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Science Curriculum Philosophy
North Kingstown School Department
The Mission Statement of the North Kingstown School Department is to “educate students to become intellectually active adults” as
well as “to inspire them to reach individual excellence”.  Effective instruction and a program that provides many opportunities for
exploration and experimentation reflects that belief and demonstrates the understanding that students learn most effectively when they
are active participants in their learning.  The North Kingstown School Department science curriculum is designed to foster student’s
development of content knowledge as well as understanding and appreciation of scientific tools and processes.  Even more
importantly, our hands-on, inquiry-based science curriculum will help to develop higher level thinking skills such as problem solving,
prediction, deductive and inductive reasoning, and cause and effect.
The North Kingstown High School science curriculum is based off of the Next Generation Science Standards (NGSS) which brings a
three dimensional approach to science education.  Based off of the “Framework for K–12 Science Education”  the NGSS approach to
science education is to “actively engage in scientific and engineering practices and apply crosscutting concepts to deepen their
(students) understanding of the core ideas in these fields.”  The three dimensions involved in this approach consist of:
● Science and Engineering Practices,
● Crosscutting Concepts, and
● Disciplinary Core Ideas.
Throughout a student’s education, students will be able to take the skills learned in the inquiry process and apply them to scientific
ideas that span all of the sciences, known as the Cross - Cutting Concepts which are:
1. Patterns
2. Cause and effect
3. Scale, proportion, and quantity
4. Systems and system models
5. Energy and matter
6. Structure and function
7. Stability and change
By applying these concepts and practices, we believe that a students will be poised to achieve all of the academic expectations set
forth in the 21st Century, specifically “thinking critically and reason effectively to solve complex problems.”
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Next Generation Science Standards (High School)
Earth and Space Science
ESS1 - Earth’s Place in the Universe
Students who demonstrate understanding can:
1-1. Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear fusion in the sun’s core to release energy
that eventually reaches Earth in the form of radiation.
1-2. Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion of distant galaxies, and
composition of matter in the universe.
1-3. Communicate scientific ideas about the way stars, over their life cycle, produce elements.
1-4. Use mathematical or computational representations to predict the motion of orbiting objects in the solar system.
1-5. Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate tectonics to explain the
ages of crustal rocks.
1-6. Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to construct an account of
Earth’s formation and early history.
ESS2 - Earth’s Systems
Students who demonstrate understanding can:
2-1. 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.
2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other Earth
systems.
2-3. Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal convection.
2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate.
2-5. Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface processes.
2-6. Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, and biosphere.
2-7. Construct an argument based on evidence about the simultaneous co-evolution of Earth’s systems and life on Earth.
ESS3 - Earth and Human Activity
Students who demonstrate understanding can:
3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in
climate have influenced human activity.
3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.
3-3. Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human
populations, and biodiversity.
3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
3-5. Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate of global or
regional climate change and associated future impacts to Earth systems.
4

3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified
due to human activity.
*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
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Life Sciences
LS1 - From Molecules to Organisms: Structures and Processes
Students who demonstrate understanding can:
LS1-1. Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins which carry out the
essential functions of life through systems of specialized cells.
LS1-2. Develop and use a model to illustrate the hierarchical organization of interacting systems that provide specific functions within
multi-cellular organisms.
LS1-3. Plan and conduct an investigation to provide evidence that feedback mechanisms maintain homeostasis.
LS1-4. Use a model to illustrate the role of cellular division (mitosis) and differentiation in producing and maintaining complex organisms.
LS1-5. Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy.
LS1-6. Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules may combine
with other elements to form amino acids and/or other large carbon-based molecules.
LS1-7. Use a model to illustrate that cellular respiration is a chemical process whereby the bonds of food molecules and oxygen molecules
are broken and the bonds in new compounds are formed resulting in a net transfer of energy.
LS2 - Ecosystems: Interactions, Energy, and Dynamics
Students who demonstrate understanding can:
LS2-1. Use mathematical and/or computational representations to support explanations of factors that affect carrying capacity of ecosystems
at different scales.
LS2-2. Use mathematical representations to support and revise explanations based on evidence about factors affecting biodiversity and
populations in ecosystems of different scales.
LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic
conditions.
LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem.
LS2-5. Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere,
atmosphere, hydrosphere, and geosphere.
LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and
types of organisms in stable conditions, but changing conditions may result in a new ecosystem.
LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.*
LS2-8. Evaluate the evidence for the role of group behavior on individual and species’ chances to survive and reproduce.
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LS3 - Heredity: Inheritance and Variation of Traits
Students who demonstrate understanding can:
LS3-1. Ask questions to clarify relationships about the role of DNA and chromosomes in coding the instructions for characteristic traits passed
from parents to offspring.
LS3-2. Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic combinations through
meiosis, (2) viable errors occurring during replication, and/or (3) mutations caused by environmental factors.
LS3-3. Apply concepts of statistics and probability to explain the variation and distribution of expressed traits in a population.
LS4 - Biological Evolution: Unity and Diversity
Students who demonstrate understanding can:
LS4-1. Communicate scientific information that common ancestry and biological evolution are supported by multiple lines of empirical
evidence.
LS4-2. Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a
species to increase in number, (2) the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, (3)
competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the
environment.
LS4-3. Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to
increase in proportion to organisms lacking this trait.
LS4-4. Construct an explanation based on evidence for how natural selection leads to adaptation of populations.
LS4-5. Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of
individuals of some species, (2) the emergence of new species over time, and (3) the extinction of other species.
LS4-6. Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on biodiversity.*
*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
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Physical Sciences
PS1 - Matter and Its Interactions
Students who demonstrate understanding can:
PS1-1. Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons in the outermost
energy level of atoms.
PS1-2. Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost electron states of atoms,
trends in the periodic table, and knowledge of the patterns of chemical properties.
PS1-3. Plan and conduct an investigation to gather evidence to compare the structure of substances at the bulk scale to infer the strength of
electrical forces between particles.
PS1-4. Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends upon the changes in
total bond energy.
PS1-5. Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or concentration of
the reacting particles on the rate at which a reaction occurs.
PS1-6. Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at
equilibrium.*
PS1-7. Use mathematical representations to support the claim that atoms, and therefore mass, are conserved during a chemical reaction.
PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy released during the processes
of fission, fusion, and radioactive decay.
PS2 - Motion and Stability: Forces and Interactions
Students who demonstrate understanding can:
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.
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.
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.*
PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to describe and predict the gravitational and
electrostatic forces between objects.
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.
PS2-6. Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed
materials.*
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PS3 - Energy
Students who demonstrate understanding can:
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 energy flows in and out of the system are known.
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).
PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.*
PS3-4. 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).
PS3-5. 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.
PS4 - Waves and Their Applications in Technologies for Information Transfer
Students who demonstrate understanding can:
PS4-1. Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves
traveling in various media.
PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of information.
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.
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.
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.*
*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
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Engineering and Technology Standards
ETS1 - Engineering Design
Students who demonstrate understanding can:
ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal
needs and wants.
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.
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.
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.
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North Kingstown Science K-12 Sequence
All Students at North Kingstown High School are required to take three (3) science credits as a graduation requirement.  Most students
entering the 9th grade in the 2015-2016 school year are enrolled in “Introduction to Earth and Physical Science” (IEPS).  After successful
completion of IEPS, students will be enrolled in “Biology” in the 10th grade, followed by “Chemistry” in the 11th grade.  If a student does not
have three credits by the end of their 11th grade year, they may take any combination of science courses which will allow successful
completion of 3.0 credits.
Students may elect to place into the Accelerated Science Program at NKHS by taking and passing a curricular content exam for “Introduction
to Earth and Physical Science” in grade eight.  Students who are successful on this test will take “Biology” in the 9th grade year, followed by
“Chemistry” in the 10th grade, and “Physics” in the 11th grade.
Grade

Content Focus - Traditional Program

Content Focus - Accelerated Program

Grade 9

Introduction To Earth and Physical Science

Biology

Grade 10

Biology

Chemistry

Grade 11

Chemistry

AP Physics 1

High School Electives

Physics / Anatomy and Physiology / Forensic Science / Environmental Science /Comparative Anatomy / Narragansett Bay
Studies / Science and Controversy / Landscaping / Floriculture /  Robotics 1/ Robotics 2

Advanced Placement
Classes

AP Biology/ AP Chemistry/ AP Environmental Science/. AP Physics 1/ AP Physics 2
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Textbooks
Course

Textbook

Introduction to Earth
and Physical Science

Physical Science with
Earth Science

Biology

Biology

Biology (Success
Academy)

Biology
(Foundations)

Chemistry

Chemistry

ISBN Number

Copyright Year

Origin Date of
Electronic Copy

Renewal Year of
Electronic Copy

9780078963124

2012

2017-2018*

2023-2024

Miller and Levine

9780133235753

2014

2015-2016

2021-2022

Miller and Levine

9780133242010

2014

2015-2016

2021-2022

9780133177640

2012

2016-2017

2022-2023

Author

Physics
AP Biology**

Biology: AP Edition

Campbell

9780133447002

2014

2014-2015

2020-2021

AP Chemistry**

AP Chemistry: A
Central Science

LeMay and Brown

9780133574128

2014

2015-2016

2021-2022

AP Environmental
Science**

Living In the
Environment: AP
Edition

Miller

9781305335585

2015

2014-2015

2020-2021

AP Physics 1**

College Physics (AP
Edition)

Etkina

9780133447675

2015

2015-2016

2021-2022

AP Physics 2**

College Physics (AP
Edition)

Etkina

9780133447675

2015

2015-2016

2021-2022

Anatomy and
Physiology
Comparative
Anatomy
Environmental
Science
Floriculture
Forensic Science
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Landscaping
Narragansett Bay
Studies
Robotics 1 and 2
Science and
Controversy

*Agreement with the publisher that if new version of book is released during the life of electronic copy lease that the new book will replace the old book
**AP Courses are required by College Board to have a textbook that is within 10 years of Copyright Date
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North Kingstown High School Common Course Assessment (CCA)
As part of the overall curriculum at NKHS, students enrolled in science courses must pass three (3) CCA assignments, one in each of the 9th,
10th, and 11th grade.  At least one of the CCA assignments for each of these courses is the common department inquiry activity called an
“Individual Laboratory Investigation.”  In this activity, students are to develop a procedure to test an original hypothesis based off of a teacher
provided question, collect data and observations, analyze the data, and form an original conclusion that answers the questions based on their
data and accounts for any possible errors.
All ILI assignments are assessed using the NKHS Science Department ILI Rubric, which has been developed and linked by the department to
GSE Inquiry Constructs and NGSS Engineering Practices, which are:
1. Asking questions (for science) and defining problems (for engineering)
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations (for science) and designing solutions (for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating information
In order to scaffold the expectations set forth for students as they progress from grade 9 to grade 11, students in “Introduction to Earth and
Physical Sciences” will focus on procedure development as they determine the procedures as a class, students in “Biology” will emphasize on
data collection as the class will be guided by the teachers in understanding the difference between a measurement and an observation and
what is an inference.  The emphasis of the instruction in “Chemistry” will be on the analysis of data and which forms of graphing are suitable
for the purpose as well as uncertainties in measurement.
Students are presented with the Individual Laboratory Investigation Handbook (Appendix A), which contains a student sample, each year.

14

NKHS Science Department ILI Rubric
Requirements

4
Exceeds
All 3 of the
listed
requirements
are sufficiently
met.

3
Meets
2 of the listed
requirements
are sufficiently
met.

2
Approaching
1 of the listed
requirements
are sufficiently
met.

1
Emerging
0 of the listed
requirements
are sufficiently
met.

Abstract

❏ Correctly answers all three questions based on the
information presented in the lab report.
❏ Questions are answered in one sentence each
❏ Abstract is written in paragraph form

Purpose

❏ The question/purpose is provided.
❏ Appropriate background information about the
question/purpose is present.
❏ A logical prediction about provided problem is made
❏ The prediction is made between the appropriate variables.
❏ Strong evidence is used for support of prediction.

All 5 of the
listed
requirements
are sufficiently
met.

4 of the listed
requirements
are sufficiently
met.

3 of the listed
requirements
are sufficiently
met.

2 of the listed
requirements
are sufficiently
met.

❏ Procedure measures the relationship between the
independent and dependent variables
❏ A control group is appropriately set up, excluding outside
variables when appropriate.
❏ A comprehensive materials list provided
❏ A complete bulleted procedure provided
❏ The procedure references the instrumentation used.
❏ An appropriate and labeled diagram of setup is included.

All underlined
requirements

All underlined
requirements

All underlined
requirements

AND
All 5 of the
remaining
requirements
are sufficiently
met.

AND
4 of the
remaining
requirements
are sufficiently
met.

AND
3 of the
remaining
requirements
are sufficiently
met.

All underlined
requirements
are not met.
OR
2 or less of the
remaining
requirements
are sufficiently
met.

❏ All quantitative measurements that are necessary to achieve
the purpose of the investigation are included.
❏ All qualitative observations that are necessary to achieve
the purpose of the investigation are included.
❏ Quantitative measurements are presented in organized
table.
❏ Appropriate labels and units are included for all quantitative
measurements.
❏ All Qualitative observations are presented in an organized
format.
❏ Data does not provide inferences or calculated values.
❏ Measurements are taken to the precision of the
instrumentation when appropriate.

All underlined
requirements

All underlined
requirements

All underlined
requirements

AND
All 5 of the
remaining
requirements
are sufficiently
met.

AND
4 of the
remaining
requirements
are sufficiently
met.

AND
3 of the
remaining
requirements
are sufficiently
met.

Procedure

Measurements
and
Observations

All underlined
requirements
are not met.
OR
2 or less of the
remaining
requirements
are sufficiently
met.
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Requirements

Calculations

Graphing

Conclusion
(Counts twice)

Format

❏ All necessary formulas are given for all calculations
❏ A mathematically correct sample calculation is shown for all
types of calculations.
❏ Appropriate units and labels are used.
❏ All calculated values are shown in a calculated values table.
❏
❏
❏
❏
❏
❏
❏

The type of graph used is appropriate to its purpose.
Variables are on the correct axes
Correct data is graphed accurately
Includes appropriate axis labels
Includes units where appropriate
Includes an appropriate descriptive title
Scale of graph is appropriate

❏ Response reintroduces the question or objective statement
❏ Response r evisits the original hypothesis.
❏ Response a
 ccurately supports or refutes the original
hypothesis.
❏ Response includes the use of specific data in support or in
refute of the hypothesis.
❏ Potential procedural errors are identified.
❏ Discusses the potential effect of error(s) on the results.
❏ Implications of the results are discussed beyond the scope
of the original experiment.
❏ Report is typed
❏ Report i s written in 3rd
  person voice
❏ Report i s formatted correctly (i.e. headings, page numbers,
titles, ILI numbers, etc.)
❏ Lab Record Sheets (Procedure and Data) are completed,
signed, and attached
❏ End notes are included where necessary
❏ End notes are submitted using appropriate MLA format
❏ Demonstrates strong command of grammar and
conventions and is virtually error-free.

4
Exceeds
All 4 of the
listed
requirements
are sufficiently
met.

3
Meets
3 of the listed
requirements
are sufficiently
met.

2
Approaching
2 of the listed
requirements
are sufficiently
met.

1
Emerging
1 of the listed
requirements
are sufficiently
met.

All underlined
requirements

All underlined
requirements

All underlined
requirements

AND
All 4 of the
remaining
requirements
are sufficiently
met.
All underlined
requirements

AND
3 of the
remaining
requirements
are sufficiently
met.
All underlined
requirements

AND
2 of the
remaining
requirements
are sufficiently
met.
All underlined
requirements

AND
All 4 of the
remaining
requirements
are sufficiently
met.

AND
3 of the
remaining
requirements
are sufficiently
met.

AND
2 of the
remaining
requirements
are sufficiently
met.

All underlined
requirements
are not met.
OR
1 of the
remaining
requirements
are sufficiently
met.
All underlined
requirements
are not met.
OR
1 of the
remaining
requirements
are sufficiently
met.

All underlined
requirements

All underlined
requirements

All underlined
requirements

AND
All 4 of the
remaining
requirements
are sufficiently
met.

AND
3 of the
remaining
requirements
are sufficiently
met.

AND
2 of the
remaining
requirements
are sufficiently
met.

All underlined
requirements
are not met.
OR
1 of the
remaining
requirements
are sufficiently
met.
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Laboratory Skills and Safety
The emphasis on science and engineering practices are instrumental to students ability to learn student content as assessed by the Next
Generation Science Standards.  For this reason students at North Kingstown High School are paired in small groups for laboratory purposes
and utilize equipment and technology appropriate for the inquiry activity in order to collect and measure data which aligns with the 21st
Century Learning Skills.
All science courses at North Kingstown High School are deemed laboratory courses.  As a result, the students are required to sign and return
to the teacher of record, a Laboratory Safety Contract (provided by Flinn Scientific - Appendix B) for the teacher to keep on file.  Due to
laboratory safety concerns it is also recommended that no science course exceed twenty four (24) students, especially Chemistry where open
flames are used on a regular basis, due to the physical set up of the classroom, as well as safety considerations in execution of the inquiry
activities and possible evacuation routines.
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Introduction To Earth and Physical Science
Curriculum

18

The Introduction to Earth and Physical Science curriculum at North Kingstown High School introduces students to the fundamental
physical science concepts and how they explain how the Earth and our Universe were formed and exist.  Students will investigate how an
object’s state of motion changes when acted upon by an outside force as well as the energy changes that exist.  In addition, energy as a
function of a wave is introduced.  These concepts are then applied to the universe through electromagnetic radiation, the Earth through
changes in the state of our physical planet as well as the effects to the environment.
Introduction to Earth and Physical Science is the traditional freshmen class at North Kingstown High School.  In addition to the content
studied throughout the year, specific emphasis is put on laboratory investigation and the Scientific Method.  Students are introduced to the
procedural writing, as well as data collection in the metric system.  From here students concentrate on their data analysis skills through
calculations and graphing in order to formulate an informative and thorough conclusion which accounts for experimental error.
Physical Science Essential Questions:
1) “How can one explain and predict interactions between objects and within systems of objects?”
2) “How i s energy transferred and conserved?”
3) “How a
 re waves used to transfer energy and send and store information?”
Earth Science Essential Questions:
1) “What is the Universe, and what is Earth’s place in it?”
2) “How and why is Earth constantly changing?”
3) “How do Earth’s surface processes and human activities affect each other?”
Resources/Assessments:
Items listed in this document are assessments that are common to the Earth and Physical Science curriculum.  Assessments contained under
“Lab Activities” are inquiry assignments that are common to the curriculum and are conducted in each classroom.  Learning Activities refer to
activities that are not traditional laboratory investigations but enhance the application of the content to insure a greater depth of understanding
of the material for the student.
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Essential Question: “How can one explain and predict interactions between objects and within systems of
objects?”
Topic
1 Dimensional Motion

NGSS Standard

Performance Outcomes

PS 2: Motion and Stability:
Forces and Interactions
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.

1.  Representation
A. Students clearly define the system of the two
interacting objects that is represented
mathematically, including boundaries and initial
conditions.
B. Students identify and describe the momentum of
each object in the system as the product of its mass
and its velocity, p = mv (p and v are restricted to
one-dimensional vectors), using the mathematical
representations. c Students identify the claim,
indicating that the total momentum of a system of
two interacting objects is constant if there is no net
force on the system.
2.     Mathematical modeling

Resources/Assessments
Lab Activities
● Physics 500
● Conceptual Motion Graphing
● Velocity of a Bowling Ball
● Acceleration Moving Man
Simulation
● Acceleration due to Gravity
● Initial velocity of a Toy Popper
● Change in Momentum vs. Time

Summative Assessments
● Graphing Stories Project
● Absorption of Momentum Design
Project
● Quizzes and Test

A. Students use the mathematical representations to
model and describe the physical interaction of the
two objects in terms of the change in the momentum
of each object as a result of the interaction.
B.   Students use the mathematical representations to
model and describe the total momentum of the
system by calculating the vector sum of momenta of
the two objects in the system.
3.     Analysis
A.   Students use the analysis of the motion of the
objects before the interaction to identify a system
with essentially no net force on it.

  B.  Based on the analysis of the total momentum of the
system, students support the claim that the
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momentum of the system is the same before and
after the interaction between the objects in the
system, so that momentum of the system is constant.
C.   Students identify that the analysis of the momentum
of each object in the system indicates that any
change in momentum of one object is balanced by a
change in the momentum of the other object, so that
the total momentum is constant.
HS-PS2-3.Apply scientific and 1.
engineering ideas to design,
evaluate, and refine a device
that minimizes the force on a
macroscopic object during a
collision.

Using scientific knowledge to generate the design
solution
A. Students design a device that minimizes the force on
a macroscopic object during a collision. In the
design, students:
i. Incorporate the concept that for a given change in
momentum, force in the direction of the change in
momentum is decreased by increasing the time interval of
the collision (FΔt = mΔv);
ii. Explicitly make use of the principle above so that the
device has the desired effect of reducing the net force
applied to the object by extending the time the force is
applied to the object during the collision.
B.  In the design plan, students describe the scientific
rationale for their choice of materials and for the
structure of the device
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Essential Question: “How can one explain and predict interactions between objects and within systems of
objects?”
Topic
Forces

NGSS Standard

Performance Outcomes

PS 2: Motion and Stability:
Forces and Interactions
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.

1. Organizing data
Students organize data that represent the net force on a
macroscopic object, its mass (which is held constant), and its
acceleration (e.g., via tables, graphs, charts, vector drawings) .

Resources/Assessments
Lab Activities
● Newton’s Stations
● Frictions vs. Surface Area
● Measuring Air Resistance

2.   Identifying relationships
Students use tools, technologies, and/or models to analyze
the data and identify relationships within the datasets,
including:
i. A more massive object experiencing the same net force
as a less massive object has a smaller acceleration, and
a larger net force on a given object produces a
correspondingly larger acceleration;
ii. The result of gravitation is a constant acceleration on
macroscopic objects as evidenced by the fact that the
ratio of net force to mass remains constant.

Summative Assessments
● ILI Newton’s 2nd Law Atwood
Machine

3.   Interpreting data
A. Students use the analyzed data as evidence to
describe* that the relationship between the observed
quantities is accurately modeled across the range of
data by the formula a = Fnet/m
 (e.g., double force yields

double acceleration, etc.).
B. Students use the data as empirical evidence to
distinguish between causal and correlational
relationships linking force, mass, and acceleration.
C. Students express the relationship Fnet=ma in terms of
causality, namely that a net force on an object causes
the object to accelerate.
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HS-PS2-3.Apply scientific and
1. Using scientific knowledge to generate the design
engineering ideas to design,
solution
evaluate, and refine a device
that minimizes the force on a
A. Students design a device that minimizes the force on
macroscopic object during a
a macroscopic object during a collision. In the
collision.
design, students:
i. Incorporate the concept that for a given change in
momentum, force in the direction of the change in
momentum is decreased by increasing the time interval of
the collision (FΔt = mΔv);
ii. Explicitly make use of the principle above so that the
device has the desired effect of reducing the net force
applied to the object by extending the time the force is
applied to the object during the collision.

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

B.   In the design plan, students describe the scientific
rationale for their choice of materials and for the
structure of the device
1. Representation
A. Students clearly define the system of the interacting
objects that is mathematically represented.
B. Using the given mathematical representations,
students identify and describe* the gravitational
attraction between two objects as the product of their
masses divided by the separation distance squared
(Fg  = −G m1m2  d2  ), where a negative force is
understood to be attractive.
2.   Mathematical modeling
Students correctly use the given mathematical formulas to
predict the gravitational force between objects or predict the
electrostatic force between charged objects.
3.   Analysis
Students describe* that the mathematical representation of
2
the gravitational field (Fg = −G m1m
 2 d  ) only predicts an
attractive force because mass is always positive.

Essential Question: “How is energy transferred and conserved?”
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Topic
Conservation of
Energy

NGSS Standard

Performance Outcomes

PS 3: Energy
1. Representation
HS-PS3-1. Create a
computational model to
Students identify and describe the components to be
calculate the change in the
computationally modeled, including:
energy of one component in a
i. The b
 oundaries of the system and that the reference level
system when the change in
for potential energy = 0 (the potential energy of the initial or
energy of the other
final state does not have to be zero);
component(s) and energy flows
in and out of the system are
ii. The initial e
 nergies of the system’s components (e.g.,
known.
energy in fields, thermal energy, kinetic energy, energy
stored in springs — all expressed as a total amount of
Joules in each component), including a quantification in an
algebraic description to calculate the total initial energy of
the system;
iii. The energy flows in or out of the system, including a
quantification in an algebraic description with flow into the
system defined as positive;
iv. The final energies of the system components, including a
quantification in an algebraic description to calculate the
total final energy of the system.

Resources/Assessments
Lab Activities
● Work and Horsepower Lab
● Kinetic and Potential Elastics
Activity
● Hooke’s Law Lab
● Kinetic Energy Brown Sugar Demo
● Stomp Rocket Lab
● Marshmallow Launcher Lab
● Marble Launcher Lab

Summative Assessments
● Roller Coaster Project

2.  Computational Modeling
Students use the computational model to calculate changes
in the energy of one component of the system when changes
in the energy of the other components and the energy flows
are known.
3.   Analysis
Students use the computational model to predict the
maximum possible change in the energy of one component
of the system for a given set of energy flows.

1. Components of the model
Students develop models in which they identify and describe
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HS-PS3-2 Develop and use
the relevant components, including:
models to illustrate that energy
i. All the components of the system and the surroundings, as
at the macroscopic scale can be
well as energy flows between the system and the
accounted for as a combination
surroundings;
of energy associated with the
iii. D
 epicting the forms in which energy is manifested at two
motions of particles (objects)
different
scales:
and energy associated with the
a) Macroscopic , such as motion, sound, light, thermal
relative position of particles
energy, potential e
 nergy or energy in fields
(objects).
2.  Relationships
Students describe the relationships between components in
their models, including:
iii. The total energy of the system and surroundings is
conserved at a macroscopic and molecular/atomic level.
v. As one form of energy increases, others must decrease
by the same amount as energy is transferred among and
between objects and fields.
3.  Connections
Students use their models to show that in closed systems
the energy is conserved on both the macroscopic and
molecular/atomic scales so that as one form of energy
changes, the total system energy remains constant, as
evidenced by the other forms of energy changing by the
same amount or changes only by the amount of energy that
is transferred into or out of the system.

HS-PS3-3 Design, build, and
refine a device that works within
given constraints to convert one
form of energy into another form
of energy

1. Using scientific knowledge to generate the design
solution
A. Students design a device that converts one form of
energy into another form of energy.
B. Students develop a plan for the device in which they:
i. Identify what scientific principles provide the basis for
the energy conversion design;
ii. Identify the forms of energy that will be converted from
one form to another in the designed system;
iii. Identify losses of energy by the design system to the
surrounding environment;
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iv. Describe the scientific rationale for choices of
materials and structure of the device, including how
student-generated evidence influenced the design;
2.   Describing criteria and constraints, including
quantification when appropriate
Students describe and quantify  prioritized criteria and
constraints for the design of the device, along with the
tradeoffs implicit in these design solutions. ( Examples of
constraints to be considered are cost and efficiency of energy
conversion.)
3.  Evaluating potential solutions
A. Students build and test the device according to the
plan.
B. Students systematically and quantitatively evaluate
the performance of the device against the criteria and
constraints.
4.  Refining and/or optimizing the design solution
Students use the results of the tests to improve the device
performance by increasing the efficiency of energy
conversion, keeping in mind the criteria and constraints, and
noting any modifications in tradeoffs.
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Essential Question: “How are waves used to transfer energy and send and store information?”
Topic
Waves

NGSS Standard

Performance Outcomes

HS - PS4:
1.  Representation
HS-PS4-1: Use mathematical
representations to support a
claim regarding relationships Students identify and describe* the relevant components in
the mathematical representations:
among the frequency,
i. Mathematical values for frequency, wavelength, and speed
wavelength, and speed of
of waves traveling in various specified media;
waves traveling through
ii. The r elationships between frequency, wavelength, and
various media.
speed of waves traveling in various specified media.

Resources/Assessments
Lab Activities
● Motion of an object on a vertical
spring
● Motion of a pendulum

Summative Assessments
● Roller Coaster Project

2.    Mathematical modeling
Students show that the product of the frequency and the
wavelength of a particular type of wave in a given medium is
constant, and identify this relationship as the wave speed
according to the mathematical relationship 𝑣 = 𝑓𝜆.
3.     Analysis
Using the mathematical relationship 𝑣 = 𝑓𝜆, students assess
claims about any of the three quantities when the other two
quantities are known for waves travelling in various specified
media.
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Essential Question: “What is the Universe, and what is Earth’s place in it?”
Topic
The Universe and
Electromagnetic
Radiation

NGSS Standard
ESS 1: Earth’s Place in the
Universe
HS-ESS1-2. Construct an
explanation of the Big Bang
theory based on
astronomical evidence of
light spectra, motion of
distant galaxies, and
composition of matter in
the universe.

Performance Outcomes
1. Articulating the explanation of phenomena
Students construct an explanation that includes a
description* of how astronomical evidence from numerous
sources is used collectively to support the Big Bang theory,
which states that the universe is expanding and that thus it
was hotter and denser in the past, and that the entire visible
universe emerged from a very tiny region and expanded.
2.  Evidence
A. Students identify and describe* the evidence to construct
the explanation, including:
i. The composition (hydrogen, helium and heavier elements)
of stars;
ii. The hydrogen-helium ratio of stars and interstellar gases;
iii. The redshift of the majority of galaxies and the redshift vs.
distance relationship;
iv. The existence of cosmic background radiation.

Resources/Assessments
Lab Activities
● Hubble’s Law balloon lab
● Big Bang Comic Strips
● Redshift of Stars Activity

Summative Assessments
Quizzes and Tests

B. Students use a variety of valid and reliable sources for the
evidence, which may include students’ own
investigations, theories, simulations, and peer review.
C.  Students describe the source of the evidence and the
technology used to obtain that evidence.
3.  Reasoning
Students use reasoning to connect evidence, along with the
assumption that theories and laws that describe the natural
world operate today as they did in the past and will continue
to do so in the future, to construct the explanation for the
early universe (the Big Bang theory). Students describe the
following chain of reasoning for their explanation:
i. Redshifts indicate that an object is moving away from the
observer, thus the observed redshift for most galaxies and
the redshift vs. distance relationship is evidence that the
universe is expanding.
ii. The observed background cosmic radiation and the ratio of
hydrogen to helium have been shown to be consistent with a
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universe that was very dense and hot a long time ago and
that evolved through different stages as it expanded and
cooled (e.g., the formation of nuclei from colliding protons and
neutrons predicts the hydrogen-helium ratio [numbers not
expected from students], later formation of atoms from nuclei
plus electrons, background radiation was a relic from that
time).
iii. An expanding universe must have been smaller in the past
and can be extrapolated back in time to a tiny size from which
it expanded.
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Essential Question: “What is the Universe, and what is Earth’s place in it?”
Topic
Stars

NGSS Standard

Performance Outcomes

ESS 1: Earth’s Place in the
Universe

Resources/Assessments
Lab Activities

HS-ESS1-1. Develop a model
1. Components of the model
based on evidence to
illustrate the life span of the
Students use evidence to develop a model in which they
sun and the role of nuclear
identify and describe the relevant components, including:
fusion in the sun’s core to
i. Hydrogen as the sun’s fuel;
release energy that eventually
ii. Helium and energy as the products of fusion processes
reaches Earth in the form of
in the sun;
radiation.
iii. That the sun, like all stars, has a life span based
primarily on its initial mass, and that the sun’s lifespan is
about 10 billion years.

●
●
●

Spectroscopy
HR Diagram Project
Spectral Analysis

Summative Assessments
Quizzes and Tests

2.  Relationships
In the model, students describe* relationships between the
components, including a description of the process of
radiation, and how energy released by the sun reaches
Earth’s system.
3. Connections
Students use the model to predict how the relative
proportions of hydrogen to helium change as the sun ages.

1. Communication style and format
HS-ESS1-3.Communicate
Students use at least two different formats (e.g., oral,
scientific ideas about the way
graphical, textual, and mathematical) to communicate scientific
stars, over their life cycle,
information, and cite the origin of the information as
produce elements.
appropriate.
2.  Connecting the DCIs and the CCCs
A. Students identify and communicate the relationships
between the life cycle of the stars, the production of
elements, and the conservation of the number of

30

protons plus neutrons in stars. Students identify that
atoms are not conserved in nuclear fusion, but the
total number of protons plus neutrons is conserved.
B. Students describe that:
i. Helium and a small amount of other light nuclei (i.e., up
to lithium) were formed from high-energy collisions
starting from protons and neutrons in the early universe
before any stars existed.
ii. More massive elements, up to iron, are produced in the
cores of stars by a chain of processes of nuclear fusion,
which also releases energy.
iii. Supernova explosions of massive stars are the
mechanism by which elements more massive than iron
are produced.
iv. There is a correlation between a star’s mass and stage
of development and the types of elements it can create
during its lifetime.
v. Electromagnetic emission and absorption spectra are
used to determine a star’s composition, motion and
distance to Earth.

31

Essential Question: “What is the Universe, and what is Earth’s place in it?”
Topic
Planetary Motion

NGSS Standard
ESS 1: Earth’s Place in the
Universe

Performance Outcomes
1.  Representation

Students identify and describe* the following relevant
components in the given mathematical or computational
HS-ESS1-4.Use mathematical
representations of orbital motion: the trajectories of orbiting
or computational
representations to predict the bodies, including planets, moons, or human-made
motion of orbiting objects in spacecraft; each of which depicts a revolving body’s
eccentricity e = f/d, where f is the distance between foci of an
the solar system.
ellipse, and d is the ellipse’s major axis length (Kepler’s first
law of planetary motion).

Resources/Assessments
Lab Activities
● Eccentricity Lab
● Gravity and Orbits Lab

Summative Assessments
Quizzes and Test

2.  Mathematical or computational modeling
Students use the given mathematical or computational
representations of orbital motion to depict that the square of
a revolving body’s period of revolution is proportional to the
cube of its distance to a gravitational center (𝑇 2 ∝ 𝑅 3 ,
where T is the orbital period and R is the semimajor axis of the
orbit — Kepler’s third law of planetary motion).
3.  Analysis
A. Students use the given mathematical or
computational representation of Kepler’s second law
of planetary motion (an orbiting body sweeps out equal
areas in equal time) to predict the relationship between
the distance between an orbiting body and its star,
and the object’s orbital velocity (i.e., that the closer an
orbiting body is to a star, the larger its orbital velocity will
be).
B. Students use the given mathematical or
computational representation of Kepler’s third law of
planetary motion (𝑇 2 ∝ 𝑅 3 , where T is the orbital
period and R is the semi-major axis of the orbit) to
predict how either the orbital distance or orbital
period changes given a change in the other variable.
C. Students use Newton’s law of gravitation plus his

32

third law of motion to predict how the acceleration of
a planet towards the sun varies with its distance from
the sun, and to argue qualitatively about how this
relates to the observed orbits.
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Essential Question: “What is the Universe, and what is Earth’s place in it?”
Topic
Plate Tectonics

NGSS Standard
ESS 1: Earth’s Place in the
Universe
HS-ESS1-5. Evaluate evidence
of the past and current
movements of continental
and oceanic crust and the
theory of plate tectonics to
explain the ages of crustal
rocks

Performance Outcomes
1. Identifying the given explanation and the supporting
evidence
A. Students identify the given explanation, which
includes the following idea: that crustal materials of
different ages are arranged on Earth’s surface in a
pattern that can be attributed to plate tectonic activity
and formation of new rocks from magma rising where
plates are moving apart.
B. Students identify the given evidence to be evaluated.
2.   Identifying any potential additional evidence that is
relevant to the evaluation

Resources/Assessments
Lab Activities
● Milky Way Earth’s Layers
● Mountain Maker Earth Shaker
Online Activity
● Pacific Plate Motion
● Viscosity Activity

Summative Assessments
●
●
●

Plate Boundary Research Activity
Crustal Density ILI
Quizzes and Tests

A. Students identify and describe additional relevant
evidence (in the form of data, information, models, or
other appropriate forms) that was not provided but is
relevant to the explanation and to evaluating the
given evidence, including:
i. Measurement of the ratio of parent to daughter atoms
produced during radioactive decay as a means for
determining the ages of rocks;
ii. Ages and locations of continental rocks;
iii. Ages and locations of rocks found on opposite sides of
mid-ocean ridges;
iv. The type and location of plate boundaries relative to
the type, age, and location of crustal rocks.
3.  Evaluating and critiquing
A. Students use their additional evidence to assess and
evaluate the validity of the given evidence.
B. Students evaluate the reliability, strengths, and
weaknesses of the given evidence along with its
ability to support logical and reasonable arguments
about the motion of crustal plates.
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4.  Reasoning/synthesis
A. Students describe* how the following patterns
observed from the evidence support the explanation
about the ages of crustal rocks:
i. The pattern of the continental crust being older than the
oceanic crust;
ii. The pattern that the oldest continental rocks are
located at the center of continents, with the ages
decreasing from their centers to their margin;
iii. The pattern that the ages of oceanic crust are greatest
nearest the continents and decrease in age with proximity
to the mid-ocean ridges.
B.  Students synthesize the relevant evidence to describe
the relationship between the motion of continental
plates and the patterns in the ages of crustal rocks,
including that:
      i. At boundaries where plates are moving apart, such as
mid-ocean ridges, material from the interior of the Earth
must be emerging and forming new rocks with the
youngest ages.
      ii. The regions furthest from the plate boundaries
(continental centers) will have the oldest rocks because
new crust is added to the edge of continents at places
where plates are coming together, such as subduction
zones.
      iii. The oldest crustal rocks are found on the continents
because oceanic crust is constantly being destroyed at
places where plates are coming together, such as
subduction zones.
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Essential Question: “How do Earth’s surface processes and human activities affect each other?”
Topic
Natural Resources
and Hazards

NGSS Standard
ESS 3: Earth and Human
Activity
HS-ESS3-1. Construct an
explanation based on
evidence for how the
availability of natural
resources, occurrence of
natural hazards, and changes
in climate have influenced
human activity.

Performance Outcomes
1.  Articulating the explanation of phenomena
A. Students construct an explanation that includes:
i. Specific cause and effect relationships between
environmental factors (natural hazards, changes in
climate, and the availability of natural resources) and
features of human societies including population size and
migration patterns;
ii. That technology in modern civilization has mitigated
some of the effects of natural hazards, climate, and the
availability of natural resources on human activity.

Resources/Assessments
Lab Activities
● Windfarm stakeholder Debate
● Classroom Electricity Cost

Summative Assessments
●
●

Pleasentville Energy project
Quizzes and Tests

2.  Evidence
A. Students identify and describe the evidence to
construct their explanation, including:
i. Natural hazard occurrences that can affect human
activity and have significantly altered the sizes and
distributions of human populations in particular regions;
ii. Changes in climate that affect human activity (e.g.,
agriculture) and human populations, and that can drive
mass migrations;
iii. Features of human societies that have been affected
by the availability of natural resources; and
iv. Evidence of the dependence of human populations on
technological systems to acquire natural resources and to
modify physical settings.
B.  Students use a variety of valid and reliable sources
for the evidence, potentially including theories,
simulations, peer review, or students’ own
investigations.
3. Reasoning
A. Students use reasoning that connects the evidence,
along with the assumption that theories and laws that
describe the natural world operate today as they did
in the past and will continue to do so in the future, to
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describe:
i. The effect of natural hazards, changes in climate, and
the availability of natural resources on features of human
societies, including population size and migration
patterns;
ii. How technology has changed the cause and effect
relationship between the development of human society
and natural hazards, climate, and natural resources.
B. Students describe reasoning for how the evidence
allows for the distinction between causal and
correlational relationships between environmental
factors and human activity.

HS-ESS3-4 Evaluate or refine a
technological solution that
1. Using scientific knowledge to generate the design
reduces impacts of human
solution
activities on natural systems.

A. Students use scientific information to generate a
number of possible refinements to a given
technological solution. Students:
 i. Describe the system being impacted and how the
human activity is affecting that system;
ii. Identify the scientific knowledge and reasoning on
which the solution is based;
iii. Describe* how the technological solution functions and
may be stabilizing or destabilizing the natural system;
iv. Refine a given technological solution that reduces
human impacts on natural systems;
v. Describe* that the solution being refined comes from
scientists and engineers in the real world who develop
technologies to solve problems of environmental
degradation.
2.  Describing criteria and constraints, including
quantification when appropriate
A. Students describe and quantify (when appropriate):
i. Criteria and constraints for the solution to the problem;
ii. The tradeoffs in the solution, considering priorities and
other kinds of research-driven tradeoffs in explaining why
this particular solution is or is not needed.
3.  Evaluating potential refinements
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A. In their evaluation, students describe how the
refinement will improve the solution to increase
benefits and/or decrease costs or risks to people and
the environment.
B. Students evaluate the proposed refinements for:
i. Their effects on the overall stability of and changes in
natural systems;
ii. Cost, safety, aesthetics, and reliability, as well as
cultural and environmental impacts.

HS-ESS3-5 Analyze geoscience
data and the results from global
climate models to make an
evidence-based forecast of the 1. Organizing data
current rate of global or regional
climate change and associated
A. Students organize data (e.g., with graphs) from global
future impacts to Earth systems.
climate models (e.g., computational simulations) and
climate observations over time that relate to the
effect of climate change on the physical parameters
or chemical composition of the atmosphere,
geosphere, hydrosphere, or cryosphere.
B. Students describe* what each data set represents.
2.   Identifying relationships
A. Students analyze the data and identify and describe
relationships within the datasets, including:
i. Changes over time on multiple scales;
ii. Relationships between quantities in the given data.
3.  Interpreting data
A. Students use their analysis of the data to describe* a
selected aspect of present or past climate and the
associated physical parameters (e.g., temperature,
precipitation, sea level) or chemical composition (e.g.,
ocean pH) of the atmosphere, geosphere,
hydrosphere or cryosphere.
B. Students use their analysis of the data to predict the
future effect of a selected aspect of climate change
on the physical parameters (e.g., temperature,
precipitation, sea level) or chemical composition (e.g.,
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ocean pH) of the atmosphere, geosphere,
hydrosphere or cryosphere.
C. Students describe* whether the predicted effect on
the system is reversible or irreversible.
D. Students identify one source of uncertainty in the
prediction of the effect in the future of a selected
aspect of climate change.
E. In their interpretation of the data, students:
i. Make a statement regarding how variation or
uncertainty in the data (e.g., limitations, accuracy, any
bias in the data resulting from choice of sample, scale,
instrumentation, etc.) may affect the interpretation of the
data;
ii. Identify the limitations of the models that provided the
simulation data and ranges for their predictions.
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Biology Curriculum
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The Biology Curriculum at North Kingstown High School allows students to acquire a strong basis of understanding for the basic
principles of life science. This understanding is essential for a member of society to make informed choices about such important issues as
their body, their medical treatment, and our environment. To this end, students inquire and learn about the building blocks of organisms, the
ways those building blocks interact, and how organisms themselves interact with their environment and each other so that their species can
continue to survive from generation to generation.
Biology is the traditional sophomore class at North Kingstown High School and students build upon the Earth and Physical Science
concepts toward a more comprehensive scientific understanding that continues to build through Chemistry and the science electives. In this
way, Biology plays a key role to build the scientific literacy and mastery that we strive to instill in our students before they graduate NKHS.
Essential Questions:
4) “How do organisms live and grow?”
5) “How d
 o organisms interact with their environment, and what are the effects of those interactions?”
6) “How are characteristics of one generation passed on to the next? How can individuals of the same species and even siblings have
different characteristics?”
Resources/Assessments:
Items listed in this document are assessments that are common to the biology curriculum.  Assessments labeled with an “FA” stand for
“Formative Assessment” while assessments labeled with an “SA” stand for “Summative Assessment”.
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Essential Question: “How do organisms live and grow?”
Topic
Organization

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-2:
Develop and use a model to
illustrate the hierarchical
organization of interacting
systems that provide specific
functions within multi-cellular
organisms.

Performance Outcomes
1. Components of the model:
Students develop a model in which  they identify and
describe the relevant parts (e.g., organ system, organs, and
their component tissues) and processes (e.g., transport of fluids,
motion) of body systems in multi-cellular organisms.
2.  Relationships:
In the model, students describe the relationships between
components, including:I
i. The functions of at least two major body systems in
terms of contributions to overall function of an organism;
ii. Ways the functions of two different systems affect one
another; and
iii. A system’s function and how that relates both to the
system’s parts and to the overall function of the
organism.
3 Connections:
A - Students use the model to illustrate how the interaction
between systems provides specific functions in
multi-cellular organisms.
B - Students make a distinction between the accuracy of the
model and actual body systems and functions it represents.

Resources/Assessments
The Science of Biology
FA: Understanding Science
FA: Studying Life
REVIEW: BOZEMAN
https://www.youtube.com/watch?v=7xp
ONWAj4Go
FA: The Scientific Method
SA: ILI Using the Scientific Method
SA: Modeling Organization Assssment

Circulatory &  Respiratory Systems
FA: Vascoconstriction
FA: Radiators to Respiration
SA: Circulation/Respiration Quiz
SA: Modeling Organization in the
Human Body
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Essential Question: “How do organisms live and grow?”
Topic
Organization

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-6:
Construct and revise an
explanation based on
evidence for how carbon,
hydrogen, and oxygen from
sugar molecules may
combine with other elements
to form amino acids and/or
other large carbon-based
molecules.

Performance Outcomes

Resources/Assessments

1. Articulating the explanation of phenomena

The Chemistry of Life

Students construct an explanation that includes:
i. The relationship between the carbon, hydrogen, and
oxygen atoms from sugar molecules formed in or ingested
by an organism and those same atoms found in amino
acids and other large carbon-based molecules;
ii. That larger carbon-based molecules and amino acids can
be a result of chemical reactions between sugar molecules
(or their component atoms) and other atoms.

FA: More than Just an Average Cookie:
TED-ED
http://ed.ted.com/lessons/the-chemistryof-cookies-stephanie-warren

2 Evidence
A - Students identify and describe the evidence to construct
the explanation, including:
i. All organisms take in matter (allowing growth and
maintenance) and rearrange the atoms in chemical
reactions.
ii. Cellular respiration involves chemical reactions between
sugar molecules and other molecules in which energy is
released that can be used to drive other chemical reactions.
iii. Sugar molecules are composed of carbon, oxygen, and
hydrogen atoms.
iv. Amino acids and other complex carbon-based molecules
are composed largely of carbon, oxygen, and hydrogen
atoms.
v. Chemical reactions can create products that are more
complex than the reactants.
vi. Chemical reactions involve changes in the energies of the
molecules involved in the reaction.

FA: Pineapple-Protein Case Study.
SA: Biomolecules
SA: Chemical Reactions and Enzymes
FA: Technology and Biology: A Nature
Inspired Adhesive
FA: Mystery? The Ghostly Fish

B - Students use a variety of valid and reliable sources for
the evidence (e.g., theories, simulations. students’ own
investigations).
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Essential Question: “How do organisms live and grow?”
Topic
Homeostasis

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-3:
Plan and conduct an
investigation to provide
evidence that feedback
mechanisms maintain
homeostasis.

Performance Outcomes

Resources/Assessments

1. Identifying the phenomenon under investigation

Studying Life

Students describe the phenomenon under investigation,
which includes the following idea: that feedback mechanisms
maintain homeostasis.

FA: Case Study:  Andrea, The Death of
a Diabetic

2 Identifying the evidence to answer this question
A - Students develop an investigation plan and describe the
data that will be collected and the evidence to be derived
from the data, including:
i. Changes within a chosen range in the external environment
of a living system;
ii. Responses of a living system that would stabilize and
maintain the system’s internal conditions (homeostasis), even
though external conditions change, thus establishing the
positive or negative feedback mechanism.
B - Students describe why the data will provide information
relevant to the purpose of the investigation.
3 Planning for the investigation
In the investigation plan, students describe:
i. How the change in the external environment is to be
measured or identified;
ii. How the response of the living system will be measured or
identified;
iii. How the stabilization or destabilization of the system’s
internal conditions will be measured or determined;
iv. The experimental procedure, the minimum number of
different systems (and the factors that affect them) that
would allow generalization of results, the evidence derived
from the data, and identification of limitations on the
precision of data to include types and amounts; and
v. Whether the investigation will be conducted individually or
collaboratively.

FA: Homeostasis: The Urinary System
REVIEW: Amoeba Sisters:
                  Homeostasis
https://www.youtube.com/watch?v=6fhb
bFd4icY
FA: The Thermostat in your house and
you.
FA: Homeostasis in Cells
FA: Height by Prescription:
        Case Study
SA: Homeostasis within the
        Characteristics of Life
SA: Homeostasis in You:
        Physiology Lab

4 Collecting the data
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Students collect and record changes in the external
environment and organism responses as a function of time.
5 Refining the design
A - Students evaluate their investigation, including:
i. Assessment of the accuracy and precision of the data, as
well as limitations (e.g., cost, risk, time) of the
investigation, and make suggestions for refinement; and
ii. Assessment of the ability of the data to provide the
evidence required.
B - If necessary, students refine the investigation plan to
produce more generalized data.
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Essential Question: “How do organisms live and grow?”
Topic
Utilization of Energy

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-7:
Use a model to illustrate that
cellular respiration is a
chemical process whereby the
bonds of food molecules and
oxygen molecules are broken
and the bonds in new
compounds are formed
resulting in a net transfer of
energy.

Performance Outcomes
1. Components of the model
From a given model, students identify and describe the
components of the model relevant for their illustration of
cellular respiration, including:
i. Matter in the form of food molecules, oxygen, and the
products of their reaction (e.g., water and CO2);
ii. The breaking and formation of chemical bonds; and
iii. Energy from the chemical reactions.
2. Relationships

Resources/Assessments
Cellular Respiration and
Fermentation
FA: Cellular Respiration
        Introductory Discussion
FA: Cellular Respiration: an
        Overview
SA: Products and Reactants of
       Cellular Respiration

From the given model, students describe the relationships
between components, including:
i. Carbon dioxide and water are produced from sugar and
oxygen by the process of cellular respiration; and
ii. The process of cellular respiration releases energy
because the energy released when the bonds that are
formed in CO2 and water is greater than the energy
required to break the bonds of sugar and oxygen.

FA: Biology & Society: Should
        Creatine Supplements be
        Regulated?

3.  Connections

SA: ILI Fermentation in Yeast

FA: Quick Lab: How Does
        Excersice effect Disposal of
        Wastes from Cellular
        Respiration

Students use the given model to illustrate that:
i. The chemical reaction of oxygen and food molecules
releases energy as the matter is rearranged, existing
chemical bonds are broken, and new chemical bonds are
formed, but matter and energy are neither created nor
destroyed.
ii. Food molecules and oxygen transfer energy to the cell to
sustain life’s processes, including the maintenance of
body temperature despite ongoing energy transfer to the
surrounding environment.
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Essential Question: “How do organisms live and grow?”
Topic
Utilization of Energy

NGSS Standard

 LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-3:
Construct and revise an
explanation based on
evidence for the cycling of
matter and flow of energy in
aerobic and anaerobic
conditions.

Performance Outcomes
1. Articulating the explanation of phenomena
Students construct an explanation that includes that:
i. Energy from photosynthesis and respiration drives the cycling
of matter and flow of energy under aerobic or anaerobic
conditions within an ecosystem.
ii. Anaerobic respiration occurs primarily in conditions where
oxygen is not available.
2. Evidence
A - Students identify and describe the evidence to construct
the explanation, including:
i. All organisms take in matter and rearrange the atoms
in chemical reactions.
ii. Photosynthesis captures energy in sunlight to create
chemical products that can be used as food in cellular
respiration.
iii. Cellular respiration is the process by which the matter
in food (sugars, fats) reacts chemically with other
compounds, rearranging the matter to release energy
that is used by the cell for essential life processes.

Resources/Assessments
Cellular Respiration and
Fermentation
FA: Cellular Respiration
        Introductory Discussion
FA: Cellular Respiration: an
        Overview
SA: Products and Reactants of
       Cellular Respiration
FA: Biology & Society: Should
        Creatine Supplements be
        Regulated?
FA: Quick Lab: How Does
        Excersice effect Disposal of
        Wastes from Cellular
        Respiration
SA: ILI Fermentation in Yeast

B - Students use a variety of valid and reliable sources for
the evidence, which may include theories, simulations, peer
review, and students’ own investigations.
3.  Reasoning
A - Students use reasoning to connect evidence, along with
the assumption that theories and laws that describe the
natural world operate today as they did in the past and will
continue to do so in the future, to construct their
explanation. Students describe the following chain of
reasoning used to construct their explanation:
i. Energy inputs to cells occur either by photosynthesis
or by taking in food.
ii. Since all cells engage in cellular respiration, they must
all produce products of respiration.
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iii. The flow of matter into and out of cells must therefore
be driven by the energy captured by photosynthesis or
obtained by taking in food and released by respiration.
iv. The flow of matter and energy must occur whether
respiration is aerobic or anaerobic.
4.  Revising the explanation
Given new data or information, students revise their
explanation and justify the revision (e.g., recent discoveries of
life surrounding deep sea ocean vents have shown that
photosynthesis is not the only driver for cycling matter and
energy in ecosystems).
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Essential Question: “How do organisms live and grow?”
Topic
Utilization of Energy

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-5:
Use a model to illustrate how
photosynthesis transforms
light energy into stored
chemical energy.

Performance Outcomes

Resources/Assessments

1.  Components of the model

PHOTOSYNTHESIS

Students use evidence to develop a model in which they
identify and describe the relevant components, including:
i. The inputs and outputs of photosynthesis;
ii. The inputs and outputs of cellular respiration; and
iii. The biosphere, atmosphere, hydrosphere, and
geosphere.

FA: Comparing Photosynthesis
         and Cellular Respiration
         an Overview

2.  Relationships
Students describe relationships between components of
their model, including:
i. The exchange of carbon (through carbon-containing
compounds) between organisms and the environment;
and
ii. The role of storing carbon in organisms (in the form of
carbon-containing compounds) as part of the carbon
cycle.
3.  Connections
A - Students describe the contribution of photosynthesis
and cellular respiration to the exchange of carbon within
and among the biosphere, atmosphere, hydrosphere, and
geosphere in their model.
B - Students make a distinction between the model’s
simulation and the actual cycling of carbon via
photosynthesis and cellular respiration.

FA:Mystery: O
 ut of Thin Air?
FA: Quick Lab: What Waste Material is
Produced During Photosynthesis?
FA: Photosynthesis Overview
FA: The Story of Photosynthesis:
TED-ED:
http://ed.ted.com/lessons/the-simple-but
-fascinating-story-of-photosynthesis-and
-food-amanda-ooten
SA: Products and Reactants of
        Photosynthesis
FA: The Science and History of
        Maple Syrup
SA: ILI Paper Chromatography
        and Identifying Types of
        Chlorophyll
FA: Modeling Photosynthesis
        and Respiration:
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Essential Question: “How do organisms live and grow?”
Topic
Reproduction

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-4:
Use a model to illustrate the
role of cellular division
(mitosis) and differentiation in
producing and maintaining
complex organisms.

Performance Outcomes

Resources/Assessments

1. Components of the model

Cell Growth and Division

From the given model, students identify and describe the
components of the model relevant for illustrating the role of
mitosis and differentiation in producing and maintaining
complex organisms, including:
i. Genetic material containing two variants of each
chromosome pair, one from each parent;
ii. Parent and daughter cells (i.e., inputs and outputs of
mitosis);
iii. A multi-cellular organism as a collection of
differentiated cells.

FA:Quick Lab: Modeling the
Relationship Between Surface Area and
Volume

2.  Relationships
Students identify and describe the relationships between
components of the given model, including:
i. Daughter cells receive identical genetic information
from a parent cell or a fertilized egg.
ii. Mitotic cell division produces two genetically identical
daughter cells from one parent cell.
iii. Differences between different cell types within a
multicellular organism are due to gene expression — not
different genetic material within that organism.
3.  Connections
A - Students use the given model to illustrate that mitotic
cell division results in more cells that:
i. Allow growth of the organism;
ii. Can then differentiate to create different cell types;
and
iii. Can replace dead cells to maintain a complex
organism.

FA: Cell Growth, Division, and
Reproduction
FA: CELL SIZE and SCALE:
http://learn.genetics.utah.edu/content/ce
lls/scale/
FA: Mystery? Pet Shop Accident
SA: Cell Growth
FA: Quick Lab: Mitosis in Action
FA: Cancer: Uncontrolled Cell Growth
FA: Case Study: The Aging Surfer
FA: Cell Differentiation
FA: NOVA ONLINE: “The Cancer
Warrior”
FA: TED-ED: Cancer?
http://ed.ted.com/lessons/how-do-cance
r-cells-behave-differently-from-healthy-o
nes-george-zaidan
SA: Cell Growth, Division, and
Reproduction Assessment.

B - Students make a distinction between the accuracy of the
model and the actual process of cellular division.
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Essential Question: “How do organisms live and grow?”
Topic
Reproduction

NGSS Standard

LS 3: Heredity: Inheritance
and Variation of Traits
HS-LS3-2:
Make and defend a claim
based on evidence that
inheritable genetic variations
may result from: (1) new
genetic combinations through
meiosis, (2) viable errors
occurring during replication,
and/or (3) mutations caused
by environmental factors.

Performance Outcomes

Resources/Assessments

1. Developing a claim

Meiosis

Students make a claim that includes the idea that inheritable
genetic variations may result from:
i. New genetic combinations through meiosis;
ii. Viable errors occurring during replication; and
iii. Mutations caused by environmental factors.

SA: Food Fight ( GMO’s)

2.  Identifying scientific evidence

 Students identify and describe evidence that supports the
claim, including:
i. Variations in genetic material naturally result during
meiosis when corresponding sections of chromosome
pairs exchange places.
ii. Genetic mutations can occur due to:
a) errors during replication; and/or
b) environmental factors.
iii. Genetic material is inheritable.
B - Students use scientific knowledge, literature,
student-generated data, simulations and/or other sources
for evidence.
3.  Evaluating and critiquing evidence
Students identify the following strengths and weaknesses of
the evidence used to support the claim:
i. Types and numbers of sources;
ii. Sufficiency to make and defend the claim, and to
distinguish between causal and correlational
relationships; and
iii. Validity and reliability of the evidence.

SA: ILI-GMO’s and Peas
FA: Meiosis Overview
FA: Comparing Meiosis Videos
FA: Non-Disjunction Disorders
SA: Meiosis Assessment
NKHS-FA: When Meiosis Goes Wrong
https://www.youtube.com/watch?v=5M-xOyGUX4
Mutations
FA: Protein Synthesis
        Overview
FA: Types of Mutations
FA: When Things Go Wrong
FA: Quick Lab: Modeling Mutations
FA: Human Genetic Disorders
FA: Biology and Society: Are Laws
Protecting Genetic Privacy Necessary?
SA: Mutations Assessment

4.  Reasoning and synthesis
A - Students use reasoning to describe links between the
evidence and claim, such as:
i. Genetic mutations produce genetic variations between
cells or organisms.
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ii. Genetic variations produced by mutation and meiosis
can be inherited.
B - Students use reasoning and valid evidence to describe
that new combinations of DNA can arise from several
sources, including meiosis, errors during replication, and
mutations caused by environmental factors.
C - Students defend a claim against counter-claims and
critique by evaluating  counter-claims and by describing the
connections between the relevant and appropriate evidence
and the strongest claim.
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Essential Question: “How do organisms live and grow?”
Topic
Growth and
Development

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-4:
Use a model to illustrate the
role of cellular division
(mitosis) and differentiation in
producing and maintaining
complex organisms.

Performance Outcomes

Resources/Assessments

1. Components of the model:

 Gene Regulation and Expression

From the given model, students identify and describe the
components of the model relevant for illustrating the role of
mitosis and differentiation in producing and maintaining
complex organisms, including:
i. Genetic material containing two variants of each
chromosome pair, one from each parent;
ii. Parent and daughter cells (i.e., inputs and outputs of
mitosis);
iii. A multi-cellular organism as a collection of differentiated
cells.

FA: Same DNA, different
        message?

2.  Relationships

NKHS FA: Epigenetics Determining
Sexuality

Students identify and describe the relationships between
components of the given model, including:
i. Daughter cells receive identical genetic information from a
parent cell or a fertilized egg.
ii. Mitotic cell division produces two genetically identical
daughter cells from one parent cell.
iii. Differences between different cell types within a
multicellular organism are due to gene expression — not
different genetic material within that organism.

SA: GATTACA Analysis
FA: How are genes made?
FA: NOVA ONLINE: Epigenetics
http://www.pbs.org/wgbh/nova/body/epi
genetics.html

FA: Genetic Control of Development
FA: Mystery? Mouse-Eyed Fly
SA: Big IDEA: Information and Heredity

3. Connections:
A - Students use the given model to illustrate that mitotic
cell division results in more cells that:
i. Allow growth of the organism;
ii. Can then differentiate to create different cell types; and
iii. Can replace dead cells to maintain a complex organism.
B -  Students make a distinction between the accuracy of
the model and the actual process of cellular division..
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Essential Question: “How do organisms live and grow?”
Topic
Adapt

NGSS Standard

LS 4: Biological Evolution:
Unity and Diversity
HS-LS4-3:
Apply concepts of statistics
and probability to support
explanations that organisms
with an advantageous
heritable trait tend to increase
in proportion to organisms
lacking this trait.

Performance Outcomes

Resources/Assessments

1. Organizing data

Natural Selection and Adaptation

A - Students organize data (e.g., using tables, graphs and
charts) by the distribution of genetic traits over time.

FA: Evolution as Genetic
      Change in Populations

B - Students describe what each data-set represents

FA: Untamed Science:
https://www.youtube.com/watch?v=IkD
GA4GF4jk

2.  Identifying relationships
Students perform and use appropriate statistical analyses of
data, including probability measures, to determine patterns
of change in numerical distribution of traits over various
time and
population scales.

FA: Mystery? Such Varied
HoneyCreepers.

3.  Interpreting data

FA: Honey Creeper Interactive

Students use the data analyses as evidence to support
explanations about the following:
i. Positive or negative effects on survival and reproduction of
individuals as relating to their expression of a variable trait in
a population;
ii. Natural selection as the cause of increases and decreases
in heritable traits over time in a population, but only if it
affects reproductive success; and
iii. The changes in distribution of adaptations of anatomical,
behavioral, and physiological traits in a population.

SA: ILI Adapting Beaks for
        Function

FA:HHMI: The Origin of Species: The
Finch Beak

SA: Adaptation and Evolution
TED-ED How We Think Cells Evolve:
http://ed.ted.com/lessons/how-we-thinkcomplex-cells-evolved-adam-jacobson
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Essential Question: “How do organisms live and grow?”
Topic
Adapt

NGSS Standard

LS 4: Biological Evolution:
Unity and Diversity
HS-LS4-4:
Construct an explanation
based on evidence for how
natural selection leads to
adaptation of populations.

Performance Outcomes

Resources/Assessments

1.  Articulating the explanation of phenomena

Natural Selection and Adaptation

Students construct an explanation that identifies the cause
and effect relationship between natural selection and
adaptation.

FA: Evolution as Genetic
      Change in Populations

2.  Evidence

FA: Untamed Science:
https://www.youtube.com/watch?v=IkD
GA4GF4jk

A - Students identify and describe the evidence to construct
their explanation, including:
i. Changes in a population when some feature of the
environment changes;
ii. Relative survival rates of organisms with different traits in a
specific environment;
iii. The fact that individuals in a species have genetic variation
(through mutations and sexual reproduction) that is passed
on to their offspring; and
iv. The fact that individuals can have specific traits that give
them a competitive advantage relative to other individuals in
the species.
B - Students use a variety of valid and reliable sources for
the evidence (e.g., theories, simulations, peer review, students’
own investigations)

FA: Mystery? Such Varied
        HoneyCreepers.
FA:HHMI: The Origin of
      Species: The Finch Beak
FA: Honey Creeper Interactive
SA: ILI Adapting Beaks for
        Function
SA: Adaptation and Evolution
TED-ED How We Think Cells Evolve:
http://ed.ted.com/lessons/how-we-thinkcomplex-cells-evolved-adam-jacobson

3.  Reasoning
Students use reasoning to synthesize the valid and reliable
evidence to distinguish between cause and correlation to
construct the explanation about how natural selection
provides a mechanism for species to adapt to changes in
their environment, including the following elements:
i. Biotic and abiotic differences in ecosystems contribute to
changes in gene frequency over time through natural
selection.
ii. Increasing gene frequency in a population results in an
increasing fraction of the population in each successive
generation that carries a particular gene and expresses a
particular trait.
iii. Over time, this process leads to a population that is
adapted to a particular environment by the widespread
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expression of a trait that confers a competitive advantage in
that environment.
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Essential Question: “How do organisms live and grow?”
Topic
Evolution

NGSS Standard

LS 4: Biological Evolution:
Unity and Diversity
HS-LS4-1:
Communicate scientific
information that common
ancestry and biological
evolution are supported by
multiple lines of empirical
evidence.

Performance Outcomes

Resources/Assessments

1.  Communication style and format

Natural Selection and Adaptation

Students use at least two different formats (e.g., oral,
graphical, textual and mathematical), to communicate
scientific information, including that common ancestry and
biological evolution are supported by multiple lines of
empirical evidence. Students cite the origin of the
information as appropriate.

FA: Evolution as Genetic
      Change in Populations

2. Connecting the DCIs and the CCCs

FA: Mystery? Such Varied
        HoneyCreepers.

A - Students identify and communicate evidence for
common ancestry and biological evolution, including:
i. Information derived from DNA sequences, which vary
among species but have many similarities between
species;
ii. Similarities of the patterns of amino acid sequences, even
when DNA sequences are slightly different, including the
fact that multiple patterns of DNA sequences can code for
the same amino acid;
iii. Patterns in the fossil record (e.g., presence, location, and
inferences possible in lines of evolutionary descent for
multiple specimens); and
iv. The pattern of anatomical and embryological similarities.

FA: Untamed Science:
https://www.youtube.com/watch?v=IkD
GA4GF4jk

FA:HHMI: The Origin of
      Species: The Finch Beak
FA: Honey Creeper Interactive
SA: ILI Adapting Beaks for
        Function
SA: Adaptation and Evolution
TED-ED How We Think Cells Evolve:
http://ed.ted.com/lessons/how-we-thinkcomplex-cells-evolved-adam-jacobson

B - Students identify and communicate connections
between each line of evidence and the claim of common
ancestry and biological evolution.
C - Students communicate that together, the patterns
observed at multiple spatial and temporal scales (e.g., DNA
sequences, embryological development, fossil records) provide
evidence for causal relationships relating to biological
evolution and common ancestry.
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Essential Question: “How do organisms live and grow?”
Topic
Evolution

NGSS Standard

LS 4: Biological Evolution:
Unity and Diversity
HS-LS4-2:
Construct an explanation
based on evidence that the
process of evolution primarily
results from four factors: (1)
the potential for a species to
increase in number, (2) the
heritable genetic variation of
individuals in a species due to
mutation and sexual
reproduction, (3) competition
for limited resources, and (4)
the proliferation of those
organisms that are better able
to survive and reproduce in
the environment.

Performance Outcomes

Resources/Assessments

1.  Articulating the explanation of phenomena

Darwin’s Theory of Evolution

Students construct an explanation that includes a
description that evolution is caused primarily by one or
more of the four factors:
(1) the potential for a species to increase in number,
(2) the heritable genetic variation of individuals in a species due
to mutation and sexual reproduction,
(3) competition for limited resources, and
(4) the proliferation of those organisms that are better able to
survive and reproduce in the environment.

FA: Darwin’s Voyage of Discovery

2. Evidence

SA: Biology and History “Origins of
Evolutionary Thought”

A - Students identify and describe evidence to construct
their explanation, including that:
i. As a species grows in number, competition for limited
resources can arise.
ii. Individuals in a species have genetic variation (through
mutations and sexual reproduction) that is passed on to
their offspring.
iii. Individuals can have specific traits that give them a
competitive advantage relative to other individuals in the
species.

FA: Ideas that shaped Darwin’s
        Thinking
FA: Quick Lab “Darwin’s Voyage”
FA: CK-12 Darwin’s Voyage of the
Beagle Overview

FA: Evidence of Evolution
FA: Organic Tools: Visual Analogy for
Finch Beak

B - Students use a variety of valid and reliable sources for
the evidence (e.g., data from investigations, theories,
simulations, peer review).
3.  Reasoning
A - Students use reasoning to connect the evidence, along
with the assumption that theories and laws that describe the
natural world operate today as they did in the past and will
continue to do so in the future, to construct the explanation.
Students describe the following chain of reasoning for their
explanation:
i. Genetic variation can lead to variation of expressed traits
in individuals in a population.
ii. Individuals with traits that give competitive advantages
can survive and reproduce at higher rates than individuals
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without the traits because of the competition for limited
resources.
iii. Individuals that survive and reproduce at a higher rate will
provide their specific genetic variations to a greater
proportion of individuals in the next generation.
iv. Over many generations, groups of individuals with
particular traits that enable them to survive and reproduce
in distinct environments using distinct resources can
evolve into a different species.
B - Students use the evidence to describe the following in
their explanation:
i. The difference between natural selection and biological
evolution (natural selection is a process, and biological
evolution can result from that process); and
ii. The cause and effect relationship between genetic
variation, the selection of traits that provide comparative
advantages, and the evolution of populations that all
express the trait.
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Essential Question: “How do organisms live and grow?”
Topic
Evolution

NGSS Standard

LS 4: Biological Evolution:
Unity and Diversity
HS-LS4-5:
Evaluate the evidence
supporting claims that
changes in environmental
conditions may result in: (1)
increases in the number of
individuals of some species,
(2) the emergence of new
species over time, and (3) the
extinction of other species.

Performance Outcomes

Resources/Assessments

1.  Identifying the given claims and evidence to be evaluated

Evolution: In Depth

A - Students identify the given claims, which include the
idea that changes in environmental conditions may result
in:
i. Increases in the number of individuals of some species;
ii. The emergence of new species over time; and
iii. The extinction of other species.

FA: The Alpine Chipmunk's Decline

B - Students identify the given evidence to be evaluated.

FA: Biology and Society: Should
      Antibiotic Use Be
      Restricted?

2.  Identifying any potential additional evidence that is
relevant to the evaluation
A - Students identify and describe additional evidence (in the
form of data, information, models, or other appropriate forms)
that was not provided but is relevant to the claims and to
evaluating the given evidence, including:
i. Data indicating the change over time in:
 a) The number of individuals in each species;
 b) The number of species in an environment; and
 c) The environmental conditions.
ii. Environmental factors that can determine the ability of
individuals in a species to survive and reproduce.

FA: Evolution as Genetic
        Change in Populations
FA: Mystery? Epidemic

FA: Analyzing the date: Fish in
        Two Lakes
SA: ILI Hominid Skull
        Investigation

3.  Evaluating and critiquing
A - Students use their additional evidence to assess the
validity, reliability, strengths, and weaknesses of the given
evidence, along with its ability to support logical and
reasonable arguments about the outcomes of group
behavior.
B - Students assess the ability of the given evidence to be
used to determine causal or correlational effects between
environmental changes, the changes in the number of
individuals in each species, the number of species in an
environment, and/or the emergence or extinction of species.
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4.  Reasoning and synthesis
Students evaluate the degree to which the given empirical
evidence can be used to construct logical arguments that
identify causal links between environmental changes and
changes in the number of individuals or species based on
environmental factors that can determine the ability of
individuals in a species to survive and reproduce
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Energy and Carbon
Cycling

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-5:
Develop a model to illustrate
the role of photosynthesis and
cellular respiration in the
cycling of carbon among the
biosphere, atmosphere,
hydrosphere, and geosphere.

Performance Outcomes
1. Components of the model
From the given model, students identify and describe the
components of the model relevant for illustrating that
photosynthesis transforms light energy into stored
chemical energy by converting carbon dioxide plus water
into sugars plus released oxygen, including:
i. Energy in the form of light;
ii. Breaking of chemical bonds to absorb energy;
iii. Formation of chemical bonds to release energy; and
iv. Matter in the form of carbon dioxide, water, sugar, and
oxygen.
2.  Relationships
Students identify the following relationship between
components of the given model: Sugar and oxygen are
produced by carbon dioxide and water by the process of
photosynthesis.

Resources/Assessments
Speciation
FA: HHMI: Anole Lizards: An Example
of Speciation
FA: Genes and Variation
FA: The Process of Speciation
FA:Molecular Evolution
FA: Analysing Data: Fishes in two
Lakes
FA: Case Study:  Peppered Moths
SA: Evolution of Populations

3. Connections
Students use the given model to illustrate:
 i. The transfer of matter and flow of energy between the
organism and its environment during photosynthesis; and
 ii. Photosynthesis as resulting in the storage of energy in the
difference between the energies of the chemical bonds of
the inputs (carbon dioxide and water) and outputs (sugar
and oxygen).
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Carrying Capacity

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-1:
Use mathematical and/or
computational representations
to support explanations of
factors that affect carrying
capacity of ecosystems at
different scales.

Performance Outcomes

Resources/Assessments

1. Representation

 Populations

A - Students identify and describe the components in the
given mathematical and/or computational representations
(e.g., trends, averages, histograms, graphs, spreadsheets)  that
are relevant to supporting given explanations of factors that
affect carrying capacities of ecosystems at different scales.
The components include:
i. The population changes gathered from historical data or
simulations of ecosystems at different scales; and
ii. Data on numbers and types of organisms as well as
boundaries, resources, and climate.

FA: How Populations Grow?

B- Students identify the given explanation(s) to be
supported, which include the following ideas: Factors
(including boundaries, resources, climate, and competition)
affect carrying capacity of an ecosystem, and:
i. Some factors have larger effects than do other factors.
ii. Factors are interrelated.
iii. The significance of a factor is dependent on the scale (e.g.,
a pond vs. an ocean) at which it occurs.

FA: “RAT ATTACK”
FA: Limits to Growth
FA: Chapter Mystery: A Plague of
Rabbits
FA: Biology and Society: Invasive
Mussels
FA: How can Wolves Change a River
SA: ILI The Growth Cycle of Yeast
SA: Population  Dynamics

2. Mathematical and/or computational modeling
Students use given mathematical and/or computational
representations (e.g., trends, averages, histograms, graphs,
spreadsheets) of ecosystem factors to identify changes over
time in the numbers and types of organisms in ecosystems
of different scales.
3. Analysis
Students analyze and use the given mathematical and/or
computational representations
.i. To identify the interdependence of factors (both living and
nonliving) and resulting effect on carrying capacity; and
ii. As evidence to support the explanation and identify the
factors that have the largest effect on the carrying capacity
of an ecosystem for a given population
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
BIODIVERSITY

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-2:
Use mathematical
representations to support and
revise explanations based on
evidence about factors
affecting biodiversity and
populations in ecosystems of
different scales.

Performance Outcomes
1. Representation
A - Students identify and describe the components in the
given mathematical representations (which include trends,
averages, and graphs of the number of organisms per unit of
area in a stable system) that are relevant to supporting and
revising the given explanations about factors affecting
biodiversity and ecosystems, including:
i. Data on numbers and types of organisms are represented.
ii. Interactions between ecosystems at different scales are
represented.
B - Students identify the given explanation(s) to be
supported of factors affecting biodiversity and population
levels, which include the following ideas:
i. The populations and number of organisms in ecosystems
vary as a function of the physical and biological dynamics
of the ecosystem.
ii. The response of an ecosystem to a small change might not
significantly affect populations, whereas the response to a
large change can have a large effect on populations that
then feeds back to the ecosystem at a range of scales.
iii. Ecosystems can exist in the same location on a variety of
scales (e.g., plants and animals vs. microbes), and these
populations can interact in ways that significantly change
these ecosystems (e.g., interactions among microbes,
plants, and animals can be an important factor in the
resources available to both a microscopic and macroscopic
ecosystem).

Resources/Assessments
Ecology
FA: Biodiversity
FA: Easter Island” A Case Study”
SA: ILI School Ground Biodiversity
FA: Saving Species Discovery Online
FA: Analyzing Data: Saving the Golden
Lion Tamarin
SA: “Medicine Man”

2. Mathematical Modeling
Students use the given mathematical representations
(including trends, averages, and graphs) of factors affecting
biodiversity and ecosystems to identify changes over time
in the numbers and types of organisms in ecosystems of
different scales.
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3.  Analysis
A - Students use the analysis of the given mathematical
representations of factors affecting biodiversity and
ecosystems
i. To identify the most important factors that determine
biodiversity and population numbers of an ecosystem.
ii. As evidence to support explanation(s) for the effects of
both living and nonliving factors on biodiversity and
population size, as well as the interactions of ecosystems
on different scales.
iii. To describe how, in the model, factors affecting
ecosystems at one scale can cause observable changes
in ecosystems at a different scale.

B - Students describe the given mathematical

representations in terms of their ability to support
explanation(s) for the effects of modest to extreme
disturbances on an ecosystems’ capacity to return to
original status or become a different ecosystem.
4. Revision
Students revise the explanation(s) based on new evidence
about any factors that affect biodiversity and populations
(e.g., data illustrating the effect of a disturbance within the
ecosystem).
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Stability in Ecosystems

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-6:
Evaluate the claims, evidence,
and reasoning that the
complex interactions in
ecosystems maintain relatively
consistent numbers and types
of organisms in stable
conditions, but changing
conditions may result in a new
ecosystem.

Performance Outcomes
1. Identifying the given explanation and the supporting
claims, evidence, and reasoning.
A - Students identify the given explanation that is supported
by the claims, evidence, and reasoning to be evaluated, and
which includes the following idea: The complex interactions
in ecosystems maintain relatively consistent numbers and
types of organisms in stable conditions, but changing
conditions may result in a new ecosystem.
B - From the given materials, students identify:
i. The given claims to be evaluated;
ii. The given evidence to be evaluated; and
iii. The given reasoning to be evaluated.
2. Identifying any potential additional evidence that is
relevant to the evaluation
Students identify and describe additional evidence (in the
form of data, information, or other appropriate forms) that
was not provided but is relevant to the explanation and to
evaluating the given claims, evidence, and reasoning:
i. The factors that affect biodiversity;
ii. The relationships between species and the physical
environment in an ecosystem; and
iii. Changes in the numbers of species and organisms in an
ecosystem that has been subject to a modest or extreme
change in ecosystem conditions.

Resources/Assessments
Ecology
FA: Never Cry Wolf
FA: Chapter Mystery “ The Wolf Effect”
FA: Ecosystems and Communities
FA: Niches and Community Interactions
FA: Succession
FA: Succession around Campus
FA: Linx and Hare (Predator Prey
Dynamics)
SA: Ecology

3. Evaluating and critiquing
A - Students describe the strengths and weaknesses of the
given claim in accurately explaining a particular response of
biodiversity to a changing condition, based on an
understanding of the factors that affect biodiversity and the
relationships between species and the physical
environment in an ecosystem.
B - Students use their additional evidence to assess the
validity and reliability of the given evidence and its ability to
support the argument that resiliency of an ecosystem is
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subject to the degree of change in the biological and
physical environment of an ecosystem.
C - Students assess the logic of the reasoning, including the
relationship between degree of change and stability in
ecosystems, and the utility of the reasoning in supporting
the explanation of how:
i. Modest biological or physical disturbances in an ecosystem
result in maintenance of relatively consistent numbers and
types of organisms.
ii. Extreme fluctuations in conditions or the size of any
population can challenge the functioning of ecosystems in
terms of resources and habitat availability, and can even
result in a new ecosystem.
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Flow of matter and
Energy in Organisms

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-4:
Use mathematical
representations to support
claims for the cycling of matter
and flow of energy among
organisms in an ecosystem.

Performance Outcomes

Resources/Assessments

1. R
 epresentation

 Energy in the Biosphere

A - Students identify and describe the components in the
mathematical representations that are relevant to
supporting the claims. The components could include
relative quantities related to organisms, matter, energy, and
the food web in an ecosystem.

FA: Chapter Mystery
    “Changes in the Bay”

B - Students identify the claims about the cycling of matter
and energy flow among organisms in an ecosystem.

FA: ILI Energy From Biomass

2. Mathematical modeling
A - Students describe how the claims can be expressed as a
mathematical relationship in the mathematical
representations of the components of an ecosystem
B - Students use the mathematical representation(s) of the
food web to:
i. Describe the transfer of matter (as atoms and molecules)
and flow of energy upward between organisms and their
environment;
ii. Identify the transfer of energy and matter between tropic
levels; and
iii. Identify the relative proportion of organisms at each trophic
level by correctly identifying producers as the lowest trophic
level having the greatest biomass and energy and
consumers decreasing in numbers at higher trophic levels.

FA: Analyzing Data: The Ten
        Percent Rule

FA: Connect To The Real
       World: Are Mountain
       Lion Farms a Worthy
       Investment?
FA: Energy, Producers, and
      Consumers
FA: Food Chain Activity
SA: Energy Flow in
      Ecosystems

3. Analysis
A - Students use the mathematical representation(s) to
support the claims that include the idea that matter flows
between organisms and their environment.
B - Students use the mathematical representation(s) to
support the claims that include the idea that energy flows
from one trophic level to another as well as through the
environment.
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C - Students analyze and use the mathematical
representation(s) to account for the energy not transferred
to higher trophic levels but which is instead used for
growth, maintenance, or repair, and/or transferred to the
environment, and the inefficiencies in transfer of matter and
energy.
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Group Behavior

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-8:
Evaluate the evidence for the
role of group behavior on
individual and species’
chances to survive and
reproduce.

Performance Outcomes
1. Identifying the given explanation and the supporting
evidence:
A - Students identify the given explanation that is supported
by the evidence to be evaluated, and which includes the
following idea: Group behavior can increase the chances for
an individual and a species to survive and reproduce.

Resources/Assessments
  Elements of Behavior
FA: Chapter Mystery
FA: Assessing a ZOO for
        Accommodating Group
        Behavior

B - Students identify the given evidence to be evaluated.

FA: “Blackfish” Movie Analysis

2. Identifying any potential additional evidence that is
relevant to the evaluation

FA: Biology & Society: Should Marine
Mammals Be Kept in Captivity

Students identify additional evidence (in the form of data,
information, or other appropriate forms) that was not provided
but is relevant to the explanation and to evaluating the given
evidence, and which includes evidence for causal
relationships between specific group behaviors (e.g.,
flocking, schooling, herding, cooperative hunting, migrating,
swarming) and individual survival and reproduction rates.

FA: Animals in Their Environment
SA: Designing a ZOO around Animal
Behavior

3. Evaluating and critiquing
A - Students use their additional evidence to assess the
validity, reliability, strengths, and weaknesses of the given
evidence along with its ability to support logical and
reasonable arguments about the outcomes of group
behavior.
B - Students evaluate the given evidence for the degree to
which it supports a causal claim that group behavior can
have a survival advantage for some species, including how
the evidence allows for distinguishing between causal and
correlational relationships, and how it supports cause and
effect relationships between various kinds of group
behavior and individual survival rates (for example, the
relationship between moving in a group and individual survival
rates, compared to the survival rate of individuals of the same
species moving alone or outside of the group).
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Human Impacts

NGSS Standard

LS 2: Ecosystems:
Interactions,
 Energy, and Dynamics
HS-LS2-7:
Design, evaluate, and refine a
solution for reducing the
impacts of human activities on
the environment and
biodiversity.*

Performance Outcomes
1. Using scientific knowledge to generate the design
solution
A - Students design a solution that involves reducing the
negative effects of human activities on the environment and
biodiversity, and that relies on scientific knowledge of the
factors affecting changes and stability in biodiversity.
Examples of factors include but are not limited to:
i. Overpopulation;
ii. Overexploitation;
iii. Habitat destruction;
iv. Pollution;
v. Introduction of invasive species; and
vi. Changes in climate.
B - Students describe the ways the proposed solution
decreases the negative effects of human activity on the
environment and biodiversity.
2. Describing criteria and constraints, including
quantification when appropriate
Students describe and quantify (when appropriate) the
criteria (amount of reduction of impacts and human
activities to be mitigated) and constraints (for example, cost,
human needs, and environmental impacts) for the solution to
the problem, along with the trade-offs in the solution.

Resources/Assessments
Humans in the Biosphere
FA: Case Study Climate Change
FA: Case Study: North Atlantic
Fisheries
SA: Codfish on George's Banks
FA: Trawling Effects on Groundfish
Habitat
FA: Mercury in Fish,  NECAP
FA: Asian Shore Crab Inquiry
SA: Disappearing Mussels
FA: Analyzing Data: American Air
Pollution Trends Pollution
FA: Overpopulation's effect on
Biodiversity

3. Evaluating potential solutions
A - Students evaluate the proposed solution for its impact
on overall environmental stability and changes.
B - Students evaluate the cost, safety, and reliability, as well
as social, cultural, and environmental impacts, of the
proposed solution for a select human activity that is harmful
to an ecosystem.
4. Refining and/or optimizing the design solution
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Students refine the proposed solution by prioritizing the
criteria and making trade-offs as necessary to further
reduce environmental impact and loss of biodiversity while
addressing human needs
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Essential Question: “How do organisms interact with their environment, and what are the effects of those interactions?”
Topic
Human Impacts

NGSS Standard

LS 4: Biological Evolution:
Unity and Diversity
HS-LS4-6:
Create or revise a simulation
to test a solution to mitigate
adverse impacts of human
activity on biodiversity.*

Performance Outcomes

Resources/Assessments

1. Representation

Humans in the Biosphere

A - Students create or revise a simulation that:
i. Models effects of human activity (e.g., overpopulation,
overexploitation, adverse habitat alterations, pollution,
invasive species, changes in climate) on a threatened or
endangered species or to the genetic variation within a
species; and
ii. Provides quantitative information about the effect of the
solutions on threatened or endangered species.

FA: Case Study Climate Change

B - Students describe the components that are modeled by
the computational simulation, including human activity (e.g.,
overpopulation, over exploitation, adverse habitat alterations,
pollution, invasive species, changes in climate) and the factors
that affect biodiversity.
C - Students describe the variables that can be changed by
the user to evaluate the proposed solutions, tradeoffs, or
other decisions.
2. Computational modeling
A - Students use logical and realistic inputs for the
simulation that show an understanding of the reliance of
ecosystem function and productivity on biodiversity, and
that take into account the constraints of cost, safety, and
reliability as well as cultural, and environmental impacts.

FA: Case Study: North Atlantic
        Fisheries
SA: Codfish on George's Banks
FA: Trawling Effects on
        Groundfish Habitat
FA: Mercury in Fish,  NECAP
FA: Asian Shore Crab Inquiry
SA: Disappearing Mussels
FA: Analyzing Data: American
        Air Pollution Trends
        Pollution
FA: Overpopulation's effect on
        Biodiversity

B - Students use the simulation to identify possible negative
consequences of solutions that would outweigh their
benefits.
3. Analysis
A - Students compare the simulation results to expected
results.
B - Students analyze the simulation results to determine
whether the simulation provides sufficient information to
evaluate the solution.
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C -  Students identify the simulation’s limitations.
D -  Students interpret the simulation results, and predict
the effects of the specific design solutions on biodiversity
based on the interpretation.
4. Revision
Students revise the simulation as needed to provide
sufficient information to evaluate the solution.
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Essential Question: “How are characteristics of one generation passed on to the next? How can individuals of the same
species and even siblings have different characteristics?”
Topic
DNA and Genes

NGSS Standard

LS 1:  From Molecules to
Organisms: Structures and
Processes
HS-LS1-1:
Construct an explanation
based on evidence for how
the structure of DNA
determines the structure of
proteins which carry out the
essential functions of life
through systems of
specialized cells.

Performance Outcomes

Resources/Assessments

1 Articulating the explanation of phenomena

 DNA

Students construct an explanation that includes the idea
that regions of DNA called genes determine the structure of
proteins, which carry out the essential functions of life
through systems of specialized cells.

FA: Mystery? UV Light and DNA?

2. Evidence

FA: The Main Functions of DNA

Students identify and describe the evidence to construct
their explanation, including that:
i. All cells contain DNA;
ii. DNA contains regions that are called genes;
iii. The sequence of genes contains instructions that code for
proteins; and
iv. Groups of specialized cells (tissues) use proteins to carry
out functions that are essential to the organism. b
Students use a variety of valid and reliable sources for the
evidence (e.g., theories, simulations, peer review,
students’ own investigations).

SA: History of DNA Overview

3. Reasoning
Students use reasoning to connect evidence, along with the
assumption that theories and laws that describe the natural
world operate today as they did in the past and will continue
to do so in the future, to construct the explanation. Students
describe the following chain of reasoning in their
explanation:
i. Because all cells contain DNA, all cells contain genes that
can code for the formation of proteins.
ii. Body tissues are systems of specialized cells with similar
structures and functions, each of whose functions are
mainly carried out by the proteins they produce.
iii. Proper function of many proteins is necessary for the
proper functioning of the cells.
iv. Gene sequence affects protein function, which in turn
affects the function of body tissues.

FA: Identifying Classic Genetic
       Experiments

FA: The Human Genome
FA: The Human Genome Project
FA: The Structure of DNA
FA: Modelling DNA: “All Hands On”
FA: RNA: Ribosomes: and Protein
       Synthesis
FA: Quick Lab: How Does a Cell
      Interpret Codons?
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Essential Question: “How are characteristics of one generation passed on to the next? How can individuals of the same
species and even siblings have different characteristics?”
Topic
Protein Synthesis

NGSS Standard

LS 3: Heredity: Inheritance
and Variation of Traits
HS-LS3-1:
Ask questions to clarify
relationships about the role of
DNA and chromosomes in
coding the instructions for
characteristic traits passed
from parents to offspring.

Performance Outcomes

Resources/Assessments

1.  Addressing phenomena or scientific theories

 DNA

Students use models of DNA to formulate questions, the
answers to which would clarify:
i. The cause and effect relationships (including distinguishing
between causal and correlations relationships) between
DNA, the proteins it codes for, and the resulting traits
observed in an organism;
ii. That the DNA and chromosomes that are used by the cell
can be regulated in multiple ways; and iii. The relationship
between the non-protein coding sections of DNA and their
functions (e.g., regulatory functions) in an organism.

FA: Mystery? UV Light and DNA?

2. Evaluating empirical testability

FA: The Human Genome Project
http://www.pbs.org/wgbh/nova/body/cra
cking-the-code-of-life.html

Students’ questions are empirically testable by scientists.

FA: Identifying Classic Genetic
       Experiments
FA: The Main Functions of DNA
SA: History of DNA Overview
FA: The Human Genome

FA: The Structure of DNA
FA: Modelling DNA: “All Hands On”
FA: RNA: Ribosomes: and Protein
       Synthesis
FA: Quick Lab: How Does a Cell
      Interpret Codons?
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Essential Question: “How are characteristics of one generation passed on to the next? How can individuals of the same
species and even siblings have different characteristics?”
Topic
Variation of Traits

NGSS Standard

LS 3: Heredity: Inheritance
and Variation of Traits
HS-LS3-3:
Apply concepts of statistics
and probability to explain the
variation and distribution of
expressed traits in a
population.

Performance Outcomes

Resources/Assessments

1 Organizing data

 Human Heredity

Students organize the given data by the frequency,
distribution, and variation of expressed traits in the
population.

FA: Mystery: The Crooked
      Cell

2.  Identifying relationships
Students perform and use appropriate statistical analyses of
data, including probability measures, to determine the
relationship between a trait’s occurrence within a
population and environmental factors.
3.  Interpreting data
Students analyze and interpret data to explain the
distribution of expressed traits, including:
i. Recognition and use of patterns in the statistical analysis to
predict changes in trait distribution within a population if
environmental variables change; and
ii. Description of the expression of a chosen trait and its
variations as causative or correlational to some
environmental factor based on reliable evidence.

FA : Human Chromosome: An
        Overview
FA: The Structure of a Chromosome
FA: The Human Genome
FA : A Comparison of
       Chromosomes in Varying
       Organisms
FA: Sickle Cell and Statistics
FA: Analyzing Data: The Geography
       of Malaria
SA: Genetics and Traits
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Chemistry Curriculum
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The Chemistry Curriculum at North Kingstown High School allows students to acquire a strong basis of understanding for the basic
principles of physical science at the microscopic level. In this course students will be introduced to matter at the microscopic level, originating
at subatomic particles and how they come together to form different atoms.  Chemical compounds will be introduced leading to how new
compounds are formed through chemical reactions.  The quantitative nature of chemistry will be examined through quantity of matter and
energy leading into the study of thermodynamics and how matter is affected at the macroscopic level.
Chemistry is the traditional junior class at North Kingstown High School and students build upon the concepts learned in Earth and
Physical Science as well as Biology in order to develop a more comprehensive scientific understanding. In this way, Chemistry continues to
play a key role to build the scientific literacy and mastery that we strive to instill in our students before they graduate NKHS.
Essential Questions:
1) “How can one explain and predict interactions between objects and within systems of objects?”
2) “How i s energy transferred and conserved?”
3) “How a
 re waves used to transfer energy and send and store information?”
Resources/Assessments:
Items listed in this document are assessments that are common to the chemistry curriculum.  Assessments contained under “Lab Activities”
are inquiry assignments that are common to the curriculum and are conducted in each classroom.  Learning Activities refer to activities that
are not traditional laboratory investigations but enhance the application of the content to insure a greater depth of understanding of the
material for the student.
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Measurement and Data
Analysis

NGSS Standard
PS 1: Matter and its
Interactions
HS-PS1-3:
Plan and conduct an
investigation to gather
evidence to compare the
structure of substances at the
bulk scale

Performance Outcomes
5. Refining the design
A - Students evaluate their investigation, including
evaluation of:
i. Assessing the accuracy and precision of the data collected,
as well as the limitations of the investigation
ii. The ability of the data to provide the evidence required.
B - If necessary, students refine the plan to produce more
accurate, precise, and useful data

Resources/Assessments
Possible Lab Activities
● Thickness of Aluminum Foil
● Scientific Method-Diapers
● Determining Density of 3 Solids
● Introduction to Measurement
Learning Activities
● Quiz: Sig Figs/Scientific
Notation
● Graphing Exercise (Height vs
Age)
Summative Assessment
● Unit Test
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Matter: Properties and
Changes

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions

1. Representation

HS-PS1-7:
Use mathematical
representations to support the
claim that atoms, and
therefore mass, are
conserved during a chemical
reaction.

A -  Students identify and describe the relevant components
in the mathematical representations:
i. Quantities of reactants and products of a chemical reaction
in terms of atoms, moles, and mass;
ii. Molar mass of all components of the reaction;
iii. Use of balanced chemical equation(s); and
iv. Identification of the claim that atoms, and therefore mass,
are conserved during a chemical reaction.
B - The mathematical representations may include numerical
calculations, graphs, or other pictorial depictions of
quantitative information.
C - Students identify the claim to be supported: that atoms,
and therefore mass, are conserved during a chemical
reaction.

Resources/Assessments
Possible Lab Activities
● Inquiry Activity with XYZ
● Changes in Temperature:
Endo/Exothermic Reactions
● Law of Conservation of Mass
● Chemical Changes of White
Powders
● Chemistry in a Bag
● Phase Changes of Water
● Chromatography
Learning Activities
● Classification of Matter Using
Legos
● How Much Energy is in That
Anyway?
● Video: Absolute Zero
● Video: How Hot Can it Get?
● Video: How to Supercool Water
Summative Assessments
● ILI: Separating Components of
a Mixture
● Quizzes
● Unit Test
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Atomic Structure

NGSS Standard
PS 1: Matter and its
Interactions
HS-PS1-1:
Use the periodic table as a
model to predict the relative
properties of elements based
on the patterns of electrons in
the outermost energy level of
atoms.
HS-PS1-8:
Develop models to illustrate
the changes in the
composition of the nucleus of
the atom and the energy
released during the processes
of fission, fusion, and
radioactive decay.

Performance Outcomes
1. Components of the Model
A - From the given model, students identify and describe the
components of the model that are relevant for their
predictions, including:
i. Elements and their arrangement in the periodic table;
ii. A positively-charged nucleus composed of both protons
and neutrons, surrounded by negatively-charged
electrons;
iii. Electrons in the outermost energy level of atoms (i.e.
valence electrons); and
iv. The number of protons in each element.
2. Relationships
A - Students identify and describe the following
relationships between components in the given model,
including.
ii. Elements in the periodic table are arranged by the
numbers of protons in atoms

Resources/Assessments
Possible Lab Activities
● Isotopes of Pennium
● Half-life Simulation
● U-238 Decay Cards
● Obscertainer-Flinn Kit
Learning Activities
● Atomic Theory Timeline
● Index Card Activity: Isotopes
● Index Card Activity: Isotopes &
Ions
● Article: Isotopic Varieties of
Water
● pHet simulation: Building an
Atom
● Reading - The Disappearing
Spoon - Stellar Nucleosynthesis
● Movie - Fat Man and Little Boy
● Video Clip - Chernobyl
● Video: We Are Star Stuff
Symphony
● ChemMatters: Where do
Chemical Elements Come
From?
● Article: The Demon Core
(Plutonium)
● Video: Fission & Fusion
● Video Tutorial: Radiation &
Radioactive Decay
Summative Assessments
● Quizzes
● Unit Test
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Atomic Structure

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions

1. Components of the model

HS-PS1-8:
Develop models to illustrate
the changes in the
composition of the nucleus of
the atom and the energy
released during the processes
of fission, fusion, and
radioactive decay.

A - Students develop models in which they identify and
describe the relevant components of the models, including:
i. Identification of an element by the number of protons;
ii. The number of protons and neutrons in the nucleus before
and after the decay;
iii. The identity of the emitted particles (i.e., alpha, beta —
both electrons and positrons, and gamma);
 iv. The scale of energy changes associated with nuclear
processes, relative to the scale of energy changes
associated with chemical processes.
2. Relationships
A - Students develop five distinct models to illustrate the
relationships between components underlying the nuclear
processes of 1) fission, 2) fusion and 3) three distinct types
of radioactive decay.
B - Students include the following features, based on
evidence, in all five models:
i. The total number of neutrons plus protons is the same
both before and after the nuclear process, although the
total number of protons and the total number of neutrons
may be different before and after.
ii. The scale of energy changes in a nuclear process is much
larger (hundreds of thousands or even millions of times
larger) than the scale of energy changes in a chemical
process.
3. Connections
A - Students develop a fusion model that illustrates a
process in which two nuclei merge to form a single, larger
nucleus with a larger number of protons than were in either
of the two original nuclei.

Resources/Assessments
Possible Lab Activities
● Isotopes of Pennium
● Half-life Simulation
● U-238 Decay Cards
● Obscertainer-Flinn Kit
Learning Activities
● Atomic Theory Timeline
● Index Card Activity: Isotopes
● Index Card Activity: Isotopes &
Ions
● Article: Isotopic Varieties of
Water
● pHet simulation: Building an
Atom
● Reading - The Disappearing
Spoon - Stellar Nucleosynthesis
● Movie - Fat Man and Little Boy
● Video Clip - Chernobyl
● Video: We Are Star Stuff
Symphony
● ChemMatters: Where do
Chemical Elements Come
From?
● Article: The Demon Core
(Plutonium)
● Video: Fission & Fusion
● Video Tutorial: Radiation &
Radioactive Decay
Summative Assessments
● Quizzes
● Unit Test

B - Students develop a fission model that illustrates a
process in which a nucleus splits into two or more
fragments that each have a smaller number of protons than
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were in the original nucleus.
C - In both the fission and fusion models, students illustrate
that these processes may release energy and may require
initial energy for the reaction to take place.
D - Students develop radioactive decay models that
illustrate the differences in type of energy (e.g., kinetic
energy, electromagnetic radiation) and type of particle (e.g.,
alpha particle, beta particle) released during alpha, beta, and
gamma radioactive decay, and any change from one
element to another that can occur due to the process.
E - Students develop radioactive decay models that describe
that alpha particle emission is a type of fission reaction, and
that beta and gamma emission are not.
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Electrons in Atoms

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions

1. Components of the model

HS-PS1-1:
Use the periodic table as a
model to predict the relative
properties of elements based
on the patterns of electrons in
the outermost energy level of
atoms.

A - From the given model, students identify and describe the
components of the model that are relevant for their
predictions, including:
i. Elements and their arrangement in the periodic table;
ii. A positively-charged nucleus composed of both protons
and neutrons, surrounded by negatively-charged electrons;
iii. Electrons in the outermost energy level of atoms (i.e.,
valence electrons);
2. Relationships
Students identify and describe the following relationships
between components in the given model, including:
 i. The arrangement of the main groups of the periodic table
reflects the patterns of outermost electrons.

Resources/Assessments
Possible Lab Activities
● Flame Test
● Atomic Emission Spectrum
Learning Activities
● Electron Configuration
Battleship
● Orbital Diagrams
● color-code periodic table
● Electron Probability Activity?
● Fireworks ChemMatters Article
● Article: Important Differences
Between the Bound & Unbound
Electron
● Video: Uncertain Location of
Electrons
● Video: Electron Orbitals
● Video: Chemistry of Fireworks
Summative Assessments
● Quizzes
● Unit Test
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
The Periodic Table

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions

1. Components of the ModelConnections

HS-PS1-1:
Use the periodic table as a
model to predict the relative
properties of elements based
on the patterns of electrons in
the outermost energy level of
atoms.

A - From the given model, students identify and describe the
components of the model that are relevant for their
predictions, including:
i. Elements and their arrangement in the periodic table;
ii. Electrons in the outermost energy level of atoms (i.e.,
valence electrons)
iii. The arrangement of the main groups of the periodic table
reflects the patterns of outermost electrons.
3. Connections
A - Students use the periodic table to predict the patterns of
behavior of the elements based on the attraction and
repulsion between electrically charged particles and the
patterns of outermost electrons that determine the typical
reactivity of an atom.
B - Students predict the following patterns of properties:
i. The number and types of bonds formed (i.e. ionic, covalent,
metallic) by an element and between elements;

HS-PS1-2:
Construct and revise an
explanation for the outcome of
a simple chemical reaction
based on the outermost
electron states of atoms,
trends in the periodic table,
and knowledge of the patterns
of chemical properties.

1. Articulating the explanation of phenomena
A - Students construct an explanation of the outcome of the
given reaction, including:
i. The numbers and types of bonds (i.e., ionic, covalent) that
each atom forms, as determined by the outermost (valence)
electron states and the electronegativity;
ii. A discussion of how the patterns of attraction allow the
prediction of the type of reaction that occurs (e.g., formation
of ionic compounds, combustion of hydrocarbons);

Resources/Assessments
Possible Lab Activities
● Periodic Properties of the
Elements
● Metal, Nonmetal, or Metalloid
Learning Activities
● Paint Chip Periodic Table
● Alien Activity
● Periodic Table Battleship
● Reading-The Many Faces of
the Periodic Table
● Reading-Element X
● Reading-The Disappearing
Spoon: The Galapagos of the
Periodic Table (pg 47-58)
● Periodic Trends Graph
● Videoclip:  60 Minutes:  Rare
Earth Metals & AEIOU
● Periodic Table Card Game
● Mystery Periodic Table
● Video: Crash Course Periodic
Table
Summative Assessments
● Quizzes
● Unit Test

2. Evidence
A - Students identify and describe the evidence to construct
the explanation, including
iv.  of the patterns of reactivity (e.g., the high reactivity of alkali
metals) at the macroscopic level as determined by using the
periodic table.
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Essential Question:“How can one explain and predict interactions between objects and within systems of objects?”
Topic
Ionic Bonding, Covalent
Bonding, Intermolecular
Forces & Lewis Dot
Structures

NGSS Standard
PS 1: Matter and its
Interactions
HS-PS1-1:
Use the periodic table as a
model to predict the relative
properties of elements based
on the patterns of electrons in
the outermost energy level of
atoms.

HS-PS1-3:
Plan and conduct an
investigation to gather
evidence to compare the
structure of substances at the
bulk scale to infer the strength
of electrical forces between
particles.

Performance Outcomes
3. Connections
A - Students use the periodic table to predict the patterns of
behavior of the elements based on the attraction and
repulsion between electrically charged particles and the
patterns of outermost electrons that determine the typical
reactivity of an atom.
B - Students predict the following patterns of properties:
i. The number and types of bonds formed (i.e. ionic, covalent,
metallic) by an element and between elements;
ii. The number and charges in stable ions that form from
atoms in a group of the periodic table;
2. Identifying the evidence to answer this question
A - Students develop an investigation plan and describe the
data that will be collected and the evidence to be derived
from the data, including bulk properties of a substance (e.g.,
melting point and boiling point, volatility, surface tension) t hat
would allow inferences to be made about the strength of
electrical forces between particles.
B - Students describe why the data about bulk properties
would provide information about strength of the electrical
forces between the particles of the chosen substances,
including the following descriptions:
i. The spacing of the particles of the chosen substances can
change as a result of the experimental procedure even if the
identity of the particles does not change (e.g., when water is
boiled the molecules are still present but further apart).
ii. Thermal (kinetic) energy has an effect on the ability of the
electrical attraction between particles to keep the particles
close together. Thus, as more energy is added to the
system, the forces of attraction between the particles can no
longer keep the particles close together.
iii. The patterns of interactions between particles at the
molecular scale.
iv. Together, patterns observed at multiple scales can provide
evidence of the causal relationships between the strength of

Resources/Assessments
Possible Lab Activities
● Making Ionic Compounds
● Ionic & Covalent Compounds
● Percent Composition of
Hydrates
Learning Activities
● Writing Ionic Formulas-I, II, III
● Practice Quizzes (Ionic &
Covalent)
● Index Card Review Game
● Writing Formulas of Ionic
Compounds
● Making Ionic Compounds
● Formula Writing 1: Binary Ionic
Compounds
● What’s that in my Food?
● Reading - Case Study: A Killer
Headache
● Sweet 16 Chemistry Compound
Tournament
● RI-ITEST Simulations:
Intermolecular Forces
Summative Assessments
● Quizzes
● Test
● Element Party Project
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the electrical forces between particles and the structure of
substances at the bulk scale.
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Essential Question:“How can one explain and predict interactions between objects and within systems of objects?”
Topic
Chemical Reactions

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions
HS-PS1-2:
Construct and revise an
explanation for the outcome of
a simple chemical reaction
based on the outermost
electron states of atoms,
trends in the periodic table,
and knowledge of the patterns
of chemical properties.

1. Articulating the explanation of phenomena
A - Students construct an explanation of the outcome of the
given reaction, including:
i. The idea that the total number of atoms of each element in
the reactant and products is the same;
ii. The numbers and types of bonds (i.e., ionic, covalent) that
each atom forms, as determined by the outermost (valence)
electron states and the electronegativity;
iii. The outermost (valence) electron state of the atoms that
make up both the reactants and the products of the reaction
is based on their position in the periodic table; and
iv. A discussion of how the patterns of attraction allow the
prediction of the type of reaction that occurs (e.g., formation
of ionic compounds, combustion of hydrocarbons).
2. Evidence
A - Students identify and describe the evidence to construct
the explanation, including:
i. Identification of the products and reactants, including their
chemical formulas and the arrangement of their outermost
(valence) electrons;
ii. Identification that the number and types of atoms are the
same both before and after a reaction;
iii. Identification of the numbers and types of bonds (i.e., ionic,
covalent) in both the reactants and the products;
iv. The patterns of reactivity (e.g., the high reactivity of alkali
metals) at the macroscopic level as determined by using
the periodic table; and
v. The outermost (valence) electron configuration and the
relative electronegativity of the atoms that make up both the
reactants and the products of the reaction based on their
position in the periodic table.

Resources/Assessments
Lab Activities
● Activity Series of Metals
● Evidence for a Chemical
Change
● Teacher Demo: Gummy Bear
Combustion
● Reactions in Solution:
Precipitation
● Metal Reactivity
Learning Activities
● Types of Chemical Reactions
● Predicting Products
● Video: Reactants at a Party
● Net Ionic Equation
● Kahoot-Chemical Reactions
● Balancing Equations Race
● Matching Word Equations to
Chemical Equations II
● Matching Word Equations to
Chemical Equations
● Chemical Reaction Demos
● RI-ITEST Simulation: Chemical
Bonds & Chemical Reactions
● Activity Series Virtual Lab
(website)
● Activity Series Virtual Lab (data
sheet)
Summative Assessments
● ILI: Identifying an Unknown
Solution
● Test
● Quizzes
● Unit Test
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HS-PS1-4:
Develop a model to illustrate
that the release or absorption
of energy from a chemical
reaction system depends
upon the changes in total
bond energy.

1. Components of the model
A - Students use evidence to develop a model in which they
identify and describe the relevant components, including:
i. The chemical reaction, the system, and the surroundings
under study;
ii. The bonds that are broken during the course of the
reaction;
iii. The bonds that are formed during the course of the
reaction;
iv. The energy transfer between the systems and their
components or the system and surroundings; v. The
transformation of potential energy from the chemical
system interactions to kinetic energy in the surroundings (or
vice versa) by molecular collisions; and
vi. The relative potential energies of the reactants and the
products.
2. Relationships
A - In the model, students include and describe the
relationships between components, including:
i. The net change of energy within the system is the result of
bonds that are broken and formed during the reaction
(Note: This does not include calculating the total bond
energy changes.);
ii. The energy transfer between system and surroundings by
molecular collisions;
iii. The total energy change of the chemical reaction system is
matched by an equal but opposite change of energy in the
surroundings
iv. The release or absorption of energy depends on whether
the relative  potential energies of the reactants and
products decrease or increase.

HS-PS1-7:
Use mathematical
representations to support the
claim that atoms, and
therefore mass, are conserved
during a chemical reaction.

1. Representation
A - Students identify and describe the relevant components
in the mathematical representations:
i. Quantities of reactants and products of a chemical reaction
in terms of atoms, moles, and mass;
ii. Molar mass of all components of the reaction;
iii. Use of balanced chemical equation(s);
iv. Identification of the claim that atoms, and therefore mass,
are conserved during a chemical reaction.
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B - The mathematical representations may include
numerical calculations, graphs, or other pictorial depictions
of quantitative information.
C - Students identify the claim to be supported: that atoms,
and therefore mass, are conserved during a chemical
reaction.
2. Mathematical Modeling
B - Given a chemical reaction, students use the
mathematical representations to
i. Predict the relative number of atoms in the reactants versus
the products at the atomic molecular scale
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
The Mole

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions

1. Representation

HS-PS1-7:
Use mathematical
representations to support the
claim that atoms, and
therefore mass, are conserved
during a chemical reaction.

A - Students identify and describe the relevant components
in the mathematical representations:
i. Quantities of reactants and products of a chemical reaction
in terms of atoms, moles, and mass;
ii. Molar mass of all components of the reaction;
iii. Use of balanced chemical equation(s); and
iv. Identification of the claim that atoms, and therefore mass,
are conserved during a chemical reaction.
B - The mathematical representations may include
numerical calculations, graphs, or other pictorial depictions
of quantitative information.

Resources/Assessments
Lab Activities
● Black Mole Snake Lab
● Mole Lab
● Formula For a Hydrate Lab
● Magnesium Oxide: %
Composition & Empirical
Formula
Learning Activities
● M&M Mole Madness
● Mole Conversions
Summative Assessments
● Quizzes
● Test

C - Students identify the claim to be supported: that atoms,
and therefore mass, are conserved during a chemical
reaction.
3. Analysis
B - Students describe how the mass of a substance can be
used to determine the number of atoms, molecules, or ions
using moles and mole relationships (e.g., macroscopic to
atomic molecular scale conversion using the number of moles
and Avogadro’s number).
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Stoichiometry

NGSS Standard

Performance Outcomes

PS 1: Matter and its
Interactions

1. Representation

HS-PS1-7:
Use mathematical
representations to support the
claim that atoms, and
therefore mass, are conserved
during a chemical reaction.

A - Students identify and describe the relevant components
in the mathematical representations:
i. Quantities of reactants and products of a chemical reaction
in terms of atoms, moles, and mass;
ii. Molar mass of all components of the reaction;
iii. Use of balanced chemical equation(s); and
iv. Identification of the claim that atoms, and therefore mass,
are conserved during a chemical reaction.
B - The mathematical representations may include
numerical calculations, graphs, or other pictorial depictions
of quantitative information.
C - Students identify the claim to be supported: that atoms,
and therefore mass, are conserved during a chemical
reaction.

Resources/Assessments
Lab Activities
● 11A: Stoichiometry of Vinegar
and Baking Soda Lab
● Decomposition of Baking Soda
Learning Activities
● Mole Ratio Problems
● Theoretical Yield & Percent
Yield Problems
● Solution Stoichiometry
● Limiting Reactant Problems
● Stoichiometry V Problems
● Extension-Stoichiometry
Stumpers
● Practice quizzes
Summative Assessments
● Quizzes
● Test

2. Mathematical modeling
A - Students use the mole to convert between the atomic
and macroscopic scale in the analysis.
B - Given a chemical reaction, students use the
mathematical representations to
i. Predict the relative number of atoms in the reactants versus
the products at the atomic molecular scale; and
ii. Calculate the mass of any component of a reaction, given
any other component.
3. Analysis
A - Students describe how the mathematical representations
(e.g., stoichiometric calculations to show that the number of
atoms or number of moles is unchanged after a chemical
reaction where a specific mass of reactant is converted to
product) support the claim that atoms, and therefore mass
are conserved during a chemical reaction.
B - Students describe how the mass of a substance can be
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used to determine the number of atoms, molecules, or ions
using moles and mole relationships (e.g., macroscopic to
atomic molecular scale conversion using the number of moles
and Avogadro’s number)
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Thermochemistry

NGSS Standard
PS 1: Matter and its
Interactions
HS-PS1-4:
Develop a model to illustrate
that the release or absorption
of energy from a chemical
reaction system depends
upon the changes in total
bond energy

Performance Outcomes
1. Components of the model
A - Students use evidence to develop a model in which they
identify and describe the relevant components, including:
i. The chemical reaction, the system, and the surroundings
under study;
ii. The bonds that are broken during the course of the
reaction;
iii. The bonds that are formed during the course of the
reaction;
iv. The energy transfer between the systems and their
components or the system and surroundings;
v. The transformation of potential energy from the chemical
system interactions to kinetic energy in the surroundings (or
vice versa) by molecular collisions; and
vi. The relative potential energies of the reactants and the
products.

Resources/Assessments
Lab Activities
● The Enthalpy of a Chemical
Reaction
Learning Activities
● Hess’ Law
● Energy diagrams
Summative Assessments
● Quizzes
● Test

2. Relationships
A - In the model, students include and describe the
relationships between components, including:
i. The net change of energy within the system is the result of
bonds that are broken and formed during the reaction
(Note: This does not include calculating the total bond
energy changes.)
ii. The energy transfer between system and surroundings by
molecular collisions; iii. The total energy change of the
chemical reaction system is matched by an equal but
opposite change of energy in the surroundings
iv. The release or absorption of energy depends on whether
the relative potential energies of the reactants and products
decrease or increase.
3. Connections
A - Students use the developed model to illustrate:
i. The energy change within the system is accounted for by
the change in the bond energies of the reactants and
products. (Note: This does not include calculating the total
bond energy changes.)
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ii. Breaking bonds requires an input of energy from the
system or surroundings, and forming bonds releases
energy to the system and the surroundings.
iii. The energy transfer between systems and surroundings is
the difference in energy between the bond energies of the
reactants and the products.
iv. The overall energy of the system and surroundings is
unchanged (conserved) during the reaction.
v. Energy transfer occurs during molecular collisions.
vi. The relative total potential energies of the reactants and
products can be accounted for by the changes in bond
energy.
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Essential Question: “How can one explain and predict interactions between objects and within systems of objects?”
Topic
Gases

NGSS Standard
PS 1: Matter and its
Interactions
HSPS1-3:
Plan and conduct an
investigation to gather
evidence to compare the
structure of substances at the
bulk scale to infer the strength
of electrical forces between
particles.

Performance Outcomes
2. Identifying the evidence to answer this question
B - Students describe why the data about bulk properties
would provide information about strength of the electrical
forces between the particles of the chosen substances,
including the following descriptions:
iii. The patterns of interactions between particles at the
molecular scale are reflected in the patterns of behavior at
the macroscopic scale

Resources/Assessments
Lab Activities
● Exploring Properties of Gases
(Chem in the Community Lab)
● Determining the Molar Mass of
a Volatile Liquid (PASCO)
● Alka Seltzer & the Ideal Gas
Law
Learning Activities
● Reading-Flatus: Chemistry in
the Wind (ChemMatters, Feb
2003)
● Gas Law Problems
● RI-ITEST Simulations: Gas
Laws
● Video: Why do Ears Pop?
● Why Do Joints Crack & Pop?
● PhET: Gas Properties
● Video: 55 Gallon Steel Drum
Can Crush
Summative Assessments
● Quizzes
● Test

97

Essential Question: “How
Topic
Thermochemistry

is energy transferred and conserved?”

NGSS Standard

Performance Outcomes

PS 3: Energy

2. Identifying the evidence to answer this question

HS-PS3-4:
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).

A - Students develop an investigation plan and describe the
data that will be collected and the evidence to be derived
from the data, including:
 i. The measurement of the reduction of temperature of the
hot object and the increase in temperature of the cold
object to show that the thermal energy lost by the hot object
is equal to the thermal energy gained by the cold object and
that the distribution of thermal energy is more uniform after
the interaction of the hot and cold components; and
ii. The heat capacity of the components in the system
(obtained from scientific literature).

Resources/Assessments
Lab Activities
● The Specific Heat of an
Unknown Metal
Learning Activities
● Energy diagrams
Summative Assessments
● Quizzes
● Test

3. Planning for the investigation
A - In the investigation plan, students describe:
i. How a nearly closed system will be constructed, including
the boundaries and initial conditions of the system;
ii. The data that will be collected, including masses of
components and initial and final temperatures; and
iii. The experimental procedure, including how the data will be
collected, the number of trials, the experimental set up, and
equipment required.
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Essential Question: “How
Topic
Electrons in Atoms

are waves used to transfer energy and send and store information?”

NGSS Standard
PS 4:Waves and Their
Applications in
Technologies for
Information Technology
HS-PS4-1:
Use mathematical
representations to support a
claim regarding relationships
among the frequency,
wavelength, and speed of
waves traveling in various
media.

Performance Outcomes
1. Representation
A - Students identify and describe the relevant components
in the mathematical representations:
i. Mathematical values for frequency, wavelength, and speed
of waves traveling in various specified media; and
ii. The relationships between frequency, wavelength, and
speed of waves traveling in various specified media.
2 Mathematical modeling
A - Students show that the product of the frequency and the
wavelength of a particular type of wave in a given medium is
constant, and identify this relationship as the wave speed
according to the mathematical relationship 𝑣 = 𝑓𝜆.
B - Students use the data to show that the wave speed for a
particular type of wave changes as the medium through
which the wave travels changes.
C - Students predict the relative change in the wavelength of
a wave when it moves from one medium to another (thus
different wave speeds using the mathematical relationship 𝑣 = 𝑓𝜆).
Students express the relative change in terms of cause
(different media) and effect (different wavelengths but same
frequency).

Resources/Assessments
Possible Lab Activities
● Flame Test
● Atomic Emission Spectrum
Learning Activities
● Electron Configuration
Battleship
● Orbital Diagrams
● color-code periodic table
● Electron Probability Activity?
● Fireworks ChemMatters Article
● Article: Important Differences
Between the Bound & Unbound
Electron
● Video: Uncertain Location of
Electrons
● Video: Electron Orbitals
● Video: Chemistry of Fireworks
Summative Assessments
● Quizzes
● Unit Test

3.  Analysis
A - Using the mathematical relationship 𝑣 = 𝑓𝜆, students
assess claims about any of the three quantities when the
other two quantities are known for waves travelling in
various specified media.
B - Students use the mathematical relationships to
distinguish between cause and correlation with respect to
the supported claims.
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HS-ESS1-1. Develop a model based on evidence to illustrate the life span of the sun and the role of nuclear fusion in the sun’s core to release energy in the
form of radiation.
3 Connections
a) Students use the model to predict how the relative proportions of hydrogen to helium change as the sun ages.
b Students use the model to qualitatively describe the scale of the energy released by the fusion process as being much larger than the scale of the energy released by
chemical processes.
c Students use the model to explicitly identify that chemical processes are unable to produce the amount of energy flowing out of the sun over long periods of time, thus
requiring fusion processes as the mechanism for energy release in the sun.
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