy usage, and communicate
design solutions, Technology will support dala analysis, cost-benefit evaluations, and evidence-based

decision making.,

Equipment Needed:
e Home floor plan templates

e Graph paper

e Rulers

e (alculators

e Insulation material samples (foam, fabrie, cardboard, bubble wrap, etc.)

e Small boxes or model house materials

e Thermometers or temperature probes

e [Ileat lamps or desk lamps

e Stopwatches

o iPads

e Poster or presentation materials

Goals/Objectives Learning Activities/ Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Sequence
Anchoring Phenomenon: e Anchoring phenomenon

e Analyze how energy is analysis
transferred into and out 1. Students examine utility e Insulation investigation
of homes. bills and thermal images data table

o Investigate factors that from two similar homes. e Temperature-change
influence heating and One home has graphs
cooling efficiency. significantly lower annual e Engineering design

notebhook
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Design a home that
minimizes energy loss
while meeting specified
design constraints.
Evaluate the costs,
benefits, and
environmental impacts of
various energy-efficient
technologies.

Apply principles of
energy conservalion,
thermal energy transfer,
and efficiency to a
real-world engineering
problem.

Use quantitative and
qualitative evidence to
Jjustify design decisions.
Communicate and defend
engineering solutions
using scientific
reasoning.

energy costs despite
being the same size.

2. Students discuss:

o "Why does one

home require less

energy than the
other?"

3. Students generate initial

explanations related to
insulation, windows,
building materials,
appliances, and human
behavior.

from small boxes and
different insulating
materials.

5. Working in teams,

students:

o Construct or
modify model
structures.

o Place
thermometers
inside the
structures.

o Expose the
structures to a
heat source.

o  Measure
temperature

changes over time.

o Compare the
effectiveness of
different
insulation
materials.

6. Students analyze their
findings and identify
characteristics that
improve energy
efficiency.

7. Student teams are then
presented with an
engineering challenge:

Students participate in a
brief investigation using
model homes constructed

Cost-benefit analysis
spreadsheet

Ilome design proposal
Peer design review
feedback

Team presentation
CER explanation
supporting design
choices

Reflection on energy
efficiency tradeoffs
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o Design an
encrgy-efficient
home for a family
while staying
within a specified
budget.

8. Design constraints may
include:

o  Maximum
construction
budget

o Climate conditions

o Family size

o Environmenlal
impact
considerations

o Energy
consumption goals

9. Teams research and
evaluate options such as:

o Insulation
materials

o Window types

o Solar panels

o Fnergy-efficient
apphances

o Passive solar
design

o Smart home
technologies

10. Students create a detailed
home design that
includes:

o Floor plan

o Energy-saving
features

o Estimated costs

o Predicted energy
savings

o Environmental
benefits

11. Teams use spreadsheets
Lo compare costs and
projected savings over
time.

12, Students participate in a
design review session
where teams provide
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feedback and
recommendations to one
another,

13. Teams revise their
designs based on peer
feedback and present
final proposals.

14. The lesson concludes
with a discussion of how
engincers, archilects,
homeowners, businesses,
and governmenls balance
cost, efficiency,
sustainability, and
consumer needs when
making energy decisions.

Differentiation:

L

Structure lessons around authentic challenges involving energy use, sustainability, and
consumer decision-making,.

Provide students with multiple options for demonstrating understanding, including models,
presentations, diagrams, videos, spreadsheets, and written explanations.

Utilize collaborative team roles to support communication, leadership, and problem-solving
skills.

Provide scaffolds such as design templates, budgeting guides, caleulation supports, and graphic
organizers.

Allow varying levels of design complexily based on student readiness.

Connect learning to local community issues, household energy costs, and environmental
challenges.

Resources Provided:

Energy-efficient home design challenge packet
Home floor plan templates

Cost analysis spreadsheet template

Insulation investigation handout

Approved energy and sustainability resources
Sample energy-efficient building designs
Engineering design notebook template

Safety guidelines for laboratory investigations
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Lesson Reflection

Reflect on the lesson you have developed and rate the degree to which the lesson Strongly, Moderately or Weakly

mects the criteria below,

Lesson Activities Strongly | Moderately | Weakly
Are challenging Strongly and require higher order thinking and problem O -
solving skills
Allow for student choice O & O
Provide scaffolding for acquiring targeted knowledge/skills B4 O O
Integrate global perspectives O O
Integrate 21st century skills = ( O
Provide opportunities for interdisciplinary connection and transfer of
: x O O

knowledge and skills
Foster student use of technology as a tool to develop critical thinking, O O
creativity and innovation skills
Are varied to address different student learning styles and preferences (4 O O
Are differentiated based on student needs O O
Are student-centered with teacher acting as a facilitator and co-learner

: : 5 O 1
during the teaching and learning process
Provide means for students to demonstrate knowledge and skills and = 0 0
progress in meeting learning goals and objectives
Provide opportunities for student reflection and self- assessment = O O
Provide data to inform and adjust instruction to better meet the varying 0 = 0
needs of learners

Curriculum Design Template

Content Area: Physics Grade Level: 11 Unit Title: Energy and Work

Created: 2026 Board Approved on:
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Unit Overview Template
Content Area: Physics Grade Level: 11 Unit Title: Waves and Their Applications in Technologies

Unit Summary: This unit explores the properties and behavior of waves and their applicalions in
modern technologies. Students investigate longitudinal and transverse waves, standing waves,
resonance, interference, diffraction, and wave interactions in various media. Through laboratlory
investigations and mathematical modeling, students analyze relationships among wavelength,
frequency, amplitude, and wave speed. Students also examine how waves are used to transmit and
store information and explore how scientific models have evolved to explain phenomena such as light,
interference patterns, and wave-particle duality.

Primary Interdisciplinary Connections: Mathematics

21% Century Themes B Creativity and Innovation B Critical Thinking and Problem Solving [ ICT Literacy

[ Information Literacy B Life and Career Skills B Communication and Collaboration B Media Literacy

Unit Rationale: Understanding waves provides a foundation for explaining a wide range of natural
phenomena and technological applications. Modern communication systems, medical imaging,
remote sensing, audio technology, and digital information storage all rely on wave behavior. By
studying wave interactions and the limitations of classical models, students gain insight into how
scientific understanding develops and how models are refined when new evidence emerges. This unit
emphasizes data analysis, mathematical relationships, engineering applications, and the role of waves
in advancing modern technology.

Career Readiness (Standard 9):

e 0.2.12.CAP.3: Investigate how continuing education contributes to one's career and personal
growth.

e 0.2,12.CAP.5: Assess and modify a personal plan to support current interests and
postsecondary plans.

e 0.4.12.CL1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas.

e 9.4.12.Cl.2: Identify career pathways that highlight personal talents, skills, and abilities.

e 0.4.12.CL3: Investigate new challenges and opportunities for personal growth, advancement,
and transition.

e 0.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and
problem solving,.

e 0.4.12.IML.2: Evaluate digital sources for timeliness, accuracy, perspective, credibility of the
source, and relevance of information, in media, data, or other resources.

® 0.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to
determine optimal design solutions.

e 9.4.12,1L.1: Assess digital tools based on features such as accessibility options, capacities, and
utility for accomplishing a specified task.

e 0.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw
conclusions aboul the data.

Learning Targets :

Standards: HS-PS4
Content Statements: Waves and Their Applications in Technologies for Information Transfer.
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CPIi: Cumulative Progress Indicator (CPI):

HS-PS4-1 Use mathematical representations to support a claim regarding relationships
among the frequency, wavelength, and speed of waves traveling in various media.

HS-PS4-2 Evaluate guestions about the advantages of using a digital transmission and
storage of information.

HS-PS4-3 Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic

radiation can be described either by a wave model or a particle model, and that for
some situations one model is more useful than the other.

HS-PS4-4 Evaluate the validity and reliability of claims in published materials of the effects
that different frequencies of electromagnetic radiation have when absorbed by
matler.

HS-PS4-5 Communicate technical information about how some technological devices use

the principles of wave behavior and wave interactions with matter to transmit and
capture information and energy

Math.A-SSE.B Write expressions in equivalent forms to solve problems.

8.2.12. ETW.1 Evaluate ethical considerations regarding the sustainability of environmental
resources that are used for the design, creation, and maintenance of a chosen
product.

8.2.12. ETW.3 Identify a complex, global environmental or climate change issue, develop a
systemic plan of investigation, and propose an innovative sustainable solution.

8.2.12.EC.3 Synthesize data, analyze trends, and draw conclusions regarding the effect of a

technology on the individual, cullure, society, and environment and share this
information with the appropriate audience.

Science and Engineering Praclices:

Asking Questions and Defining Problems
Asking questions and defining problems in grades 9—12 builds on K- 8 experiences and progresses to
formulating, refining, and evaluating empirically testable questions and design problems using
models and simulations.
e Evaluate questions that challenge the premise(s) of an argument, the interpretation of a data
set, or the suitability of a design. (HS-PS4-2)

Using Mathematics and Computational Thinking
Mathematical and computational thinking at 9—12 builds on K-8 and progresses to using algebraic
thinking and analysis, a range of linear and nonlinear functions including trigonometric functions,
exponentials and logarithms, and computational lools for statistical analysis to analyze, represent,
and model data. Simple computational simulations are created and used based on mathematical
models of basic assumptions.

e Use mathematical representations of phenomena or design solutions to describe and/or

support claims and/or explanations. (HS-PS4-1)

Engaging in Argument from Evidence
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Engaging in argument from evidence in g—12 builds on K-8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and crilique claims and
explanations about natural and designed worlds. Arguments may also come from current scientific or
historical episodes in science.
e Evaluate the claims, evidence, and reasoning behind currently accepted explanations or
solulions to determine the merits of arguments. (HS-PS4-3)

Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communicating information in g—12 builds on K-8 and progresses to
evaluating the validity and reliability of the claims, methods, and designs.
e FEvaluate the validity and reliability of mulliple claims that appear in scientific and technical
texts or media reports, verifying the data when possible. (HS-PS4-4)
e Communicate 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 (including orally, graphically, textually, and mathematically). (HS-PS4-5)

Disciplinary Core Ideas (DCls):

PS3.D: Energy in Chemical Processes
e Solar cells are human-made devices that likewise caplure the sun’s energy and produce
electrical energy. (secondary to [1S-PS4-5)

PS4.A: Wave Properties

e The wavelength and frequency of a wave are related to one another by the speed of travel of the
wave, which depends on the type of wave and the medium through which it is passing.
(HS-PS54-1)

e Information can be digitized (e.g., a picture stored as the values of an array of pixels); in this
form, it can be stored reliably in computer memory and sent over long distances as a series of
wave pulses. (HS-PS4-2), (HS-PS4-5)

e Waves can add or cancel one another as they cross, depending on their relative phase (i.e.,
relative position of peaks and troughs of the waves), but they emerge unaffected by cach other.
(Boundary: The discussion at this grade level is qualilative only; it can be based on the fact that
two different sounds can pass a location in different directions without getting mixed up.)
(HS-PS4-3)

PS4.B: Electromagnetic Radiation

e FElectromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of
changing electric and magnetic fields or as particles called photons. The wave model is useful
for explaining many features of electromagnetic radiation, and the particle model explains
other features. (HS-PS4-3)

e When light or longer wavelength electromagnetic radiation is absorbed in matter, it is
generally converted into thermal energy (heat). Shorter wavelength electromagnetic radiation
(ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells.
(HS-PS4-4)
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e Photoelectric materials emit electrons when they absorb light of a high-enough frequency.
(HS-PS4-5)

PS4.C: Information Technologies and Instrumentation
e Multiple technologies based on the understanding of waves and their interactions with matter
are part of everyday experiences in the modern world (e.g., medical imaging, communications,
scanners) and in scientific research. They are essential tools for producing, transmitting, and
capturing signals and for storing and interpreting the information contained in them.
(HS-PS4-5)

Crosscutting Concepts:

Cause and Effect

e Empirical evidence is required to differentiate between cause and correlation and make claims
about specific causes and effects, (HS-PS4-1)

e Cause and effect relationships can be suggested and predicted for complex natural and human
designed systems by examining whal is known about smaller scale mechanisms within the
system. (HS-PS4-4)

e Systems can be designed to cause a desired effect. (HS-PS4-5)

Systems and System Models
e 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. (HS-PS4-3)

Stability and Change
e Systems can be designed for greater or lesser stability. (HS-PS4-2)

Connections to Engineering, Technology, and Applications of Science

Interdependence of Science, Engineering, and Technology
e Science and engineering complementl each other in the cycle known as research and
development (R&D). (HS-PS4-5)

Influence of Engineering, Technology, and Science on Society and the Natural World
e Modern civilization depends on major technological systems. (HS-PS4-2), (HS-PS4-5)
e Engineers continuously modify these technological systems by applying scientific knowledge
and engineering design practices to increase bencelits while decreasing costs and risks.
(HS-PS54-2)

Connections to Nalure of Scienee

Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena




SpPrRINGFIELD PusLic ScHoolLs
ENGAGING STUDENTS = FOSTERING ACHIEVEMENT = CULTIVATING 215y CENTURY GLOBAL SKILLS

o A scientific theory is a substantiated explanation of some aspect of the natural world, based on
a body of facts that have been repeatedly confirmed through observation and experiment and
the science community validates each theory before it is accepted. If new evidence is
discovered that the theory does not accommadate, the theory is generally modified in light of
this new evidence. (HS-PS4-3)

Unit Essential Questions:
e How do waves transfer energy and information?
Whal mathematical relationships describe wave behavior?
How do waves interact with matter and with one another?
How are waves used in communication and information technologies?
Why do scientists use different models to explain the behavior of light and matter?
To what extent does matter behave as a particle, a wave, or both?

Unit Enduring Understandings:

e Waves transfer energy and information without the bulk transfer of matter.

e Wave behavior can be described mathematically using wavelength, frequency, amplitude, and
wave speed.

e Waves may reflect, refract, diffract, interfere, and resonate depending on the characteristies of
a system.
Scientific models are useful tools for explaining observations, but all models have limitations.
Evidence from wave interference experiments supports the wave nature of light and matter.
Technologies such as wireless communicalion, medical imaging, fiber optics, and digital media
rely on predictable wave behavior.

e Scientific knowledge evolves as new evidence challenges existing explanations.

Unit Learning Targets:
Students will....
e Measure and analyze wavelength, frequency, amplitude, and wave speed.
Develop mathematical models that describe wave behavior.
Differentiate between longitudinal and transverse waves.
Investigate standing waves, resonance, interference, and diffraction through experimentation.
Analyze data to identify patterns and relationships in wave phenomena.
Explain how waves transfer energy and information.
Evaluate the advantages and limitations of analog and digital communication systems.
Conslruct explanations for observed interference patterns using wave models.
Evaluate evidence related to the wave-like behavior of light and matter.
Communicate scientific and technical information about wave-based technologies using data,
models, and evidence.
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Evidence of Learning

Summative Assessment: Unit Assessment and Labs

Equipment Needed: Student iPads, laboratory materials and supplies, safety equipment, measuring
tools, calculators

Teacher Resources: Teacher laptop, texthook, laboratory materials and supplies, safety equipment,
measuring tools, calculators

Formative Assessments:
¢ HW assignments

Lab activities

Do nows

(Q and A sessions

Exit cards
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Lesson Plans

Lesson Time Frame

Lesson 1 Longitudinal and Transverse 3 days
Waves

Lesson 2 Standing Waves and Resonance 3 days

Lesson 3 Wave Interference Patterns and 3 days
the Double Slhit Experiment

Teacher Notes: This unit should balance traditional wave physics with modern applications and
emerging models of light and matter. Emphasis should be placed on laboratory investigations,
mathematical analysis, and engineering applications of wave phenomena. Students should connect
wave behavior to real-world technologies while recognizing that scientific models evolve as new
evidence becomes available. The double-slit experiment provides an opportunity to discuss both the
power and limitations of classical wave models and serves as a bridge to modern physics concepts.

Curriculum Development Resources/Technology Resources:
Click the links below to access additional resources used fo design this unit:

https://phet.colorado.edu/
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Lesson Plan 1 Template

Content Area: Physics Lesson Title: Longitudinal and Transverse Waves Time Frame: 3 days

Lesson Components

21% Century Themes
Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

& Civic Literacy B Health Literacy

21* Century Skills

B Creativity and Innovation B Critical Thinking and Problem Solving B Information Literacy

B Life and Career Skills B Communication and Collaboration B Media Literacy B ICT Literacy
Interdisciplinary Connections:

Mathematics

Integration of Technology:
Students will use iPads, digital wave simulations, slow-motion video analysis, and graphing tools to
investigate wave propertics and relationships among wavelength, frequency, amplitude, and wave
speed. Technology will be used Lo collect data, analyze patterns, model wave behavior, and
communicate scientific findings.

Equipment Needed:
e Slinkies

Rope or wave cords
Meter sticks
Stopwatches
Tuning forks
Rubber mallets
Ripple tanks or wave Lrays
Water tubs
iPads

sraph paper
Calculators
Safety goggles

Goals/Objectives Learning Activities/ Formative Assessment Tasks

Instructional Strategies

Students will: Lesson Sequence

e Differentiate between 1. Anchoring Phenomenon: response

e Anchoring phenomenon

longitudinal and e Station investigation data

transverse waves, 2. Students observe two tables
e Measure wavelength, short demonstrations: e Wave property
frequency, amplitude, measurements

and wave speed. e Wave speed calculations
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e Analyze how energy is o A stadium crowd e Graphing activity
transferred through wave performing a e Longitudinal vs.
motion. "wave." transverse comparison

e Develop models that o A tuning fork chart
explain wave behavior in creates visible e [Engineering applications
different media. compressions in a analysis

e Collect and interpret slinky. e Group discussion
quantitative data related 3. Students discuss: participation
to wave properties. o "How can energy e CER explanation of wave

e Apply mathematical move from one encrgy transfer
relationships among location to another e [ixit ticket explaining
wave variables. without the similarities and

e [lvaluate real-world material itsell differences between
applications of wave traveling across longitudinal and
technology. the entire transverse waves

system?”

4. Students develop initial
maodels explaining energy
transfer.

5. The teacher introduces
key wave vocabulary
through demonstrations
using ropes and slinkies.

6. Working in lab teams,
students rotate through
invesligation stations.

7. Station 1: Transverse
Wave Investigation

8. Students create waves in
a rope or wave cord and
measure:

o Wavelength
o Amplitude
o Frequency
o Wave speed

9. Students analyze how
changing one variable
affects the others.

10. Station 2: Longitudinal
Wave Investigation

11. Using slinkies, students
create compression
waves and identify:

o Compressions
o Rarefactions
o  Wavelength

o Frequency
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12. Students compare
observalions with
transverse waves.

13. Station 3: Ripple Tank
Investigation

14. Students generate water
waves and observe:

o Wave motion
o Reflection
o Energy transfer

15. Students record
observations using
slow-motion video.

16. Station 4: Engineering
Applications

17. Sludentls examine images
and case studies
involving:

o Medical
ultrasound

o Sonar

o Earthquake waves

o Wireless
communications

18. Teams determine
whether each application
primarily uses
longitudinal or transverse
WAVES.

19. Students organize data
into tables and graphs.

20.Using collected
measurements, students
calculate wave speed and
identify patterns among
wavelength, frequency,
and velocity.

21, Students compare results
across stations and revise
their original models of
energy transfer.

22, The lesson concludes
with a discussion of how
engineers use wave
hehavior to solve
problems involving
communication,
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navigation, medicine, and
sensing technologies.

Differentiation:
e Structure lessons around authentic phenomena and technological applications.

Provide students with multiple ways lo demonstrate understanding, including diagrams,
graphs, models, presentations, videos, and written explanations.

Utilize collaborative learning teams with defined roles.

Provide scaffolded data tables, graphic organizers, and calculation supports as needed.
Offer extension opportunities involving advanced wave technologies and communication
systems.

Use inquiry-based investigations to support diverse learning styles and entry points.

Resources Provided:

e @ 2 ® 0 @

Wave investigation handouts

Data collection sheels

Graphing templates

Digital wave simulations

Approved physics and engineering videos
CER writing framework

Safety guidelines for laboratory investigations
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Lesson Plan 2 Template

Content Area: Physics Lesson Title: Standing Waves and Resonance Time Frame: 3 days

Lesson Components

21* Century Themes

Bd Global Awareness [ Financial, Economic, Business and Entrepreneurial Literacy
B Civic Literacy B Health Literacy

21% Century Skills
[ Creativity and Innovation
K Life and Career Skills

B Information Literacy
& ICT Literacy

B Critical Thinking and Problem Solving

B Communication and Collaboration [ Media Literacy

Interdisciplinary CGonnections:
Mathematics

Integration of Technology:

Students will use iPads, digital simulations, frequency generator applications, and graphing tools to
investigate standing waves and resonance. Technology will support data collection, analysis of wave
patterns, modeling of resonance phenomena, and communication of scientific findings.

Equipment Needed:

Slinkies

Rope or wave cords

Tuning forks of various frequencies
Rubber mallets

Resonance tubes or graduated cylinders with adjustable water levels
Speakers or frequency generators
Meter sticks

Stopwatches

iPads

Calculators

Graph paper

Safely gogeles

Learning Activities/ Formative Assessment Tasks

Instructional Strategies

Goals/Objectives

Students will: Lesson Sequence
: i e Anchoring phenomenon
e Investigate the conditions Anchoring Phenomenon: response

required to produce e Standing wave diagrams

standing waves.
Identify nodes and
antinodes in standing
wave systems,

Analyze the relationship
among wavelength,
frequency, and
resonance.

Students observe a video
of the Tacoma Narrows
Bridge oscillating before
its collapse and compare
it to a singer shattering a
glass with sound.

2, Students discuss:

Node and antinode
identification
Resonance lube data
table

Frequency investigation
data collection
Graphing activity
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Collect and interpret data
from resonance
investigations.

Develop models that
explain standing waves
and resonance
phenomena.

Apply wave concepts to
real-world technologies
and structures.

Evaluate how engineers
use resonance in the
design of musical
instruments, buildings,
bridges, and
communication systems.

o "How can a small
repeating force
produce such a
large effect?”

. Students develop initial

explanations and identify
questions for
investigation.

. The teacher introduces

resonance and standing
waves through a brief
demonstration using a
rope attached to a
mechanical oscillator or
hand-generated waves.

. Students observe the

formation of standing
wave patterns and
identify nodes and
antinodes.

Station 1: Standing
Waves on a Rope

. Students generate waves

on ropes or wave cords.

. Teams investigate how

changing frequency
affects:
o Number of loops
o  Number of nodes
o Number of
antinodes
o  Wavelength

. Sludents sketch and label

each standing wave
paltern.

Station 2: Resonance
Tube Investigation

. Students use tuning forks

and resonance tubes (or
water-filled graduated
cylinders).

10. Students:

o Strike tuning forks
o Adjust tube length

e Engineering applications

analysis

Design challenge
prototype

CER explanation of
resonance

Exit ticket explaining
how resonance can be
beneficial in one situation
and harmful in another
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o Identify resonant
lengths
o Record
measurements
11. Students determine how
wavelength relates to
resonant tube length.

Station 3: Frequency and
Resonance Investigation

12. Using speakers or digital
frequency generators,
students test various
ohjects and systems for
resonance.

13. Possible investigations
include:

o Plastic cups

o Metal rulers

o Rubber bands

o Small pendulums

14. Students identify
frequencies that produce
the greatest response.

Station 4: Engineering
Applications

15. Students analyze case
studies involving:
o Musical
instruments
o Earthquake-resista
nt buildings
o Bridge design
o Wireless
communication
systems
o Medical imaging
technologies
16. Teams determine how
resonance can be either
beneficial or problematic
depending on the
application.
17. Students organize data
into tables and graphs
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and compare results
across stalions.

18. Using evidence from
investigations, students
revise their original
explanations of
resonance.

19. Students then complete a
design challenge:

o Design a simple
musical
instrument or
resonating system
that produces the
loudest sound
possible while
using limited
materials.

20.Teams test, refine, and
justify their designs using
wave concepts and
collected data.

21, The lesson concludes
with a discussion of how
engineers intentionally
use or avoid resonance
when designing
structures and
technologics.

Differentiation:

Structure lessons around authentic phenomena involving music, engineering, architecture, and
technology.

Provide students with multiple ways to demonstrate understanding, including models,
diagrams, presentations, videos, graphs, and written explanations.

Utilize collaborative team roles to support communication and problem-solving.

Provide scaffolded data tables, graph templates, and calculation supports as needed.

Offer extensions involving advanced applications such as noise-canceling technologies, seismic
engineering, and telecommunications.

Use ingquiry-based investigations to provide multiple entry points for learners.

Resources Provided:

Standing wave investigation handout

Resonance tube activity sheet

Data collection templates

Graphing organizers

Approved wave simulation resources

Engineering case study articles

CER writing framework and safety guidelines for laboratory investigations
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Lesson Plan 3 Template

Content Area: Physics
Experiment

Lesson Title: Wave Interference Patterns and the Double Slit
Time Frame: 3 days

Lesson Components

21% Century Themes

B4 Global Awareness Financial, Economic, Business and Entrepreneurial Literacy
B Civic Literacy [ Health Literacy

21% Century Skills

B Creativity and Innovation B Critical Thinking and Problem Solving

[ Life and Career Skills B Communication and Collaboration

[ Information Literacy
B Media Literacy B ICT Literacy

Interdisciplinary Connections:

Mathematics

Integration of Technology:

Students will use iPads, digital wave simulations, slow-motion video analysis, and interactive models
to investigate wave interference patterns and analyze evidence supporting wave models of light.
Technology will be used to collect data, compare experimental results to theoretical models, and
communicate scientific explanations.

Equipment Needed:

e Ripple tanks or wave trays

Water tubs

L ]

e Droppers or wave generators

e Laser pointer (teacher demonstration)

e Double slit diffraction slide (teacher demonstration)

e Flashlights

e Cardstock with single and double slit openings

e Meter sticks

e Graph paper

e iPads

e Calculators

e Safety sopgles
Goals/Objectives Learning Activities/ Formative Assessment Tasks

Instructional Strategies

Students will: Lesson Sequence

e Investigate constructive
and destructive
interference,

e Analyze interference
patterns produced by
overlapping waves.

Anchoring Phenomenon:

1. Students observe images
of noise-canceling
headphones, colorful
soap bubbles, and laser
inlerference patterns.

e Anchoring phenomenon
response

e Water wave interference
diagrams

e Interference pattern
observations
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Develop models that
explain wave
interactions.

Compare predictions
from particle and wave
models of light.

Use evidence from
investigations to support
scientific explanations.
Evaluate how
interference principles
are applied in modern
technologies.
Communicale scientific
arguments using data
and observalions.

. Students discuss:

o "How can waves
sometimes make a
signal stronger
and other times
make it disappear
entirely?"

. Students record initial

explanations and
questions.

. The teacher introduces

constructive and
destructive interference
using simple
demonstrations with
ropes or slinkies.

. Students predict what

will happen when waves
overlap and compare
predictions to
observations.

Station 1: Water Wave
Interference

. Using ripple tanks or

wave trays, students
generate waves from two
sources simultaneously.

. Students observe and

sketch:

o Regions of
constructive
interference

o Regions of
destructive
interference

o Interference
palterns

. Students record

observations and identify
repeating patterns.

. Station 2: Light and

Interference
Investigation

Simulation data
collection sheet
Engineering applications
analysis

Double slit
demonstration
observations
Claim-Evidence-Reasoni
ng explanation

Group discussion
participation

Exit ticket explaining
constructive and
destructive interference
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10. Students use flashlights
and slit cards to
investigate how light
hehaves when passing
through narrow
openings.

11, Students compare
patterns produced by:

o Single slit
openings

o Double slit
openings

12, Students document
similarities and
differences.

Station 3: Simulation
Investigation

13. Students use a wave
inlerference simulation
to manipulate:

o Wavelength

o Frequency

o Amplitude

o Distance between
wave sources

14. Students analyze how
changes affect
inlerference patterns and
record conclusions.

Station 4: Engineering
Applications

15. Students examine
real-world examples
involving:

o Noise-canceling
headphones

o Fiber optic
communication

o Medical imaging

o Radio
transmissions

o Acoustic design in
concerl halls
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16. Teams explain how
interference is used
intentionally in each
technology.

17. The teacher then
conducts a Double Slit
Demonstration using a
laser and diffraction
slide.

18. Students observe the
interference pattern and
discuss:

o What would be
expected if light
behaved only as
particles?

o  What would be
expected if light
behaved as waves?

o  Which model
better explains the
observations?

19. Students analyze
hislorical evidence from
the double slit
experiment and discuss
how scientific models
evolve when new
evidence emerges.

20.Students work in groups
to construct a
Claim-Evidence-Reasoni
ng explanation
addressing:

o "What evidence
suggests that light
exhibits wave-like
behavior?"

21. The lesson concludes
with a discussion of how
scientists use models to
explain phenomena and
why multiple models are
sometimes needed to
understand complex
systems.

Differentiation:
e Structure lessons around authentic phenomena and modern technologies.
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Provide students with multiple ways to demonstrate understanding, including diagrams,
models, presentations, videos, graphs, and written explanations.

Utilize collaborative learning groups with assigned roles.

Provide scaffolded CER organizers, graphic organizers, and data tables as needed.

Offer extension opportunities involving quantum mechanics, modern optics, and
telecommunications.

Use inquiry-based investigations to support diverse learning styles and entry points.

Resources Provided:

Wave interference investigation handout
CER template

Data collection sheets

Graphing organizers

Interactive wave simulations
Engineering application case studies
Approved videos and animations
Laboratory safety guidelines
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Lesson Reflection

Reflect on the lesson you have developed and rate the degree to which the lesson Strongly, Modetately or Weakly
meets the criteria below,

Lesson Activities Strongly | Moderately | Weakly
Are challenging Strongly and require higher order thinking and problem

: i O O
solving skills
Allow for student choice | O
Provide scaffolding for acquiring targeted knowledge/skills | O H|
Integrate global perspectives O O
Integrate 21st century skills O O
Provide opportunities for interdisciplinary connection and transfer of 5 0 0

knowledge and skills

Foster student use of technology as a tool to develop critical thinking, 0 - 0
creativity and innovation skills

Are varied to address different student learning styles and preferences M O
Are differentiated based on student needs O O
Are student-centered with teacher acting as a facilitator and co-learner - - -
during the teaching and learning process .

Provide means for students to demonstrate knowledge and skills and 5 0l 0
progress in meeting learning goals and objectives

Provide opportunities for student reflection and self- assessment (N O
Provide data to inform and adjust instruction to better meat the varying - = O

neads of learners

Curriculum Design Template

Content Area: Physics Grade Level: 11 Unit Title: Waves and Their Applications in
Technologies

Created: 2026 Board Approved on:
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Unit Overview Template

Content Area: Science Grade Level: 11 Unit Title: Electromagnetism and
Radiation

Unit Summary: In this unit of study, students are able to apply their understanding of wave
properties to make sense of how electromagnetic radiation can be used to transfer information across
long distances, slore information, and investigate nature on many scales. Models of electromagnelic
radiation as both a wave of changing electrical and magnetic fields or as particles are developed and
used. Students also demonstrate their understanding of engineering ideas by presenting information
about how technological devices use the principles of wave behavior and wave interactions with
matter to transmit and capture information and energy. Students will also apply their understanding
of how forces at a distance can be explained by fields, why some materials are attracted to each other
while others are not, how magnets or electric currents cause magnetic ficlds, and how charges or
changing magnetic fields cause electric fields.

Primary Interdisciplinary Connections: Mathematics, Engineering
21% Century Themes [ Creativity and Innovation & Critical Thinking and Problem Solving & ICT Literacy
& Information Literacy X Life and Career Skills & Communication and Collaboration & Media Literacy

Unit Rationale: Students are expected to demonstrate proficiency in planning and conducting
investigations, developing and using models, asking questions, engaging in argument from evidence,
and obtaining, evaluating, and communicating information. They are also expected to use these
practices to demonstrate understanding of the core ideas.

Career Readiness (Standard 9):

e 0.2.12.CAP.3: Investigate how continuing education contributes to one's career and personal
growth.

e 0.2,12.CAP.5: Assess and modify a personal plan to support current inlerests and
postsecondary plans.

e 0.4.12.CL1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas.
9.4.12.CI.2; Identify career pathways that highlight personal talents, skills, and abilities.

e 0.4.12.CL3: Investigate new challenges and opportunities for personal growth, advancement,
and transition.

e 0.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and
problem solving.

e 0.4.12.DC.8: Explain how increased network connectivity and computing capabilities of
everyday objects allow for innovative technological approaches to climale protection.

e 0.4.12.IML.2: Evaluate digital sources for timeliness, accuracy, perspective, credibility of the
source, and relevance of information, in media, data, or other resources.

e 0.4.12,IML.3: Analyze data using tools and models to make valid and reliable claims, or to
determine optimal design solutions.

e 0.4.12.TL.1: Assess digital tools based on features such as accessibility options, capacities, and
ulility for accomplishing a specified task.

e 0.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw
conclusions about the data.

Learning Targets
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Standards: HS-PS2; HS-P53; HS-P54

Content Statements: Motion and Stability: Foreces and Interactions; Energy; Waves and their
Applications in Technologies for Information Transfer

CPl: Cumulative Progress Indicator (CPI):

HS-PS4-1 Use mathematical representations to support a claim regarding relationships
among the frequency, wavelength, and speed of waves traveling in various media.

HS-PS4-2 Evaluate questions about the advantages of using a digital transmission and
storage of information.

HS-PS4-3 Evaluate the claims, evidence, and reasoning hehind the idea that electromagnetic

radiation can be described either by a wave model or a particle model, and that for
some situations one model is more useful than the other.

HS-PS4-4 Evaluate the validity and reliability of claims in published materials of the effects
that different frequencies of electromagnetic radiation have when absorbed by
matter.

HS-PS4-5 Communicale lechnical information about how some technological devices use the

principles of wave behavior and wave interactions with matter to transmit and
capture information and energy

Math.A-CED.A | Create equations that describe numbers or relationships.

Math.A-SSE.B | Write expressions in equivalent forms to solve problems.

8.2.12. ETW.1 Evaluate ethical considerations regarding the sustainability of environmental
resources that are used for the design, creation, and maintenance of a chosen

product.

8.2.12.ETW.3 Identify a complex, global environmental or climate change issue, develop a
systemie plan of investigation, and propose an innovative sustainable solution.

8.2.12.EC.3 Synthesize data, analyze trends, and draw conclusions regarding the effect of a
technology on the individual, culture, society, and environment and share this
information with the appropriate audience.

Science and Engineering Practices:

Asking Questions and Defining Problems
Asking questions and defining problems in grades 9—12 builds on K- 8 experiences and progresses Lo
formulating, refining, and evaluating empirically testable questions and design problems using
models and simulations.
e [Lvaluate questions that challenge the premise(s) of an argument, the interpretation of a data
set, or the suitability of a design. (HS-PS4-2)

Using Mathematics and Computational Thinking

Mathematical and computational thinking at 9—12 builds on K-8 and progresses to using algebraic
thinking and analysis, a range of linear and nonlinear functions including trigonometric functions,

exponentials and logarithms, and computational tools for statistical analysis to analyze, represent,
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and model data. Simple computational simulations are created and used based on mathematical
models of basic assumptions.
e Use mathematical representations of phenomena or design solutions to describe and/or
support claims and/or explanations. (HS-PS4-1)

Engaging in Argument from Evidence
Engaging in argument from evidence in 9—12 builds on K-8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and critique claims and
explanations about natural and designed worlds. Arguments may also come [rom current scienlific or
historical episodes in science.
e Lvaluate the claims, evidence, and reasoning behind currently accepted explanations or
solutions to determine the merits of arguments. (HS-PS4-3)

Obtaining, Evaluating, and Communicating Information
Obtaining, evaluating, and communieating information in 9—12 builds on K-8 and progresses to
evalualing the validity and reliability of the claims, methods, and designs.
e Evaluate the validity and reliability of multiple claims that appear in scientific and technical
texts or media reports, verifying the data when possible. (HS-PS4-4)
e Communicale lechnical 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 (including orally, graphically, textually, and mathematically). (HS-PS4-5)

Disciplinary Core Ideas (DCIs):

PS3.D: Energy in Chemical Processes
e Solar cells are human-made devices that likewise capture the sun’s energy and produce
electrical energy. (secondary to HS-PS4-5)

PS4.A: Wave Properties

e The wavelength and frequency of a wave are related to one another by the speed of travel of the
wave, which depends on the type of wave and the medium through which it is passing.
(HS-PS4-1)

e Information can be digitized (e.g., a picture stored as the values of an array of pixels); in this
form, it can be stored reliably in computer memory and sent over long distances as a series of
wave pulses. (HS-PS4-2), (I1S-P54-5)

e Waves can add or cancel one another as they cross, depending on their relative phase (i.c.,
relative position of peaks and troughs of the waves), but they emerge unaffected by each other.
(Boundary: The discussion at this grade level is qualitative only; it can be based on the fact that
two different sounds can pass a location in different direclions without getting mixed up.)
(HI1S-PS4-3)

PS4.B: Electromagnetic Radiation
e Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of
changing electric and magnetic fields or as particles called photons. The wave model is useful
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for explaining many features of electromagnetic radiation, and the particle model explains
other features. (HS-PS4-3)

e When light or longer wavelength electromagnetic radiation is absorbed in matter, it is
generally converted into thermal energy (heat). Shorter wavelength electromagnetic radiation
(ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells.
(I18-PS4-4)

e Photoelectric materials emit electrons when they absorb light of a high-enough frequency.
(HS-PS4-5)

PS4.C: Information Technologies and Instrumentation
e Multiple technologies based on the understanding of waves and their interactions with matter
are part of everyday experiences in the modern world (e.g., medical imaging, communications,
scanners) and in scientific research. They are essential tools for producing, transmitting, and
capturing signals and for storing and interpreting the information contained in them.
(HS-PS4-5)

Crosscutting Concepts:

Cause and Effect
e lmpirical evidence is required to differentiate between cause and correlation and make claims

about specific causes and effects. (HS-PS4-1)
e 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. (II15-PS4-4)
e Systems can be designed to cause a desired effect. (HS-PS4-5)

Systems and System Models
e 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. (HS-PS4-3)

Stability and Change
e Systems can be designed for greater or lesser stability. (HS-PS4-2)

Connections to Engineering, Technology, and Applications of Science
Interdependence of Science, Engineering, and Technology
e Science and engineering complement each other in the eycle known as research and

development (R&D). (HS-PS4-5)

Influence of Engineering, Technology, and Science on Society and the Natural World
e Modern civilization depends on major technological systems. (HS-PS4-2), (HS-PS4-5)
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e Engineers continuously modify these technological systems by applying scientific knowledge
and engineering design practices to increase benefits while decreasing costs and risks.
(HS-PS4-2)

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena
e A scientific theory is a substantiated explanation of some aspect of the natural world, based on
a body of facts that have been repeatedly confirmed through observation and experiment and
the science community validates each theory before it is accepted. If new evidence is
discovered that the theory does nol accommodate, the theory is generally modified in light of
this new evidence. (HS-PS4-3)

Unit Essential Questions:
e How can electromagnetic radiation be both a wave and a particle at the same time?
Should we encourage the board of education to install solar panels?
How does the Inlernational Space Station power all of its equipment?
How do astronauts communicate with people on the ground?
How does my hard drive store information?
How can I exert a force on an object when I can’t touch it?
What are the relationships between electric currents and magnelic fields?

Unit Enduring Understandings:

e Waves can add or cancel one another as they cross, depending on their relative phase (i.e.,
relative position of peaks and troughs of the waves), but they emerge unaffected by each other.

e Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of
changing electric and magnetic fields or as particles called photons. The wave model is useful
for explaining many features of electromagnetic radiation, and the particle model explains
other features.

e A wave model or a particle model (e.g., physical, mathematical, computer models) can be used
to describe electromagnetic radiation—including energy, matter, and information
flows—within and between systems at different scales.

e A wave model and a parlicle model of electromagnetic radiation are based on a body of facts
that have been repeatedly confirmed through observation and experiment, and the science
community validales cach theory before it is accepled. If new evidence is discovered that the
theory does not accommodate, the theory is generally modified in light of this new evidence.

e When light or longer wavelength electromagnetic radiation is absorbed in matter, it is
generally converted into thermal energy (heat). Shorter wavelength electromagnetic radiation
(ultraviolet, X- rays, gamma rays) can ionize atoms and cause damage to living cells.

e Cause-and-effect relationships can be suggested and predicted for electromagnetic radiation
systems when matter absorbs different frequencies of light by examining what is known about
smaller scale mechanisms within the system.

e Solar cells are human-made devices that capture the sun’s energy and produce electrical
energy.

e Photoelectric materials emit electrons when they absorb light of a high enough frequency.
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New technologies can have deep impacts on society and the environment, including some that
were nol anlicipated. Analysis of costs and benefits is a critical aspect of decisions about
technology.

Radiation is a phenomenon in which energy stored in fields moves across spaces.

Humanily faces major global challenges Loday, such as the need for supplies of clean water and
food and for energy sources that minimize pollution, which can be addressed through
engineering. These global challenges also may have manifestations in local communities.
When evaluating solutions, it is important to take into account a range of constraints,
including cost, safety, reliability, and aesthetics, and to consider social, cultural, and
environmental impacts

Informalion can be digitized (c.g., a piclure stored as the values of an array of pixels); in this
form, it can be stored reliably in computer memory and sent over long distances as a series of
wave pulses.

Magnets or electric currents cause magnetic fields; electric charges or changing magnetie [iclds
cause electric fields.

“Electrical energy” may mean energy stored in a battery or energy transmitted by electric
currents.

When two objects interacting through a field change relative position, the energy stored in the
field is changed.

Unit Learning Targets:
Students will....

Plan and conduct an investigation individually and collaboratively to produce data that can
serve as the basis for evidence that an electric current can produce a magnetic field.

Plan and conduct an investigation individually and collaboratively to produce data that can
serve as the basis for evidence that a changing magnetic field can produce an electric current.
In experimental design, decide on the types, amounts, and accuracy of data needed Lo produce
reliable measurements, consider limitations on the precision of the data, and refine the design
accordingly.

Collect empirical evidence to support the claim that an electric current can produce a magnetic
field.

Collect empirical evidence to support the claim that a changing magnetic field can produce an
electric current.

Suggest and predict cause-and-cffect relationships for two objects interacting through electric
or magnetic fields.
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Evidence of Learning

Summative Assessment: Information covered in this unit will be tested on the midterm and final
examination and as individual chapter tests in addition to the formative assessments listed below.

Equipment Needed: Calculators, notebooks/folders/binders, iPads

Teacher Resources:
e Tcacher: Textbook, test banks, formative assessment, and analysis software (Socrative.com,

Kahoot.com and Excel)
e (lass: Lab equipment - Vernier GoDirect wireless photogates, motion detectors, force sensors
and accompanying Graphical Analysis Software. Vernier circuit boards, LED lights,

multimeters

Formative Assessments:

e Online circuit investigation
Attraction and repulsion matching
"Put that Charge in the Goal!" online lab
"Build a Circuit" online lab
Field lines drawing activity
Online investigation: magnetism
Hands-on: Building a real circuit, powering a light/battery
Attraction and repulsion quiz
Electromagnetic spectrum quiz
Electricity and magnetism unit test
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Lesson Plans

Lesson Time Frame
Lesson 1 Building Circuits — Series and 3 days
Parallel Investigations
Lesson 2 Put that Charge in the Goal! — 3 days
Exploring Electric and Magnetic Fields
Lesson 3 Powering a Light Bulb — 3 days
Engineering Reliable Electrical Systems

Teacher Notes: The three lessons above represent three investigations that are at the core of the
electromagnetism and radiation unit.
e Students will use online software from PCCL interactives to praclice building series and
parallel circuits to determine the different properties of both configurations.
e Students will demonstrate their knowledge of magnetic field lines and apply them to shape
field lines that will move a charge inlo a goal using software from physicsclassroon.com
e Students will demonstrate a real-world circuit by creating series and parallel circuits and
actually powering light bulbs and capacitors of varying strengths.

Curriculum Development Resources/Technology Resources:
Click the links below lo access additional resources used to design this unit:

e Informational aids, interactive digital labs, and additional resources for students:
Physicsclassroom.com Hyperphysics.phy-astr.gsu.edu, hilp://Phet.colorado.edu,
www.physics-chemistry-interactive-flash-animation.com/electricity_interactive.htm (circuit
analysis)

e Physics/Science YouTube Channels: Mark Rober, Veritasium, Vsauce, Walter Lewin, NASA,
NASA JPL

Applications:
e Vernier Graphical Analysis Software
e (oogle Sheets, Google Docs, Google Slides
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Lesson Plan 1 Template

Content Area: Science  Lesson Title: Building Circuits — Series and Parallel Investigations

Time Frame: 3 days

Lesson Components

21% Century Themes

Bd Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

[A Civic Literacy B Health Literacy

21% Century Skills

[ Creativity and Innovation B Gritical Thinking and Problem Solving

I Life and Career Skills B Communication and Collaboration

[ Information Literacy
B Media Literacy  ICT Literacy

Interdisciplinary Connections:

Mathematics, Electrical Engineering

Integration of Technology:

Student iPads for recording observations, collecting data, photographing circuit designs, and

collaborating with teammates

Google Sheets for organizing data and comparing circuit performance
Digital circuit simulation (Physics Classroom or PhET Circuit Construction Kit) used after the

hands-on investigation to test additional designs and compare results

Digital presentation tools for communicating findings and design recommendalions

Equipment Needed:
D-cell batteries and holders

Miniature light bulbs and bulb holders
Connecting wires with alligator clips

Switches

Multimeters

LED bulbs

Circuit building kits
Student iPads

Data collection sheets
Graph paper

Goals/Objectives Learning Activities/ Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Sequence

e Construct functional
electrical circuits using
common cireuit
components

Anchoring phenomenon

1. Students observe two
lighting setups: a strand
of older holiday lights
wired in series and a

e Initial circuit sketches

e Successful eircuit
construction

e Series circuit
investigation data table

e Parallel circuit
investigation data table
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Compare and contrast
series and parallel cireuit
configurations
Investigate how current
pathways affect circuit
performance

Collect and analyze
qualitative and
quantitative circuit data
Develop models that
explain how electrical
energy moves through a
circuit

Evaluate circuit designs
based on efficiency,
reliability, cost, and
practical applications
Communicate
evidence-based
conclusions about circuit
behavior

modern lighting system
wired in parallel.

The teacher removes a
bulb from each system
and asks students to
explain why one system
stops working while the
other remains
illuminated.

Students develop initial
hypotheses about how
electricity travels through
different circuit designs.

Student teams examine
circuit components and
discuss how electrical
energy might move
through a system.
Groups sketch an initial
circuit design that they
believe will successfully
light a bulb.

Studenls conslruct a
simple closed circuit
using a battery, wires,
and a bulb.

Teams troubleshoot
designs and identify
conditions required for
successful operation.
Groups build a series
circuit containing
multiple bulbs.
Students observe
brightness, measure
voltage when
appropriate, and record
performance data.

10.Sludenls redesign the

171,

system as a parallel
circuit.

Teams compare
brightness, reliability,
and energy distribution
between the two
configurations.

Circuit diagrams

Circuit photographs
Digital simulation
comparison activily
Circuit analysis questions
Wrillen explanation
comparing series and
parallel circuils

Exit reflection explaining
how circuit design
impacts performance and

reliability




SerinGFIELD PusLic ScHoolLs
ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 21st CENTURY GLOBAL SKILLS

12, Students collect
observations and
organize findings in data
tables.

13. Groups create diagrams
showing energy flow and
current pathways in both
circuit types.

14. Students investigate
real-world applications
including household
wiring, emergency
lighting systems, holiday
lights, transportation
systems, and renewable
energy installalions.

15. Teams evaluate why
engineers select series or
parallel configurations
for different situations.

16. Students consider safety,
cost, efficiency,
maintenance
requirements, and
community needs when
evaluating designs.

17. Students use a digital
circuit simulation to test
additional circuit
arrangements and
compare virtual results
with their hands-on
findings.

18.Teams present
recommendations
identifying which circuit
configuration would be
most appropriate for
various real-world
applications and justify
their decisions using
evidence from the
investigation.

Differentiation:
e Students may access content through demonstrations, hands-on investigations, simulations,
diagrams, videos, readings, and collaborative discussions.
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e Students may demonstrate understanding through circuit models, written explanations,
presentations, diagrams, videos, or multimedia products.

e Structured data tables, guided notes, circuit templates, and troubleshooting guides may be
provided for students requiring additional support.

e Extension opportunities include measuring current and voltage with multimeters, investigating
household electrical systems, exploring renewable energy applications, or designing circuits for
specific engineering challenges.

Resources Provided:
e Circuit construction kits
Data collection templales
Circuit diagram reference sheets
Series and parallel comparison organizer
Digital circuit simulation resources
Relevant class notes and instructional resources
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Lesson Plan 2 Template

Content Area: Science Lesson Title: Put that Charge in the Goal! — Exploring Electric and
Magnetic Fields Time Frame: 3 days

Lesson Components

21 Century Themes
Global Awareness [ Financial, Economic, Business and Entrepreneurial Literacy

B Civic Literacy B Health Literacy

212 Century Skills

& Creativity and Innovation Critical Thinking and Problem Solving B Information Literacy
B Life and Career Skills B Communication and Collaboration K Media Literacy B ICT Literacy

Interdisciplinary Connections:
Mathematics, Electrical Engineering

Integration of Technology:
Student iPads for recording observations, collecting data, photographing models, and collaborating
with teammates

Physies Classroom "Put that Charge in the Goal" simulation used afler hands-on investigations to test

predictions and visualize electric field interactions
Google Sheets for organizing observations and analyzing patterns in field behavior
Digital presentation tools for communicating findings and design solutions

Equipment Needed:
Bar magnets

Ring magnets
Compasses

Iron filings

Clear plastic trays
Small magnetic marbles or steel ball bearings
Masking lape

Meter sticks

Student iPads

Data collection sheets
Graph paper

Goals/Objectives Learning Activities/ Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Seguence
e Model electric and e Initial ficld prediclions
magnetic fields using Anchoring phenomenon o Magnetic field maps
physical and digital e Iron filings observations
representations 1. Students observe a e Magnetic challenge
magnet moving a paper coursc performance
clip without touching it,




SperINGFIELD PuBLIC ScHooLs

ENGAGING STUDENTS = FOSTERING ACHIEVEMENT = CULTIVATING 21 CENTURY GLOBAL SKILLS

Investigate how forces act 2, The teacher then e Data tables and

at a distance through demonstrates two observations

field interactions magnets attracting and e Physics Classroom
Analyze the behavior of repelling each other simulation progress
charged ohjects and through space. e Field model diagrams
magnetic poles 3. Students are asked: "How e Technology design
Predict the motion of can an object exert a proposal

objects placed within force without making e Wrillen explanalion of
electric and magnetic contact?" electric and magnetic
fields 4. Students develop initial field interactions
Develop models to explanations and e Exit reflection explaining
explain field patterns and predictions about how fields influence

interactions
Evaluate how
electromagnetism is
applied in modern
technologies
Communicate
evidence-based
explanations of field
behavior

10.

11.

12.

invisible fields.

Students use compasses
and bar magnets to map
magnetic field lines
around single magnets
and pairs of magnets.
Groups create field maps
and identify patterns
associated with attraction
and repulsion.

Students place iron
filings over magnets in
clear trays to visualize
magnetic field structures.
Teams compare their
observations with their
compass-generated field
maps.

Students construct a
simple challenge course
using magnets, barriers,
and magnetic marbles.
Groups attempt to move
an object through the
course using only
magnetic forces.
Students test multiple
arrangements and
evaluate which field
configurations are most
effective.

Teams analyze how
changes in magnet
position, orienlation, and

object motion
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strength influence object
motion.

13. Students record
observations and identify
patterns in force
interactions.

14. Students use the Physics
Classroom simulation to
complete progressively
challenging levels.

15. Groups compare
simulation results to their
hands-on investigations
and revise explanations
when necessary.

16. Students investigate
real-world applications of
electric and magnetic
fields including MRI
machines, electric
motors, maglev trains,
speakers, renewable
energy technologies,
recycling systems, and
wireless charging devices.

17. l'eams design a proposal
for a technology that uses
magnetic or electric fields
to solve a real-world
problem.

18. Students justify their
design decisions using
evidence collected during
the investigation.

19. Students present their
field models and explain
how forces acting at a
distance influence motion
and technology.

Differentiation:
e Students may access content through demonstrations, hands-on investigations, simulations,
diagrams, videos, readings, and collaborative discussions.
e Students may demonstrate understanding through models, diagrams, presentations, written
explanations, videos, or multimedia products.
e Structured data tables, guided notes, graphic organizers, and [icld mapping templales may be
provided for students requiring additional support.
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L]

Extension opportunities include investigating electromagnets, electric motors, magnetic
levitation systems, renewable energy generators, or advanced field interactions.

Resources Provided:

Bar magnets and compasses

Iron filings investigation materials

Magnetic challenge course materials

Data collection templates

Field mapping guides

Physics Classroom simulalion resources
Relevant class notes and instructional resources
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Lesson Plan 3 Template

Lesson Title: Powering a Light Bulb — Engineering Reliable
Time Frame: 3 days

Content Area: Science
Electrical Systems

Lesson Components

21* Century Themes

B Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

B Civic Literacy B Health Literacy

21% Century Skills
[ Creativity and Innovation Critical Thinking and Problem Solving
Bd Life and Career Skills B Communication and Collaboration

B Information Literacy
B Media Literacy B ICT Literacy

Interdisciplinary Connections:
Mathematics, FElectrical Engineering

Integration of Technology:

Student iPads for recording observations, photographing circuit designs, collecting data, and
collaborating with teammates

Vernier circuil analysis equipment for measuring electrical properties

Multimeters for collecting voltage, current, and resistance data

Google Sheets for organizing measurements, graphing results, and analyzing circuit performance
Digital presentation tools for communicating findings and engineering recommendations

Equipment Needed:
Vernier circuit boards
Batteries and battery holders
Connecting wires

Light bulbs and bulb holders
Switches

Capacitors

Multimeters

Student iPads

Data collection sheets
Equation reference sheets

Graph paper
Goals/Objectives Learning Activities/ | Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Sequence

e Construct functional e Circuit prediction activity
series and parallel Anchoring phenomenon e Series circuit data table
circuits using Vernier e Parallel circuil data table
circuit boards Students examine several e Voltage and current

e Measure and compare lighting systems, measurements
voltage, current, and including household e (Circuit photographs
resistance in different lighting, emergency e Graphs and data analysis

circuit configurations
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Analyze how circuit
design affects
performance and
reliability

Troubleshoot electrical
systems using
evidence-based reasoning
Evaluate circuit designs
based on efficiency, cost,
safety, and intended
purpose

Develop engineering
solutions to real-world
electrical challenges
Communicate
evidence-hased
conclusions about circuit
behavior

10.

lighting, and holiday e Troubleshooting
lights. challenge results
The teacher ¢ Engineering design
demonstrates a circuit proposal

failure in one system and e Build-a-circuit lab
asks students why some activity sheet
electrical systems e Written explanation
continue operating while comparing circuit
others stop functioning. performance and
Students develop initial reliability

explanations and identify
factors that influence
reliability.

Student teams review
circuit symbols and
electrical components.
Groups predicl how
different circuit
configurations will affect
bulb brightness,
reliability, and energy
distribution.

Students construct a
series circuit using
Vernier circuit hoards
and record observations
about brightness and
performance.

T'eams use multimeters to
measure voltage and
current at multiple points
in the circuit.

Students redesign the
system as a parallel
circuil.

Groups collect
comparable
measurements and
analyze differences
between the two
configurations.

Students organize data
using Google Sheets and
create tables and graphs
to compare circuit
performance.
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11. Teams investigate the
impact of adding
additional bulbs,
switches, or capacitors to
their circuits.

12. Students identify how
modifications affecl
overall system behavior.

13. Groups participate in a
troubleshooting
challenge in which a
circuit contains
intentional faults such as
loose connections,
reversed components, or
damaged wires.

14. Students diagnose
problems and propose
solutions using collected
evidence.

15. Teams are presented with
an engineering challenge
to design an electrical
system for a community
facility such as a school,
hospital, emergency
shelter, or recreation
center.

16. Students evaluate design
options based on safety,
reliabilily, maintenance
requirements, energy
efficiency, and budget
considerations.

17. Groups present their
recommended design and
justify their decisions
using data collected
during the investigation.

Differentiation:
e Stludents may access content through demonslrations, hands-on investigations, simulations,
diagrams, videos, readings, and collaborative discussions.
e Students may demonstrate understanding through cirenit models, written explanations,
presentations, diagrams, vidcos, or multimedia products.
e Structured data tables, guided notes, circuit templates, troubleshooling guides, and graphic
organizers may be provided for students requiring additional support.




SpPrRINGFIELD PuBLic ScHooLs
ENGAGING STUDENTS = FOSTERING ACHIEVEMENT = CULTIVATING 215t CENTURY GLOBAL SKILLS

e Extension opportunities include investigating houschold electrical systems, renewable energy
technologies, smart-grid systems, battery storage syslems, or advanced circuit design
challenges.

Resources Provided:
e Vernier circuit boards
e Batteries, wires, bulbs, switches, and capacitors
Multimeters
Data collection templates
Circuit diagram reference sheets
Equation reference sheets
Relevant class notes and instructional resources
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Lesson Reflection

Reflect on the lesson you have developed and rate the degree to which the lesson Strongly, Moderately or Weakly
mecets the criteria below:

Lesson Activities Strongly | Moderately | Weakly
Are challenging Strongly and require higher order thinking and problem - 0 .
solving skills -

Allow for student choice &= O O
Provide scaffolding for acquiring targeted knowledge/skills 0 O
Integrate global perspectives O = [
Integrate 21st century skills ] O ]
Provide opportunities for interdisciplinary connection and transfer of 5 . a

knowledge and skills

Foster student use of technology as a tool to develop critical thinking,

= . : . X O O
creativity and innovation skills
Are varied to address different student learning styles and preferences Ed O O
Are differentiated based on student needs £ 1 O
Are student-centered with teacher acting as a facilitator and co-learner = . .

during the teaching and learning process
Provide means for students to demonstrate knowledge and skills and 5 = -
progress in meeting learning goals and objectives

Provide opportunities for student reflection and self- assessment G O O

Provide data to inform and adjust instruction to better meet the varying _ - -
needs of learners

Curriculum Design Template

Content Area: Scicnce Grade Level: 11 Unit Title: Electromagnelism and
Radiation

Created: 2026 Board Approved on:
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Unit Overview Template

Content Area: Science Grade Level: 10-12 Unit Title: Energy, Forces, and Earth
Systems: Understanding and Engineering Our Dynamic Planet

Unit Summary: Students investigate how encrgy and forces shape Earth systems and human
societies, from electricity generation and resource use to plate tectonies, gravity, and planetary
motion. Through hands-on invesligations, modeling, engineering design challenges, and
computational simulations, students explore how energy moves through natural and engineered
systems across vastly different spatial and temporal scales. Students evaluate the scientifie, economie,
environmental, and socielal tradeoffs associated with using Earth's resources while developing
solutions to complex global challenges.

Primary Interdisciplinary Connections: Engineering, Environmental Science

21% Century Themes X Creativity and Innovation X Critical Thinking and Problem Solving & ICT Literacy

& Information Literacy & Life and Career Skills &7 Communication and Collaboration & Media Literacy

Unit Rationale: This unit connects core physics principles of energy, forces, motion, and fields to
real-world Earth systems and engineering challenges, helping students understand how scientific
knowledge informs decisions about resources, hazards, sustainability, and our place in the universe.

Career Readiness (Standard 9):

e 0.2,12.CAP.3: Invesligale how continuing education contributes to one's career and personal
growth.

e 0.2.12.CAP.5: Assess and modify a personal plan to support current interests and
postsecondary plans,

e 0.4.12.CIL.1: Demonstrate the ability to reflect, analyze, and use creative skills and ideas.

e 0.4.12.CL2: Identify career pathways that highlight personal talents, skills, and abilities.

e 0.4.12.CL3: Investigate new challenges and opportunities for personal growth, advancement,
and transition.

e 0.4.12.CT.2: Explain the potential benefits of collaborating to enhance critical thinking and
problem solving.

e 0.4.12.DC.8: Explain how increased network connectivity and computing capabilities of
everyday objects allow for innovative technological approaches to climate protection.

e 9.4.12.JML.2: Evaluate digital sources for timeliness, accuracy, perspective, credibility of the
source, and relevance of information, in media, data, or other resources.

o 0.4.12.IML.3: Analyze data using tools and models to make valid and reliable claims, or to
determine optimal design solutions,

e 0.4.12.TL.1: Assess digital tools based on [eatlures such as accessibilily options, capacities, and
utility for accomplishing a specified task.

e 9.4.12.TL.2: Generate data using formula-based calculations in a spreadsheet and draw
conclusions about the data.

Learning Targets

Standards: HS-PS2, HS-PS3, HS-ESS1, HS-ESS2, HS-ESS3, HS-ETS1

Content Statements: Motion and Stability: Forces and Interactions; Energy; Earth’s Place in the
Universe; Earth’s Systems; Earth and Human Activity; Engineering Design
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CPli: Cumulative Progress Indicator (CPI):

HS-PS2-1 Analyze data to support the claim that Newton’s second law of motion describes
the mathematical relationship among the net force on a macroscopic object, its
mass, and its acceleration.

HS-PS2-5 Plan and conduct an investigation to provide evidence that an electric current can

produce a magnetic field and that a changing magnetic field can produce an
electric current.

H5-PS3-1

Create a computational model to calculate the change in the energy of one
component in a system when the change in energy of the other component(s) and
encrgy flows in and out of the system are known.

HS5-PS3-2

Develop and use models to illustrate that encrgy at the macroscopic scale can be
accounted for as a combination of encrgy associated with the motions of particles
(objects) and energy associaled with Lhe relalive position of parlicles (objects).

I15-P53-3

Design, build, and refine a device that works within given constraints to convert
one form of energy into another form of energy.

HS-P53-5

Develop and use a model of two objects interacting through electric or magnetic
fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction.

HS-ESS1-4

Use mathematical or computational representations to predict the motion of
orbiting objects in the solar system.

HS5-ESS81-6

Apply scientific reasoning and evidence from ancient Earth materials, meteorites,
and other planetary surfaces to construct an accounl of Earth’s formalion and carly

history.

HS-ES82-1

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.

HS-ESS2-3 Develop a model based on evidence of Earth’s interior to describe the cycling of
matter by thermal convection.
HS-ESS3-2 Evaluate competing design solutions for developing, conserving, managing, and

utilizing energy and mineral resources based on the associated economie, social,
environmental, and geopolitical costs and risks, as well as benefits.

HS-ETS1-1

Analyze a major global challenge Lo specily qualitative and quantitative criteria and
constraints for solutions that account for societal needs and wants.

HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex
real-world problem with numerous criteria and constraints on interactions within
and between systems relevant to the probhlem.

Math.A-CED.A | Create equations that describe numbers or relationships.

Math.A-SSE.B Write expressions in equivalent forms to solve problems.

8.2.12. ETW.1 Evaluate ethical considerations regarding the sustainability of environmental

resources that are used for the design, creation, and maintenance of a chosen
product.
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8.2.12.ETW.3 Identify a complex, global environmental or climate change issue, develop a
systemic plan of investigation, and propose an innovative sustainable solution.
8.2.12.EC.3 Synthesize data, analyze trends, and draw conclusions regarding the effect of a

technology on the individual, culture, society, and environment and share this
information with the appropriate audience.

Science and Engineering Practices:

Planning and Carrying Out Investigations

Planning and carrying oul investigations to answer questions or test solutions to problems in g—12
builds on K-8 experiences and progresses to include investigations that provide evidence for and test
conceptual, mathematical, physical and empirical models.

e 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. (HS-PS2-5)

Analyzing and Interpreting Data
Analyzing data in 9—12 builds on K-8 and progresses to introducing more detailed statistical analysis,
the comparison of data sets for consistency, and the use of models to generate and analyze data.
e Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in
order to make valid and reliable scientific claims or delermine an oplimal design solution.
(HS-PS2-1)

Asking Questions and Defining Problems
Asking questions and defining problems in g—12 builds on K-8 experiences and progresses to
formulaling, refining, and evaluating empirically testable questions and design problems using
models and simulations.
e Analyze complex real-world problems by specifying criteria and constraints for successful
solutions. (HS-ETS1-1)

Developing and Using Models
Modeling in 9—12 builds on K-8 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 worlds.
e Develop and use a model based on evidence to illustrate the relationships between systems or
belween components of a system. (HS-PS3-2), (HS-PS3-5) , (HS-ESS2-1), (HS-ESS2-3)

Using Mathematics and Computational Thinking

Mathematical and computational thinking al the 9—12 builds on K-8 and progresses to using
algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric
functions, exponentials and logarithms, and compulational tools for statistical analysis to analyze,
represent, and model data. Simple computational simulations are created and used based on
mathematical models of basic assumptions.
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e (reate a computational model or simulation of a phenomenon, designed device, process, or
system, (H5-P53-1)

e Use mathematical or computational representations of phenomena to describe explanations.
(HS-ESS1-4)

e Use mathematical models and/or computer simulations to predict the effects of a design
solution on systems and/or the interactions between systems. (HS-ETS1-4)

Constructing Explanations and Designing Solutions

Constructing explanations and designing solutions in 9—12 builds on K-8 experiences and progresses
to explanations and designs that are supported by multiple and independent student-generated
sources of evidence consistent with scientific ideas, principles, and theories.

e Design, evaluate, and/or refine a solution to a complex real-world problem, based on scientific
knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff
considerations, (HS-P83-3)

e Apply scientific reasoning to link evidence to the claims to assess the extent to which the
reasoning and data support the explanation or conclusion. (HS-ESS1-6)

Engaging in Argument from Evidence
Engaging in argument from evidence in 9—12 builds on K-8 experiences and progresses to using
appropriate and sufficient evidence and scientific reasoning to defend and critique claims and
explanations about nalural and designed world(s). Arguments may also come from current scienlific
or historical episodes in science.
e Evaluate competing design solutions to a real-world problem based on scientific ideas and
principles, empirical evidence, and logical arguments regarding relevant factors (e.g.
economic, societal, environmental, ethical considerations). (I1S-ESS3-2)

Disciplinary Core Ideas (DCIs):

PS1.C: Nuclear Processes
e Spontaneous radioactive decays follow a characteristic exponential decay law. Nuclear
lifetimes allow radiometric dating to be used to determine the ages of rocks and other
materials.(secondary to HSESS1-5), (sccondary lo HS-ESS1-6)

PSz2.A: Forces and Motion
e Newton's second law accurately predicts changes in the motion of macroscopic objects.
(HS-PS2-1)

PS2.B: Types of Interactions
e TForces at a distance are explained by fields (gravitational, electric, and magnetic) permeating
space that can transfer energy through space. Magnets or electric currents cause magnetic
tields; electrie charges or changing magnetic fields cause electric fields. (I118-PS2-5)

PS3.A: Definitions of Energy
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e “Electrical energy” may mean energy stored in a battery or energy transmitted by clectric
currents. (sccondary to HS-PS2-5)

e Lnergy is a quantitative property of a system that depends on the motion and interactions of
matter and radiation within that system. That there is a single quantity called energy is due to
the fact that a system’s lolal energy is conserved, even as, within the system, energy is
continually transferred from one object to another and between its various possible forms.
(HS-PS3-1), (HS-PS3-2)

e Al the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound,
light, and thermal energy. (HS-PS3-2), (HS-PS3-3)

e These relationships are better understood at the microscopic scale, at which all of the different
manifestations of energy can be modeled as a combination of energy associated with the
motion of particles and energy associated with the configuration (relative position of the
particles). In some cases the relative position energy can be thought of as stored in fields
(which mediate interactions between particles). This last concept includes radiation, a
phenomenon in which energy stored in fields moves across space. (HS-PS3-2)

PS3.B: Conservation of Energy and Energy Transfer

e Conservation of energy means that the total change of energy in any system is always equal to
the total energy Lransferred into or out of the system. (HS-PS3-1)

e Mathematical expressions, which quantify how the stored energy in a system depends on its
configuration (e.g. relative positions of charged particles, compression of a spring) and how
kinetic energy depends on mass and speed, allow the concept of conservation of energy to be
used to predict and describe system behavior. (HS-PS3-1)

e The availability of energy limits what can occur in any system. (HS-PS3-1)

PS3.C: Relationship Between Energy and Forces
e When two objects interacting through a field change relative position, the energy stored in the
field is changed. (HS-PS3-5)

PS3.D: Energy in Chemical Processes
e Although energy cannot be destroyed, it can be converted to less useful forms—for example, lo
thermal energy in the surrounding environment. (HS-PS3-3)

PS4.A: Wave Properties
e Geologists use seismic waves and their reflection at interfaces between layers to probe
structures deep in the planet. (secondary to HS-ESS2-3)

ESS1.B: Earth and the Solar System
e Kepler's laws describe common features of the motions of orbiting objects, including their
elliptical paths around the sun. Orbits may change due to the gravitational effects from, or
collisions with, other objects in the solar system. (HS-ESS1-4)

ESS1.C: The History of Planet Earth

e Although active geologic processes, such as plate tectonics and erosion, have destroyed or
altered most of the very early rock record on Earth, other objects in the solar system, such as
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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. (HS-ESS1-6)

ESS2.A: Earth Materials and Systems

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

e 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 chemieal 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 ils plates occur primarily through thermal convection, which
involves the eycling of matter due to the outward flow of energy from Earth’s interior and
gravitational movement of denser materials toward the interior. (I1S-ESS2-3)

ESS2.B: Plate Tectonics and LargeScale System Interactions

e Plate tectonies is the unifying theory that explains the past and current movements of the rocks
al 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. (IIS-ESS2-1)

e 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)

[£ESS3.A: Natural Resources
e All forms of energy production and other resource exlraction have associated economic, social,
environmental, and geopolitical costs and risks as well as benefits. New technologies and social
regulations can change the balance of these factors. (HS-ESS3-2)

Delimiting Engineering Problems

e C(riteria and constraints also include satisfying any requirements set by society, such as taking
issues of risk miligalion into account, and they should be quanlificd to the extent possible and
stated in such a way that one can tell if a given design meets them. (HS-ETS1-1)

e Humanity faces major global challenges today, such as the need for supplies of clean water and
food or for energy sources that minimize pollution, which can be addressed through
engineering. These global challenges also may have manifestations in local communities.
(HS-ETS1-1)

ETS1.A: Defining and Delimiting Engineering Problems
e Criteria and constraints also include satisfying any requirements set by sociely, such as taking
issues of risk mitigation into account, and they should be quantified to the extent possible and
stated in such a way that one can tell if a given design meets them. (secondary to HS-PS3-3)

ETS1.B: Developing Possible Solutions
e Both physical models and computers can be used in various ways to aid in the engineering
design process. Computers are uscful for a variely of purposes, such as running simulations Lo
test different ways of solving a problem or to see which one is most efficient or economical; and
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in making a persuasive presentation to a client about how a given design will meet his or her
needs. (HS-ETS1-4)

Crosscutting Concepts:

Cause and Effect
e LEmpirical evidence is required to differentiate between cause and correlation and make claims
about specific causes and effects. (HS-PS2-1), (HS-PS2-5)
e Cause and effect relationships can be suggested and predicted for complex natural and human
designed systems by examining what is known ahout smaller scale mechanisms within the
syslem. (HS-PS3-5)

Systems and System Models
e 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.
(HS-P53-1)
e 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. (HS-ETS1-4)

Scale, Proportion, and Quantity
e Algebraic thinking is used lo examine scientific data and predict the effect of a change in one
variable on another (e.g., linear growth vs. exponential growth). (IS-ESS1-4)

Energy and Matter
e 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. (HS-P53-3)
e Energy cannot be created or destroyed—only moves between one place and another place,
between objects and/or fields, or between systems. (HS-PS3-2)
e Energy drives the cycling of matter within and between systems. (HS-ESS2-3)

Stability and Change
e Much of science deals with constructing explanations of how things change and how they
remain stable, (HS-ES51-6)
e 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-IE582-1)

Science Models, Laws, Mechanisms, and Theorics Explain Natural Phenomena
e A scientific theory is a substantiated explanation of some aspect of the natural world, based on
a body of facts that have been repeatedly confirmed through observation and experiment and
the science community validates each theory before it is accepted. If new evidence is
discovered that the theory does not accommodate, the theory is generally modified in light of
this new evidence. (HS-ESS1-6)
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e Models, mechanisms, and explanations collectively serve as tools in the development of a
scientific theory. (HS-ESS1-6)

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

e Modern civilization depends on major technological systems. Engineers continuously modify
these technological systems by applying scientific knowledge and engineering design practices
to increase benefits while decreasing costs and risks. (I1S-PS3-3)

e Enginecers continuously modify these technological systems by applying scientific knowledge
and engineering design practices to increase benefits while decreasing cosls and risks.
(HS-ESS3-2)

e Analysis of costs and benefits is a critical aspect of decisions about technology. (HS-ESS83-2)

e New technologies can have deep impacts on society and the environmenl, including some thal
were not anticipated. Analysis of costs and benefits is a critical aspect of decisions about
technology. (HS-ETS1-1)

Interdependence of Science, Engineering, and Technology

e 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-ESS1-4), (HS-ESS2-3)

Connections to Nature of Science
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena

e Theories and laws provide explanations in science. (HS-PS2-1)

e Laws are statements or descriptions of the relationships among observable phenomena.
(HS-PS2-1)

Scientific Knowledge Assumes an Order and Consislency in Natural Systems

e Science assumes the universe is a vast single system in which basic laws are consistent.
(HS-PS3-1)

Science Addresses Questions About the Natural and Material World

e Science and technology may raise ethical issues for which science, by itself, does not provide
answers and solutions. (HS-ESS3-2)

e Science knowledge indicates what can happen in natural systems— not what should happen.
The latter involves ethics, values, and human decisions about the use of knowledge.
(HS-ESS3-2)

e Many decisions are not made using science alone, but rely on social and cultural contexts to
resolve issues, (HS-ESS3-2)

Unit Essential Questions:
e How does energy move through natural and engineered systems?
How do forces influence motion and interactions within Earth systems and the universe?
How can models be used to explain, predict, and optimize the behavior of complex systems?
How do electricity and magnetism enable the generation and transfer of energy?
How do Earth's internal processes shape the planet over time?
ITow do scientists and engineers use evidence to address challenges related to energy resources
and sustainability?
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How do tradeoffs influence decisions about energy production, resource management, and
technological development?
How can scientific knowledge and engineering design be used to reduce risks associated with

natural hazards?
How does gravity influence the molion of objects on Earth and in space?
How do computational tools and simulations help scientists and engineers solve real-world

problems?

Unit Enduring Understandings:

Energy is conserved and can be transferred, transformed, and stored within and between
systems.

Forces cause changes in motion and govern interactions among objects and systems.

Electric and magnetic fields are interconnected and can be used to generate and transfer
energy.

Models are valuable tools for deseribing, predicting, and improving the behavior of natural and
engineered systems.

Earth's internal energy drives processes that continually reshape the planet,

Patterns in data can be used to explain phenomena and predict future evenls.

Engineering solutions require balancing scientific evidence, societal needs, economic
considerations, and environmental impacts.

Human decisions regarding energy and resource use have consequences for communilies and
the environment.

Computational models and simulations allow seientists and engineers to analyze complex
systems and evaluate potential solulions.

Scientific knowledge is developed through evidence, testing, revision, and collaboration.

Unit Learning Targets:
Students will....

Analyze the relationship between force, mass, and acceleration using experimental data.
Investigate the relationship between electricity and magnetism through hands-on laboratory
invesligalions.

Develop and use models to deseribe energy transfers and transformations within systems,
Design, build, test, and refine devices that convert energy from one form to another.

Create and interpret computational models of energy flow and system interactions.

Develop models that explain the movement of matter and energy within Earth's interior.
Analyze evidence to explain how Earth’s internal processes create and modify geological
features.

Evaluate competing energy production and resource management strategies using scientific,
economie, and environmental criteria.

Use mathematical and computational representations to predict the motion of objects
influenced by gravily.

Analyze data and evidence to support scientific explanations and engineering solutions.
Apply systems thinking to explain interactions among natural and engineered systems,
Communicate scientific and engineering information using models, data, evidence, and
reasoning.

Evaluate the effectiveness of proposed solutions to complex global challenges involving energy,
resources, and sustainability.
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e Collaborate with peers to investigate phenomena, develop models, and solve engineering
design challenges,

Evidence of Learning

Summative Assessment: Information covered in this unit will be tested on the midterm and final
examination and as individual chapter tests in addition to the formative assessments listed below.

Equipment Needed: Calculators, notebooks/folders/binders, iPad and software, basic laboratory
equipment

Teacher Resources:

o Teacher: Textbook, test banks, formative assessment, and analysis software (Socrative.com,
Kahoot.com and Excel)

e Class: Lab equipment - Vernier GoDirect wireless photogates, molion detectors, force sensors
and accompanying Graphical Analysis Software. Vernier circuit boards, LED lights,
multimeters

Formative Assessments:
e Quizzes will be given to assess student learning after every 3-4 lessons,
In class assignments will be compleled to practice a lesson.
Homework will be given 2-3 times per week,
Projects will be given ample time to complete and may be individual or group assignments.
Lab Reports
Do Now Queslions
Exit Slips
Group Assignments
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Lesson Plans

Lesson Time Frame

Lesson 1 Powering a Community — 3 days
Exploring Energy Transfer and Electricity
Generation

Lesson 2 When Earth Moves — Forces, 3 days
Energy, and Plate Tectonics
Lesson 3 Defending Earth — Gravity, 3 days
Motion, and Predicting Meteor Impacts

Teacher Notes:

e This unit is designed around the theme of energy transfer within natural and engineered
systems, allowing students to apply core physics principles to Earth science phenomena and
real-world engineering challenges.

e Emphasize hands-on investigations, model development, and engineering design challenges
throughout the unit. Students should regularly collect data, analyze evidence, build physical
and computational models, and revise their thinking based on resulls.

e [ncourage students to think aboul syslems at multiple scales, from electrical circuits and
energy devices to Earth's interior and planetary motion.

e Whenever possible, connect learning activities to current issues involving energy production,
sustainability, resource management, natural hazards, and technological innovation.

e Computational thinking should be integrated throughout the unit using simulations,
spreadsheets, graphing tools, and digital models to help students analyze complex systems and
evaluate proposed solutions.

¢ Students should routinely consider tradeoffs associated with engineering decisions, including
cost, efficiency, reliability, environmental impact, resource availabilily, and socielal needs.

e The unit provides numerous opporlunilies for collaboration, communication, and
evidence-based argumentation. Students should frequently explain phenomena using data,
maodels, and scientific reasoning.

e Real-world phenomena should anchor instruction whenever possible. Examples may include
clectrical power generation, renewable energy systems, earthquakes, volcanic activity, satellite
motion, asteroid tracking, and planetary defense initiatives.

e While Earth science phenomena provide the context, instruction should maintain a strong
emphasis on core physics concepts including forees, energy transfer, fields, motion,
conservation principles, and system interactions.

e Encourage students to compare multiple solution pathways when solving engineering
problems and to evaluate how scientific knowledge informs decisions that affect communities
locally and globally.

Curriculum Development Resources/Technology Resources:
Click the links below to access addilional resources used to design this unit:

e Informalional aids, interactive digital labs, and additional resources for students:
Physicselassroom.com Hyperphysies.phy-astr.gsu.edu, http://Phet.colorado.edu,
www.physics-chemistry-interactive-flash-animation.com/electricity_interactive.htm (circuit
analysis)
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e Physics/Science YouTube Channels: Mark Rober, Veritasium, Vsauce, Walter Lewin, NASA,
NASA JPL

https://phet.colorado.edu/
https://www.nasa.gov/learning-resources/for-kids-and-students/
https://www.usgs.gov/programs/earthquake-hazards

https://learn.concord.org/

Applications:
e Vernier Graphical Analysis Soflware
e Google Sheets, Google Docs, Google Slides
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Lesson Plan 1 Template

Content Area: Science  Lesson Title: Powering a Community — Exploring Energy Transfer and

Electricity Generation Time Frame: 3

days

Lesson Components

21 Century Themes

B Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

[ Civic Literacy B Health Literacy

21% Century Skills

Bd Creativity and Innovation & Critical Thinking and Problem Solving

i Life and Career Skills [ Communication and Collaboration

B Information Literacy

[ Media Literacy B ICT Literacy

Interdisciplinary Connections:
Engineering, Environmental Science

Integration of Technology:

iPads for accessing energy production datasets, simulations, and collaborative documents
PhET simulations related to energy forms, circuits, and electricity generation

Google Sheets for organizing and graphing collected data
Digital mapping tools to investigate regional energy production and consumption

Vernier Go Direct sensors for measuring voltage, eurrent, or energy transfer during investigations

Equipment Needed:
Hand-crank generators
Small DC motors

LEDs and light bulbs
Batteries

Wires with alligator clips
Magnets

Simple turbine materials (cardboard, cups, dowels, blades, tape)

Multimeters or Vernier electrical sensors
Fan for wind energy investigations
Water source or demonstration setup for
Enginecering design notebooks

hydroelectric modeling

Goals/Objectives Learning Activities/

Instructional Strategies

Formative Assessment Tasks

Students will: Lesson Sequence

e Investigate how energy is
transferred and
transformed within 1.
electrical generation
systems

Anchoring phenomenon

Students examine maps
showing how neighboring
communities obtain
electricity from different

e Encrgy lransfler station
investigation notes

e Energy flow system
models

e Engineering design
sketches and revisions
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Develop and use models
to explain energy flow
through natural and
engineered systems
Collect and analyze
quantitative data from
energy generation devices
Compare multiple
methods of generating
electricity based on
efficiency, cost,
environmental impact,
and resource availability
Design and refine a
device that converts one
form of energy into
electrical energy
Evaluate competing
solulions for meeting the
energy needs of a
community
Communicate
evidence-based
recommendations using
scientific and engineering
reasoning

sources such as solar,
wind, hydroelectric,
nuclear, and fossil fuel
power planls.

Students are presented

" with the challenge: "A

growing community
nceds a reliable source of
electricity. How should it
generate its power?”
Students work in teams
to explore several energy
conversion stations.

. At each station students

investigate a different
method of converting
energy:
o Hand-crank
generator
o Magnet and coil
generator
o  Wind turbine
model
o Water turbine
model
Students record
observations about
inputs, outputs, and
energy transformations
occurring in each system.

Developing energy flow
models

. Students constructl

system diagrams showing
how energy moves
through cach device.
Students identify where
energy enlers, is
transferred, transformed,
and leaves the system.

. Groups compare models

and revise them based on
evidence gathered during
investigations.

e Data tables and graphs
from device testing

e Community energy
planning worksheet

e Group presentalion with
evidence-based
justification

e Exit ticket explaining
how energy is transferred
and transformed in one
investigated system




SprINGFIELD PuBLIc ScHooLs
ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 21« CENTURY GLOBAL SKILLS

10.

11.

12,

13

14.

15,

16.

Engineering design
challenge

Teams design and build a
small device capable of
generating electrical
energy.
Design constraints
include:
o Limited materials
o Cost limits
o Minimum
electrical output
requirements
o Reliability
requirements
Students test designs
using sensors and
measurement tools.
Teams collect
quantitative performance
data and identify areas
for improvement.
Students modify their
designs based on
collected evidence.
Teams compare tradeoffs
among efficiency, cost,
durability, and
environmental
considerations,
Students graph
performance data and
identify patterns in
successful designs.

Community energy
planning challenge

Each team is assigned a
fictional communily with
unigue characteristics:
o Population size
o Geographic
location
o Budgel constraints
o Available natural
resOources
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£ |

o Environmental
priorities

17. Teams analyze energy
options and recommend
an energy portfolio for
their community.

18. Recommendations must
be supported by
scientifie, engineering,
environmental, and
economic evidence.,

19. Teams present their
proposed energy plans to
the class.

20.5tudents evaluate
competing proposals and
discuss how communities
balance societal needs,
resource availability,
environmental impacts,
and financial constraints.

21. Students revisit the
anchoring phenomenon
and explain how physics
principles guide
real-world energy
decisions.

Differentiation:

e Students may access information in multiple formats including visual models, written texts,
diagrams, and digital simulations to support comprehension of scientific concepts.

e Students may demonstrate understanding through multiple modalities including wrillen
explanations, verbal presentations, visual models, diagrams, or digital products.

e Instruction includes scaffolded supports such as guided notes, sentence starters for scientific
explanations, and partially completed models or data tables for students who need additional
structure.

e [Extension opportunities are provided through open-ended investigations, analysis of
real-world case studies, or application of concepts to novel or complex scenarios.

Resources Provided:

e PhET Energy Forms and Changes simulation
PhET Generator simulation
NASA energy and Earth systems resources
Community energy planning templates
Engineering design notebook templates
Data collection sheets
Graphing and analysis templates
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Lesson Plan 2 Template

Content Area: Science Lesson Title: When Earth Moves — Forces, Energy, and Plate
Tectonics Time Frame: 3 day

Lesson Components

21% Century Themes

B Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy
K Civic Literacy B Health Literacy

21 Century Skills

Creativity and Innovation [ Critical Thinking and Problem Solving B Information Literacy
& Life and Career Skills B Communication and Collaboration B Media Literacy B ICT Literacy

Interdisciplinary Connections:
Engineering, Environmental Science

Integration of Technology:

iPads for accessing earthquake and plate tectonic datasets, simulations, and digital maps
Google Sheets for organizing and graphing earthquake and plate movement data

USGS earthquake mapping tools and real-time earthquake data

EarthViewer or similar Earth history and plate tectonic simulation tools

Vernier Go Direct sensors for motion and acceleration investigations

Equipment Needed:

Convection tank materials (clear containers, water, food coloring, heat source)
Foam sheets, cardboard, or wooden blocks for plate boundary models
Sand trays or stream tables

Spring scales

Dynamics carts

Masses and weights

Measuring tapes or meter sticks

Stopwatches

Marbles or balls for impact and motion investigations

Chart paper and markers

Engineering design notebooks

Goals/Objectives Learning Activities/ Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Sequence
e Force, mass, and
e Develop models to Anchoring phenomenon acceleration investigation
explain how thermal data tables and graphs
energy drives convection 1. Students examine e (Convection model
within Earth’s interior footage, maps, and data observations and
from a major earthquake explanations
and are asked:




SprINGFIELD PusLic ScHooLs

ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 215 CENTURY GLOBAL SKILLS

Analyze how forces 2. "Ilow can a planet that e Plate boundary model
influence the motion of appears solid suddenly diagrams

tectonic plates release enough energy to e Earthquake energy
Investigate the move entire cities?" release lab analysis
relationship between 3. Students generate initial e Hazard mitigalion design
force, mass, and explanations and identify proposal

acceleration using questions aboul the e Peer review of mitigation
experimental data source of this energy. strategies

Explain how energy is 4. Investigating force and e Exit ticket explaining
stored and released molion: how thermal energy
during geologic events 5. Students conduct a drives plale molion and

such as earthquakes
Analyze evidence used by
scientists to model
Earth’s interior and plate
motion

Evaluate risks associated
with geologic hazards and
propose mitigalion
strategies

Communicate scientific
explanations using data,
maodels, and evidence

10.

11.

12,

hands-on investigation
using dynamic carts and
varying masses.

Groups measure how
foree, mass, and
acceleration are related.
Students graph their
results and identify
patterns,

Students connect their
observations to the
movemenl of large-scale
Earth systems.

Modeling convection and
Earth’s interior

Students construet and
observe convection
models using heated
water and food coloring.
Students track the
movement of material
within the convection
system,

Groups develop
explanations for how
thermal energy can drive
movement in Earth’s
mantle.

Students compare their
observations with
accepted models of
Earth's interior.,

Modeling plate
interactions

contributes to
earthquakes
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13. Students use foam sheets
or plate models to
invesligale:

14. Divergent boundaries

15. Convergent boundaries

16. Transform boundaries

17. Students record
observations about
motion, forces, and
energy transfer at each
boundary type.

18. Groups develop diagrams
illustrating the
interactions occurring at
each boundary.

Investigating earthquake
energy release

19. Students create a simple
fault model using blocks,
sandpaper, and spring
scales.

20.Students measure the
force required to
overcome friction and
produce sudden
movement.

21. Students analyze how
energy can build
gradually and then be
released rapidly.

22. Groups compare their
results to real earthquake
data.

Engineering challenge

23. Teams are presented with
a fictional community
located near an active
plate boundary.

24.Students analyze
available geological and
earthquake data.

25. Teams design
recommendations for




SPRINGFIELD PuBLic ScHooLs
ENGAGING STUDENTS = FOSTERING ACHIEVEMENT = CULTIVATING 21 CENTURY GLOBAL SKILLS

reducing risk to people,
infrastructure, and
economic activity.

26. Conslraints include
budget limitations,
population needs,
environmental
considerations, and
available resources.

27. Teams present their
hazard mitigation plans.

28.Students compare
solutions and discuss
how scientific
understanding of forces
and energy helps
communities prepare for
natural hazards.

29, Students revisit the
anchoring phenomenon
and explain how energy
transfer, forces, and plate
motion contributed to the
earthquake event.

Differentiation:

Students may access information in multiple formats including visual models, written texts,
diagrams, and digital simulations to support comprehension of scientific concepts.

Students may demonstrate understanding through multiple modalities including written
explanations, verbal presentations, visual models, diagrams, or digital products.

Instruction includes scaffolded supports such as guided notes, sentence starters for scientific
explanations, and partially completed models or data tables for students who need additional
structure.

Extension opportunities are provided through open-ended investigations, analysis of
real-world case studies, or application of concepls lo novel or complex scenarios.

Resources Provided:

USGS Earthquake Hazards Program resources
EarthViewer simulation

Plate boundary modeling templates

Earthquake data analysis worksheets

Engineering design challenge materials

Graphing and data analysis templates

CER (Claim-Evidence-Reasoning) response framework
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Lesson Plan 3 Template

Content Area: Science Lesson Title: Defending Earth — Gravity, Motion, and Predicting Meteor
Impacts Time Frame: 3 days

Lesson Components

21% Century Themes
Bd Global Awareness B Financial, Economic, Business and Entrepreneurial Literacy

B Civic Literacy B Health Literacy

21% Century Skills

B Creativity and Innovation B Critical Thinking and Problem Solving B Information Literacy

& Life and Career Skills & Communication and Collaboration B Media Literacy B ICT Literacy

Interdisciplinary Connections:
Engineering, Environmental Science

Integration of Technology:

iPads for accessing NASA asteroid tracking data, orbital simulations, and collaborative documents
Google Sheets for organizing and analyzing motion and impact data
NASA Eyes on Asteroids and Solar System Explorer simulations

PhET Gravity Force Lab simulation

Digital graphing tools for modeling motion and gravitational relationships
Equipment Needed:

Marbles of various masses

Steel balls

Measuring tapes or meter sticks

Stopwalches

Large tarps or trays

Sand, flour, or kinetic sand for impact craters

Protractors

Caleulators

String and washers for orbital motion models

Chart paper and markers

Engineering design notebooks

Goals/Objectives Learning Activities/ | Formative Assessment Tasks
Instructional Strategies
Students will: Lesson Sequence
e (rbital motion

e Analyze how gravitational Anchoring phenomenon investigation data and
forces influence the observations
motion of objects in 1. Students examine images e Gravitational interaction
space and videos of the models

e Use mathematical and Chicxulub impact crater e Impact crater laboratory
computational models to and recent asteroid analysis
predict orbital motion flybys. e Data tables and graphs

from crater investigations




SprINGFIELD PuBLic ScHooLs

ENGAGING STUDENTS = FOSTERING ACHIEVEMENT » CULTIVATING 21sr CENTURY GLOBAL SKILLS

Investigate the
relationship between
mass, distance, and
gravitational attraction
Analyze evidence from
meteorites and impact
craters to explain Earth's
history

Evaluate risks associated
with near-Earth objects
Design and assess
potential strategies for
reducing the impact of
asteroid threats
Communicate scientific
and engineering solutions
using evidence and data

10.

11.

Students are asked: "How
do scientists know
whether an asteroid

could collide with Earth,
and what could we do if
one was heading toward
us?"

Students construct
simple orbital molion
models using string,
washers, and rolaling
masses to investigate how
gravity influences
motion.

Students collect
observations and
compare the motion of
objects under different
conditions.

Students use simulations
to explore how mass and
distance affect
gravitational interactions.
Students record patterns
and develop explanations
supported by evidence.
Students create impact
craters by dropping
objects of different
masses and heights into
trays containing sand or
flour.

Groups measure crater
diameter, depth, and
ejecta patterns.

Students organize data in
Google Sheets and
identify relationships
among mass, velocity,
and impact effects.
Students examine
evidence from
meteorites, impact
craters, and geological
records.

Groups analyze how
impacts have shaped

e Near-Earth object risk
assessment worksheel

e Planetary defense
engineering proposal

e Peer evaluation of
proposed solutions

e LExit ticket explaining
how gravity influences

orbital motion and how

scientists predict
potential impacts
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Earth's history and
influenced life on the
planet.

12, Studenls compare
multiple lines of scientific
evidence used to
reconslruct past impact
evenls.

13. Students use provided
orbital datasets and
simulations to track
near-Earth objects.

14. Groups evaluate the
probability and
consequences of potential
impact scenarios.

15. Students discuss the
scientific, economic, and
societal challenges
associated with planetary
defense.

Engineering challenge

16. Teams are tasked with
developing a strategy to
protect Earth from a
hypothetical asteroid
predicted to intersect
Earth's orhit.

17. Constraints include cost,
available technology,
implementation time,
international
cooperation, and
potential risks.

18. Teams research proposed
solutions such as kinetic
impactors, gravity
tractors, deflection
missions, and evacuation
planning,

19. Students develop
evidence-based
recommendations and
justify their choices using
scientific, engineering,
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economic, and societal
considerations.

20.Teams present their
proposed planetary
defense plans.

21. Students evaluate
competing solutions and
provide feedback based
on established criteria
and constraints.

22, Students revisit the
anchoring phenomenon
and explain how gravity,
motion, evidence, and
engineering contribute to
predicting and mitigating
asteroid impacts.

Differentiation:

e Students may access information in multiple formats including visual models, wrilten texts,
diagrams, and digital simulations to support comprehension of scientific concepls.

¢ Students may demonstrate understanding through multiple modalities including written
explanations, verbal presentations, visual models, diagrams, or digital products,

e Instruclion includes scatfolded supports such as guided notes, sentence starters for scientific
explanations, and partially completed models or data tables for students who need additional
structure.

e [Extension opportunities are provided through open-ended investigations, analysis of
real-world case studies, or application of concepts to novel or complex scenarios.

Resources Provided:

e NASA FEyes on Asteroids
NASA Near-Earth Object resources
PhET Gravity Force Lab simulation
Impact crater investigation guide
Planetary defense case studies
Dala analysis templates
Engineering design planning sheets
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Lesson Reflection

Reflect on the lesson you have developed and rate the degree to which the lesson Strongly, Moderately or Weakly
meets the criteria below:,

Lesson Activities Strongly | Moderately | Weakly
Are challenging Strongly and require higher order thinking and problem = - -
solving skills =

Allow for student choice o O
Provide scaffolding for acquiring targeted knowledge/skills [ (N L1
Integrate global perspectives | O O
Integrate 21st century skills & O O
Provide opportunities for interdisciplinary connection and transfer of 5 0 0

knowledge and skills

Foster student use of technology as a tool to develop critical thinking,

i : : : B O O
creativity and innovation skills
Are varied to address different student learning styles and preferences | LI L1
Are differentiated based on student needs O = O
Are student-centered with teacher acting as a facilitator and co-learner - - =

during the teaching and learning process
Provide means for students to demonstrate knowledge and skills and b 0l O
progress in meeting learning goals and objectives

Provide opportunities for student reflection and self- assessment B4 O 0

Provide data to inform and adjust instruction to better meet the varying - ~ 0
needs of learners

Curriculum Design Template

Content Area: Science Grade Level: 10 - 12 Unit Title: Energy, Forces, and Earth
Systems: Understanding and Engineering Our Dynamic Planet

Created: 2026 Board Approved on:




SPRINGFIELD PuBLIC SCcHOOLS

ENGAGING STUDENTS » FOSTERING ACHIEVEMENT = CULTIVATING 21s- CENTURY
GLOBAL SKILLS

IEP AND 504 ACCOMMODATIONS AND MODIFICATIONS FOR EARLY
CHILDHOOD AND ELEMENTARY SCHOOL STUDENTS:

Large print textbooks
Textbooks for al-home use

Additional lime for assignments

Review of directions

Use of mnemaonics

Ilave student restate information

Concrete examples

Adaplive writing ulensils

Support auditory presentations with visuals

Use ol a study carrel

Assislance in maintaining uncluttered space

Weekly home-school communication tools (notebook. daily log. phone calls or email
messages)

Space lor movement or breaks

Study sheets and teacher oullines

Extra visual and verbal cues and prompis

Math sheets with highlighted instructions

Graph paper to assist in oreanizing or lining up math problems
Use ol computers and calculators

Books on tape

Graphic organizers

Quict corner or room to calm down and relax when anxious
Preferential scating

Alteration of the classroom arrangement

Reduction of distractions

Answers Lo be dictated

IHands-on activitics

Use ol manipulatives

No penalty for spelling errors or sloppy handwriting
Follow a routine/schedule

Alternate quiet and active time

Teach time management skills

Rest breaks

Verbal and visual cues regarding directions and staying on task
Agenda book and checklists

Adjusted assignment limelines

Visual daily schedule
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Varied reinforcement procedures
Immediate feedback
Work-in-progress check
Personalized examples

TESTING AND ASSESSMENT ACCOMMODATIONS AND
MODIFICATIONS:

Answers to be dictated

Frequent rest breaks

Additional time

Oral testing

Untimed tests

Choice ol test format (multiple-choice. essay, true-lalse)
Alternate ways to evaluate (projecis or oral presentations instead of written tests)
Accept short answers

Open-book tests

Read test and dircetions to student

Provide study outline prior to tests

Highlight key directions

Test in alternative site

Use of calculator

Extra eredit option

Preview test procedures

Simplified test wording: rephrased test questions and/or directions

GENERAL ACCOMMODATIONS AND MODIFICATIONS:

Use ol alternative books or materials on the topic being studicd
Computerized spell-check support

Word bank of choices for answers Lo test questions

Provision of calculator and/or number line for math fests
Reworded questions in simpler language

Projects instead of written reports

Highlighting important words or phrases in reading assignments
Modified workload or length ol assipnments/tests

Modilied time demands

Modified grades based on [EP

BEHAVIOR ACCOMMODATIONS MODIFICATIONS:
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Breaks betwecen tasks

Cue expecled behavior

Daily feedback to student

Ilave contingency plans

Use de-escalating strategies

Use positive reinforcement

Use proximity/touch control

Use peer supports and mentoring
Model expected behavior by adults
Have parent sign homework
Have parent sign behavior chart
Set and post class rules

Chart progress and maintain dala
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IEP AND 504 ACCOMODATIONS AND MODIFICATIONS FOR MIDDLE
AND HIGH SCHOOL STUDENTS:

Large print textbooks

Textbooks for at-home use

Additional time for assignments

A locker with adapted lock

Review of directions

Review sessions

Use of mnemonics

Have student restate information

Provision of notes or outlines

Concrete examples

Adaptive writing utensils

Support auditory presentations with visuals

Weekly or bi-weekly home-school communication

Space for movement or breaks

Study sheets and teacher outlines

Extra visual and verbal cues and prompts

Lab and math sheets with highlighted instructions

Graph paper to assist in organizing or lining up math problems
Use of tape recorder for lectures

Use of Interactive notebook

Use of a scribe

Use of computers and calculators

Books on tape

Graphic organizers

Quiet corner or room to calm down and relax when anxious
Preferential seating

Alteration of the classroom arrangement

Reduction of distractions

Answers to be dictated

Hands-on activities

Ability to type all assignments

Follow a routine/schedule

Teach time management and organizational skills

Rest breaks

Verbal and visual cues regarding directions and staying on task
Agenda book and checklists

Daily check-in with case manager or special education teacher
Adjusted assignment timelines

Visual daily schedule
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Varied reinforcement procedures
Immediate feedback
Work-in-progress check
Personalized examples

TESTING AND ASSESSMENT ACCOMMODATIONS AND
MODIFICATIONS:

Answers to be dictated

Freguent rest breaks

Additional time

Oral testing

Choice of test format {(multiple-choice, essay, true-false)

Alternate ways to evaluate (projects or oral presentations instead of written tests)
Accept short answers

Open-book or open-note tests

Read test and directions to student

Provide study guides prior to tests

Highlight key directions

Test in alternative site

Use of calculator

Extra credit aption

Pace long-term projects

Preview test procedures

Simplified test wording; rephrased test questions and/or directions

GENERAL ACCOMMODATIONS AND MODIFICATIONS:

Allow outlining, instead of writing for an essay or major project
Use of alternative books or materials on the topic being studied
Computerized spell-check support

Word bank of choices for answers to test questions

Provision of calculator for math tests

Film or video supplements in place of reading text

Reworded questions in simpler language

Projects instead of written reports

Highlighting important words or phrases in reading assignments
Modified workload or length of assignmentsftests

Madified time demands
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Pass/no pass option
Modified grades based on IEP

BEHAVIOR ACCOMMODATIONS FOR STUDENTS:

Breaks between tasks

Cue expected behavior

Daily feedback to student

Have contingency plans

Use de-escalating strategies

Use positive reinforcement

Use proximity/touch control

Use peer supports and mentoring
Model expected behavior by adults
Have parent sign homewaork

Set and post class rules

Chart progress and maintain data
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Accommodations and Modifications for ESL Students

Give tests orally

Give instructions/directions in writing and orally

Assign a peer tutor, same language or English speaking

Allow use of bilingual/translation dictionary

Provide summaries of text or study guides of particular chapters
Allow errors in speaking

Allow errors in writing

Accept writing in first language

Highlight key vocabulary

Reduce amount of work required

Assess comprehension through demonstration or other alternative means
(gestures, drawings)

Rephrase guestions, directions, and explanations

Reduce multiple choices on assessments

Provide study guides and/ or outlines

Shorten reading assignments

Allow extended time for test/project completion

Use of audio books

Use of graphic organizers

Use reduced text, so that print is not dense

Use visuals/pictures throughout lesson/unit/assignemt

Adapt homework to reflect language proficiency/home support
Adapt homework to reflect home support

Provide hands-on activities and explanations

Allow extended time to answer questions, and permit drawing, as an
explanation

Use of translation dictionaries to locate words in the native language
Use anecdotal records and portfolio of work as forms of assessment
Use story retellings to assess comprehension



Springfield Public Schools

Cultivating compassionate and exiraordinary learners!

What Does the Gifted and Talented Experience Look Like?
Springfield Public Schools

Mission Statement

The Gifted and Talented Program of the Springfield Public Schools aims to provide a
meaningful and rigorous education that instills the value of lifelong learning and
empowers all students to reach their full potential and become self-fulfilled creative
leaders in accordance with the comprehensive standards of our state. We accomplish
this by offering challenging, real-world experiences in a student-centered environment.

We recognize that students come from diverse socioeconomic, cultural, and ethnic
backgrounds, and the mission of the gifted and talented program is to provide
opportunities for students to explore their intellectual, creative, and artistic gifts and
talents within the classroom and with beyond-the-classroom experiences, It is
essential to provide diverse, appropriate, and ongoing learning experiences and
environments that incorporate students' academic, psychological, and social needs.
Our responsibility is to provide students with educational alternatives that teach,
challenge, and expand their knowledge, while simultaneously stressing the
development of independent and self-directed learners who continuously generate
guestions, analyze, synthesize, and evaluate information and ideas.

New Jersey Administrative Code 6A:8-3.1 defines students who are gifted and talented
as those students who possess or demonstrate high levels of ability in one or more
content areas when compared to their chronological peers in the local district and who
require modification of their educational program if they are to achieve in accordance
with their capabilities.



Goals:

To support our mission, we have established the following goals to guide our work:

> To infuse into the general education program a broad range of activities for
high-level learning that will challenge all students to perform at advanced levels,
and provide extended opportunities, resources, and support in particular areas
where student interest or talent is demonstrated.

> To provide a continuum of gifted education services that will strengthen the total
school program, offer enriching and challenging learning opportunities for all
students, and provide specialized learning experiences

= To promote achievement of students’ best potentials and increased ability.

Through a productive and collaborative relationship among the building principals,
classroom teachers, and the Gifted and Talented teacher, our schools can create
programming that will enhance the learning experience for every student and serve the
unique and specialized needs of students currently demonstrating gifted behaviors,

Elements of the Schoolwide Enrichment Model, W.I.N (What | Need), differentiated
instruction, advanced classes, or individual programs into a student’s regular
instruction program are integral to this overarching framework for gifted education in
the Springfield School District.

Reference Board Policy and Regulation 2464 — Gifted and Talented Pupils (M)

Ear i d Center
Edward V. Walton
Schoolwide Virtual Enrichment
All first and second grade students have access to the Gifted and Talented Virtual

Classroom. This virtual classroom is a space for students to complete various
challenges and enrichment opportunities at their own pace. Students can receive
feedback and additional adaptable resources to meet their individual learning needs.
The virtual classroom design expands accessibility to enrichment resources and allows
students to choose learning activities according to their unique interests and abilities.
The purpose of the activities is to encourage problem-solving, develop critical thinking



skills, and expand curiosity and imagination. Activities are aligned to the New Jersey
Student Learning Standards.

Gifted and Talented Teacher g2 g Resource

The Gifted and Talented teacher serves as a resource 1o all feachers within Edward V.
Waiton School. Teachers seeking resources for their high-ability learners will receive
adiditional support from the Gifted and Talented teacher in various ways. This support
may include additional units of study, challenging resources, and student projects.

Elementary Schools

James Caldwell
Thelma L. Sandmeier

The goal is to engage small groups of students in intensive learning experiences
through standards-based, rigorous, and relevant units of study that supplement, not
suppiant, the grade-level currieutum and support students’ unique learning needs.

Enrichment Experience Grade 3

Beginning in third grade, the G&T teacher will cycle through alf classrooms to work on
problem-solving and enrichment tasks with students. Driven by assessment data,
academic performance, student interest, and teacher observation, small groups of
students will meat with the G&T teacher during WL N, (What | Nead} periods throughout
the week that the teacher is assigned o their classroom teacher. Groupings will be
flexible and monitored to best meet each student’s needs throughout the school year.
Activities will include brain teasers, puzzles, stralegic thinking, problem-solving, and
STEM challenges.

Targeted Gifted and Talented Programing Grades 4-5

Students may become identified as Gifted and Talented in fourth grade. Students that
are identified may receive support from the G&T Teacher for up 1o five periods (200
minutes) a week during W.ILN. (\What | Need) periods. |Identified students will meet 1o
explore grade-leve! content while incorporating depth and complexity in a
student-centerad, problem-based environment, The Gifted and Talented Program aiims
to provide studenis with various advanced and challenging learning experiences
across coitent areas to promote independent thinking skills, refine criticat thinking and
communication skilis, cultivate joy in learning, and expand student interests through
problem-solving. The instruction that students receive incorporates 21st Century Skilis
and advanced content that is challenging, hands-on, and relevant to the real world.



Strategwes and Practices that Support Gifted and Talented Students
Adjusted Pace of Lessons
Inquiry-Based Instruction
Higher-Order Thinking Activities
Interest-Based Content
Real World Problem Solving/Problem Based Learning
Independent Study/Passion Projects
Units of Study with Like-Minded Peers

Schoolwide Virtual Enrichment
All JCS and TLS students have access to grade level-specific Gifted and Talented

Virtual Classrooms. These virtual classrooms are a space for students to complete
various challenges and enrichment opportunities at their own pace. Students are able
to receive feedback and additional opportunities based on their needs. The virtual
classrooms have expanded the accessibility of enrichment resources directly to the
students and allows for students to choose opportunities according to their interests
and abilities. The purpose of the activities is to encourage problem solving, develop
critical thinking skills, and expand curiosity and imagination in conjunction with the
New Jersey Student Learning Standards.

Gifted and Talented Teacher as a Resource

In addition to classroom support, the Gifted and Talented teacher also serves as a
resource to all teachers in the building. Teachers that are seeking resources for their
high ability learners will receive additional support from the Gifted and Talented teacher
in various ways. This may include additional units of study, challenging resources,
student projects, and meeting with the G&T teacher as needed.

Additi ichment Opportunities

Across all grade levels 3-5, as recommended by the classroom teacher, students
exhibiting a need for additional enrichment may have the opportunity to meet with the
G&T teacher as the schedule allows. Groupings will be flexible and monitored to best
meet the students’ needs throughout the school year. Activities will include, brain
teasers, puzzles, strategic thinking activities, problem-solving challenges, and STEM
challenges. Students engage in an extended process of asking questions, using
resources, and developing answers that lead to thinking about what and how they are
learning. Students are held accountable for how they work and use their time by
demonstrating their learning through products or presentations.

Students self-select to participate in individual and/or group projects based on interest
and commitment. The classroom teacher and/or the enrichment teacher will help guide
and monitor student exploration of chosen topics, facilitating their learning with
resources and teaching of needed skills.



Secondary Schools
Florence M. Gaudineer Middle Schoaol
Jonathan Dayton High School

(Grades 6-12: Access to specific content programs with higher levels of academic
chatlenges {i.e. Pre-Algebra, Accelerated Communication Arts, and Advanced
Placement Classes}

Duat Gredit Courses provide students the opportunity to obtain high schoo! credit, and
college credit, simultaneously through partherships with several institutions.

Project Lead the Way (PLTW) students become builders of technology by engaging in
real world activities, Students are empowered as design thinkers collaborating on real

world projects.

Gifted and Talented Identification Criteria

The Springfield Schools Gifted and Talented Program recognizes that students require
differentiated fearning experiences haeyond the core curriculum being taught because
of their advanced abilities in one or more content areas. These students may also have
other cognitive qualities such as curlosity, creativity, motivation, leadership, and
passfon that require modifications to their academic experience.

Muttiple Measures of Efigibility

Kindergarten through grade twelve identification process for gifted and falented
students includes multiple measures. Multiple measures may include but are not
fimited to: achievement fest scores; grades; student performance or products;
intelligence testing; parent, student, and/or teacher recommendation; and other
appropriate measures. The identification methodology is developmentally appropriate,
non-discriminatory, and refated to the programs and services offered by the Springfield
School District. The identification procedures are reviewed annually.

According fo MJA.C. BA:B-3.1, all public school districts must have a board-approved
gifted and {alented identification process and pravide services for identified students
ervoffed in fhe grades of that schoof district. The reguiations require that identification
and services be made avaifable to students in grades K-12.

When studeints are recommended for the Gifted and Talented Program thers are
muklipie measures that are considered to determine if services are necessary and
appropriate. The assessmenis usaed are as follows:



DRAZ Level

Cognitive Abilities Test (CogAT)
Classroom Performance/Student Portfolios

iReady Diagnostic Scores
Gifted Indicators Checklist
Start Strong/NJSLA Assessment Data

The N.J.A.C. requires that students be compared to their chronological peers in the
local school district. The New Jersey Department of Education has not established
state-level criteria for identifying students who are gifted, such as mandated tests or
assessments, grade point averages, or IQ scores. Local school districts must use
multiple measures to identify students.

Procedures

b8a33a9f505e4998a6db3fbBe1de778b

https://www.straussesmay.com/seportal/Public/DistrictPolicy.aspx ?policvid=2464 &id=

Gifted and Talented Program |dentification Matrix
Minimum Score Required for Consideration: 14 Points

1 Point

2 Points

3 Points

Cogat Assessment
Overall Stanine Score of a7

Cogat Assessment
Overall Stanine Score of an 8

Cogat Assessment
Overall Stanine Scoreofa 9

iReady Math Assessment

iReady Math Assessment

iReady Math Assessment

Approaching Expectations

Met Expectations

Just Below Current Grade On Grade Level 14 Year + Above Current

Level Level

IReady ELA IReady ELA IReady ELA

On Grade Level ¥ Year Above Current Level | One Full Grade Level +
Above Current Level

MNJISLA Math MJSLA Math MNJSLA Math

Exceed Expectations

NJSLA ELA
Approaching Expectations

MNJSLA ELA
Met Expectations

NJSLA ELA
Exceed Expectations

HOPE Teacher Rating Scale
Raw Score: 11 - 29

HOPE Teacher Rating Scale
Raw Score: 30 - 49

HOPE Teacher Rating Scale
Raw Score: 50-66




Team meetings present the opportunity to review data and assess the educational
needs of all students. Teacher provides examples of student work exhibiting above and
beyond grade level expectations, creativity, leadership, critical and abstract thinking.
Programs for gifted and talented students will be periodically evaluated for their
continuing efficacy and adjusted accordingly. The parent of any student identified as
gifted or talented shall be consulted regarding any program designed to address the
student’s particular needs.

Resource Links
hitps:/iriversideinsights.com/coanitive_abilities _test
https://www.curriculumassociates.com/programs/i-ready-learning
hitps:/fwww.nj.govieducation/assessmentiresources/
hitps://www.routledge.com/HOPE-Teacher-Rating-Scale-Involving-Teachers-in-Equitable-ldentifi
cation/Gentry-Pereira-Peters-Mclntosh-Fugate/p/book/9781618214522#:~texi=The%20HOPE

%20Teacher%20Rating%20Scale. making%20it%20easy%20to%20use.

Gifted and talented student: The “Strengthening Gifted and Talented Education Act”

defines a gifted and talented student as a “student who possesses or demonstrates a

high level of ability in one or more content areas when compared to their chronological
peers in the school district and who require modifications of their educational program
if they are to achieve in accordance with their capabilities.”

Twice-exceptional (2E) students: A twice-exceptional (2E) student is defined as “a
student who is both gifted and a student with a disability. These students may also be
referred to as having dual exceptionalities or as being gifted with learning disabilities
(GT/LD). This also applies to students who are gifted with ADHD or gifted with autism”
(New Jersey Association for Gifted Children, www.nagc.org).

Instructional adaptation: An adjustment or modification to instruction enabling a
student who is gifted and talented to participate in, benefit from, and demonstrate
knowledge and application of the New Jersey Student Learning Standards in one or
more content areas at the instructional level of the student, not just the student’s grade

level.

Identifying gifted and talented students: The focus of identification is to provide
programming and services in which students' specific learning needs and potential are
appropriately addressed and met. In every New Jersey school district, there are
students who require modifications to the general education curriculum if they are to
achieve in accordance with their abilities. By identifying a student’s general intellectual
ability, creativity, or specific academic area aptitudes, we are acknowledging that they
need programming and services outside of the general education/grade level
curriculum to advance their learning.



NJDOE Fast Facts

https://www.nj.gov/education/standards/qifted/

htips://www.nj.gov/education/standards/qifted/leqislation.shtml

Supplemental Resources/Programming for Gifted Students

Edward V. Walton
e PETS Program — Primary Education Thinking Skills
Group Solutions/Group Solutions 2 — Cooperative Logic Activities
Lollipop Logic
Beginning Thinking Skills
AIMS Education Programming

James Caldwell and Thelma L. Sandmeier
Math/ELA
e Project M3: Mentoring Mathematical Minds
Junior Great Books
AIMS Education Programming
Borenson Hands on Equations
BizWorld
Perplexors
Advanced Math Explorations grade 3-5
Challenging Units for Gifted Learners (ELA and Math)
Creative Curriculum Extenders
Differentiated Lessons & Projects
Challenge Math Grades 4+
Differentiating Instruction with Menus (All Content Areas)
Jacob’s Ladder
Genius Hour/Passion Project
Spatial Reasoning
Logic Puzzles, Brain Games, Analogies

e & & & & » ® & o B B @ 8 B @

STEM

e Engineering is Elementary
Engineer Throughout the Year
PBS Design Squad
DefinedSTEM
Project Lead the Way (PLTW)



Enrichment Events
Experience for all studenis to be enriched through events related to the curticular or

extracurricular activities. Exampies include after schoot clubs, PTA-sponsored events,
leadership opportunities, visual and performing arts, and community service

opporunities,



