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The New York City Department of Education
6–12 Science Scope & Sequence
Science is everywhere and our students are naturally curious, which makes them
natural scientists. A strong science program helps them make sense of the physical
world around them, it can explain the how and why things work, like complex systems,
from the human body to our planet Earth. In our science classrooms, students can
develop an understanding of the inter-dependency of living things as well as a respect
for nature.
We live in a natural learning laboratory made up of a combination of unique
ecosystems in which our students can connect to the nature that is all around them
in city parks, gardens, green spaces, beaches, and waterways, and the amazing
environment of New York City. Through inquiry approaches and project-based learning
students can potentially address real-world problems in their communities and take
action. Students engaged in scientific inquiry are keen observers and active explorers
who pose questions, theorize, hypothesize, predict, conduct experiments, reach
conclusions, and communicate their discoveries. These skills will help them develop
into scientifically literate and responsible adults.
The Enhanced NYC Science Scope & Sequence is a revision of an earlier Scope
& Sequence published in 2008. The Enhanced NYC Science Scope & Sequence
includes the current NYS MST standards that all schools should continue to follow
as well as new resources. The new resources include:
■■

■■

■■

■■

■■

An alignment to the NGSS Science and Engineering Practices and the CrossCutting Concepts.
An alignment to the Common Core Learning Standards in English Language Arts
and the Common Core Learning Standards in Mathematics given the relevance
between the skills needed in all three disciplines (ELA, Math, and Science).

The volume of science content in each grade can present some challenges. Teachers
are faced with large amounts of content to be “covered” yet want to provide their
students with opportunities for in-depth scientific exploration and inquiry. This issue
of “depth versus breadth” will require teachers to accept that not all content is
created equal. Teachers will also need to accept that it is often not possible to cover
everything. The amount of content covered rarely correlates to the amount of content
that students learn because students rarely retain all of the content that is taught. The
challenge teachers face is how to teach enough content yet still make time for handson, inquiry-driven, extended learning. Teachers will need to decide which content
merits deep exploration and which content merits familiarity or exposure. Teachers will
need to make these decisions based on their knowledge of the content, assessments,
instructional goals and, most importantly, an understanding of students’ learning
needs, readiness, and interests. Teachers may need to differentiate and provide
additional scaffolding and support based on individual student needs, not limited to but
especially for our English language learners, students with special needs and students
who are significantly below or above grade level. The Scope & Sequence can serve as
a valuable resource for teachers in planning appropriate individual, group and whole
class instruction. We trust that this resource will provide teachers with useful guidance,
help them make important instructional decisions, and help them develop engaging
science experiences for their students.
Anna Commitante
Senior Executive Director
Curriculum, Instruction & Professional Learning

An alignment to the Excellence in Environmental Education: Guidelines for Learning
(K–12) published by the North American Association of Environmental Education to
support the environmental education of NYC students and to encourage them to
find innovative solutions to environmental problems and issues in their communities.
The New York State Education Law – Article 17, Sections 809 – Instructions for the
Humane Treatment of Animals and 810 – Conservation Day
The Reference Tables that are used most often in Regents science courses are
included (in the Grades 6–12 Scope & Sequence only.

The New York City Department of Education 6–12 Science Scope & Sequence
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The Enhanced Science Scope & Sequence
Background

Next Generation Science Standards

New York State Learning Standards for Mathematics, Science, and
Technology (MST)

In 2012, the National Research Council published Frameworks for K–12 Science
Education. This research-based document outlined a plan of action for science
education that included the 21st Century skills needed by students. The Next
Generation Science Standards were developed from the Frameworks document
through the collaboration of Achieve, the National Research Council the National
Science Teachers Association and the American Association for the Advancement
of Science. After the release of drafts and two public feedbacks, the Next Generation
Science Standards were released in April, 2013.

In March of 1996 the New York State Board of Regents adopted the New York State
Learning Standards for Mathematics, Science, and Technology (MST). This adoption
included seven standards with four of the standards comprising the process skills and
three of the standards covering specific content. Currently, all NYC schools follow the
New York State Learning Standards for Mathematics, Science, and Technology (MST)
and the NYS assessments in science are developed based on these standards. The
standards are as follows:
Standard 1 – Analysis, Inquiry and Design
Standard 2 – Information Systems
Standard 3 – Mathematics
Standard 4 – Science
Standard 5 – Technology Education
Standard 6 – Interconnectedness: Common Themes
Standard 7 – Interdisciplinary Problem Solving
The New York State Education Department followed with the development of Core
Curriculum resource guides in Elementary level Science (Grades K–4), Intermediate
level Science (Grades 5-8) and Commencement level Science (Grades 9–12) in
Chemistry, Earth Science, Living Environment and Physics. The core curriculum
resource guides consist of the content standards, the key ideas and the performance
indicators with major understandings.

MST Process Skills Standards
The MST Standards 1, 2 and 6, 7 are considered the process standards and are
shared across the three content areas of mathematics, science, and technology.
Process skills are vital in understanding the natural phenomena that is science.
Scientific discovery is built on such process skills as comparing and contrasting,
creating models, using measurement and interpreting data, and making predictions
and informed decisions.

New York State was one of the 26 states that supported the writing of the NGSS.
For the adoption of the NGSS, each state must create legislation to adopt and
implement the Next Generation Science Standards with state funding. To date,
13 states have adopted the Next Generation Science Standards but New York
has not done so.
In March 2014, the Board of Regents discussed the quantitative feedback that was
collected from a statewide survey. Respondents rated the NGSS statistically higher
in 11 out of 21 criteria and rated the current New York State Science Learning
Standards (NYSSLS) statistically higher in 6 out of 21 criteria. There are four criteria
where the differences between the NGSS rating and the NYSSLS rating were not
statistically significant. Further analysis of the quantitative data shows that both sets
of standards have strengths and weaknesses when compared to the set of criteria
used in the survey. At this time, the NYS Board of Regents has not decided to
adopt the NGSS. In anticipation of a NYS adoption of the NGSS or a state version
of the NGSS and to help NYC educators develop an awareness of the NGSS, this
enhanced version of the Science Scope & Sequence includes an alignment to the
NGSS Science and Engineering Practices and the Cross-Cutting Concepts.
These standards, and several supporting documents explaining the structure
of the NGSS and a number of appendices, are accessible online at
http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20-%20
Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

NOTE: MST Standard 1—Analysis, Inquiry and Design, is not listed in any of the units in this Science Scope &
Sequence. This standard should be included in all of the units and therefore listing this in each of the individual
units would be redundant.
The New York City Department of Education 6–12 Science Scope & Sequence

| 3

Practices in Science and Engineering
Due to the nature of science and its direct real-world applications, it is not possible
to assess students’ understanding of core ideas separately from their abilities to use
the practices of science and engineering. Students must show that they know science
concepts through their investigations of the natural world, the practices of science inquiry
and by solving meaningful problems through the practices of engineering design.
The eight practices of science and engineering that the Framework identifies as
essential for all students to learn and describe in detail are listed below:
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

Cross-Cutting Concepts
There are three major dimensions through which science education should be
constructed: e built around three major dimensions:
a. scientific and engineering practices
b. crosscutting concepts that unify their common application across fields
c. core ideas in the major disciplines of natural science
Within these dimensions are the cross-cutting practices that connect and unite
the core ideas:
1. Patterns. Observed patterns of forms and events guide organization and
classification, and they prompt questions about relationships and the factors that
influence them.
2. Cause and effect. Events have causes, sometimes simple, sometimes multifaceted.
A major activity of science is investigating and explaining causal relationships and the
mechanisms by which they are mediated. Such mechanisms can then be tested across
given contexts and used to predict and explain events in new contexts.

The New York City Department of Education 6–12 Science Scope & Sequence

3. Scale, proportion, and quantity. In considering phenomena, it is critical to
recognize what is relevant at different measures of size, time, and energy and to recognize
how changes in scale, proportion, or quantity affect a system’s structure or performance.
4. Systems and system models. Defining the system under study—specifying
its boundaries and making explicit a model of that system—provides tools for
understanding and testing ideas that are applicable throughout science and engineering.
5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy
and matter into, out of, and within systems helps one understand the systems’
possibilities and limitations.
6. Structure and function. The way in which an object or living thing is shaped
and its substructure determine many of its properties and functions.
7. Stability and change. For natural and built systems alike, conditions of stability and
determinants of rates of change or evolution of a system are critical elements of study.

Common Core Learning Standards
National Standards in the areas of Mathematics and English Language Arts did not
exist in the United States. In a joint effort, the National Governors Association and
the Chief State School Officers partnered with Achieve, ACT and the College Board to
begin work on the Common Core State Initiative. This state-led process that involved
working with national experts developed a common core of state standards in English
Language Arts and mathematics for Grades K–12.
In April 2009, New York State Governor David Paterson and former Education
Commissioner Richard P. Mills, along with fifty other states and territories, agreed to
participate in discussions concerning the development of these voluntary standards.
The first draft of the standards was released for public feedback in 2009 and a second
round of public feedback was taken in March of 2010. In June 2010, the final version
of the Common Core State Standards (CCSS) for Mathematics and English Language
Arts & Literacy in History/Social Studies, Science and Technical Subjects were made
accessible to the public. The Common Core State Standards were tied to Race to the
Top funding and many states adopted them immediately. The New York State Board
of Regents adopted the CCSS for Mathematics and CCSS for English Language Arts
& Literacy in History/Social Studies, Science, and Technical Subjects in July 2010.
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The goal of the English Language Arts and Literacy Common Core State Standards
is to make certain that students are college and career ready in the areas of reading,
writing, speaking and listening. In science, students are expected to read the
science texts at the grade appropriate level. They are also required to create logical
argumentative writing based on claims, scientific reasoning and relevant evidence.
Writing can also take the form of long-term, in-depth scientific research. In addition,
academic discourse of formal and informal scientific presentations is envisaged at
the grade appropriate level.
The goal of the Common Core Mathematics Standards is to make certain that
students are college-and career-ready in the area of mathematics. Students are
expected to solve problems and explain their thinking. Science is the application of
the mathematical concepts and skills necessary for the real-world applications as
presented in the science content.
This enhanced version of the Science Scope and Sequence includes an alignment
to the Common Core Learning Standards in English Language Arts and Mathematics
that are relevant in science.

Excellence in Environmental Education:
Guidelines for Learning (K–12)
There is no exact date to point to when thinking about the history of environmental
education. Some may argue that naturalists such as Thoreau and Emerson were
the forefathers of the movement. However, a concerted effort to reach international
agreement about the protection of the environment began in the years immediately
after World War II. The Conference for the Establishment of the International Union for
the Protection of Nature (IUCN) convened in France in October of 1948. The primary
focus of this conference was to ensure the protection of nature and its habitats. The
movement was slow to start until the publication of two books in the 1960s which
rekindled international attention: Rachel Carson’s Silent Spring and Steward Udall’s
The Quiet Crisis. These, along with the political climate of the 1960s, sparked United
States legislation such as the Wilderness Act (1964), the Clean Air Act (1965), the
Solid Waste Disposal Act (1965), and the Species Conservation Act (1966).
In 1970, the Environmental Education Act was passed as a direct result of the highly
successful first Earth Day (April 22, 1970), and the office of Environmental Education
was established within the U.S. Department of Education.

The New York City Department of Education 6–12 Science Scope & Sequence

Excellence in Environmental Education
Environmental education builds from a core of key principles that inform its approach
to education. Some of these important foundations are:
Systems: Systems help make sense of a large and complex world. A system is
made up of parts. Each part can be understood separately. The whole, however, is
understood only by understanding the relationships and interactions among the parts.
The human body can be understood as a system; so can galaxies. Organizations,
individual cells, communities of animals and plants, and families can all be understood
as systems. And systems can be nested within other systems.
Interdependence: Human well-being is inextricably bound with environmental
quality. Humans are a part of the natural order. We and the systems we create—
our societies, political systems, economies, religions, cultures, technologies—
impact the total environment. Since we are a part of nature rather than outside it,
we are challenged to recognize the ramifications of our interdependence.
The importance of where one lives: Beginning close to home, learners forge
connections with, explore, and understand their immediate surroundings. The
sensitivity, knowledge, and skills needed for this local connection provides a base
for moving out into larger systems, broader issues, and an expanding understanding
of causes, connections, and consequences.
Integration and infusion: Disciplines from the natural sciences to the social
sciences to the humanities are connected through the medium of the environment
and environmental issues. Environmental education offers opportunities for integration
and works best when infused across the curriculum, rather than being treated as a
separate discipline or subject area.
Roots in the real world: Learners develop knowledge and skills through direct
experience with the environment, environmental issues, and society. Investigation,
analysis, and problem solving are essential activities and are most effective when
relevant to the real world.
Lifelong learning: Critical and creative thinking, decision making, and communication,
as well as collaborative learning, are emphasized. These skills are essential for active and
meaningful learning, both in school and over a lifetime.
continued
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Environmentally literate students possess the knowledge, intellectual skills, attitudes,
experiences, and motivation to make and act upon responsible environmental
decisions. Environmentally literate students understand environmental processes and
systems, including human systems. They are able to analyze global, social, cultural,
political, economic, and environmental relationships, and weigh various sides of
environmental issues to make responsible decisions as individuals, as members of
their communities, and as citizens of the world. (Adapted from Maryland Partnership
for Children in Nature, April 2009)
In order to support the environmental education of NYC students and to encourage
them to find innovative solutions to environmental problems and issues in their
communities this enhanced version of the Science Scope & Sequence includes an
alignment to the Guidelines for Learning (K–12) published by the North American
Association of Environmental Education.

NYSED Mandated Instruction in Science
New York State Education Law:
Article 17, Sections 809–810
The New York State Legislature passes laws that are directly related to curriculum
and instruction in the area of science. Article 17 of the New York State Education Law
outlines instruction in certain subject areas. Two of the sections are directly related to
science instruction. They are:
Article 17 – Section 809 pertains to the humane treatment of live vertebrate
animals. Having live animals in the science classroom is encouraged because it sparks
students’ interest in the living world around them. The care and respect for animals
and all living things must be promoted in the school setting. Section 809 of the New
York State Education Law ensures that animals are treated ethically and humanely.
Article 17 – Section 810 pertains to Conservation Day which is celebrated on the
last Friday in April. Conservation of the earth’s natural resources is the focus of this
designated day. School communities are encouraged to heighten awareness of the
natural world through lectures, tours and plantings.
NOTE: Conservation Day should not be confused with Earth Day, which falls on April 22 each year.

The New York City Department of Education 6–12 Science Scope & Sequence

Reference Tables (High School)
The Reference Tables are an invaluable tool to the high school science student.
They contain important measurements, equations, maps, and identification tables.
The booklets are frequently used during classes, tests, and lab assignments. The
Reference Tables are also used on the New York State Regents Exams. Each of
the Science Reference Tables is specific to the core science content that is taught.
The most appropriate reference tables for the units in Chemistry, Earth Science and
Physics have been selected.

Limitations and Expectations
In an effort to be concise and acknowledging that there are several options for
the inclusion or absence of some of the supporting standards and guidelines, the
most appropriate Mathematics Science and Technology (MST) Process Standards,
Next Generation Science Standards (NGSS) Cross-Cutting Concept, Common
Core Learning Standards (CCLS) in Mathematics and English Language Arts
and Environmental Guidelines have been selected. Based on the discretion of the
classroom teacher, other standards and tables may be seen as being appropriate
for inclusion.
Linda Curtis-Bey, Ed.D.
Executive Director STEM
Curriculum, Instruction & Professional Learning
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Science Scope & Sequence Template
Grade Unit

##

Unit Title
PACING RECOMMENDATION (TIMEFRAME)

Unit Overview:
A brief teacher-friendly blurb that describes the learning in the unit at a high level. (NEW)

Essential Question:
Revised essential questions for the unit.
(REVISED)

Key Ideas: The key ideas addressed throughout the unit pulled from the NYSED standards. (REVISED)
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

State standards to be covered in the unit. Re-written to
include more language directly from the standards rather than
abbreviated topics in order to support teachers with being
able to clearly identify what student should be able to know
and do when referring to the Scope & Sequence. Feedback
from the field suggests that teachers use the Scope &
Sequence as their primary/sole resource when planning and
often do not refer to the actual standards. (REVISED)

Identifies alignment to Standards 1, 2, 6, and 7 in order
to promote consideration of the behaviors and processes
students should demonstrate when engaging in scientific
inquiry. (NEW)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Identified relevant cross-cutting concepts. Pulled directly
from NGSS, the cross-cutting concepts help students
deepen their understanding of the content and develop
a coherent scientifically based view of the world. (NEW)

(Note: Items with asterisks* require quantitative treatment per the Reference
Table for Physics. Asterisks following individual words refer to the preceding
word or phrase only; asterisks appearing after the final period of a sentence
refer to all concepts or ideas presented in the sentence.)

COMMON CORE STATE STANDARDS

ENVIRONMENTAL GUIDELINES FOR LEARNING

http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

Identifies pre-requisite or connected ELA & Math standards
that align to content addressed in the unit. (NEW)

Makes clear connections between the content addressed
in the unit and the environment. (NEW)

REFERENCE TABLES FOR
PHYSICAL SETTING CORE CONTENT

Identifies the tables that are pertinent for each of the units
in Regents Chemistry, Regents Earth Science and Regents
Physics. (NEW)

Leaf indicates a connection to Environmental Science
The New York City Department of Education 6–12 Science Scope & Sequence
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Grades

6-8

Science
Scope & Sequence

Grade Unit

61

Energy and Simple Machines
RECOMMENDED TIME: SEPTEMBER – NOVEMBER (8 WEEKS)

Unit Overview:

Essential Questions:

The study of energy will provide a better understanding about its various forms, transformations, and uses. Students
should be able to design systems that will demonstrate the use and transformation of energy. As they continue
exploring the concept of energy, students will know the application of potential, kinetic and mechanic energy through
simple and complex machines. Students should be able to design a complex machine that will use at least one form
of energy, and should be able to explain such energy transformations.

How do different forms of energy transfer
and/or change matter?
In what ways can energy be
effectively conserved?
How do machines use energy to do work?
What would energy-efficient machines look like?
What strategies/ideas can we pose to promote
the effective use and conservation of energy?

Key Ideas:
PS. Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
PS. Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 1: Engineering Design

Scale, Proportions, and Quantity

Quoted from New York State Performance Indicators (PS 4.1a - e; 4.5a, b;
5.2c-g)

Key Idea 1: Engineering design is an iterative process
involving modeling and optimization (finding the best
solution within given constraints); this process is used
to develop technological solutions to problems within
given constraints.

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.

■■

■■

■■

■■

Energy cannot be created or destroyed, but only
changed from one form into another. (4.5a)
Energy can be considered either to be either kinetic
energy, which is energy of motion, or potential energy,
which depends on relative position. (4.1e)
Different forms of energy include heat, light, electrical,
mechanical, sound, nuclear and chemical energy. (4.1d)

■■

Standard 2: Information Systems
Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effectiveness
and ethical use.

The Sun is a major source of energy for Earth. Other
sources of energy include nuclear and geothermal
energy. (4.1a)
continued
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continued

■■

■■

Time, space, and energy phenomena can be observed
at various scales using models to study systems that are
too large or too small.
The observed function of natural and designed systems
may change with scale.
Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different types
of quantities provide information about the magnitude
of properties and processes. 
continued
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Energy can change from one form to another although
in the process some energy is always converted to heat.
Some systems transform energy with less loss of heat
than others. (4.5b)

Standard 6: Interconnectedness – Common Themes

Most activities in everyday life involve at least one form
of energy being transformed into another. For example,
the chemical energy in gasoline is transformed into
mechanical energy in an automobile engine. Energy, in
the form of heat, is almost always one of the products
of energy transformations. (4.1c)
Simple machines include a lever, a pulley, a wheel and
axle, and an inclined plane. (5.2g)
A machine can be made more efficient by reducing
friction. Some common ways of reducing friction include
lubricating or waxing surfaces. (5.2e)
Friction is a force that opposes motion. (5.2d)
A complex machine uses a combination of interacting
simple machines. (5.2g)
Machines transfer mechanical energy from one object
to another. (5.2c)
Machines can change the direction or amount of force, or
the distance or speed of force required to do work. (5.2f)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.
Key Idea 2: Models are simplified representations of
objects, structures, or systems used in the analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of sizes, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

■■

Scientific relationships can be represented through
the use of algebraic expressions and equations.
Phenomena that can be observed at one scale may
not be observable at another scale.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.

Key Idea 6: In order to arrive at the best solution that
meets the criteria within constraints, it is often necessary
to make trade-offs.

■■

Standard 7: Interdisciplinary Problem Solving

Energy and Matter: Flows, Cycles, and Conservation:

Key Idea 1: Describe and explain phenomena by
designing and conducting investigations involving
systematic observations, accurate measurements,
and the identification and control of variables; by
inquiring into relevant mathematical ideas; and by
using mathematical and technological tools and
procedures to assist in the investigation.

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

■■

■■
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Models are limited in that they only represent certain
aspects of the system under study.

Matter is conserved because atoms are conserved in
physical and chemical processes.
Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.
Energy may take different forms (e.g. energy in fields,
thermal energy, energy of motion).
The transfer of energy can be tracked as energy
flows through a designed or natural system.
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RHST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
works and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 text and topics.

Strand 2.1: The Earth as a Physical System

RHST.6–8.9: Compare and contrast the information gained from experiments,
simulations, video or multimedia sources with that gained from reading a text on
the same topic.
WHST.6–8.6: Use technology, including the Internet, to produce and publish writing
and present the relationships between information and ideas clearly and efficiently.
WHST.6–8.7: Conduct short research projects to answer a question (including a
self-generated question) drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration.

■■

Strand 2.4: Environment and Society
■■

■■

■■

Mathematics
6.RP.A.1: Understand the concept of a ratio and use ratio language to describe a ratio
relationship between two quantities. For example, “The ratio of wings to beaks in the bird
house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote
candidate A received, candidate C received nearly three votes.”

Guideline C—Energy—Learners begin to grasp formal concepts related to energy
by focusing on energy transfer and transformations. They are able to make
connections among phenomena such as light, heat, magnetism, electricity,
and the motion of objects.

■■

■■

Guideline A—Human/environment interactions—Learners understand that people
depend on, change, and are affected by the environment.
Guideline B—Places—Learners understand that places differ in their physical and
human characteristics.
Guideline C—Resources—Learners understand the basic concepts of resource and
resource distribution.
Guideline D—Technology—Learners understand that technology is an integral part
of human existence and culture.
Guideline E—Environmental issues—Learners are familiar with some local environmental
issues and understand that people in other places experience environmental issues as well.

6.RP.A.2: Understand the concept of a unit rate a/b associated with a ratio a:b with
b≠0, and use rate language in the context of a ratio relationship. For example, “This recipe
has a ratio of 3 cups of flour to 4 cups of sugar, so there is 3/4 cup of flour for each cup of
sugar.” “We paid $75 for 15 hamburgers, which is a rate of $5 per hamburger.”
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Weather and the Atmosphere
RECOMMENDED TIME: NOVEMBER – FEBRUARY (12 WEEKS)

Unit Overview:

Essential Questions:
What causes weather conditions?
How do matter and energy interact
to produce weather patterns?
Why do different locations
have different weather conditions?
What short-term/long-term solutions can
we propose that will help reduce pollution?

The unit studies physical properties of matter, energy transformations, as well as how energy is released or absorbed
as light and as heat. This will provide a context for how weather conditions are produced in the atmosphere, and
how weather events affect life in specific regions. Students may build tools to investigate weather in their local area,
gathering and analyzing patterns and trends to describe weather conditions, make informed predictions, and explain
hazardous weather conditions.

Key Ideas:
PS. Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
PS. Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
PS. Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
LE. Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Cause and Effect: Mechanism and Prediction:

Quoted from New York State Performance Indicators (PS. 2.1a,c,d,j; 2.2i-r;
3.1a, c-f, g, h; 3.2a; 4.1a, c,d; 4.2a - d; 4.4a, b; 4.5a, b) (LE.7.2d)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.

■■

■■

The substances have characteristics properties.
Some of these properties include color, odor, phase
at room temperature, density, solubility, heat and
electrical conductivity, hardness, and boiling and
freezing points. (3.1a)

Standard 6: Interconnectedness: Common Themes

Density can be described as the amount of matter that
is in a given amount of space. If two objects have equal
volume, but one has more mass, the one with more
mass is denser. (3.1h)

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

continued
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continued

■■

■■

■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability. 
continued
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The motion of particles helps to explain the phases
(states) of matter as well as changes from one phase to
another. The phase in which matter exists depends on
the attractive forces among its particles. (3.1c)
Gases have neither a determined shape nor definite
volume. Gases assume the shape and volume of a
closed container. (3.1d)

Key Idea 4: Equilibrium is a state of stability due
either to a lack of change (static equilibrium), or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is
necessary for making predictions about future
behavior and conditions.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

Standard 7: Interdisciplinary Problem Solving

A liquid has definite volume, but takes the shape of
a container. (3.1e)
A solid has definite shape and volume. Particles resist
a change in position. (3.1f)
During a physical change a substance keeps its chemical
composition and properties. Examples of physical
changes include freezing, melting, condensation, boiling,
evaporation, tearing, and crushing. (3.2a)

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve probl3ems, especially those
relating to issues of science/technology/society, consumer
decision making, design, and inquiry into phenomena.

■■

■■

■■

Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.
Small changes in one part of a system might cause
large changes in another part.
Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms.

During a phase change, heat energy is absorbed or
released. Energy is absorbed when a solid changes to
a liquid and when a liquid changes to a gas. Energy is
released when a gas changes to a liquid and when a
liquid changes to a solid. (4.2c)
Most substances expand when heated and contract
when cooled. Water is an exception, expanding when
changing to ice. (4.2d)
Energy cannot be created or destroyed, but only
changed from one form into another. (4.5a)
Energy can change from one form to another, although in
the process some energy is always converted into heat.
Some systems transform energy with less loss of heat
than others. (4.5b)
The Sun is the major source of energy for Earth.
Other sources of energy include nuclear and
geothermal energy. (4.1a)
continued
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■■

■■

■■

■■

■■

■■

■■

■■

Different forms of energy include heat, light, electrical,
mechanical, sound, nuclear and chemical. Energy is
transformed in many ways. (4.1d)
Most activities in everyday life involve one form of
energy being transformed into another. For example,
the chemical energy in gasoline is transformed into
mechanical energy in an automobile engine. Energy,
in the form of heat, is almost always one the product
of energy transformations. (4.1c)
Different forms of electromagnetic energy have different
wavelengths. Some examples of electromagnetic energy
are microwaves, infrared light. Visible light. Ultraviolet
light, X-rays, and gamma rays. (4.4a)
Light passes through some materials, sometimes refracting
in the process. Materials absorb and reflect light, and
may transmit light. To see an object, light from that object,
emitted by or reflected from it, must enter the eye. (4.4b)
Heat moves in predictable ways, flowing from warmer
objects to cooler ones, until both have reached the same
temperature. (4.2a)
Heat can be transferred through matter by the collisions
of atoms and/or molecules (conduction) or through
space (radiation). In liquid or gas, currents will facilitate
the transfer of heat (convection). (4.2b)
Nearly all the atmosphere is confined to a thin shell
surrounding the Earth. The atmosphere is a mixture of
gases, including nitrogen, oxygen, with small amounts of
water vapor, carbon dioxide, and other trace gases. The
atmosphere is stratified into layers, each having distinct
properties. Nearly all weather occurs in the lowest layer
of the atmosphere. (2.1a)

■■

■■

■■

■■

■■

■■

■■

■■

■■

■■

The majority of the lithosphere is covered by a relatively
thin layer of water called the hydrosphere. (2.1d)

■■

Water circulates through the atmosphere, lithosphere,
and hydrosphere in what is known as the water cycle.
(2.1j)
The uneven heating of Earth’s surface is the cause
of weather. (2.2k)
Weather describes the conditions of the atmosphere
at a given location for a short period of time. (2.2i)
Air masses form when air remains nearly stationary
over a large section of Earth’s surface and takes on
the conditions of temperature and humidity from
that location. Weather conditions at a location are
determined primarily by temperature, humidity, and
pressure of air masses over that location. (2.2l)

■■

Substances enter the atmosphere naturally and from
human activity. Some of these substances include dust
from volcanic eruptions and greenhouse gases such
as carbon dioxide, methane, and water vapor. These
substances can affect weather, climate and living things.
(2.2r)
Since the Industrial Revolution, human activities have
resulted in major pollution of air, water, and soil. Pollution
has cumulative ecological effects such as acid rain, global
warming, or ozone depletion. The survival of living things
on our planet depends on the conservation and protection
of Earth’s resources. (LE. 7.2d)

Most local weather condition changes are caused by
movement of air masses. (2.2m)
The movement of air masses is determined by
prevailing winds and upper air currents. (2.2n)
Fronts are boundaries between air masses. Precipitation
is likely to occur at these boundaries. (2.2o)
High-pressure systems generally bring fair weather.
Low-pressure systems usually bring cloudy, unstable
conditions. The general movement of highs and lows is
from west to east across the United States. (2.2p)
Hazardous weather conditions include thunderstorms,
tornadoes, hurricanes, ice storms, and blizzards.
Humans can prepare for and respond to these
conditions if given sufficient warning. (2.2q)

The rock at Earth’s surface forms a nearly continuous
shell around Earth called the lithosphere. (2.1c)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RHST.6–8.2: Determine the central ideas or conclusions of a text; provide an accurate
summary of the text distinct from prior knowledge or opinions.

Strand 2.1: The Earth as a Physical System
■■

RHST.6–8.3: Follow precisely a multistep procedure when carrying out experiments,
taking measurements, or performing technical tasks.
RHST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in specific scientific or technical context relevant to
Grades 6–8 texts and topics.
RHST.6–8.5: Integrate quantitative or technical information expressed in words in a text
with a version of that information expressed visually (e.g., in a flowchart, diagram, model,
graph, or table).

■■

■■

Guideline A—Processes that shape the Earth—Learners have a basic understanding
of most of the physical processes that shape the Earth. They are able to explore the
origin of differences in physical patterns.
Guideline D—Global connections—Learners become familiar with ways in which
the world’s environmental, social, economic, cultural, and political systems are linked.
Guideline E—Change and conflict—Learners understand that human social systems
change over time and that conflicts sometimes arise over differing and changing
viewpoints about the environment.

WHST.6–8.4: Produce a clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose and audience.
WHST.6–8.6.8: Gather relevant information from multiple print and digital sources, using
search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a
standard format for citation.
Mathematics
6.SP.B.5: Summarize numerical data sets in relation to their context, such as by:
6.SP.B.5.A: Reporting the number of observations.
6.SP.B.5.B: Describing the nature of the attribute under investigation, including how it
was measured and its units of measurement.
6.SP.B.5.C: Giving quantitative measures of center (median and/or mean) and variability
(interquartile range and/or mean absolute deviation), as well as describing any overall
pattern and any striking deviations from the overall pattern with reference to the context in
which the data were gathered.
6.SP.B.5.D: Relating the choice of measures of center and variability to the shape of the
data distribution and the context in which the data were gathered.
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Diversity of Life
RECOMMENDED TIME: FEBRUARY – APRIL (8 WEEKS)

Unit Overview:
Diversity of life is seen through the study of cells. Prokaryotic and eukaryotic cells, and animal and plant cells, are
observed to describe their structure and to explain how these cells make different organisms. Students will understand
how cells are the primary source for biodiversity, and will learn to classify organisms according to similarities and
differences at the cellular and organism level, as well as using internal and external structures in living things. Students will
also study how different organisms have different energy needs to live. They will understand that energy flows through
ecosystems in one direction, usually from the Sun, through producers to consumers and then decomposers, in which
its balance is the result of interactions between living and nonliving things. Students will be able to construct models of
biomes and/or ecosystems they investigate and that will visually represent their explanation about how energy is used
and transformed by different organisms in an ecosystem. [Refer to Appendix A for the Humane Treatment of Animals
and Conservation Day]

Essential Question:
How does the transfer of matter and energy
through biological communities support the
diversity of living things?

Key Ideas:
LE. Key Idea 1: Living things are both similar to and different from each other and from nonliving things.
LE. Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.
LE. Key Idea 6: Plants and animals depend on each other and their physical environment.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Systems and System Models:

Quoted from New York State Performance Indicators (1.1a - h; 5.1c, d, e;
5.2a-e; 6.1a-c; 6.2a-c)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.

■■

Living things are composed of cells. Cells provide
structure and carry on major functions to sustain life.
Cells are usually microscopic in size. (1.1a)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effectiveness.

continued

continued

■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.
continued
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The way in which cells function is similar in all living
things. Cells grow and divide, producing more cells.
Cells take in nutrients, which they use to provide energy
for the work that cells do and to make the materials that
a cell or an organism needs. (1.1b)

Standard 6: Interconnectedness: Common Themes

■■

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

Energy and Matter: Flows, Cycles, and Conservation:

Most cells have cell membranes, genetic material,
and cytoplasm. Some cells have a cell wall and/or
chloroplasts. Many cells have a nucleus. (1.1c)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in the analysis,
explanation, interpretation, or design.

Some organisms are single cells; others, including
humans, are multicellular. (1.1d)

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

Cells are organized for more effective functioning in
multicellular organisms. Levels of organization for
structure and function of a multicellular organism
include cells, tissues, organs, and organ systems. (1.1e)
Many plants have roots, stems, leaves, and
reproductive structures. These organized groups of
tissues are responsible for a plant’s life activities. (1.1f)
Multicellular animals often have similar organs and
specialized systems for carrying major life activities. (1.1g)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

■■

Standard 7: Interdisciplinary Problem Solving
■■

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among common themes of mathematics, science and
technology; and presenting results.

Models are limited in that they only represent certain
aspects of the system under study.

Matter is conserved because atoms are conserved in
physical and chemical processes.
Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.
Energy may take different forms (e.g. energy in fields,
thermal energy, energy of motion).
The transfer of energy can be tracked as energy
flows through a designed or natural system.

Living things are classified by shared characteristics on
the cellular and organism level. In classifying organisms,
biologists consider details of internal and external
structures. Biological classification systems are arranged
from general (kingdom) to specific (species). (1.1h)
All organisms require energy to survive. The amount of
energy needed and the method for obtaining this energy
vary among cells. Some cells use oxygen to release the
energy stored in food. (5.1c)
The methods for obtaining nutrients vary among
organisms. Producers, such as green plants. Use light
energy to make their food. Consumers. Such as animals,
take in energy-rich foods. (5.1d)
continued
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■■

■■

■■

■■

■■

■■

Herbivores obtain energy from plants. Carnivores obtain
energy from animals. Omnivores obtain energy from both
plants and animals. Decomposers, such as bacteria and
fungi, obtain energy by consuming wastes and/or dead
organisms. (5.1e)
Food provides molecules that serve as fuel and building
material for all organisms. All living things, including
plants, must release energy from their food, using it to
carry on their life processes. (5.2a)

■■

■■

■■

Foods contain a variety of substances, which include
carbohydrates, fats, vitamins, proteins, minerals, and
water. Each substance is vital to the survival of the
organism. (5.2b)
Metabolism is the sum of all chemical reactions in an
organism. Metabolism can be influenced by hormones,
exercise, diet, and aging. (5.2c)

■■

Energy in foods is measured in Calories. The total caloric
value of each type of food varies. The number of Calories
a person requires varies from person to person. (5.2d)
In order to maintain a balanced state, all organisms have
a minimum daily intake of each type of nutrient based
on species, size, activity, etc. An imbalance in any of the
nutrients might results in weight gain, weight loss, or a
diseased state. (5.2e)

■■

■■

Energy flows through ecosystems in one direction,
usually from the Sun, through producers to consumers
and then to decomposers. This process may be
visualized with food chains or energy pyramids.
(6.1a)
Food webs identify feeding relationships among
producers, consumers, and decomposers in an
ecosystem. (6.1b)
Matter is transferred from one organism to
another and between organisms and their physical
environment. Water, nitrogen, carbon dioxide, and
oxygen are examples of substances cycled between
the living and nonliving environment. (6.1c)
Photosynthesis is carried on by green plants and
other organisms containing chlorophyll. In this process,
the Sun’s energy is converted into and stored as
chemical energy in the form of a sugar. The quantity
of sugar molecules increases in green plants during
photosynthesis in the presence of sunlight. (6.2a)
The major source of atmospheric oxygen is
photosynthesis. Carbon dioxide is removed from
the atmosphere and oxygen is released during
photosynthesis. (6.2b)
Green plants are the producers of food which is
used directly or indirectly by consumers. (6.2c)
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ELA/Literacy

Strand 2: Knowledge Of Environmental Processes And Systems

RST.6–8.1: Cite specific textual evidence to support analysis of science and technical texts.

Strand 2.1: The Earth as a Physical System

RST.6–8.2: Determine the central ideas or conclusions of a text; provide an accurate
summary of the text distinct from prior knowledge or opinions.
RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in specific scientific or technical context relevant to
Grades 6–8 texts and topics.
RST.6–8.9: Compare and contrast the information gained from experiments, simulations,
video, or multimedia sources with that gained from reading a text on the same topic.
WHST.6–8.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.

■■

■■

Guideline C—Energy—Learners begin to grasp formal concepts related to energy by
focusing on energy transfer and transformations. They are able to make connections
among phenomena such as light, heat, magnetism, electricity, and the motion of objects.

Strand 2.2: The Living Environment
■■

■■

WHST.6–8.7: Conduct short research projects to answer a question (including a selfgenerated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration.

Guideline B—Changes in matter—Learners understand the properties of
the substances that make up objects or materials found in the environment.

Guideline C—Systems and connections—Learners understand major kinds of interactions
among organisms or populations of organisms.
Guideline D—Flow of matter and energy—Learners understand how energy and
matter flow among the abiotic and biotic components of the environment.

Mathematics
6RP.A.1: Understand the concept of a ratio and use ratio language to describe a ratio
relationship between two quantities. For example, “The ratio of wings to beaks in the
bird house at the zoo was 2:1, because for every two wings there was one beak.”
6RP.A.3: Use ratio and rate reasoning to solve real-world and mathematical problems,
e.g., by reasoning about tables of equivalent ratios, tape diagrams, double number line
diagrams, or equations.
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Interdependence
RECOMMENDED TIME: APRIL – JUNE (8 WEEKS)

Unit Overview:
This unit continues the study of ecosystems and how living things interact with all physical factors in their living
environment. Each ecosystem has its own set of environmental conditions that determine biodiversity. Climatic
factors, competition among populations, and changes in environmental conditions help maintain a balance in the
growth of certain populations. All living things have adaptations that enable them to live within ecosystems under
specific environmental conditions. Abrupt changes in the environment will make living things change, adapt, or
migrate, in order to preserve life. During and after this unit of study, students should be able to investigate how
changes in physical factors affect the survival of living things in particular biomes and/or ecosystems.
[Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Essential Questions:
In what ways are living and nonliving things
dependent upon each other?
What factors affect the interdependence
of living and nonliving things?

Key Ideas:
PS. Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
LE. Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.
LE. Key Idea 6: Plants and animals depend on each other and their physical environment.
LE. Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Systems and System Models:

Quoted from New York State Performance Indicators (LE.1.1h; 1.2e, 3.2a;
5.1a, b, f, g; 7.1a-e; 7.2a-d) (PS. 1.1i; 2.1b, 2.2i,r)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.

■■

■■

■■

Climate is the characteristic weather that prevails from
season to season and year to year. (PS 2.2i)
The tilt of Earth’s axis of rotation and the revolution of
Earth around the Sun cause seasons on Earth. The
length of daylight varies depending on latitude and
longitude. (PS 1.1i)
As altitude increases, air pressure decreases. (PS 2.1b)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effectiveness
and ethical use.
Key Idea 3: Information technology can have positive
and negative impacts on society, depending upon how
it is used.

continued
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continued

■■

■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study. 
continued
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NGSS CROSS-CUTTING CONCEPTS

■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

Substances enter the atmosphere naturally and from
human activity. Some of these substances include dust
from volcanic eruptions and greenhouse gases such
as carbon dioxide, methane and water vapor. These
substances can affect weather, climate, and living things.
(PS 2.2r)

Standard 6: Interconnectedness: Common Themes

Energy and Matter: Flows, Cycles, and Conservation:

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.

Living things are classified by shared characteristics on
the cellular and organism level. In classifying organisms,
biologists consider details of internal and external
structures. Biological classification systems are arranged
from general (kingdom) to specific (species). (1.1h)
A population consists of all individuals of a species that
are found together at a given place and time. Populations
living in one place form a community. The community
and the physical factors with which it interacts compose
an ecosystem. (7.1a)
Given adequate resources and no disease or predators,
populations (including humans) increase. Lack of
resources, habitat destruction, and other factors such
as predation and climate limit the growth of certain
populations in the ecosystem. (7.1b)

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

■■

■■

■■

Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially those
relating to issues of science/technology/society, consumer
decision making, design, and inquiry into phenomena.

In all environments, organisms interact with one another
in many ways. Relationships among organisms may be
competitive, harmful, or beneficial. Some species have
adapted to be dependent upon each other with the
result that neither could survive without the other. (7.1c)

■■

■■

Some microorganisms are essential to the survival
of other living things. (7.1d)

Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.
Energy may take different forms (e.g. energy in fields,
thermal energy, energy of motion).
The transfer of energy can be tracked as energy
flows through a designed or natural system.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

■■

■■

■■
■■

Matter is conserved because atoms are conserved in
physical and chemical processes.

Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.
Small changes in one part of a system might cause
large changes in another part.
Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due to
a balance of feedback mechanisms.
continued

In all environments, organisms with similar needs
may compete with one another for resources. (3.2a)
In ecosystems, balance is the result of interactions between
community members and their environment. (7.2a)
continued
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■■

■■

■■

■■

The environment may be altered through the activities
of organisms. Alterations are sometimes abrupt. Some
species may replace others over time, resulting in longterm gradual changes (ecological succession). (7.2b)
Overpopulation by any species impacts the environment
due to increase use of resources. Human activities can
bring about environmental degradation through resource
acquisition, urban growth, land-use decisions, waste
disposal, etc. (7.2c)
Since the Industrial Revolution, human activities have
resulted in major pollution of air, water and soil. Pollution
has cumulative ecological effects such as acid rain,
global warming, or ozone depletion. The survival of living
things on our planet depends on the conservation and
protection of Earth’s resources. (7.2d)
The environment may contain dangerous levels of
substances (pollutants) that are harmful to organisms.
Therefore, the good health of environments and
individuals requires the monitoring of soil, air, and water,
and taking steps to keep them safe. (7.1e)

■■

■■

■■

■■

■■

The excretory system functions in the disposal of
dissolved waste molecules, the elimination of liquid
and gaseous wastes, and the removal of excess heat
energy. (1.2e)
Animals and plants have a great variety of body plans
and internal structures that contribute to their ability
to maintain a balanced condition. (5.1a)
An organism’s overall body plan and its environment
determine the way that the organism carries out the
life processes. (5.1b)
Regulation of an organism’s internal environment
involves sensing the internal environment and changing
physiological activities to keep conditions within the
range required for survival. Regulation includes a variety
of nervous and hormonal feedback systems. (5.1f)
The survival of an organism depends on its ability
to sense and respond to its external environment.
(5.1g)
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http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
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Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

■■

■■

■■

Time, space, and energy phenomena can be observed
at various scales using models to study systems that
are too large or too small.
The observed function of natural and designed systems
may change with scale.
Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different types
of quantities provide information about the magnitude
of properties and processes.
Scientific relationships can be represented through
the use of algebraic expressions and equations.
Phenomena that can be observed at one scale may
not be observable at another scale.
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.

Strand 2.1: The Earth as a Physical System

RST.6–8.6: Analyze the author’s purpose in providing an explanation, describing a
procedure, or discussing an experiment in a text.
RST.6–8.7: Integrate quantitative or technical information expressed visually (e.g.,
in a flowchart, diagram, model, graph, or table).
WHST.6–8.7: Conduct a short research project to answer a question (including a
self-generated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration.
WHST.6–8.8: Gather relevant information from multiple print and digital sources, using
search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism.

■■

Guideline C—Energy—While they may have little understanding of formal concepts
associated with energy, learners are familiar with the basic behavior of some different
forms of energy.

Strand 2.2: The Living Environment
■■

■■

■■

Guideline A—Organisms, populations, and communities—Learners understand
that biotic communities are made up of plants and animals that are adapted to l
ive in particular environments.
Guideline C—Systems and connections—Learners understand major kinds of
interactions among organisms or populations of organisms.
Guideline D—Flow of matter and energy—Learners understand how energy
and matter flow among the abiotic and biotic components of the environment.

WHST.6–8.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
6.SP.A.2: Understand that a set of data collected to answer a statistical question
has a distribution which can be described by its center, spread, and overall shape.
6.SP.B.4: Display numerical data in plots on a number line, including dot plots,
histograms, and box plots.
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Geology
RECOMMENDED TIME: SEPTEMBER – OCTOBER (7 WEEKS)

Unit Overview:

Essential Questions:
How do different natural phenomena
change the surface of the Earth over time?
To what extent do natural occurrences
affect the Earth over time?
How do scientists use data and technology to
make predictions about natural phenomena?
How have environmental conditions
influenced the changes in the Earth’s surface?

This unit studies the surface of planet Earth, as well as the natural phenomena that causes the surface to change
over time. Students will be able to make different types of models representing the lithosphere that will best help
them describe changes in the surface of the planet. In addition, they will analyze data from earthquakes and
volcanoes, and charts that represent the long history of Earth, drawing conclusions about how these forces of
nature provoke short-term, long-term, and permanent changes to the surface of the planet.

Key Ideas:
PS. Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
PS. Key Idea 2: Many phenomena that we observe on Earth involve interactions among components of air, water, and land.
LE. Key Idea 3: Individual organisms and species change over time.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Cause and Effect: Mechanism and Prediction:

Quoted from the New York State Performance Indicators (PS 1.1f, j;
2.1a, c, e-j; 2.2a–h; 3.1i; 4.2b) (LE. 3.2b, c)

Key Idea 1: Information technology is used to retrieve
process and communicate information as tools to
enhance learning.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.

■■

■■

The shape of the Earth, the other planets and stars are
nearly spherical. (1.1j)
The latitude/longitude coordinate system and our system
of time are based on celestial observations. (1.1f)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effectiveness
and ethical use.

continued

continued

■■

■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
continued
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http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

■■

■■

■■

■■

■■

■■

■■

■■

Nearly all the atmosphere is confined to a thin shell
surrounding Earth. The atmosphere is a mixture of
gases, including nitrogen and oxygen with small
amounts of water vapor, carbon dioxide, and other
trace gases. The atmosphere is stratified into layers,
each having distinct properties. Nearly all weather
occurs in the lowest layer of the atmosphere. (2.1a)

Standard 6: Interconnectedness: Common Themes

The majority of the lithosphere is covered by a relatively
thin layer of water called the hydrosphere. (2.1d)

Key Idea 1: Describe and explain phenomena by
designing and conducting investigations involving
systematic observations, accurate measurements,
and the identification and control of variables; by
inquiring into relevant mathematical ideas; and by
using mathematical and technological tools and
procedures to assist in the investigation.

The rock at Earth’s surface forms a nearly continuous
shell around Earth called the lithosphere. (2.1c)
Rocks are composed of minerals. Only a few rockforming minerals make up most of the rocks of Earth.
Minerals are identified on the basis of physical properties
such as streak, hardness, and reaction to acid. (2.1e)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability.

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Structure and Function:

Standard 7: Interdisciplinary Problem Solving –
Connections

The way an object is shaped or structured determines
many of its properties and functions.

Rocks are classified according to their method of
formation. The three classes of rocks are sedimentary,
metamorphic and igneous. Most rocks show
characteristics that provide clues to their formation
conditions. (2.2g)
The rock cycle model shows how types of rock material
may be transformed from one type of rock to another.
(2.2h)
Fossils are usually found in sedimentary rocks. Fossils
are great evidence that a great variety of species existed
in the past. (LE. 2.1f)
Extinction of a species occurs when the environment
changes and the adaptive characteristics of a species
are insufficient to permit its survival. Extinction of species
is common. Fossils are evidence that a great variety of
species existed in the past. (3.2b)
continued
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■■

■■

Complex and microscopic structures and systems can
be visualized, modeled, and used to describe how their
function depends on the shapes, composition, and
relationships among its parts; therefore, complex natural
and designed structures/systems can be analyzed to
determine how they function.
Structures can be designed to serve particular functions
by taking into account properties of different materials,
and how materials can be shaped and used.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

■■

■■

■■

Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.
Small changes in one part of a system might cause
large changes in another part.
Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms.
continued
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■■

■■

■■

■■

■■

■■
■■

Many thousands of layers of sedimentary rock provide
evidence for the long history of Earth and for the long
history of changing life forms whose remains are found in
the rocks. Recently deposited rock layers are more likely
to contain fossils resembling existing species. (LE. 3.2c)
The dynamic processes that wear away Earth’s surface
include weathering and erosion. (2.1g)
Erosion is the transport of sediment. Gravity is the driving
force behind erosion. Gravity can act directly or through
agents such as moving water, wind, and glaciers. (2.1i)

■■

■■

■■

■■

The process of weathering breaks down rocks to form
sediment. Soil consists of sediment, organic material,
water and air. (2.1h)
Heat can be transferred through matter by the collisions
of atoms and/or molecules (conduction) or through
space (radiation). In a liquid or gas, currents will facilitate
the transfer of heat (convection). (4.2b)

■■

Analysis of earthquake wave data leads to the conclusion
that there are layers within the Earth. These layers have
distinctive properties. (2.2b)
Folded, tilted, faulted and displaced rock layers suggest
past crustal movement. (2.2c)
Continents fitting together like puzzle parts and fossil
correlations provided initial evidence that continents were
once together. (2.2d)
The Theory of Plate Tectonics explains how the “solid”
lithosphere consists of a series of plates that “float” on
the partially molten section of the mantle. Convection
cells within the mantle may be the driving force for the
movement of the plates. (2.2e)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study.

Plates may collide, move apart, or slide past one another.
Most volcanic activity and mountain building occur
at the boundaries of these plates, often resulting in
earthquakes. (2.2f)

Buoyancy is determined by comparative densities. (3.1i)
The interior of the Earth is hot. Heat flow and movement
of material within the Earth cause sections of Earth crust
to move. This may result in earthquakes, volcanic activity,
and the creation of mountain and oceanic basins. (2.2a)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
odds and phrases as they are used in a specific scientific or technical context relevant to
Grades 6–8 texts and topics.

Strand 2.1: The Earth as a Physical System

RST.6–8.7: Integrate quantitative or technical information expressed in words in a text
with a version of that information expressed visually (e.g., in a flowchart, diagram, model,
graph, or table).
RST.6–8.8: Distinguish among facts, reasoned judgment based on research findings,
and speculation in a text.
WHST.6–8.4: Produce a clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose, and audience.

■■

■■

■■

Guideline A—Processes that shape the Earth—Learners have a basic understanding of
most of the physical processes that shape the Earth. They are able to explore the origin
of differences in physical patterns.
Guideline B—Changes in matter—Learners understand the properties of the substances
that make up objects or materials found in the environment.
Guideline C—Energy—Learners begin to grasp formal concepts related to energy by
focusing on energy transfer and transformations. They are able to make connections
among phenomena such as light, heat, magnetism, electricity, and the motion of objects.

WHST.6–8.5: With some guidance and support from peers and adults, develop and
strengthen writing as needed by planning, revising, editing, rewriting, or trying a new
approach, focusing on how well purpose and audience have been addressed.
WHST.6–8.8: Gather relevant information from multiple print and digital sources, using
search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a
standard format for citation.
Mathematics
7RP.2: Recognize and represent proportional relationships between two quantities.
b) Identify the constant of proportionality (unit rate) in tables, graphs, equations,
diagrams, and verbal descriptions of proportional relationships.
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Energy and Matter
RECOMMENDED TIME: NOVEMBER – JANUARY (12 WEEKS)

Unit Overview:

Essential Questions:
What makes matter?
How does matter behave?
How does matter relate to energy?
How is energy transferred
from one material to another?
How is energy transformed?
What materials are best to conserve
and efficiently use energy?
To what extent do chemicals affect
living and nonliving things?

Students will describe matter by its physical properties and will explain its behavior by using its chemical properties.
Knowledge of physical and chemical changes will enable students to understand how matter and energy interact in
many dynamic ways. As students understand these interactions between matter and energy, they should also be able
to investigate and explain how pollutants enter and remain in the environment, and its consequences for living and
nonliving things. Students should be able to propose ideas and ways to preserve a healthy living environment with a
minimum amount of pollutants. [Refer to Appendix A for Conservation Day]

Key Ideas:
PS. Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
PS. Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
LE. Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf
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Major Understandings:

Standard 2: Information Systems

Energy and Matter: Flows, Cycles, and Conservation:

Quoted from New York State Performance Indicators (PS. 3.1a-h; 3.2a-e;
3.3a-d, f, g; 4.1d; 4.2e; 4.3a; 4.4a-d, f, g; 4.5 a, b; LE. 7.1e)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.

■■

■■

Energy cannot be created or destroyed, but only
changed from one form into another. (4.5a)
Different forms of energy include heat, light, electrical,
mechanical, sound, nuclear, and chemical. Energy is
transformed in many ways. (4.1d)

■■

Standard 6: Interconnectedness
Key Idea 1: Systems Thinking: through systems
thinking, people can recognize the commonalities that
exist among all systems and how parts of a system
interrelate and combine to perform specific functions.
continued
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■■

■■

Matter is conserved because atoms are conserved in
physical and chemical processes.
Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.
Energy may take different forms (e.g. energy in fields,
thermal energy, energy of motion).
continued
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Energy can change from one form to another, although
in the process some energy is always converted to heat.
Some systems transform energy with less loss of heat
than others. (4.5b)
Different forms of electromagnetic energy have different
wavelengths. Some examples of electromagnetic energy
are microwaves, infrared light, visible light, ultraviolet light,
X-rays, and gamma rays. (4.4a)
Light passes through some materials, sometimes
refracting in the process. Materials absorb and reflect
light, and may transmit light. To see and object, light
from that object, emitted by or reflected from it, must
enter the eye. (4.4b)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Standard 7: Interdisciplinary Problem Solving
Key Idea 1: Connections: The knowledge and skills of
mathematics, science, and technology are used together
to make informed decisions and solve problems,
especially those relating to issues of science/technology/
society, consumer decision making, design, and inquiry
into phenomena.

Vibrations in materials set up wave-like disturbances
that spread away from the source. Sound waves are an
example. Vibrational waves move at different speeds
in different materials. Sound cannot travel in a vacuum.
(4.4c)
Substances have characteristic properties. Some of
these properties include color, odor, phase at room
temperature, density, solubility, heat and electrical
conductivity, hardness, and boiling and freezing points.
(3.1a)
The motion of particles helps explain the phases (states)
of matter as well as changes from one phase to another.
The phase in which matter exists depends on the
attractive forces among particles. (3.1c)
Gases have neither a determined shape nor a definitive
volume. Gases assume the shape and volume of a
closed container. (3.1d)
A liquid has definitive volume, but takes the shape of a
container. (3.1e)
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■■

The transfer of energy can be tracked as energy flows
through a designed or natural system.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

■■

■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

■■

■■

Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales,
including the atomic scale.
Small changes in one part of a system might cause large
changes in another part.
Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.
Systems in dynamic equilibrium are stable due to a
balance of feedback mechanisms.
continued

continued
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■■

■■

A solid has definite shape and volume. Particles resist a
change in position. (3.1f)
Density can be described as the amount of matter that
is in a given amount of space. If two objects have equal
volume, but one has more mass, the one with more
mass is denser. (3.1h)
Without direct contact, a magnet attracts certain materials
and either attracts or repels other magnets. The attractive
force of a magnet is greatest at its poles. (4.4g)

■■

■■

■■

■■

■■
■■

■■

Without touching them, material that has been electrically
charged attracts uncharged material, and may either
attract or repel other charged material. (4.4f)

■■

Electrical energy can be produced from a variety of
energy sources and can be transformed into almost any
other form of energy. (4.4d)
■■

■■

During a physical change a substance keeps its chemical
composition and properties. Examples of physical
changes include freezing, melting, condensation, boiling,
evaporation, tearing, and crushing. (3.2a)
■■

■■

■■

Mixtures are physical combinations of materials and can
be separated by physical means. (3.2b)
Characteristic properties can be used to identify different
materials, and separate a mixture of substances into its
components. For example, iron can be removed from a
mixture by means of a magnet. An insoluble substance
can be separated from a soluble substance by such
processes as filtration, settling, and evaporation. (3.1g)

■■

■■
■■

Solubility can be affected by the nature of the solute and
solvent, temperature, and pressure. The rate of solution can
be affected by the size of the particles, stirring, temperature,
and the amount of solute already dissolved. (3.1b)

Temperature affects the solubility of some substances
in water. (4.2e)
All matter is made up atoms. Atoms are far too small
to see with a light microscope. (3.3a)
Atoms and molecules are perpetually in motion. The
greater the temperature, the greater the motion. (3.3b)
Atoms may join together in well-defined molecules or
may be arranged in regular geometric patterns. (3.3c)
The atoms of any one element are different from the
atoms of other elements. (3.3e)
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Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

■■

There are more than 100 elements. Elements combine
in a multitude of ways to produce compounds that
account for all living and nonliving substances. Few
elements are found in their pure form. (3.3f)
The periodic table is one useful model for classifying
elements. The periodic table can be used to predict
properties of elements (metals, nonmetals, noble
gases). (3.3g)
Substances are often placed in categories if they react
in similar ways. Examples include metals, nonmetals
and noble gases. (3.2d)
During a chemical change, substances react in
characteristic ways to form new substances with
different physical and chemical properties. Examples
of chemical changes include burning wood, cooking of
an egg, rusting of iron, and souring of milk. (3.2c)
Interactions among atoms and/or molecules result in
chemical reactions. (3.3d)
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■■

■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes, and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study.

In chemical reactions, energy is transferred into or
out of a system. Light, electricity, or mechanical
motion may be involved in such transfers in addition
to heat. (4.3a)
The Law of Conservation of Mass states that during an
ordinary chemical reaction matter cannot be created or
destroyed. In chemical reactions, the total mass of the
reactants equals the total mass of the products. (3.2e)
The environment may contain dangerous levels of
substances (pollutants) that are harmful to organisms.
Therefore, the good health of environments and
individuals requires the monitoring of soil, air, and
water, and taking steps to keep them safe. (LE 7.1e)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.2: Determine the central ideas or conclusions of a text; provide an accurate
summary of a text distinct form prior knowledge or opinions.

Strand 2.1: The Earth as a Physical System
■■

RST.6–8.3: Follow precisely a multistep procedure when carrying out experiment,
taking measurements, or performing technical tasks.
RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a scientific or technical context relevant to Grades
6–8 texts and topics.

■■

■■

RST.6–8.9: Compare and contrast the information gained form experiments, simulations,
video, or multimedia sources with that gained from reading a text on the same topic.

Guideline A—Processes that shape the Earth—Learners have a basic understanding of
most of the physical processes that shape the Earth. They are able to explore the origin
of differences in physical patterns.
Guideline B—Changes in matter—Learners understand the properties of the substances
that make up objects or materials found in the environment.
Guideline C—Energy—Learners begin to grasp formal concepts related to energy by
focusing on energy transfer and transformations. They are able to make connections
among phenomena such as light, heat, magnetism, electricity, and the motion of objects.

WHST.6–8.2: Write informative/explanatory texts, including the narration of scientific
procedures/experiments, or technical processes.
Mathematics
7NS.1: Apply and extend previous understandings of addition and subtraction to add
and subtract rational numbers; represent addition and subtraction on a horizontal or
vertical number line diagram. a) Describe situations in which opposite quantities combine
to make 0. For example, a hydrogen atom has zero charge because its two constituents
are oppositely charged.
7NS.3: Solve real-world and mathematical problems involving the four operations with
rational numbers.
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Dynamic Equilibrium: The Human Animal
RECOMMENDED TIME: FEBRUARY – MARCH (8 WEEKS)

Unit Overview:

Essential Questions:
How do cells function to sustain human life?
How do human body systems function
to maintain homeostasis?
How can environmental conditions
affect human survival?

Through this unit, students will understand the cell, the function of organs, and how these work together as a system.
Students must be able to explain and conclude that, despite changes, the connection of organ systems, and the
maintenance of a proper metabolism, will provide a dynamic equilibrium for life.

Key Ideas:
LE. Key Idea 1: Living things are both similar to and different from each other and from nonliving things.
LE. Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Systems and System Models:

Quoted from the New York State Performance Indicators (LE. 1.1a-e, g, h;
1.2a-h; 5.1a-g; 5.2a-c, e, f,)

Key Idea 1: Information technology is used to retrieve,
process and communicate information as a tool to
enhance learning.

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.

■■

■■

■■

■■

Living things are composed of cells. Cells provide
structure and carry on major functions to sustain life.
Cells are usually microscopic in size. (1.1a)
Some organisms are single cells; others, including
humans, are multicellular. (1.1d)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effectiveness
and ethical use.

■■

■■

Standard 6: Interconnectedness

Most cells have cell membranes, genetic material,
and cytoplasm. Some cells have a cell wall and/or
chloroplasts. Many cells have a nucleus. (1.1c)
The way in which cells function is similar in all living things.
Cells grow and divide, producing more cells. Cells take in
nutrients, which they use to provide energy for the work
that cells do and to make the materials that a cell or an
organism needs. (1.1b)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study.
continued

Key Idea 2: Models are simplified representations of
objects, structures, or systems used in the analysis,
explanation, interpretation, or design.

continued
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Cells are organized for more effective functioning in
multicellular organisms. Levels of organization for structure
and function of a multicellular organism include cells,
tissues, organs, and organ systems. (1.1e)
Each system is composed of organs and tissues which
perform specific functions and interact with each other.
(1.2a)
Tissues, organs and organ systems help provide all cells
with nutrients, oxygen, and waste removal. (1.2b)
Multicellular animals often have similar organs and
specialized systems for carrying out major life activities.
(1.1g)

Key Idea 4: Equilibrium is a state of stability due
either to a lack of change (static equilibrium) or a
balance between opposing forces (dynamic equilibrium).
Standard 7: Interdisciplinary Problem Solving
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits, gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

Animals have a great variety of body plans and internal
structures that contribute to their ability to maintain a
balanced condition. (5.1a)
An organism’s overall body plan and its environment
determine the way that the organism carries out the life
processes. (5.1b)
All organisms require energy to survive. The amount of
energy needed and the method for obtaining this energy
vary among cells. Some cells use oxygen to release the
energy stored in food. (5.1c)
The methods for obtaining nutrients vary among
organisms. Producers, such as green plants, use light
energy to make their own food. Consumers, such as
animals, take in energy-rich foods. (5.1d)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
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Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

■■

■■

Matter is conserved because atoms are conserved
in physical and chemical processes.
Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.
Energy may take different forms (e.g. energy in fields,
thermal energy, energy of motion).
The transfer of energy can be tracked as energy
flows through a designed or natural system.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

■■

Complex and microscopic structures and systems can
be visualized, modeled, and used to describe how their
function depends on the shapes, composition, and
relationships among its parts; therefore, complex natural
and designed structures/systems can be analyzed to
determine how they function.
Structures can be designed to serve particular functions
by taking into account properties of different materials,
and how materials can be shaped and used.

Herbivores obtain energy from plants. Carnivores obtain
energy from animals. Omnivores obtain energy from both
plants and animals. Decomposers, such as bacteria and
fungi, obtain energy by consuming wastes and/or dead
organisms. (5.1e)
continued
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■■

■■

■■

■■

Food provides molecules that serve as fuel and building
material for all organisms. All living things, including
plants, must release energy from their food, using it to
carry on their life process. (5.2a)
Foods contain a variety of substances, which include
carbohydrates, fats, vitamins, proteins, minerals, and
water. Each substance is vital to the survival of the
organism. (5.2b)
Regulation of an organism’s internal environment
involves sensing the internal environment and changing
physiological activities to keep conditions within the
range required for survival. Regulation includes a variety
of nervous and hormonal feedback systems. (5.1f)
The nervous and endocrine systems interact to control
and coordinate the body’s responses to changes in the
environment, and to regulate growth, development, and
reproduction. Hormones are chemicals produced by
the endocrine system; hormones regulate many body
functions. (1.2h)

■■

■■

■■

■■

■■

■■
■■

The respiratory system supplies oxygen and removes
carbon dioxide (gas exchange). (1.2d)
■■

■■

The circulatory system moves substances to and from
cells, where they are needed or produced, responding to
changing demands. (1.2f)

The excretory system functions in the disposal of dissolved
waste molecules, the elimination of liquid and gaseous
wastes, and the removal of excess heat energy. (1.2e)
The digestive system consists of organs that are
responsible for the mechanical and chemical breakdown
of food. The breakdown process results in molecules that
can be absorbed and transported to cells. (1.2c)
Metabolism is the sum of all chemical reactions in an
organism. Metabolism can be influenced by hormones,
exercise, diet and aging. (5.2c)
Energy in foods is measured in Calories. The total caloric
value of each type of food varies. The number of Calories
a person requires varies from person to person. (5.2d)
In order to maintain a balanced state, all organisms have
a minimum daily intake of each type of nutrient based on
species, size, age, sex, activity, etc. An imbalance in any
of the nutrients might result in weight gain, weight loss,
or diseased state. (5.2e)
The survival of an organism depends on its ability to
sense and respond to its external environment. (5.1g)
Locomotion, necessary to escape danger, obtains food
and shelter, and reproduce, is accomplished by the
interaction of the skeletal and muscular systems, and
coordinated by the nervous system. (1.2g)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.1: Cite specific textual evidence to support analysis of science and technical texts.

Strand 2.2: The Living Environment

RST.6–8.3: Follow precisely a multistep procedure when carrying out experiments,
taking measurements, or performing technical tasks.
RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.
WHST.6–8.4: Produce a clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose and audience.
WHST.6–8.5: With some guidance and support from peers and adults, develop and
strengthen writing as needed by planning, revising, editing, rewriting, or trying a new
approach, focusing on how well purpose and audience have been addressed.
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■■

■■

■■

■■

Guideline A—Organisms, populations, and communities—Learners understand
that biotic communities are made up of plants and animals that are adapted to
live in particular environments.
Guideline B—Heredity and evolution—Learners have a basic understanding
of the importance of genetic heritage.
Guideline C—Systems and connections—Learners understand major kinds
of interactions among organisms or populations of organisms.
Guideline D—Flow of matter and energy—Learners understand how energy
and matter flow among the abiotic and biotic components of the environment.
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Dynamic Equilibrium: Other Organisms
RECOMMENDED TIME: MAY – JUNE (8 WEEKS)

Unit Overview:

Essential Questions:
How do differences in structures or functions
promote biodiversity among living things?
How do living things function
to maintain a dynamic equilibrium?
How do organisms adapt to
their environment in order to survive?
How do differences in structure and/or function
influence biodiversity among living things?

This unit continues building understanding of the structure and function of other organisms, by exploring body systems
of plants and other animals, including single-celled organisms and invertebrates. Students will compare and contrast
how these organisms regulate and maintain homeostasis, drawing conclusions about their physical needs and how they
maintain a dynamic equilibrium. [Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Key Ideas:
LE. Key Idea 1: Living things are both similar to and different from each other and from nonliving things.
LE. Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS
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Major Understandings:

Standard 2: Information Systems

Structure and Function:

Quoted from the New York State Performance Indicators (LE. 1.1 b-g; 1.2
a-f; 4.3c, d; 5.1 a-g; 5.2a-c, e; 6.2a-c)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

The way an object is shaped or structured determines
many of its properties and functions.

■■

■■

■■

Some organisms are single cells; others, including
humans, are multicellular. (1.1d)

■■

Standard 6: Interconnectedness

Most cells have cell membranes, genetic material,
and cytoplasm. Some cells have a cell wall and/or
chloroplasts. Many cells have a nucleus. (1.1c)
Cells are organized in a more effective way in multicellular
organisms. Levels of organization for structure and
function of a multicellular organism include cells, tissues,
organs and organ systems. (1.1e)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

continued

The New York City Department of Education 6–12 Science Scope & Sequence

■■
continued

Complex and microscopic structures and systems can
be visualized, modeled, and used to describe how their
function depends on the shapes, composition, and
relationships among its parts; therefore, complex natural
and designed structures/systems can be analyzed to
determine how they function.
Structures can be designed to serve particular functions
by taking into account properties of different materials,
and how materials can be shaped and used.
continued
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Multicellular animals often have similar organs and
specialized systems for carrying out major life activities.
(1.1g)
Each system is composed of organs and tissues which
perform specific functions and interact with each other,
e.g., digestion, gas exchange, excretion, circulation,
locomotion, control, coordination, reproduction, and
protection from disease. (1.2a)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
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Standard 7: Interdisciplinary Problem Solving

Scale, Proportion, and Quantity:

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/technology/society,
consumer decision making, design, and inquiry into
phenomena.

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.

Tissues, organs, and organ systems help to provide all
cells with nutrients, oxygen, and waste removal. (1.2b)
All organisms require energy to survive. The amount of
energy needed and the method for obtaining energy
vary among cells. Some cells use oxygen to release the
energy stored in food. (5.1c)
The methods for obtaining nutrients vary among
organisms. Producers, such as green plants, use light
energy to make their food. Consumers, such as animals,
take in energy-rich foods. (5.1d)
Herbivores obtain energy from plants. Carnivores obtain
energy from animals. Omnivores obtain energy from both
plants and animals. Decomposers, such as bacteria and
fungi, obtain energy by consuming wastes and/or dead
organisms. (5.1e)
The digestive system consists of organs that are
responsible for the mechanical and chemical breakdown
of food. The breakdown process results in molecules
that can be absorbed and transported to cells. (1.2c)
Food provides molecules that serve as fuel and building
material for all organisms. All living things, including
plants, must release energy from their food, using it to
carry on their life processes. (5.2a)

■■

■■

■■

■■

■■

Time, space, and energy phenomena can be observed
at various scales using models to study systems that are
too large or too small.
The observed function of natural and designed systems
may change with scale.
Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different types
of quantities provide information about the magnitude
of properties and processes.
Scientific relationships can be represented through
the use of algebraic expressions and equations.
Phenomena that can be observed at one scale may
not be observable at another scale.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study.

continued
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■■

■■

■■

■■

■■

■■

■■

■■

Foods contain a variety of substances, which include
carbohydrates, fats, vitamins, proteins, minerals, and
water. Each substance is vital to the survival of the
organism. (5.2b)

■■

■■

In order to maintain a balanced state, all organisms have
a minimum daily intake of each type of nutrient based on
species, size, age, sex, activity, etc. An imbalance in any
of the nutrients might result in weight gain, weight loss,
or a disease state. (5.2e)
During respiration, cells use oxygen to release the energy
stored in food. The respiratory system supplies oxygen
and removes carbon dioxide (gas exchange). (1.2d)
The excretory system functions in the disposal of
dissolved waste molecules. The elimination of liquid
and gaseous wastes, and the removal of excess heat
energy. (1.2e)

■■

■■

■■

The circulatory system moves substances to and from
cells, where they are needed or produced, responding to
changing demands. (1.2f)
Regulation of an organism’s internal environment
involves sensing the internal environment and changing
physiological activities to keep conditions within the
range required for survival. Regulation includes a variety
of nervous and hormonal feedback systems. (5.1f)
The survival of an organism depends on its ability to
sense and respond to its external environment. (5.1g)
Many plants have roots, stems, leaves, and reproductive
structures. These organized groups of tissues are
responsible for a plant’s life activities. (1.1f)

■■

■■

■■

Plants have a great variety of body plans and internal
structures that contribute to their ability to maintain a
balanced condition. (5.1a)
Photosynthesis is carried out by green plants and
other organisms containing chlorophyll. In this process,
the Sun’s energy is converted into and stored as
chemical energy in the form of sugar. The quantity
of sugar molecules increases in green plants during
photosynthesis in the presence of sunlight. (6.2a)
The major source of atmospheric oxygen is
photosynthesis. Carbon dioxide is removed from
the atmosphere and oxygen is released during
photosynthesis. (6.2b)
Green plants are the producers of food which is used
directly or indirectly by consumers. (6.2c)
Metabolism is the sum of all chemical reactions in
an organism. Regulation of an organism’s internal
environment and changing physical activities to keep
conditions within the range required for survival. (5.2c)
An organism’s body plan and its environment
determine the way that the organism carries out the
life processes. (5.1b)
Various body structures and functions change as an
organism goes through its life cycle. (4.3c)
Patterns of development vary among animals. In some
species the young resemble the adult, while in others
they do not. Some insects and amphibians undergo
metamorphosis as they mature. (4.3d)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.3: Follow precisely a multistep procedure when carrying out experiments,
taking measurements, or performing technical tasks.

Strand 2.2: The Living Environment
■■

RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.
WHST.6–8.4: Produce a clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose and audience.
WHST.6–8.5: With some guidance and support from peers and adults, develop and
strengthen writing as needed by planning, revising, editing, rewriting, or trying a new
approach, focusing on how well purpose and audience have been addressed.

■■

■■

■■

Guideline A—Organisms, populations, and communities—Learners understand
that biotic communities are made up of plants and animals that are adapted to
live in particular environments.
Guideline B—Heredity and evolution—Learners have a basic understanding
of the importance of genetic heritage.
Guideline C—Systems and connections—Learners understand major kinds
of interactions among organisms or populations of organisms.
Guideline D—Flow of matter and energy—Learners understand how energy
and matter flow among the abiotic and biotic components of the environment.

Mathematics
7.SP.A.1: Understand that statistics can be used to gain information about a population
by examining a sample of the population; generalizations about a population from a
sample are valid only if the sample is representative of that population. Understand that
random sampling tends to produce representative samples and support valid inferences.
7.SP.A.2: Use data from a random sample to draw inferences about a population with
an unknown characteristic of interest. Generate multiple samples (or simulated samples)
of the same size to gauge the variation in estimates or predictions.
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Reproduction, Heredity, and Evolution
RECOMMENDED TIME: SEPTEMBER – NOVEMBER (10 WEEKS)

Unit Overview:

Essential Questions:
How does life on Earth continue and adapt
in response to environmental changes?
How may advances in genetic engineering
affect the variations of species?
How do environmental conditions affect
the survival of individual organisms?

During this unit, students will compare and contrast the processes of asexual and sexual reproduction. They will also
learn the structure of reproductive organs as well as the function of the organs on the reproductive, endocrine and
immune systems. This knowledge leads to the study of how environmental and physical factors impact and contribute
to biodiversity. At the end of the unit, students should be able to describe the genetic product of cell division and its
implications in terms of diversity of life. [Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Key Ideas:
LE. Key Idea 1: Living things are both similar and different from each other and from nonliving things.
LE. Key Idea 2: Organisms inherit genetic information in a variety of ways that result in continuity of structure and function between parents and offspring.
LE. Key Idea 4: The continuity of life is sustained through reproduction and development.
LE. Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Structure and Function:

Quoted from New York State Performance Indicators (LE 1.2i, h, j 2.1a-e;
2.2a-c; 3.1a-c; 3.2a–d; 4.1a-d, 4.2b; 4.3a-f; 4.4 –d; 7.2d)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

The way an object is shaped or structured determines
many of its properties and functions.

■■

■■

In asexual reproduction, all genes come from a single
parent. Asexually produced offspring are genetically
identical to the parent. (2.1d)
Some organisms reproduce asexually. Other organisms
reproduce sexually. Some organisms can reproduce both
asexually and sexually. (4.1a)
continued

■■

Standard 6: Interconnectedness: Common Themes
Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is necessary for
making predictions about future behavior and conditions.
continued

■■

Complex and microscopic structures and systems can
be visualized, modeled, and used to describe how their
function depends on the shapes, composition, and
relationships among its parts; therefore, complex natural
and designed structures/systems can be analyzed to
determine how they function.
Structures can be designed to serve particular functions
by taking into account properties of different materials,
and how materials can be shaped and used.
continued
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There are many methods of asexual reproduction,
including division of a cell into two cells, or separation of
part of an animal or plant from the parent, resulting in the
growth of another individual. (4.1b)
In sexual reproduction typically half of the genes come
from each parent. Sexually produced offspring and not
identical of either parent. (2.1e)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Standard 7: Interdisciplinary Problem Solving

Patterns:

Key Idea 1: The knowledge of science, mathematics,
and technology are used together to make informed
decisions and solve problems, especially those relating to
issues of science/technology/society, consumer decision
making, design, and inquiry into phenomena.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.
■■

■■
■■

■■

■■

■■

■■

■■

■■

Methods of sexual reproduction depend upon the
species. All methods involve the merging of sex cells
to begin the development of a new individual. In many
species, including plants and humans, eggs and sperm
are produced. (4.1c)
The male sex cell is the sperm. The female sex cell is the
egg. The fertilization of an egg by a sperm results in a
fertilized egg. (4.2a)
In sexual reproduction, sperm and egg each carry onehalf of the genetic information for the new individual.
Therefore, the fertilized egg contains genetic information
from each parent. (4.2b)
Fertilization and/or development in organisms may be
internal or external. (4.1d)
Multicellular organisms exhibit complex changes in
development, which begin after fertilization. The fertilized
egg undergoes numerous cellular divisions that will
results in a multicellular organism, with each cell having
identical genetic information. (4.3a)
In humans, the fertilized egg grows into tissue which
develops into organs and organ systems before birth.
(4.3b)

■■

■■

Macroscopic patterns are related to the nature of
microscopic and atomic-level structure.
Patterns in rates of change and other numerical
relationships can provide information about natural
and human-designed systems.
Patterns can be used to identify cause and effect
relationships.
Graphs, charts, and images can be used to identify
patterns in data.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

■■

■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability.

Various body structures and functions change as an
organism goes through its life cycle. (4.3c)
continued
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■■

■■

■■

■■

Patterns of development vary among animals. In some
species the young resemble the adult, while in others
they do not. Some insects and amphibians undergo
metamorphosis as they mature. (4.3d)
Patterns of development vary among plants. In seedbearing plants, seeds contain stored food for early
development. Their later development into adulthood is
characterized by varying patterns of growth from species
to species. (4.3e)

■■

■■

■■

■■

As an individual organism ages, various body structures
and functions change. (4.3f)
In multicellular organisms, cell division is responsible
for growth, maintenance, and repair. In some onecelled organisms, cell division is a method of sexual
reproduction. (4.4a)

■■

■■
■■

■■

■■
■■

■■

In one type of cell division, chromosomes are duplicated
and then separated into two identical and complete sets
to be passed to each of the two resulting cells. In this
type of cell division, the hereditary information is identical
in all the cells that result. (4.4b)
Another type of cell division accounts for the production
of egg and sperm cells in sexually reproducing
organisms. The eggs and sperm resulting from this
type of cell division contain one-half of the hereditary
information. (4.4c)
Cancers are a result of abnormal cell division. (4.4d)
Hereditary information is contained in genes. Genes are
composed of DNA that makes up the chromosomes of
cells. (2.1a)
Each gene carries a single unit of information. A single
inherited trait of an individual can be determined by one
pair or by many pairs of genes. A human cell contains
thousands of different genes. (2.1b)

■■

■■

Each human cell contains a copy of all genes needed
to produce a human being. (2.1c)

■■

In all organisms, genetic traits are passed on from
generation to generation. (2.2a)
Some genes are dominant and some are recessive.
Some traits are inherited by mechanism other than
dominance and recessiveness. (2.2b)
The probability of traits being expressed can be
determined using models of genetic inheritance. Some
models of predictions are pedigree and Punnett squares.
(2.2c)
The processes of sexual reproduction and mutation
have been given rise to a variety of traits within
species. (3.1a)

■■

■■

■■

The male and female reproductive systems are
responsible for producing sex cells necessary for the
production of offspring. (1.2i)
The nervous and endocrine systems interact to control
and coordinate the body’s responses to changes in
the environment, and to regulate growth, development,
and reproduction. Hormones are chemicals produced
by the endocrine system; hormones regulate many
body functions. (1.2h)
Disease breaks down the structures or functions of an
organism. Some diseases are the result of failures of
the system. Other diseases are the result of damage
by infection from other organisms (germ theory).
Specialized cells protect the body from infectious
disease. The chemicals they produce identify and
destroy microbes that enter the body. (1.2j)
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■■

■■

■■

Changes in environmental conditions can affect the
survival of individual organisms with a particular trait.
Small differences between parents and offspring
can accumulate in successive generations so that
descendants are very different from their ancestors.
Individual organisms with certain traits are more likely
to survive and have offspring than individuals without
those traits. (3.1b)
Human activities such as selective breeding and
advances in genetic engineering may affect the
variations of species. (3.1c)
In all environments, organisms with similar needs may
compete with one another for resources. (3.2a)
Extinction of species occurs when the environment
changes and the adaptive characteristics of a species
are insufficient to permit its survival. Extinction of species
is common. Fossils are evidence that a great variety of
species existed in the past. (3.2b)
Many thousands of layers of sedimentary rock provide
evidence for the long history of Earth and for the long
history of changing lifeforms whose remains are found in
the rocks. Recently deposited rock layers are more likely
to contain fossils resembling existing species. (3.2c)
Although the time needed for changes in a species is
usually great, some species of insects and bacteria have
undergone significant change in just a few years. (3.2d)
Since the Industrial Revolution, human activities have
resulted in major pollution of air, water, and soil. Pollution
has cumulative ecological effects such as acid rain,
global warming, or ozone depletion. The survival of living
things on our planet depends on the conservation and
protection of Earth’s resources. (7.2d)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.1: Cite specific textual evidence to support analysis of science and
technical texts.

Strand 2.2: The Living Environment
■■

RST.6–8.3: Follow precisely a multistep procedure when carrying out experiments,
taking measurements, or performing technical tasks.
RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.
WHST.6–8.4: Produce a clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose and audience.
WHST.6–8.5: With some guidance and support from peers and adults, develop and
strengthen writing as needed by planning, revising, editing, rewriting, or trying a new
approach, focusing on how well purpose and audience have been addressed.
WHST.6–8.7: Conduct short research projects to answer a question (including a
self-generated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration.
WHST.6–8.8: Gather relevant information from multiple print and digital sources, using
search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a
standard format for citation.

■■

■■

Guideline A—Organisms, populations, and communities—Learners understand
that biotic communities are made up of plants and animals that are adapted to
live in particular environments.
Guideline B—Heredity and evolution—Learners have a basic understanding
of the importance of genetic heritage.
Guideline C—Systems and connections—Learners understand major kinds
of interactions among organisms or populations of organisms.

Mathematics
6.RP.A.3: Use ratio and rate reasoning to solve real-world and mathematical problems.
7.SP.C.5: Understand that the probability of a chance event is a number between 0 and
1 that expresses the likelihood of the event occurring. Larger numbers indicate greater
likelihood. A probability near 0 indicates an unlikely event, a probability around 1/2 indicates
an event that is neither unlikely nor likely, and a probability near 1 indicates a likely event.
7.SP.C.6: Approximate the probability of a chance event by collecting data on the chance
process that produces it and observing its long-run relative frequency, and predict the
approximate relative frequency given the probability. For example, when rolling a number
cube 600 times, predict that a 3 or 6 would be rolled roughly 200 times, but probably not
exactly 200 times.
8.EE.3: Use numbers expressed in the form of a single digit times an integer power of
ten to estimate very large or very small quantities, and to express how many times as
much as one is than the other. For example, estimate the population of the United States
as the 3x10^8 and the population of the world as 7x10^9, and determine that the world
population is more than 20 times larger.
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Forces and Motion on Earth
RECOMMENDED TIME: NOVEMBER – DECEMBER (5 WEEKS)

Unit Overview:

Essential Questions:
How do we apply the laws of motion
to explain the movement of objects on Earth?
To what extent do variables
affect motion and force?
How can people use the laws
of motion to ensure safety?

During this unit, students will learn the effects of different types of forces on the motion of objects, through the study
of the Newton’s laws of motion. Students should be able to explain how changes in motion, perspective, and reference
of objects, depend on different variables such as mass, direction of motion, and frame of reference.

Key Ideas:
PS. Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
PS. Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Cause and Effect: Mechanism and Prediction:

Quoted from New York State Performance Indicators (PS. 5.1a-e; 5.2b)

Key Idea 1: Information technology is used to
retrieve process and communicate information as
tools to enhance learning.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.

■■

■■

■■

The motion of an object is always judged with respect to
some other object or point. The idea of absolute motion
or rest is misleading. (5.1a)
The motion of an object can be described by its position,
direction of motion, and speed. (5.1b)
An object’s motion is the result of the combined effect
of all forces acting on the object. A moving object that
is not subjected to a force will continue to move at a
constant speed in a straight line. An object at rest will
remain at rest. (5.1c)

Standard 6: Interconnectedness – Common Themes
Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all system
and how parts of a system interrelate and combine to
perform specific functions.

■■

■■

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanations, interpretation, or design.

continued
continued
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■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability.
continued

Grade 8 | Unit 2: Forces and Motion on Earth | 45

NGSS CROSS-CUTTING CONCEPTS

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

Force is directly related to an object’s mass and
acceleration. The greater the force, the greater the
change in motion. (5.1d)
For every action there is an equal and opposite reaction.
(5.1e)
Electric currents and magnets can exert a force on each
other. (5.2b)

Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions. 5.1—Use simple linear equations to represent
how a parameter changes with time.
Standard 7: Interdisciplinary – Problem Solving
Key Idea 1: The knowledge of science, mathematics,
and technology are used together to make informed
decisions and solve problems, especially those relating to
issues of science/technology/society, consumer decision
making, design, and inquiry into phenomena.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes, and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study.

Patterns:
Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.
■■

■■

■■

■■
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Macroscopic patterns are related to the nature of
microscopic and atomic-level structure.
Patterns in rates of change and other numerical
relationships can provide information about natural
and human-designed systems.
Patterns can be used to identify cause and effect
relationships.
Graphs, charts, and images can be used to identify
patterns in data.
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.1: Cite specific textual evidence to support analysis of science and
technical texts.

Strand 2.1: The Earth as a Physical System
■■

RST.6–8.3: Follow precisely a multistep procedure when carrying out experiments,
taking measurements, or performing technical tasks.
RST.6–8.4: Determine the meaning of symbols, key terms and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.

■■

Guideline A—Processes that shape the Earth—Learners have a basic understanding of
most of the physical processes that shape the Earth. They are able to explore the origin
of differences in physical patterns.
Guideline C—Energy—Learners begin to grasp formal concepts related to energy by
focusing on energy transfer and transformations. They are able to make connections
among phenomena such as light, heat, magnetism, electricity, and the motion of objects.

RST.6–8.9: Compare and contrast the information gained from experiments, simulations,
video, or multimedia sources with that gained from reading text on the same topic.
WHST.6–8.1: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.6–8.8: Gather relevant information from multiple print and digital sources, using
search terms effectively; assess the credibility and accuracy of each source; and quote or
paraphrase the data and conclusions of others while avoiding plagiarism and following a
standard format of citation.
WHST.6–8.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
8.EE.B.5: Graph proportional relationships, interpreting the unit rate as the slope of the
graph. Compare two different proportional relationships represented in different ways. For
example, compare a distance-time graph to a distance-time equation to determine which
of two moving objects has greater speed.
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The Sun, Earth, and Moon System
RECOMMENDED TIME: JANUARY – MARCH (10 WEEKS)

Unit Overview:

Essential Questions:
What roles do forces play in the patterns
and stability of the solar system?
How do the forces in the solar system
affect phenomena on Earth?
How do scientists use technology
to understand the behavior of the
Sun, Earth, and Moon system?
How did scientists and philosophers use
the environment around them to explain and
formulate ideas about our time system?

This unit studies the interactions and relationship between the Sun, Earth, and Moon. Predictable motions of the Moon
and Earth cause natural phenomena that impact life on Earth. Students will understand better the concepts of patterns,
cause and effect, and energy, when they construct models that will best represent their explanation about how forces
maintain the Sun, Earth, and Moon system in a predictable motion, and how this predictable motion is the effect of
many natural events, such as tides and eclipses.

Key Ideas:
PS. Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
PS. Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from New York State Performance Indicators (1.1d,e,h, i, g; 1.1a-c;
5.1a, b, c; 5.2a)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Most objects in the solar system have regular and
predictable motion. These motions explain such
phenomena as a day, a year, and phases of the Moon;
eclipses, tides, meteor showers, and comets. (1.1e)

Key Idea 2: Knowledge of the impacts and limitations of
information systems is essential to its effectiveness and
ethical use.

■■

■■

Standard 6: Interconnectedness – Common Themes
Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanations, interpretation, or design.

■■

continued
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■■

Macroscopic patterns are related to the nature of
microscopic and atomic-level structure.
Patterns in rates of change and other numerical
relationships can provide information about natural
and human-designed systems.
Patterns can be used to identify cause and effect
relationships
Graphs, charts, and images can be used to identify
patterns in data. 

continued
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■■

■■

■■

■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS
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The apparent motions of the Sun, Moon, planets and
stars across the sky can be explained by Earth’s rotation
and revolution. Earth’s rotation causes the length of one
day to be approximately 24 hours. This rotation also
causes the Sun and Moon to appear to rise along the
eastern horizon and to set along the western horizon.
Earth’s revolution around the Sun defines the length of
the year as 365 and 1/4 days. (1.1h)

Key Idea 3: The grouping of magnitudes and size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

The tilt of Earth’s axis of rotation and the revolution of
Earth around the Sun cause seasons on Earth. The
length of daylight varies depending on latitude and
season. (1.1i)
Moons are seen by reflected light. Our Moon orbits
earth, while Earth orbits the Sun. The Moon’s phases
as observed from Earth are the result of seeing different
portions of the lighted area of the Moon’s surface. The
phases repeat in a cyclic pattern in about one month.
(1.1g)

Key Idea 5: Identifying patterns of change is
necessary for making predictions about future behavior
and conditions. 5.1 – Use simple linear equations to
represent how a parameter changes with time.
Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge of science, mathematics,
and technology are used together to make informed
decisions and solve problems, especially those relating
to issues of science/technology/society, consumer
decision making, design, and inquiry into phenomena.

Earth’s Sun is an average-sized star. The Sun is more
than a million times greater in volume than Earth. (1.1a)
Other stars are like the Sun but are so far away that they
look like points of light. Distances between stars are vast
compared to distances within our solar system. (1.1b)
The Sun and the planets that revolve around it are the
major bodies in the solar system. Other members include
comets, moons, and asteroids. Earth’s orbit is nearly
circular. (1.1c)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

■■

■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

■■

Gravity is the force that keeps planets in orbit around the
Sun and the Moon in orbit around the Sun. (1.1d)

■■

The latitude/longitude coordinate system and our system
of time are based on celestial observations. (1.1f)

■■

Time, space, and energy phenomena can be observed
at various scales using models to study systems that are
too large or too small.
The observed function of natural and designed systems
may change with scale.
Proportional relationships (e.g., speed as the ratio of
distance traveled to time taken) among different types
of quantities provide information about the magnitude of
properties and processes.
Scientific relationships can be represented through the
use of algebraic expressions and equations.
Phenomena that can be observed at one scale may not
be observable at another scale. 
continued

continued
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■■

■■

■■

The motion of an object is always judged with respect to
some other object or point. The idea of absolute motion
or rest is misleading. (5.1a)
The motion of an object can be described by its position,
direction of motion, and speed. (5.1b)
An object’s motion is the result of the combined effect of
all forces acting on the object. A moving object that is not
subjected to a force will continue to move at a constant
speed in a straight line. An object at rest will remain at
rest. (5.1c)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

■■
■■

Every object exerts gravitational force on every other
object. Gravitational force depends on how much mass
the objects have and how far apart they are. Gravity is on
the forces acting on orbiting objects and projectiles. (5.2a)

The New York City Department of Education 6–12 Science Scope & Sequence

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.
Models are limited in that they only represent certain
aspects of the system under study.
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.1: Cite specific textual evidence to support analysis of science and technical texts.

Strand 2.1: The Earth as a Physical System

RST.6–8.2: Determine the central ideas or conclusions of a text; provide an accurate
summary of the text distinct from prior knowledge or opinions.
RST.6–8.3: Follow precisely a multistep procedure when carrying out experiments,
taking measurements, or performing technical tasks.
RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.

■■

■■

Guideline A—Processes that shape the Earth—Learners have a basic understanding of
most of the physical processes that shape the Earth. They are able to explore the origin
of differences in physical patterns.
Guideline C—Energy—Learners begin to grasp formal concepts related to energy by
focusing on energy transfer and transformations. They are able to make connections
among phenomena such as light, heat, magnetism, electricity, and the motion of objects.

RST.6–8.5: Analyze the structure an author uses to organize a text, including how the
major sections contribute to the whole and to an understanding of the topic.
RST.6–8.8: Distinguish among facts, reasoned judgment based on research findings,
and speculation in a text.
RST.6–8.9: Compare and contrast the information gained from experiments, simulations,
video, or multimedia sources with that gained from reading a text on the same topic.
WHST.6–8.1 (a-e): Write arguments focused on discipline-specific content.
WHST.6–8.7: Conduct short research projects to answer a question (including a selfgenerated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration.
WHST.6–8.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
8.EE.A.4: Perform operations with numbers expressed in scientific notation, including
problems where both decimal and scientific notation are used. Use scientific notation and
choose units of appropriate size for measurements of very large or very small quantities
(e.g., use millimeters per year for seafloor spreading). Interpret scientific notation that has
been generated by technology.
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Grade Unit

84

Humans and the Environment: Needs and Tradeoffs
RECOMMENDED TIME: APRIL – JUNE (12 WEEKS)

Unit Overview:

Essential Questions:
How does human consumption of resources
affect the environment and our health?
How do environmental changes and adaptive
characteristics of a species affect survival?
How can energy resources affect the future
planning for the continuity of life on Earth?

This unit studies energy and materials needs, and how the use of resources of energy impacts the environment for living
things. At the end of this unit, students should be able to discuss the impact of the use of energy resources and publish
written sources about solutions to different environmental issues, and pose the use of alternative energy resources.
[Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Key Ideas:
LE. Key Idea 3: Individual organisms change over time.
PS. Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
LE. Key Idea 6: Plants and animals depend on each other and their physical environment.
LE. Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from New York State Performance Indicators (LE.1.2j, 3.2a, b; 4.4d;
5.2a-d, f; 6.1c; 7.1e, 7.2b, c, d) (PS. 4.1a-e; 4.4d ,e; PS. 4.5a, b)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

In all environments, organisms with similar needs may
compete with one another for resources. (3.2a)
Extinction of a species occurs when the environment
changes and the adaptive characteristics of a species
are insufficient to permit its survival. Extinction of species
is common. Fossils are evidence that a great variety of
species existed in the past. (3.2b)

Key Idea 2: Knowledge of the impacts and limitations of
information systems is essential to its effectiveness and
ethical use.
Key Idea 3: Information technology can have positive
and negative impacts on society, depending upon how
it is used.

continued

■■

■■

■■

continued
■■
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Macroscopic patterns are related to the nature of
microscopic and atomic-level structure.
Patterns in rates of change and other numerical
relationships can provide information about natural
and human-designed systems.
Patterns can be used to identify cause and effect
relationships.
Graphs, charts, and images can be used to identify
patterns in data. 

continued
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■■

■■

■■

■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

http://www.p12.nysed.gov/ciai/mst/pub/intersci.pdf

The Sun is a major source of energy for Earth. Other
sources of energy include nuclear and geothermal
energy. (4.1a)
Fossil fuels contain stored solar energy and are
considered nonrenewable resources. They are a major
resource of energy in the United States. Solar energy,
wind, moving water, and biomass are some examples
of renewable energy resources. (4.1b)
Most activities in everyday life involve one form of
energy being transformed into another. For example,
the chemical energy in gasoline is transformed into
mechanical energy in an automobile engine. Energy, in
the form of heat, is almost always one of the products
of energy transformation. (PS. 4.1c)
Different forms of energy include heat, light, electrical,
mechanical, sound, nuclear, and chemical. Energy is
transformed in many ways. (PS. 4.1d)
Energy can be considered to be either kinetic energy,
which is energy of motion, or potential energy, which
depends on relative position. (4.1e)
Electrical energy can be produced from a variety of
energy sources and can be transformed into almost any
other form of energy. (PS. 4.4d)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Standard 6: Interconnectedness: Common Themes

Cause and Effect: Mechanism and Prediction:

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.
Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.
Standard 7: Interdisciplinary Problem Solving
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science
and technology; and presenting results.

■■

■■

■■

Relationships can be classified as causal or correlational,
and correlation does not necessarily imply causation.
Cause and effect relationships may be used to predict
phenomena in natural or designed systems.
Phenomena may have more than one cause, and some
cause and effect relationships in systems can only be
described using probability.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

Systems may interact with other systems; they may have
sub-systems and be a part of larger complex systems.
Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—
and energy, matter, and information flows within systems.

Energy and Matter: Flows, Cycles, and Conservation:

Electrical circuits provide a means of transferring
electrical energy. (PS. 4.4e)
Matter is transferred from one organism to another and
between organisms and their physical environment.
Water, nitrogen, carbon dioxide, and oxygen are
examples of substances cycled between the living
and nonliving environment. (6.1c)
continued
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Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

Matter is conserved because atoms are conserved in
physical and chemical processes.
Within a natural or designed system, the transfer of
energy drives the motion and/or cycling of matter.
continued
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■■

■■

■■

■■

■■

■■

The environment may contain dangerous levels of
substances (pollutants) that are harmful to organisms.
Therefore, the good health of environments and
individuals requires the monitoring of soil, air, and water,
and taking steps to keep them safe. (7.1e)
The environment may be altered through the activities
of organisms. Alterations are sometimes abrupt. Some
species may replace other over time, resulting in longterm gradual changes (ecological succession). (7.2b)

■■

■■

■■

Overpopulation by any species impacts the environment
due to the increased use of resources. Human activities
can bring about environmental degradation through
resource acquisition, urban growth, land-use decisions,
waste disposal, etc. (7.2c)
Since the Industrial Revolution, human activities have
resulted in major pollution of air, water, and soil. Pollution
has cumulative ecological effects such as acid rain,
global warming, or ozone depletion. The survival of living
things on our planet depends on the conservation and
protection of Earth’s resources. (7.2d)

■■

Energy cannot be created or destroyed, but only
changed from one form into another. (PS. 4.5a)
Energy can be changed from one form to another,
although in the process some energy is always converted
into heat. Some systems transform energy with less loss
of heat than others. (PS. 4.5b)

■■

Food provides molecules that serve as fuel and
building for all organisms. All living things, including
plants, must release energy from their food, using it to
carry on their life processes. (5.2a)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

■■

Energy may take different forms (e.g. energy in
fields, thermal energy, energy of motion).
The transfer of energy can be tracked as energy
flows through a designed or natural system.

Foods contain a variety of substances, which include
carbohydrates, fats, vitamins, proteins, minerals, and
water. Each substance is vital to the survival of the
organism. (5.2b)
Disease breaks down the structures or functions of an
organism. Some diseases are the result of failures of
the system. Other diseases are the result of damage
by infection from other organisms (germ theory).
Specialized cells protect the body form infectious
disease. The chemicals they produce identify and
destroy microbes that enter the body. (1.2j)
Contraction of infectious disease, and personal
behaviors such as use of toxic substances and some
dietary habits, may interfere with one’s dynamic
equilibrium. During pregnancy these conditions may
also affect the development of the child. Some effects
of these conditions are immediate; others may not
appear for many years. (5.2f)
Cancers are a result of abnormal cell division. (4.4d)
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ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.6–8.1: Cite specific textual evidence to support analysis of science and technical texts.

Strand 2.1: The Earth as a Physical System

RST.6–8.2: Determine the central ideas or conclusions of a text; provide an accurate
summary of the text distinct from prior knowledge or opinions.
RST.6–8.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 6–8 texts and topics.
RST.6–8.5: Analyze the structure an author uses to organize a text, including how
the major sections contribute to the whole and to an understanding of the topic.
RST.6–8.6: Analyze the author’s purpose in providing an explanation, describing a
procedure, or discussing an experiment in a text.
WHST.6–8.1 (a–e): Write arguments focused on discipline-specific content.

■■

Strand 2.2—The Living Environment
■■

■■

■■

WHST.6–8.6: Use technology, including the Internet, to produce and publish writing
and present the relationship between information and ideas clearly and efficiently.
WHST.6–8.7: Conduct short research projects to answer a question (including selfgenerated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration.
Mathematics
8.SP.A.4: Understand that patterns of association can also be seen in bivariate
categorical data by displaying frequencies in a two-way table summarizing data on two
categorical variables collected form the same subjects. Use relative frequencies calculated
for rows or columns to describe possible association between the two variables.

Guideline C—Energy—Learners begin to grasp formal concepts related to energy by
focusing on energy transfer and transformations. They are able to make connections
among phenomena such as light, heat, magnetism, electricity, and the motion of objects.

Guideline A—Organisms, populations, and communities—Learners understand
that biotic communities are made up of plants and animals that are adapted to
live in particular environments.
Guideline C—Systems and connections—Learners understand major kinds of
interactions among organisms or populations of organisms.
Guideline D—Flow of matter and energy—Learners understand how energy
and matter flow among the abiotic and biotic components of the environment.

Strand 2.3—Humans and Their Societies
■■

■■

■■

Guideline A—Individuals and groups—Learners understand that how individuals
perceive the environment is influenced in part by individual traits and group
membership or affiliation.
Guideline D—Global connections—Learners become familiar with ways in which the
world’s environmental, social, economic, cultural, and political systems are linked.
Guideline E—Change and conflict—Learners understand that human social systems
change over time and that conflicts sometimes arise over differing and changing
viewpoints about the environment.

Strand 2.4—Environment and Society
■■

■■

Guideline A—Human/environment interactions—Learners understand that humancaused changes have consequences for the immediate environment as well as for
other places and future times.
Guideline B—Places—Learners begin to explore the meaning of places both close
to home and around the world.
continued
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■■

■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Guideline C—Resources—Learners understand that uneven distribution of resources
influences their use and perceived value.
Guideline D—Technology—Learners understand the human ability to shape and
control the environment as a function of the capacities for creating knowledge
and developing new technologies.
Guideline E—Environmental issues—Learners are familiar with a range of environmental
issues at scales that range from local to national to global. They understand that people
in other places around the world experience environmental issues similar to the ones
they are concerned about locally.
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Grades

6-8

Cross-Cutting Concepts

Patterns: Observed patterns in nature guide organization
and classification and prompt questions about
relationships and causes underlying them.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which t hey are mediated, is a major
activity of science and engineering.
Scale, Proportion, and Quantity: In considering
phenomena, it is critical to recognize what is relevant at
different size, time, and energy scales, and to recognize
proportional relationships between different quantities as
scales change.

Systems and System Models: A system is an
organized group of related objects or components;
models can be used for understanding and predicting
the behavior of systems.
Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.

■■
■■

Macroscopic patterns are related to the nature of microscopic and atomic-level structure.
Patterns in rates of change and other numerical relationships can provide information about natural and humandesigned systems.

■■

Patterns can be used to identify cause and effect relationships.

■■

Graphs, charts, and images can be used to identify patterns in data.

■■

Relationships can be classified as causal or correlational, and correlation does not necessarily imply causation.

■■

Cause and effect relationships may be used to predict phenomena in natural or designed systems.

■■

■■

■■
■■

Phenomena may have more than one cause, and some cause and effect relationships in systems can only be
described using probability.
Time, space, and energy phenomena can be observed at various scales using models to study systems that are
too large or too small.
The observed function of natural and designed systems may change with scale.
Proportional relationships (e.g., speed as the ratio of distance traveled to time taken) among different types of
quantities provide information about the magnitude of properties and processes.

■■

Scientific relationships can be represented through the use of algebraic expressions and equations.

■■

Phenomena that can be observed at one scale may not be observable at another scale.

■■

Systems may interact with other systems; they may have sub-systems and be a part of larger complex systems.

■■

Models can be used to represent systems and their interactions—such as inputs, processes and outputs—and
energy, matter, and information flows within systems.

■■

Models are limited in that they only represent certain aspects of the system under study.

■■

Matter is conserved because atoms are conserved in physical and chemical processes.

■■

Within a natural or designed system, the transfer of energy drives the motion and/or cycling of matter.

■■

Energy may take different forms (e.g. energy in fields, thermal energy, energy of motion).

■■

The transfer of energy can be tracked as energy flows through a designed or natural system.

The New York City Department of Education 6–12 Science Scope & Sequence

Grades 6–8 | Cross-Cutting Concepts | 57

Grades

6-8

Cross-Cutting Concepts

Structure and Function: The way an object is
shaped or structured determines many of its properties
and functions.

■■

■■

Stability and Change: For both designed and natural
systems, conditions that affect stability and factors that
control rates of change are critical elements to consider
and understand.

■■

Complex and microscopic structures and systems can be visualized, modeled, and used to describe how their
function depends on the shapes, composition, and relationships among its parts; therefore, complex natural and
designed structures/systems can be analyzed to determine how they function.
Structures can be designed to serve particular functions by taking into account properties of different materials,
and how materials can be shaped and used.
Explanations of stability and change in natural or designed systems can be constructed by examining the changes
over time and forces at different scales, including the atomic scale.

■■

Small changes in one part of a system might cause large changes in another part.

■■

Stability might be disturbed either by sudden events or gradual changes that accumulate over time.

■■

Systems in dynamic equilibrium are stable due to a balance of feedback mechanisms.

Developed by NSTA using information from Appendix G of the Next Generation Science Standards © 2011, 2012, 2013 Achieve, Inc.
Adapted from: National Research Council (2011). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Committee on a Conceptual Framework for New K-12
Science Education Standards. Board on Science Education, Division of Behavioral and Social Sciences and Education. Washington, DC: The National Academy Press. Chapter 4: Crosscutting Concepts.
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Grades

6-8

Engineering Design

Asking Questions and
Defining Problems

Developing and Using
Models

Planning and Carrying
Out an Investigation

Analyzing and
Interpreting Data

Using Mathematics and
Computational Thinking

Asking questions and
defining problems in
6–8 builds on K–5
experiences and
progresses to specifying
relationships between
variables, and clarifying
arguments and models.

Modeling in 6–8 builds
on K–5 experiences and
progresses to developing,
using, and revising
models to describe,
test, and predict more
abstract phenomena
and design systems.

Ask questions that arise
from careful observation
of phenomena, models,
or unexpected results,
to clarify and/or seek
additional information.

Evaluate limitations of
a model for a proposed
object or tool.

Planning and carrying
out investigations in
6–8 builds on K–5
experiences and
progresses to include
investigations that use
multiple variables and
provide evidence to
support explanations
or solutions.

Analyzing data in
6–8 builds on K–5
experiences and
progresses to extending
quantitative analysis
to investigations,
distinguishing between
correlation and causation,
and basic statistical
techniques of data and
error analysis.

Mathematical and
computational thinking
in 6–8 builds on K–5
experiences and
progresses to identifying
patterns in large
data sets and using
mathematical concepts to
support explanations and
arguments.

Identify and/or clarify
evidence and/or the
premise(s) of an
argument.
Determine relationships
between independent and
dependent variables and
relationships in models.
Clarify and/or refine a
model, an explanation, or
an engineering problem:

Develop or modify
a model—based on
evidence—to match
what happens if a
variable or component
of a system is changed.
Use and/or develop a
model of simple systems
with uncertain and less
predictable factors.
Develop and/or revise
a model to show the
relationships among
variables, including those
that are not observable
but predict observable
phenomena.

Plan an investigation
individually and
collaboratively, and
in the design and
identify independent
and dependent variables
and controls
• what tools are needed
to do the gathering
• how measurements will
be recorded
• how many data are
needed to support
a claim

Construct, analyze, and/or
interpret graphical displays
of data and/or large data
sets to identify linear and
nonlinear relationships.
Use graphical displays
(e.g., maps, charts,
graphs, and/or tables) of
large data sets to identify
temporal and spatial
relationships.
Distinguish between
causal and correlational
relationships in data.

Develop and/or use a
model to predict and/or
describe phenomena.

Conduct an investigation
and/or evaluate and/or
revise the experimental
design to produce data
to serve as the basis for
evidence that meet the
goals of the investigation.

Develop a model to
describe unobservable
mechanisms.

Evaluate the accuracy
of various methods for
collecting data.

When appropriate,
frame a hypothesis based
on observations and

Develop and/or use
a model to generate
data to test ideas about
phenomena in natural
or designed systems,

Collect data to produce
data to serve as the basis
for evidence to answer
scientific questions or
test design solutions

Apply concepts of
statistics and probability
(including mean, median,
mode, and variability) to
analyze and characterize
data, using digital tools
when feasible.
Consider limitations
of data analysis (e.g.,
measurement error),
and/or seek to improve
precision and accuracy









• that requires sufficient
and appropriate
empirical evidence
to answer
• that can be investigated
within the scope of the
classroom, outdoor
environment, and
museums and other
public facilities with
available resources

continued

continued

continued
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Analyze and interpret
data to provide evidence
for phenomena.

continued

Use digital tools (e.g.,
computers) to analyze
very large data sets for
patterns and trends.
Use mathematical
representations to
describe and/or support
scientific conclusions
and design solutions.
Create algorithms (a
series of ordered steps)
to solve a problem.
Apply mathematical
concepts and/or
processes (e.g., ratio,
rate, percent, basic
operations, simple
algebra) to scientific
and engineering
questions and problems.
Use digital tools
and/or mathematical
concepts and arguments
to test and compare
proposed solutions to
an engineering design
problem.

Constructing
Explanations and
Defining Solutions
Constructing explanations
and designing solutions
in 6–8 builds on K–5
experiences and
progresses to include
constructing explanations
and designing solutions
supported by multiple
sources of evidence
consistent with scientific
ideas, principles, and
theories.
Construct an explanation
that includes qualitative or
quantitative relationships
between variables
that predict(s) and/or
describe(s) phenomena.
Construct an explanation
using models or
representations.
Construct a scientific
explanation based on
valid and reliable evidence
obtained from sources
(including the students’
own experiments) and 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.
Apply scientific ideas,
principles, and/or
evidence to construct,
revise and/or use an
explanation for real-world
phenomena, examples,
or events.
continued

Engaging in Argument
From Evidence
Engaging in argument
from evidence in 6–8
builds on K–5 experiences
and progresses to
constructing a convincing
argument that supports
or refutes claims for either
explanations or solutions
about the natural and
designed world(s).
Compare and critique
two arguments on
the same topic and
analyze whether they
emphasize similar or
different evidence and/or
interpretations of facts.
Respectfully provide and
receive critiques about
one’s explanations,
procedures, models,
and questions by citing
relevant evidence and
posing and responding
to questions that elicit
pertinent elaboration
and detail.
Construct, use, and/or
present an oral and written
argument supported
by empirical evidence
and scientific reasoning
to support or refute an
explanation or a model
for a phenomenon or a
solution to a problem.
Make an oral or written
argument that supports
or refutes the advertised
performance of a device,
continued

Obtaining, Evaluating,
and Communicating
Information
Obtaining, evaluating
and communicating
information in 6–8 builds
on K–5 experiences and
progresses to evaluating
the merit and validity of
ideas and methods.
Critically read scientific
texts adapted for
classroom use to
determine the central
ideas and/or obtain
scientific and/or technical
information to describe
patterns in and/or
evidence about the natural
and designed world(s).
Integrate qualitative
and/or quantitative
scientific and/or technical
information in written
text with that contained
in media and visual
displays to clarify claims
and findings.
Gather, read, and
synthesize information
from multiple appropriate
sources and assess the
credibility, accuracy, and
possible bias of each
publication and methods
used, and describe how
they are supported or not
supported by evidence.
Evaluate data,
hypotheses, and/or
conclusions in scientific
and technical texts
in light of competing
information or accounts.

continued
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Grades

6-8

Engineering Design

Asking Questions and
Defining Problems

Developing and Using
Models

Planning and Carrying
Out an Investigation

Analyzing and
Interpreting Data

scientific principles that
challenge the premise(s)
of an argument or the
interpretation of a
data set.

including those
representing inputs and
outputs, and those at
unobservable scales.

under a range of
conditions.

precision and accuracy
of data with better
technological tools
and methods (e.g.,
multiple trials).
Analyze and interpret
data to determine
similarities and
differences in findings.

Define a design problem
that can be solved
through the development
of an object, tool,
process, or system and
includes multiple criteria
and constraints, including
scientific knowledge
that may limit possible
solutions.

Collect data about
the performance of a
proposed object, tool,
process, or system under
a range of conditions.

Analyze data to define an
optimal operational range
for a proposed object,
tool, process, or system
that best meets criteria
for success.

Using Mathematics and
Computational Thinking

Constructing
Explanations and
Defining Solutions
Apply scientific reasoning
to show why the data
or evidence is adequate
for the explanation
or conclusion.
Apply scientific ideas
or principles to design,
construct, and/or test a
design of an object, tool,
process, or system.
Undertake a design
project, engaging in the
design cycle, to construct
and/or implement a
solution that meets
specific design criteria
and constraints.

Engaging in Argument
From Evidence
process, or system based
on empirical evidence
concerning whether or
not the technology meets
relevant criteria and
constraints.
Evaluate competing
design solutions based
on jointly developed
and agreed-upon
design criteria.

Obtaining, Evaluating,
and Communicating
Information
Communicate scientific
and/or technical
information (e.g., about
a proposed object, tool,
process, system) in
writing and/or through
oral presentations.

Optimize performance of
a design by prioritizing
criteria, making
trade-offs, testing,
revising, and retesting.
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LE

Living Environment

Unit

LE 1

Scientific Inquiry
RECOMMENDED TIME: 10 DAYS

Unit Overview:
Science relies on logic and creativity. Science is both a body of knowledge and a way of knowing—an intellectual
and social process that applies human intelligence to explaining how the world works. Scientific explanations are
developed using both observations (evidence) and what people already know about the world (scientific knowledge).
All scientific explanations are tentative and subject to change. Good science involves questioning, observing and
inferring, experimenting, finding evidence, collecting and organizing data, drawing valid conclusions, and undergoing
peer review. Understanding the scientific view of the natural world is an essential part of personal, societal, and ethical
decision making. Scientific literacy involves internalizing the scientific critical attitude so that it can be applied in everyday
life, particularly in relation to health, commercial, and technological claims. [Refer to Appendix A for the Humane
Treatment of Animals and Conservation Day]

Essential Question:
How do scientists pose questions,
seek answers, and develop solutions?

Key Ideas:
This unit is focused on all of the key ideas in Standard 1: Students will use mathematical analysis, scientific inquiry, and engineering designs,
as appropriate, to pose questions, seek answers, and develop solutions.
Key Idea 1: The central purpose of scientific inquiry is to develop explanations of natural phenomena in a continuing and creative process.
Key Idea 2: Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures
and usually requiring considerable ingenuity.
Key Idea 3: The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into natural phenomena.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (Standard 1:1.1a-c,
1.2a, b, 1.3a, b, 1.4a, 2.1, 2.2a, 2.3a-c, 2.4, 3.1, 3.2, 3.3, 3.4a-c, 3.5a, b)

Students will access, generate, process, and transfer
information using appropriate technologies.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Scientific explanations are built by combining evidence
that can be observed with what people already know
about the world. (1.1a)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

■■

■■

■■

■■

■■

Learning about the historical development of scientific
concepts or about individuals who have contributed to
scientific knowledge provides a better understanding of
scientific inquiry and the relationship between science
and society. (1.1b)
Science provides knowledge, but values are also
essential to making effective and ethical decisions
about the application of scientific knowledge. (1.1c)
Interpretation of data leads to development of
additional hypotheses, the formulation of generalizations,
or explanations of natural phenomena. (3.1a)
Apply statistical analysis techniques when appropriate
to test if chance alone explains the results. (3.2)

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Standard 6: Interconnectedness: Common Themes
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 4: Equilibrium is a state of stability due either
to a lack of changes (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is
necessary for making predictions about future behaviors
and conditions.

Assess correspondence between the predicted result
contained in the hypothesis and actual result, and reach
a conclusion as to whether the explanation on which the
prediction was based is supported. (3.3)
Inquiry involves asking questions and locating,
interpreting, and processing information from a variety
of sources. (1.2a)
Inquiry involves making judgments about the reliability
of the source and relevance of information. (1.2b)
Scientific explanations are accepted when they are
consistent with experimental and observational evidence
and when they lead to accurate predictions. (1.3a)
All scientific explanations are tentative and subject to
change or improvement. Each new bit of evidence can
create more questions than it answers. This leads to
increasingly better understanding of how things work
in the living world. (1.3b)
Devise ways of making observations to test proposed
explanations. (2.1)

■■

■■

■■

Classifications or explanations used at one scale may
fail or need revision when information from smaller or
larger scales is introduced; thus requiring improved
investigations and experiments.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.
■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

Much of science deals with constructing explanations
of how things change and how they remain stable.

continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

■■

■■

Development of a research plan involves researching
background information and understanding the major
concepts in the area being investigated. Recommendations
for methodologies, use of technologies, proper equipment,
and safety precautions should also be included. (2.2a)

■■

■■

Hypotheses are predictions based upon both research
and observation. (2.3a)
Hypotheses are widely used in science for determining
what data to collect and as a guide for interpreting the
data. (2.3b)
Development of a research plan for testing a hypothesis
requires planning to avoid bias (e.g., repeated trials, large
sample size, and objective data-collection techniques).
(2.3c)
Carry out a research plan for testing explanations,
including selecting and developing techniques,
acquiring and building apparatus, and recording
observations as necessary. (2.4)

■■

■■

Hypotheses are valuable, even if they turn out not to
be true, because they may lead to further investigation.
(3.4a)
Claims should be questioned if the data are based on
samples that are very small, biased, or inadequately
controlled or if the conclusions are based on the faulty,
incomplete, or misleading use of numbers. (3.4b)

■■

Claims should be questioned if fact and opinion
are intermingled, if adequate evidence is not cited,
or if the conclusions do not follow logically from the
evidence given. (3.4c)
One assumption of science is that other individuals
could arrive at the same explanation if they had
access to similar evidence. Scientists make the results
of their investigations public; they should describe the
investigations in ways that enable others to repeat
the investigations. (3.5a)
Scientists use peer review to evaluate the results of
scientific investigations and the explanations proposed
by other scientists. They analyze the experimental
procedures, examine the evidence, identify faulty
reasoning, point out statements that go beyond the
evidence, and suggest alternative explanations for the
same observations. (3.5b)
Well-accepted theories are ones that are supported
by different kinds of scientific investigations often
involving the contributions of individuals from
different disciplines. (1.4a)
Also see Laboratory Checklist in NYSED Core
Curriculum Appendix A.
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COMMON CORE STATE STANDARDS
ENVIRONMENTAL GUIDELINES FOR LEARNING

http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

ELA/Literacy

Strand 1: Questioning, Analysis, and Interpretation Skills

RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.

■■

RST.9-10.3: Follow precisely a complex multistep procedure when carrying out
experiments, taking measurements, or performing technical tasks, attending to special
cases or exceptions defined in the text.

■■

RST.9-10.7: Translate quantitative or technical information expressed in words in a
text into visual form (e.g., a table or chart) and translate information expressed visually
or mathematically (e.g., in an equation) into words.

■■

RST.9-10.8: Assess the extent to which the reasoning and evidence in a text support
the author’s claim or a recommendation for solving a scientific or technical problem.
RST.9-10.9: Compare and contrast findings presented in a text to those from other
sources (including their own experiments), noting when the findings support or contradict
previous explanations or accounts.

■■

■■

WHST.9-10.1: Write arguments focused on discipline-specific content.
WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.9-10.4: Produce clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose, and audience. (Grade-specific
expectations for writing types are defined in standards 1–3 above.)
WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for a
specific purpose and audience.

■■

■■

Guideline A—Questioning—Learners are able to develop, modify, clarify, and explain
questions that guide environmental investigations of various types. They understand
factors that influence the questions they pose.
Guideline B—Designing investigations—Learners know how to design investigations
to answer particular questions about the environment. They are able to develop
approaches for investigating unfamiliar types of problems and phenomena.
Guideline C—Collecting information—Learners are able to locate and collect reliable
information for environmental investigations of many types. They know how to use
sophisticated technology to collect information, including computer programs that
access, gather, store, and display data.
Guideline D—Evaluating accuracy and reliability—Learners can apply basic logic and
reasoning skills to evaluate completeness and reliability in a variety of information sources.
Guideline E—Organizing information—Learners are able to organize and display
information in ways appropriate to different types of environmental investigations
and purposes.
Guideline F—Working with models and simulations—Learners are able to create, use,
and evaluate models to understand environmental phenomena.
Guideline G—Drawing conclusions and developing explanations—Learners are able
to use evidence and logic in developing proposed explanations that address their initial
questions and hypotheses.

WHST.9-10.6: Use technology, including the Internet, to produce, publish, and update
individual or shared writing products, taking advantage of technology’s capacity to link to
other information and to display information flexibly and dynamically.
WHST.9-10.7: Conduct short as well as more sustained research projects to answer
a question (including a self-generated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating
understanding of the subject under investigation.
continued
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

WHST.9-10.9 : Draw evidence from informational texts to support analysis, reflection,
and research.
WHST.9-10.10: Write routinely over extended time frames (time for research, reflection,
and revision) and shorter time frames (a single sitting or a day or two) for a range of tasks,
purposes, and audiences.
Mathematics
HSN.Q.A.1: Use units as a way to understand problems and to guide the solution of
multistep problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.
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Unit

LE 2

Ecology
RECOMMENDED TIME: 25 DAYS

Unit Overview:
The fundamental concept of ecology is that living organisms interact with and are dependent on their environment and
each other. These interactions result in a flow of energy and a cycling of materials that are essential for life. Competition
can occur between members of different species for an ecological niche. Competition can also occur within species.
Competition may be for abiotic resources, such as space, water, air, and shelter, and for biotic resources, such as food
and mates. Students should be familiar with the concept of food chains and webs. [Refer to Appendix A for the Humane
Treatment of Animals and Conservation Day]

Essential Question:
Why doesn’t any one type of living thing
take over the world?

Key Ideas:
Key Idea 1: Living things are both similar to and different from each other and from nonliving things.
Key Idea 6: Plants and animals depend on each other and their physical environment.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness: Common Themes

Patterns:

Quoted from the New York State Performance Indicators (1.1a-f, 6.1a-g,
6.2a, b, 6.3a-c)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

In all environments, organisms compete for vital
resources. The linked and changing interactions
of populations and the environment compose the
total ecosystem. (1.1c)
The interdependence of organisms in an established
ecosystem often results in approximate stability over
hundreds and thousands of years. For example, as one
population increases, it is held in check by one or more
environmental factors or another species. (1.1d)
continued

■■

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Scale, Proportion, and Quantity:

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
continued
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Empirical evidence is needed to identify patterns.

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.
continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

■■

■■

Relationships between organisms may be negative,
neutral, or positive. Some organisms may interact with
one another in several ways. They may be in a producer/
consumer, predator/prey, or parasite/host relationship;
or one organism may cause disease in, scavenge, or
decompose another. (6.1g)

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.

As a result of evolutionary processes, there is a diversity
of organisms and roles in ecosystems. This diversity
of species increases the chance that at least some
will survive in the face of large environmental changes.
Biodiversity increases the stability of the ecosystem.
(6.2a)
Biodiversity also ensures the availability of a rich variety
of genetic material that may lead to future agricultural or
medical discoveries with significant value to humankind.
As diversity is lost, potential sources of these materials
may be lost with it. (6.2b)
The interrelationships and interdependencies of
organisms affect the development of stable ecosystems.
(6.3a)
Populations can be categorized by the function they
serve. Food webs identify the relationships among
producers, consumers, and decomposers carrying out
either autotropic or heterotropic nutrition. (1.1a)
An ecosystem is shaped by the nonliving environment as
well as its interacting species. The world contains a wide
diversity of physical conditions, which creates a variety of
environments. (1.1b)
The interdependence of organisms in an established
ecosystem often results in approximate stability over
hundreds and thousands of years. For example, as one
population increases, it is held in check by one or more
environmental factors or another species. (1.1d)

■■

Algebraic thinking is used to examine scientific data
and predict the effect of a change in one variable on
another (e.g., linear growth vs. exponential growth).

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

■■

Energy cannot be created or destroyed—only moved
between one place and another place, between objects
and/or fields, or between systems.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy drives the cycling of matter within and
between systems.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

Much of science deals with constructing explanations
of how things change and how they remain stable.

continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

■■

■■

■■

■■

■■

■■

Ecosystems, like many other complex systems, tend
to show cyclic changes around a state of approximate
equilibrium. (1.1e)
Every population is linked, directly or indirectly, with many
others in an ecosystem. Disruptions in the numbers and
types of species and environmental changes can upset
ecosystem stability. (1.1f)
Energy flows through ecosystems in one direction,
typically from the Sun, through photosynthetic organisms
including green plants and algae, to herbivores to
carnivores and decomposers. (6.1a)
The atoms and molecules on the Earth cycle among the
living and nonliving components of the biosphere. For
example, carbon dioxide and water molecules used in
photosynthesis to form energy-rich organic compounds
are returned to the environment when the energy in these
compounds is eventually released by cells. Continual
input of energy from sunlight keeps the process going.
This concept may be illustrated with an energy pyramid.
(6.1b)
The chemical elements, such as carbon, hydrogen,
nitrogen, and oxygen, that make up the molecules of living
things pass through food webs and are combined and
recombined in different ways. At each link in a food web,
some energy is stored in newly made structures but much
is dissipated into the environment as heat. (6.1c)

■■

■■

■■

■■

In any particular environment, the growth and survival
of organisms depend on the physical conditions
including light intensity, temperature range, mineral
availability, soil/rock type, and relative acidity (pH).
(6.1e)
Living organisms have the capacity to produce
populations of unlimited size, but environments and
resources are finite. This has profound effects on the
interactions among organisms. (6.1f)
Through ecological succession, all ecosystems
progress through a sequence of changes during which
one ecological community modifies the environment,
making it more suitable for another community. These
long-term gradual changes result in the community
reaching a point of stability that can last for hundreds
or thousands of years. (6.3b)
A stable ecosystem can be altered, either rapidly or
slowly, through the activities of organisms (including
humans), or through climatic changes or natural
disasters. The altered ecosystem can usually recover
through gradual changes back to a point of long-term
stability. (6.3c)

The number of organisms any habitat can support
(carrying capacity) is limited by the available energy,
water, oxygen, and minerals, and by the ability of
ecosystems to recycle the residue of dead organisms
through the activities of bacteria and fungi. (6.1d)
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COMMON CORE STATE STANDARDS
ENVIRONMENTAL GUIDELINES FOR LEARNING

http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.
RST.9-10.2: Determine the central ideas or conclusions of a text; trace the text’s
explanation or depiction of a complex process, phenomenon, or concept; provide an
accurate summary of the text.
RST.9-10.7: Translate quantitative or technical information expressed in words in a
text into visual form (e.g., a table or chart) and translate information expressed visually
or mathematically (e.g., in an equation) into words.
WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for a
specific purpose and audience.
WHST.9-10.6: Use technology, including the Internet, to produce, publish, and update
individual or shared writing products, taking advantage of technology’s capacity to link to
other information and to display information flexibly and dynamically.
WHST.9-10.7: Conduct short as well as more sustained research projects to answer
a question (including a self-generated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating
understanding of the subject under investigation.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

Strand 1: Questioning, Analysis, and Interpretation Skills
■■

■■

■■

Guideline A—Questioning—Learners are able to develop, modify, clarify, and
explain questions that guide environmental investigations of various types.
They understand factors that influence the questions they pose.
Guideline F—Working with models and simulations—Learners are able to create,
use, and evaluate models to understand environmental phenomena.
Guideline G—Drawing conclusions and developing explanations—Learners are
able to use evidence and logic in developing proposed explanations that address
their initial questions and hypotheses.

Strand 2: Knowledge of Environmental Processes and Systems
Strand 2.2: The Living Environment
■■

■■

■■

Guideline A—Organisms, populations, and communities—Learners understand
basic population dynamics and the importance of diversity in living systems.
Guideline C—Systems and connections—Learners understand the living
environment to be comprised of interrelated, dynamic systems.
Guideline D—Flow of matter and energy—Learners are able to account for
environmental characteristics based on their knowledge of how matter and energy
interact in living systems.

WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
HSN.Q.A.1: Use units as a way to understand problems and to guide the solution
of multistep problems; choose and interpret units consistently in formulas; choose
and interpret the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.
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Unit

LE 3

Organization and Patterns in Life
RECOMMENDED TIME: 20 DAYS

Unit Overview:
Living things are similar in that they rely on many of the same processes to stay alive, yet are different in the ways
that these processes are carried out. Nonliving things lack certain features of living organisms, such as the ability to
maintain a cellular organization, carry out metabolic processes while maintaining internal stability (homeostasis), and
pass on hereditary information through reproduction. Different organisms have different regulatory mechanisms that
function to maintain the level of organization necessary for life. Life is dependent upon availability of an energy source
and raw materials that are used in the basic enzyme-controlled biochemical processes of living organisms. These
biochemical processes occur within a narrow range of conditions. [Refer to Appendix A for the Humane Treatment
of Animals and Conservation Day]

Essential Question:
How is a single-celled organism
similar to and different from a human?

Key Ideas:
Key Idea 1: Living things are both similar to and different from each other and from nonliving things.
Key Idea 4: The continuity of life is sustained through reproduction and development.
Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Cause and Effect: Mechanism and Prediction:

Quoted from the New York State Performance Indicators (1.2a, c, e-j, 1.3a,
4.1a, b, 5.1a-g)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information and as a tool to
enhance learning.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.

■■

■■

Important levels of organization for structure and function
include organelles, cells, tissues, organs, organ systems,
and whole organisms. (1.2a)
The organs and systems of the body help to provide all
the cells with their basic needs. The cells of the body are
of different kinds and are grouped in ways that enhance
how they function together. (1.2e)

Standard 6: Interconnectedness: Common Themes
Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

continued

■■

■■
continued

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that may
not have equal effects.
continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

Each cell is covered by a membrane that performs a
number of important functions for the cell. These include:
separation from its outside environment, controlling
which molecules enter and leave the cell, and recognition
of chemical signals. The processes of diffusion and active
transport are important in the movement of materials in
and out of cells. (1.2g)
Inside the cell a variety of specialized structures, formed
from many different molecules, carry out the transport
of materials (cytoplasm), extraction of energy from
nutrients (mitochondria), protein building (ribosomes),
waste disposal (cell membrane), storage (vacuole), and
information storage (nucleus). (1.2i)
The components of the human body, from organ systems
to cell organelles, interact to maintain a balanced internal
environment. To successfully accomplish this, organisms
possess a diversity of control mechanisms that detect
deviations and make corrective actions. (1.2c)
Cells have particular structures that perform specific jobs.
These structures perform the actual work of the cell. Just
as systems are coordinated and work together, cell parts
must also be coordinated and work together. (1.2f)

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.
■■

Standard 7: Interdisciplinary Problem Solving
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

The structures present in some single-celled organisms
act in a manner similar to the tissues and systems found
in multicellular organisms, thus enabling them to perform
all of the life processes needed to maintain homeostasis.
(1.3a)
continued

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow to
observe directly.
Patterns observable at one scale may not be observable
or exist at other scales.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and used,
and the molecular substructures of its various materials.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

■■

Many organic and inorganic substances dissolved in
cells allow necessary chemical reactions to take place in
order to maintain life. Large organic food molecules such
as proteins and starches must initially be broken down
(digested to amino acids and simple sugars respectively),
in order to enter cells. Once nutrients enter a cell, the
cell will use them as building blocks in the synthesis of
compounds necessary for life. (1.2h)
Receptor molecules play an important role in the
interactions between cells. Two primary agents of cellular
communication are hormones and chemicals produced
by nerve cells. If nerve or hormone signals are blocked,
cellular communication is disrupted and the organism’s
stability is affected. (1.2j)
In all organisms, organic compounds can be used to
assemble other molecules such as proteins, DNA, starch,
and fats. The chemical energy stored in bonds can be
used as a source of energy for life processes. (5.1c)
Biochemical processes, both breakdown and synthesis,
are made possible by a large set of biological catalysts
called enzymes. Enzymes can affect the rates of
chemical change. The rate at which enzymes work can
be influenced by internal environmental factors such as
pH and temperature. (5.1f)

■■

■■

■■

■■

■■

Plant cells and some one-celled organisms contain
chloroplasts, the site of photosynthesis. The process
of photosynthesis uses solar energy to combine the
inorganic molecules carbon dioxide and water into
energy-rich organic compounds (e.g., glucose) and
release oxygen to the environment. (5.1b)
In all organisms, the energy stored in organic
molecules may be released during cellular respiration.
This energy is temporarily stored in ATP molecules. In
many organisms, the process of cellular respiration is
concluded in mitochondria, in which ATP is produced
more efficiently, oxygen is used, and carbon dioxide
and water are released as wastes. (5.1d)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

Much of science deals with constructing explanations
of how things change and how they remain stable.

The energy from ATP is used by the organism to
obtain, transform, and transport materials, and to
eliminate wastes. (5.1e)
Reproduction and development are necessary for
the continuation of any species. (4.1a)
Some organisms reproduce asexually with all the
genetic information coming from one parent. Other
organisms reproduce sexually with half the genetic
information typically contributed by each parent.
Cloning is the production of identical genetic copies.
(4.1b)

Enzymes and other molecules, such as hormones,
receptor molecules, and antibodies, have specific
shapes that influence both how they function and
how they interact with other molecules. (5.1g)
The energy for life comes primarily from the Sun.
Photosynthesis provides a vital connection between the
Sun and the energy needs of living systems. (5.1a)
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COMMON CORE STATE STANDARDS
ENVIRONMENTAL GUIDELINES FOR LEARNING

http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.

Strand 2.2: The Living Environment
■■

RST.9-10.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 9–10 texts and topics.
WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.

■■

Guideline C—Systems and connections—Learners understand the living environment
to be comprised of interrelated, dynamic systems.
Guideline D—Flow of matter and energy—Learners are able to account for
environmental characteristics based on their knowledge of how matter and energy
interact in living systems.

WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for
a specific purpose and audience.
WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.
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Unit

LE 4

Homeostasis and Immunity
RECOMMENDED TIME: 25 DAYS

Unit Overview:
The components of living systems, from a single cell to an ecosystem, interact to maintain balance. Different organisms
have different regulatory mechanisms that function to maintain the level of organization necessary for life. Because
organisms are continually exposed to changes in their external and internal environments, they must continually monitor
and respond to these changes. Responses to change can range in complexity from simple activation of a cell chemical
process to elaborate learned behavior. The result of these responses is called homeostasis, a “dynamic equilibrium”
or “steady state” that keeps the internal environment within certain limits. Organisms have a diversity of homeostatic
feedback mechanisms that detect deviations from normal and take corrective actions to return their systems to the
normal range. These mechanisms maintain the internal environment within narrow limits that are favorable for cell
activities. [Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Essential Question:
How do we survive?

Key Ideas:
Key Idea 1: Living things are both similar to and different from each other and from nonliving things.
Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (1.2a-e, j, 1.3a,
5.2a-h, j, 5.3a, b)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information and as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

The organs and systems of the body help to provide all
the cells with their basic needs. The cells of the body are
of different kinds and are grouped in ways that enhance
how they function together. (1.2e)
Important levels of organization for structure and function
include organelles, cells, tissues, organs, organ systems,
and whole organisms. (1.2a)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

continued
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Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
continued

continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

■■

■■

■■

Humans are complex organisms. They require multiple
systems for digestion, respiration, reproduction,
circulation, excretion, movement, coordination, and
immunity. The systems interact to perform the life
functions. (1.2b)
The components of the human body, from organ systems
to cell organelles, interact to maintain a balanced internal
environment. To successfully accomplish this, organisms
possess a diversity of control mechanisms that detect
deviations and make corrective actions. (1.2c)
The structures present in some single-celled organisms
act in a manner similar to the tissues and systems found
in multicellular organisms, thus enabling them to perform
all of the life processes needed to maintain homeostasis.
(1.3a)

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Standard 7: Interdisciplinary Problem Solving
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

If there is a disruption in any human system, there may
be a corresponding imbalance in homeostasis. (1.2d)
Homeostasis in an organism is constantly threatened.
Failure to respond effectively can result in disease or
death. (5.2a)
Viruses, bacteria, fungi, and other parasites may
infect plants and animals and interfere with normal life
functions. (5.2b)
Disease may also be caused by inheritance, toxic
substances, poor nutrition, organ malfunction, and some
personal behavior. Some effects show up right away;
others may not show up for many years. (5.2h)
Biological research generates knowledge used to design
ways of diagnosing, preventing, treating, controlling, or
curing diseases of plants and animals. (5.2j)
continued

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

■■

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller scale
mechanisms within the system.
Changes in systems may have various causes that
may not have equal effects.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

■■

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow to
observe directly.
Patterns observable at one scale may not be observable
or exist at other scales.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

Dynamic equilibrium results from detection of and
response to stimuli. Organisms detect and respond to
change in a variety of ways both at the cellular level and
at the organismal level. (5.3a)
Feedback mechanisms have evolved that maintain
homeostasis. Examples include the changes in heart
rate or respiratory rate in response to increased activity
in muscle cells, the maintenance of blood sugar levels by
insulin from the pancreas, and the changes in openings
in the leaves of plants by guard cells to regulate water
loss and gas exchange. (5.3b)
Receptor molecules play an important role in the
interactions between cells. Two primary agents of cellular
communication are hormones and chemicals produced
by nerve cells. If nerve or hormone signals are blocked,
cellular communication is disrupted and the organism’s
stability is affected. (1.2j)

■■

■■

■■

■■

Some white blood cells engulf invaders. Others
produce antibodies that attack them or mark them for
killing. Some specialized white blood cells will remain,
able to fight off subsequent invaders of the same kind.
(5.2d)
Vaccinations use weakened microbes (or parts of
them) to stimulate the immune system to react.
This reaction prepares the body to fight subsequent
invasions by the same microbes. (5.2e)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

Some viral diseases, such as AIDS, damage the
immune system, leaving the body unable to deal with
multiple infectious agents and cancerous cells. (5.2f)
Some allergic reactions are caused by the body’s
immune responses to usually harmless environmental
substances. Sometimes the immune system may
attack some of the body’s own cells or transplanted
organs. (5.2g)

The immune system protects against antigens associated
with pathogenic organisms or foreign substances and
some cancer cells. (5.2c)

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.

Much of science deals with constructing explanations
of how things change and how they remain stable.
Feedback (negative or positive) can stabilize or
destabilize a system.
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COMMON CORE STATE STANDARDS
ENVIRONMENTAL GUIDELINES FOR LEARNING

http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.
RST.9-10.2: Determine the central ideas or conclusions of a text; trace the text’s
explanation or depiction of a complex process, phenomenon, or concept; provide an
accurate summary of the text.
RST.9-10.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 9–10 texts and topics.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

Strand 1: Questioning, Analysis, and Interpretation Skills
■■

■■

■■

■■

WHST.9-10.2 : Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.

■■

WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for a
specific purpose and audience.

■■

WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.

Guideline A—Questioning—Learners are able to develop questions that help them
learn about the environment and do simple investigations.
Guideline B—Designing investigations—Learners are able to design simple
investigations.
Guideline C—Collecting information—Learners are able to locate and collect information
about the environment and environmental topics.
Guideline D—Evaluating accuracy and reliability—Learners understand the need to use
reliable information to answer their questions. They are familiar with some basic factors
to consider in judging the merits of information.
Guideline E—Organizing information—Learners are able to describe data and organize
information to search for relationships and patterns concerning the environment and
environmental topics.
Guideline G—Drawing conclusions and developing explanations—Learners can develop
simple explanations that address their questions about the environment.

Mathematics
HSN.Q.A.1: Use units as a way to understand problems and to guide the solution of
multistep problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.
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Unit

LE 5

Reproduction and Development
RECOMMENDED TIME: 20 DAYS

Unit Overview:
Species transcend individual life spans through reproduction. Asexual reproduction produces genetically identical
offspring. Sexual reproduction produces offspring that have a combination of genes inherited from each parent’s
specialized sex cells (gametes). The processes of gamete production, fertilization, and development follow an
orderly sequence of events. Zygotes contain all the information necessary for growth, development, and eventual
reproduction of the organism. Development is a highly regulated process involving mitosis and differentiation.
Reproduction and development are subject to environmental impact. Human development, birth, and aging should
be viewed as a predictable pattern of events. Reproductive technology has medical, agricultural, and ecological
applications. [Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Essential Question:
How does life create life?

Key Ideas:
Key Idea 2: Organisms inherit genetic information in a variety of ways that result in continuity of structure and function between parents and offspring.
Key Idea 4: The continuity of life is sustained through reproduction and development.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness: Common Themes

Cause and Effect: Mechanism and Prediction:

Quoted from the New York State Performance Indicators (2.1d, e; 4.1a-h)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.

■■

■■

The processes of meiosis and fertilization are key to
sexual reproduction in a wide variety of organisms. The
process of meiosis results in the production of eggs and
sperm which each contain half of the genetic information.
During fertilization, gametes unite to form a zygote,
which contains the complete genetic information for the
offspring. (4.1c)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

In asexually reproducing organisms, all the genes come
from a single parent. Asexually produced offspring are
normally genetically identical to the parent. (2.1d)

■■

■■

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that may
not have equal effects.
continued

continued
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■■

■■

■■

■■

■■

Reproduction and development are necessary for the
continuation of any species. (4.1a)

■■

Human reproduction and development are influenced
by factors such as gene expression, hormones, and the
environment. The reproductive cycle in both males and
females is regulated by hormones such as testosterone,
estrogen, and progesterone. (4.1e)
The structures and functions of the human female
reproductive system, as in almost all other mammals,
are designed to produce gametes in ovaries, allow for
internal fertilization, support the internal development of
the embryo and fetus in the uterus, and provide essential
materials through the placenta, and nutrition through milk
for the newborn. (4.1f)
The structures and functions of the human male
reproductive system, as in other mammals, are designed
to produce gametes in testes and make possible the
delivery of these gametes for fertilization. (4.1g)

■■

■■

The processes of meiosis and fertilization are key to
sexual reproduction in a wide variety of organisms.
The process of meiosis results in the production of
eggs and sperm which each contain half of the genetic
information. During fertilization, gametes unite to
form a zygote, which contains the complete genetic
information for the offspring. (4.1c)
The zygote may divide by mitosis and differentiate
to form the specialized cells, tissues, and organs of
multicellular organisms. (4.1d)
In humans, the embryonic development of essential
organs occurs in early stages of pregnancy. The
embryo may encounter risks from faults in its genes
and from its mother’s exposure to environmental
factors such as inadequate diet, use of alcohol/drugs/
tobacco, other toxins, or infections throughout her
pregnancy. (4.1h)

In sexually reproducing organisms, the new individual
receives half of the genetic information from its mother
(via the egg) and half from its father (via the sperm).
Sexually produced offspring often resemble, but are not
identical to, either of their parents. (2.1e)
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Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a system,
but these predictions have limited precision and reliability
due to the assumptions and approximations inherent
in models.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and used,
and the molecular substructures of its various materials.
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COMMON CORE STATE STANDARDS
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http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.

Strand 2.4: Environment and Society
■■

RST.9-10.5: Analyze the structure of the relationships among concepts in a text,
including relationships among key terms (e.g., force, friction, reaction force, energy).

Guideline A—Human/environment interactions—Learners understand that humans are
able to alter the physical environment to meet their needs and that there are limits to the
ability of the environment to absorb impacts or meet human needs.

WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.9-10.4: Produce clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose, and audience.
WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for
a specific purpose and audience.
WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.
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Unit

LE 6

Genetics and Biotechnology
RECOMMENDED TIME: 25 DAYS

Unit Overview:
Organisms from all kingdoms possess a set of instructions (genes) that determines their characteristics. These
instructions are passed from parents to offspring during reproduction. The inherited instructions that are passed from
parent to offspring exist in the form of a code. This code is contained in DNA molecules. The DNA molecules must
be accurately replicated before being passed on. Once the coded information is passed on, it is used by a cell to
make proteins. The proteins that are made become cell parts and carry out most functions of the cell. Throughout
recorded history, humans have used selective breeding and other biotechnological methods to produce products or
organisms with desirable traits. Our current understanding of DNA extends this to the manipulation of genes leading to
the development of new combinations of traits and new varieties of organisms. [Refer to Appendix A for the Humane
Treatment of Animals and Conservation Day]

Essential Question:
Why do offspring look like their parents?

Key Ideas:
Key Idea 2: Organisms inherit genetic information in a variety of ways that result in continuity of structure and function between parents and offspring.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (2.1a-c, f-k; 2.2a-e;
5.2h, i)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information and as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

Cause and Effect: Mechanism and Prediction:

■■

■■

Genes are inherited, but their expression can be modified
by interactions with the environment. (2.1a)
Every organism requires a set of coded instructions
for specifying its traits. For offspring to resemble
their parents there must be a reliable way to transfer
information from one generation to the next. Heredity is
the passage of these instructions from one generation
to another. (2.1b)
continued

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Empirical evidence is needed to identify patterns.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.
■■

Systems can be designed to cause a desired effect.
continued

continued

The New York City Department of Education 6–12 Science Scope & Sequence

LE | Unit 6: Genetics and Biotechnology | 82
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http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

MST STANDARDS
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Hereditary information is contained in genes, located in
the chromosomes of each cell. An inherited trait of an
individual can be determined by one or by many genes,
and a single gene can influence more than one trait. A
human cell contains many thousands of different genes in
its nucleus. (2.1c)

Key Idea 4: Equilibrium is a state of stability due either
to a lack of changes (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

In all organisms, the coded instructions for specifying
the characteristics of the organism are carried in DNA,
a large molecule formed from subunits arranged in a
sequence with bases of four kinds (represented by A,
G, C, and T). The chemical and structural properties of
DNA are the basis for how the genetic information that
underlies heredity is both encoded in genes (as a string
of molecular “bases”) and replicated by means of a
template. (2.1f)

Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.

Cells store and use coded information. The genetic
information stored in DNA is used to direct the synthesis
of the thousands of proteins that each cell requires.
(2.1g)

Key Idea 5: Identifying patterns of change is
necessary for making predictions about future behavior
and conditions.

■■

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■
■■

Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/ technology/society,
consumer decision making, design, and inquiry into
phenomena.

The work of the cell is carried out by the many different
types of molecules it assembles, mostly proteins. Protein
molecules are long, usually folded chains made from 20
different kinds of amino acids in a specific sequence. This
sequence influences the shape of the protein. The shape
of the protein, in turn, determines its function. (2.1i)
Offspring resemble their parents because they inherit
similar genes that code for the production of proteins
that form similar structures and perform similar functions.
(2.1j)
continued

Changes in systems may have various causes that may
not have equal effects.

■■

Systems can be designed to do specific tasks.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a system,
but these predictions have limited precision and reliability
due to the assumptions and approximations inherent in
models.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
continued
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■■

■■

■■

■■

■■

■■

The many body cells in an individual can be very different
from one another, even though they are all descended
from a single cell and thus have essentially identical
genetic instructions. This is because different parts of
these instructions are used in different types of cells, and
are influenced by the cell’s environment and past history.
(2.1k)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.

Knowledge of genetics is making possible new fields
of health care; for example, finding genes which may
have mutations that can cause disease will aid in the
development of preventive measures to fight disease.
Substances, such as hormones and enzymes, from
genetically engineered organisms may reduce the cost
and side effects of replacing missing body chemicals.
(2.2e)
Disease may also be caused by inheritance, toxic
substances, poor nutrition, organ malfunction, and some
personal behavior. Some effects show up right away;
others may not show up for many years. (5.2h)
Genes are segments of DNA molecules. Any alteration
of the DNA sequence is a mutation. Usually, an altered
gene will be passed on to every cell that develops from
it. (2.1h)
Inserting, deleting, or substituting DNA segments can
alter genes. An altered gene may be passed on to every
cell that develops from it. (2.2d)
Gene mutations in a cell can result in uncontrolled cell
division, called cancer. Exposure of cells to certain
chemicals and radiation increases mutations and thus
increases the chance of cancer. (5.2i)
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http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
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ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.
RST.9-10.2: Determine the central ideas or conclusions of a text; trace the text’s
explanation or depiction of a complex process, phenomenon, or concept; provide an
accurate summary of the text.
RST.9-10.4: Determine the meaning of symbols, key terms, and other domain-specific
words and phrases as they are used in a specific scientific or technical context relevant
to Grades 9–10 texts and topics.
RST.9-10.5: Analyze the structure of the relationships among concepts in a text,
including relationships among key terms (e.g., force, friction, reaction force, energy).

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

Strand 2.2: The Living Environment
■■

Guideline B—Heredity and evolution—Learners understand the basic ideas and genetic
mechanisms behind biological evolution.

Strand 2.4: Environment and Society
■■

■■

Guideline A—Human/environment interactions—Learners understand that humans
are able to alter the physical environment to meet their needs and that there are limits
to the ability of the environment to absorb impacts or meet human needs.
Guideline D—Technology—Learners are able to examine the social and environmental
impacts of various technologies and technological systems.

WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for
a specific purpose and audience.
WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement
when reporting quantities.
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Unit

LE 7

Evolution
RECOMMENDED TIME: 15 DAYS

Unit Overview:
Evolution is the change of species over time. This theory is the central unifying theme of biology. This change over
time is well documented by extensive evidence from a wide variety of sources. In sexually reproducing organisms, only
changes in the genes of sex cells can become the basis for evolutionary change and that these evolutionary changes
may occur in structure, function, and behavior over time. Students need to be able to distinguish between evolutionary
change and the changes that occur during the lifetime of an individual organism. According to many scientists,
biological evolution occurs through natural selection. Natural selection is the result of overproduction of offspring,
variations among offspring, the struggle for survival, the adaptive value of certain variations, and the subsequent
survival and increased reproduction of those best adapted to a particular environment. Selection for individuals with a
certain trait can result in changing the proportions of that trait in a population. The diversity of life on Earth today is the
result of natural selection occurring over a vast amount of geologic time for most organisms, but over a short amount
of time for organisms with short reproductive cycles such as pathogens in an antibiotic environment and insects in a
pesticide environment. [Refer to Appendix A for the Humane Treatment of Animals and Conservation Day]

Essential Question:
Is change inevitable for all living things?

Key Ideas:
Key Idea 3: Individual organisms and species change over time.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness—Common Themes

Patterns:

Quoted from the New York State Performance Indicators (3.1a-l, 6.2a)

Key Idea 5: Identifying patterns of change is necessary for
making predictions about future behavior and conditions.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

The basic theory of biological evolution states that the
Earth’s present-day species developed from earlier,
distinctly different species. (3.1a)
New inheritable characteristics result from new
combinations of existing genes or from mutations of
genes in reproductive cells. (3.1b)

■■

■■
continued

The New York City Department of Education 6–12 Science Scope & Sequence

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Empirical evidence is needed to identify patterns.
continued
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■■

■■

■■

■■

■■

■■

Mutation and the sorting and recombining of genes
during meiosis and fertilization result in a great variety
of possible gene combinations. (3.1c)
Mutations occur as random chance events. Gene mutations
can also be caused by such agents as radiation and
chemicals. When they occur in sex cells, the mutations can
be passed on to offspring; if they occur in other cells, they
can be passed on to other body cells only. (3.1d)
Natural selection and its evolutionary consequences provide
a scientific explanation for the fossil record of ancient lifeforms, as well as for the molecular and structural similarities
observed among the diverse species of living organisms.
(3.1e)
Species evolve over time. Evolution is the consequence of
the interactions of (1) the potential for a species to increase
its numbers, (2) the genetic variability of offspring due to
mutation and recombination of genes, (3) a finite supply of
the resources required for life, and (4) the ensuing selection
by the environment of those offspring better able to survive
and leave offspring. (3.1f)
Some characteristics give individuals an advantage over
others in surviving and reproducing, and the advantaged
offspring, in turn, are more likely than others to survive
and reproduce. The proportion of individuals that have
advantageous characteristics will increase. (3.1g)
The variation of organisms within a species increases
the likelihood that at least some members of the
species will survive under changed environmental
conditions. (3.1h)

■■

■■

Behaviors have evolved through natural selection.
The broad patterns of behavior exhibited by organisms
are those that have resulted in greater reproductive
success. (3.1i)
Billions of years ago, life on Earth is thought by many
scientists to have begun as simple, single-celled
organisms. About a billion years ago, increasingly
complex multicellular organisms began to evolve.
(3.1j)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.
■■

■■
■■

■■

■■

Evolution does not necessitate long-term progress in
some set direction. Evolutionary changes appear to be
like the growth of a bush: Some branches survive from
the beginning with little or no change, many die out
altogether, and others branch repeatedly, sometimes
giving rise to more complex organisms. (3.1k)
Extinction of a species occurs when the environment
changes and the adaptive characteristics of a species
are insufficient to allow its survival. Fossils indicate
that many organisms that lived long ago are extinct.
Extinction of species is common; most of the species
that have lived on Earth no longer exist. (3.1l)
As a result of evolutionary processes, there is a
diversity of organisms and roles in ecosystems. This
diversity of species increases the chance that at least
some will survive in the face of large environmental
changes. Biodiversity increases the stability of the
ecosystem. (6.2a)
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Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.
RST.9-10.2: Determine the central ideas or conclusions of a text; trace the text’s
explanation or depiction of a complex process, phenomenon, or concept; provide an
accurate summary of the text.
WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for a
specific purpose and audience.
WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.
Mathematics

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

Strand 2.2: The Living Environment
■■

■■

Guideline A—Organisms, populations, and communities—Learners understand basic
population dynamics and the importance of diversity in living systems.
Guideline B—Heredity and evolution—Learners understand the basic ideas and genetic
mechanisms behind biological evolution.

Strand 2.4: Environment and Society
■■

Guideline A—Human/environment interactions—Learners understand that humans are
able to alter the physical environment to meet their needs and that there are limits to the
ability of the environment to absorb impacts or meet human needs.

Strand 3.1: Skills for Analyzing and Investigating Environmental Issues
■■

Guideline B—Sorting out the consequences of issues—Learners are able to evaluate the
consequences of specific environmental changes, conditions, and issues for human and
ecological systems.

HSN.Q.A.1: Use units as a way to understand problems and to guide the solution of
multistep problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.
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Unit

LE 8

Human Influences on the Environment
RECOMMENDED TIME: 10 DAYS

Unit Overview:
Population growth has placed new strains on the environment—massive pollution of air and water, deforestation and
extinction of species, global warming, and alteration of the ozone shield. Some individuals believe that there will be
a technological fix for such problems. Others, concerned with the accelerating pace of change and the ecological
concept of finite resources, are far less optimistic. What is certain, however, is that resolving these issues will require
increasing global awareness, cooperation, and action. Since the students of today will be the elected officials and
informed public of tomorrow, the teacher should encourage a diversity of activities that will allow students to explore,
explain, and apply conceptual understandings and skills necessary to be environmentally literate. [Refer to Appendix A
for the Humane Treatment of Animals and Conservation Day]

Essential Question:
Why do we need to care for our planet?

Key Ideas:
Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.

NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf
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Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (7.1a-c, 7.2a-c,
7.3a, c)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

The Earth has finite resources; increasing human
consumption of resources places stress on the natural
processes that renew some resources and deplete those
resources that cannot be renewed. (7.1a)
Natural ecosystems provide an array of basic processes
that affect humans. Those processes include but are not
limited to: maintenance of the quality of the atmosphere,
generation of soils, control of the water cycle, removal of
wastes, energy flow, and recycling of nutrients. Humans
are changing many of these basic processes and the
changes may be detrimental. (7.1b)
continued

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.
Key Idea 3: Information technology can have positive and
negative impacts on society, depending upon how it is used.
Standard 6: Interconnectedness: Common Themes
Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

■■

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and
the mechanisms by which they are mediated, is a major
activity of science and engineering.
continued

continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/livingen.pdf
■■

■■

■■

■■

■■

■■

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/mststa1_2.pdf
http://www.p12.nysed.gov/ciai/mst/pub/mststa6_7.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Human beings are part of the Earth’s ecosystems.
Human activities can, deliberately or inadvertently,
alter the equilibrium in ecosystems. Humans modify
ecosystems as a result of population growth,
consumption, and technology. Human destruction of
habitats through direct harvesting, pollution, atmospheric
changes, and other factors is threatening current global
stability, and if not addressed, ecosystems may be
irreversibly affected. (7.1c)

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

Human activities that degrade ecosystems result in a
loss of diversity of the living and nonliving environment.
For example, the influence of humans on other
organisms occurs through land use and pollution.
Land use decreases the space and resources available
to other species, and pollution changes the chemical
composition of air, soil, and water. (7.2a)

Standard 7: Interdisciplinary Problem Solving

When humans alter ecosystems either by adding or
removing specific organisms, serious consequences may
result. For example, planting large expanses of one crop
reduces the biodiversity of the area. (7.2b)
Industrialization brings an increased demand for and
use of energy and other resources including fossil and
nuclear fuels. This usage can have positive and negative
effects on humans and ecosystems. (7.2c)
Societies must decide on proposals which involve the
introduction of new technologies. Individuals need to
make decisions which will assess risks, costs, benefits,
and trade-offs. (7.3a)
The decisions of one generation both provide and limit
the range of possibilities open to the next generation.
(7.3b)

Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and conditions.
Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially those
relating to issues of science/ technology/society, consumer
decision making, design, and inquiry into phenomena.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

■■

■■

■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize or
destabilize a system.
Systems can be designed for greater or lesser stability.

The New York City Department of Education 6–12 Science Scope & Sequence

■■

■■

■■
■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Systems can be designed to cause a desired effect.
Changes in systems may have various causes that
may not have equal effects.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

■■

■■

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

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
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COMMON CORE STATE STANDARDS
ENVIRONMENTAL GUIDELINES FOR LEARNING

http://www.corestandards.org/wp-content/uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/uploads/Math_Standards.pdf

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

ELA/Literacy

Strand 2: Knowledge of Environmental Processes and Systems

RST.9-10.1: Cite specific textual evidence to support analysis of science and technical
texts, attending to the precise details of explanations or descriptions.

Strand 2.3: Humans and Their Societies
■■

RST.9-10.3: Follow precisely a complex multistep procedure when carrying out
experiments, taking measurements, or performing technical tasks, attending to special
cases or exceptions defined in the text.
RST.9-10.7: Translate quantitative or technical information expressed in words in a
text into visual form (e.g., a table or chart) and translate information expressed visually
or mathematically (e.g., in an equation) into words.
WHST.9-10.2: Write informative/explanatory texts, including the narration of historical
events, scientific procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed by planning, revising, editing,
rewriting, or trying a new approach, focusing on addressing what is most significant for a
specific purpose and audience.
WHST.9-10.6: Use technology, including the Internet, to produce, publish, and update
individual or shared writing products, taking advantage of technology’s capacity to link to
other information and to display information flexibly and dynamically.
WHST.9-10.8: Gather relevant information from multiple authoritative print and digital
sources, using advanced searches effectively; assess the usefulness of each source in
answering the research question; integrate information into the text selectively to maintain
the flow of ideas, avoiding plagiarism and following a standard format for citation.
WHST.9-10.9: Draw evidence from informational texts to support analysis, reflection,
and research.

Strand 2.4: Environment and Society
■■

■■

■■

■■

■■

■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Guideline D—Technology—Learners are able to examine the social and environmental
impacts of various technologies and technological systems.
Guideline E—Environmental issues—Learners are familiar with a range of environmental
issues at scales that range from local to national to global. They understand that these
scales and issues are often linked.

Strand 3.1: Skills for Analyzing and Investigating Environmental Issues

HSN.Q.A.1: Use units as a way to understand problems and to guide the solution of
multistep problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
HSN.Q.A.3: Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.

Guideline A—Human/environment interactions—Learners understand that humans
are able to alter the physical environment to meet their needs and that there are limits
to the ability of the environment to absorb impacts or meet human needs.

Strand 3: Skills for Understanding and Addressing Environmental Issues

Mathematics

HSN.Q.A.2: Define appropriate quantities for the purpose of descriptive modeling.

Guideline A—Individuals and groups—Learners understand the influence of individual
and group actions on the environment, and how groups can work to promote and
balance interests.

Guideline A—Identifying and investigating issues—Learners apply their research and
analytical skills to investigate environmental issues ranging from local issues to those
that are regional or global in scope.
Guideline B—Sorting out the consequences of issues—Learners are able to evaluate
the consequences of specific environmental changes, conditions, and issues for human
and ecological systems.
Guideline C—Identifying and evaluating alternative solutions and courses of action—
Learners are able to identify and propose action strategies that are likely to be effective
in particular situations and for particular purposes.
Guideline D—Working with flexibility, creativity, and openness—While environmental
issues investigations can bring to the surface deeply held views, learners are able to
engage each other in peer review conducted in the spirit of open inquiry.
continued
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ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

Strand 3.2: Decision-Making and Citizenship Skills
■■

■■

■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Guideline A—Forming and evaluating personal views—Learners are able to examine and
express their own views on environmental issues.
Guideline B—Evaluating the need for citizen action—Learners are able to think critically
about whether they believe action is needed in particular situations and whether they
believe they should be involved.
Guideline C—Planning and taking action—By participating in issues of their choosing—
mostly close to home—they learn the basics of individual and collective action.
Guideline D—Evaluating the results of actions—Learners understand that civic actions
have consequences.
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ES

Earth Science

Unit

ES 1

Maps and Measurement
RECOMMENDED TIME: 17 DAYS

Unit Overview:
Theories of the universe have developed over many centuries. Although to a casual observer celestial bodies
appeared to orbit a stationary Earth, scientific discoveries led us to the understanding that Earth is one planet that
orbits the Sun, a typical star in a vast and ancient universe. We now infer an origin and an age and evolution of the
universe, as we speculate about its future. As we look at Earth, we find clues to its origin and how it has changed
through nearly five billion years, as well as the evolution of life on Earth.

Essential Question:
How can we produce good
models of the Earth?

Key Ideas:
Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Scale, Proportion, and Quantity:

Quoted from the New York State Performance Indicators (1.1b-e, g; 1.2a-c;
2.1q)

Students will access, generate, process, and transfer
information using appropriate technologies.

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.

■■

Nine planets move around the Sun in nearly circular
orbits. (1.1b)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

— Earth is orbited by one moon and many artificial
satellites.
■■

■■

Earth’s coordinate system of latitude and longitude,
with the equator and prime meridian as reference lines,
is based upon Earth’s rotation and our observation of the
Sun and stars. (1.1c)
Earth rotates on an imaginary axis at a rate of 15 degrees
per hour. To people on Earth, this turning of the planet
makes it seem as though the Sun, the moon, and the
stars are moving around Earth once a day. Rotation
provides a basis for our system of local time; meridians
of longitude are the basis for time zones. (1.1d)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.
Standard 6: Interconnectedness: Common Themes
Students will understand the relationships and
common themes that connect mathematics, science,
and technology and apply the themes to these and
other areas of learning.
continued

■■

■■

Patterns observable at one scale may not be observable
or exist at other scales.
Using the concept of orders of magnitude allows one to
understand how a model at one scale relates to a model
at another scale.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
continued

continued
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NGSS CROSS-CUTTING CONCEPTS

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

The Foucault pendulum and the Coriolis effect provide
evidence of Earth’s rotation. (1.1e)
Seasonal changes in the apparent positions of
constellations provide evidence of Earth’s revolution.
(1.1g)
The universe is vast and estimated to be over ten billion
years old. The current theory is that the universe was
created from an explosion called the Big Bang. (1.2a)
Stars form when gravity causes clouds of molecules to
contract until nuclear fusion of light elements into heavier
ones occurs. Fusion releases great amounts of energy
over millions of years. (1.2b)
— Our Sun is a medium-sized star within a spiral galaxy
of stars known as the Milky Way. Our galaxy contains
billions of stars, and the universe contains billions of
such galaxies.

■■

■■

Our solar system formed about five billion years ago from
a giant cloud of gas and debris. Gravity caused Earth
and the other planets to become layered according to
density differences in their materials. (1.2c)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a system,
but these predictions have limited precision and reliability
due to the assumptions and approximations inherent
in models.

Standard 7: Interdisciplinary Problem Solving
Students will apply the knowledge and thinking skills of
mathematics, science, and technology to address reallife problems and make informed decisions.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

• Topographic maps represent landforms through
the use of contour lines that are isolines connecting
points of equal elevation. Gradients and profiles can
be determined from changes in elevation over a given
distance. (2.1q)
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.
WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.
WHST.9-10.9: Draw evidence from informational texts to
support analysis, reflection, and research.
Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

Strand 1: Questioning, Analysis, and
Interpretation Skills
■■

■■

Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]
Equations (p1)

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

Strand 3: Skills for Understanding and Addressing
Environmental Issues
Strand 3.1: Skills for Analyzing and Investigating
Environmental Issues
■■

Guideline A—Identifying and investigating issues—
Learners apply their research and analytical skills to
investigate environmental issues ranging from local
issues to those that are regional or global in scope.

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

ES 2

Dynamic Earth
RECOMMENDED TIME: 18 DAYS

Unit Overview:
Earth may be considered a huge machine driven by two engines, one internal and one external. These heat engines
convert heat energy into mechanical energy. Earth’s internal heat engine is powered by heat from the decay of
radioactive materials and residual heat from Earth’s formation. Differences in density resulting from heat flow within
Earth’s interior caused the changes explained by the theory of plate tectonics: movement of the lithospheric plates;
earthquakes; volcanoes; and the deformation and metamorphism of rocks during the formation of young mountains.

Essential Question:
What makes the Earth dynamic?

Key Ideas:
Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (2.1a, b, j-p)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

■■

Earth systems have internal and external sources of
energy, both of which create heat. (2.1a)
The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s interior results in the formation
of regions of different densities. These density differences
result in motion. (2.1b)
Properties of Earth’s internal structure (crust, mantle,
inner core, and outer core) can be inferred from the
analysis of the behavior of seismic waves (including
velocity and refraction). (2.1j)
continued

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.
Key Idea 3: Information technology can have positive
and negative impacts on society, depending upon how
it is used.
Standard 6: Interconnectedness: Common Themes
Key Idea 5: Identifying patterns of change is
necessary for making predictions about future behavior
and conditions.

■■

■■

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Patterns of performance of designed systems can be
analyzed and interpreted to reengineer and improve
the system.
Empirical evidence is needed to identify patterns.
continued

continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

— Analysis of seismic waves allows the determination
of the location of earthquake epicenters, and the
measurement of earthquake magnitude; this analysis
leads to the inference that Earth’s interior is composed
of layers that differ in composition and states of matter.
■■

■■

The outward transfer of Earth’s internal heat drives
convective circulation in the mantle that moves the
lithospheric plates comprising Earth’s surface. (2.1k)

Standard 7: Interdisciplinary Problem Solving

Cause and Effect: Mechanism and Prediction:

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.

The lithosphere consists of separate plates that ride on the
more fluid asthenosphere and move slowly in relationship to
one another, creating convergent, divergent, and transform
plate boundaries. These motions indicate Earth is a dynamic
geologic system. (2.1l)

■■

■■
■■

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Systems can be designed to cause a desired effect.
Changes in systems may have various causes that
may not have equal effects.

Scale, Proportion, and Quantity:

— These plate boundaries are the sites of most
earthquakes, volcanoes, and young mountain
ranges.
— Compared to continental crust, ocean crust is thinner
and denser. New ocean crust continues to form at
mid-ocean ridges.
— Earthquakes and volcanoes present geologic hazards
to humans. Loss of property, personal injury, and
loss of life can be reduced by effective emergency
preparedness.
■■

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Many processes of the rock cycle are consequences of
plate dynamics. These include the production of magma
(and subsequent igneous rock formation and contact
metamorphism) at both subduction and rifting regions,
regional metamorphism within subduction zones, and
the creation of major depositional basins through downwarping of the crust. (2.1m)
continued

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change
■■

■■

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as they are
too small, too large, too fast, or too slow to observe directly.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf
■■

■■

■■

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Many of Earth’s surface features such as mid-ocean
ridges/rifts, trenches/subduction zones/island arcs,
mountain ranges (folded, faulted, and volcanic), hot
spots, and the magnetic and age patterns in surface
bedrock are a consequence of forces associated with
plate motion and interaction. (2.1n)

Energy and Matter: Flows, Cycles, and Conservation:

Plate motions have resulted in global changes in
geography, climate, and the patterns of organic
evolution. (2.1o)

Stability and Change:

Landforms are the result of the interaction of tectonic
forces and the processes of weathering, erosion,
and deposition. (2.1p)

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Energy drives the cycling of matter within and between
systems.

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.
WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.

HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.

■■

■■

■■

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

Guideline E—Organizing information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with models and simulation—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]
Equations (p1)
Average Chemical Composition of Earth’s Crust,
Hydrosphere, and Troposphere (p1)
Generalized Landscape of Regions of New York State (p2)
Generalized Bedrock Geology of New York State (p3)
Tectonic Plates (p5)
Rock Cycle in Earth’s Crust (p6)
Inferred Properties of Earth’s Interior (p10)
Earthquake P-Wave and S-Wave Travel Time (p11)

Strand 2: Knowledge of Environmental Processes
and Systems
Strand 2.1: The Earth as a Physical System
■■

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

Strand 1: Questioning, Analysis, and
Interpretation Skills

WHST.9-10.9: Draw evidence from informational texts
to support analysis, reflection, and research.
Mathematics

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

■■

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.
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Unit

ES 3

Rocks and Minerals
RECOMMENDED TIME: 15 DAYS

Unit Overview:
Observation and classification have helped us understand the great variety and complexity of Earth materials.
Minerals are the naturally occurring inorganic solid elements, compounds, and mixtures from which rocks are made.
We classify minerals on the basis of their chemical composition and observable properties. Rocks are generally
classified by their origin (igneous, metamorphic, and sedimentary), texture, and mineral content. Rocks and minerals
help us understand Earth’s historical development and its dynamics. They are important to us because of their
availability and properties. The use and distribution of mineral resources and fossil fuels have important economic
and environmental impacts. As limited resources, they must be used wisely.

Essential Question:
How do rocks change over time?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness: Common Themes

Patterns:

Quoted from the New York State Performance Indicators (1.2f, 2.1m, v, w;
3.1a-c)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 7: Interdisciplinary Problem Solving

■■

■■

Minerals have physical properties determined by their
chemical composition and crystal structure. (3.1a)
— Minerals can be identified by well-defined physical
and chemical properties, such as cleavage, fracture,
color, density, hardness, streak, luster, crystal shape,
and reaction with acid.
— Chemical composition and physical properties
determine how minerals are used by humans.

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/technology/society,
consumer decision making, design, and inquiry into
phenomena.

continued

Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.
continued
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http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf
■■

Minerals are formed inorganically by the process of
crystallization as a result of specific environmental
conditions. These include: (3.1b)

■■

— cooling and solidification of magma
— precipitation from water caused by such
processes as evaporation, chemical reactions,
and temperature changes
— rearrangement of atoms in existing minerals
subjected to conditions of high temperature
and pressure
■■

Rocks are usually composed of one or more minerals.
(3.1c)

■■

■■

— Rocks are classified by their origin, mineral content,
and texture.
— Conditions that existed when a rock formed can be
inferred from the rock’s mineral content and texture.
— The properties of rocks determine how they are used
and also influence land usage by humans.

■■

Many processes of the rock cycle are consequences
of plate dynamics. These include the production of
magma (and subsequent igneous rock formation and
contact metamorphism) at both subduction and rifting
regions, regional metamorphism within subduction
zones, and the creation of major depositional basins
through down-warping of the crust. (2.1m)
Earth’s oceans formed as a result of precipitation over
millions of years. The presence of an early ocean is
indicated by sedimentary rocks of marine origin, dating
back about four billion years. (1.2f)
Patterns of deposition result from a loss of energy
within the transporting system and are influenced
by the size, shape, and density of the transported
particles. Sediment deposits may be sorted or
unsorted. (2.1v)
Sediments of inorganic and organic origin often
accumulate in depositional environments. Sedimentary
rocks form when sediments are compacted and/
or cemented after burial or as the result of chemical
precipitation from seawater. (2.1w)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy drives the cycling of matter within and
between systems.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■
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Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to
the precise details of explanations or descriptions.

■■

■■

Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

Strand 2.1: The Earth as a Physical System

WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.

WHST.9-10.9: Draw evidence from informational texts
to support analysis, reflection, and research.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

Strand 2: Knowledge of Environmental Processes
and Systems

■■

WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.
Guideline B—Changes in matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]
Generalized Landscape of Regions of New York State (p2)
Generalized Bedrock Geology of New York State (p3)
Rock Cycle in Earth’s Crust (p6)
Scheme for Igneous Rock Identification (p6)
Relationship of Transported Size to Water Velocity (p6)
Scheme for Sedimentary Rock Identification (p7)
Scheme for Metamorphic Rock Identification (p7)
Geologic History of New York State (p8–9)
Properties of Common Minerals (p16)

Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

Strand 2.4: Environment and Society
■■

Guideline C—Resources—Learners understand that
the importance and use of resources change over time
and vary under different economic and technological
systems.

HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities. Use
units as a way to understand problems and to guide the
solution of multistep problems; choose and interpret units
consistently in formulas; choose and interpret the scale and
the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

The New York City Department of Education 6–12 Science Scope & Sequence

ES | Unit 3: Rocks and Minerals | 103

Unit

ES 4

Landscapes
RECOMMENDED TIME: 30 DAYS

Unit Overview:
Earth may be considered a huge machine driven by two engines, one internal and one external. These heat engines
convert heat energy into mechanical energy. Precipitation resulting from the external heat engine’s weather systems
supplies moisture to Earth’s surface that contributes to the weathering of rocks. Running water erodes mountains
that were originally uplifted by Earth’s internal heat engine and transports sediments to other locations, where they
are deposited and may undergo the processes that transform them into sedimentary rocks. [Refer to Appendix A
for the Humane Treatment of Animals and Conservation Day]

Essential Question:
Why does the land look different
in different places?

Key Ideas:
Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (1.1i; 1.2d; f, g;
2.1b, p, r-w, 3.1c)

Students will access, generate, process, and transfer
information using appropriate technologies.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

Earth has continuously been recycling water since the
outgassing of water early in its history. This constant
recirculation of water at and near Earth’s surface is
described by the hydrologic (water) cycle. (1.2g)
Water is returned from the atmosphere to Earth’s surface
by precipitation. Water returns to the atmosphere by
evaporation or transpiration from plants. A portion
of the precipitation becomes runoff over the land or
infiltrates into the ground to become stored in the soil
or groundwater below the water table. Soil capillarity
influences these processes.

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.
Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.
Key Idea 3: Information technology can have positive
and negative impacts on society, depending upon how
it is used.

■■

■■

Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.
Patterns of performance of designed systems can
be analyzed and interpreted to reengineer and improve
the system.
continued

continued

continued
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NGSS CROSS-CUTTING CONCEPTS

■■

■■

■■

■■
■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

The amount of precipitation that seeps into the ground
or runs off is influenced by climate, slope of the land, soil,
rock type, vegetation, land use, and degree of saturation.

Standard 6: Interconnectedness: Common Themes

Cause and Effect: Mechanism and Prediction:

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.

Porosity, permeability, and water retention affect runoff
and infiltration.
The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s interior results in the formation
of regions of different densities. These density differences
result in motion. (2.1b)
The natural agents of erosion include: (2.1u)
Streams (running water): Gradient, discharge, and
channel shape influence a stream’s velocity and the
erosion and deposition of sediments. Sediments
transported by streams tend to become rounded as a
result of abrasion. Stream features include V-shaped
valleys, deltas, flood plains, and meanders. A watershed
is the area drained by a stream and its tributaries.
Glaciers (moving ice): Glacial erosional processes include
the formation of U-shaped valleys, parallel scratches, and
grooves in bedrock. Glacial features include moraines,
drumlins, kettle lakes, finger lakes, and outwash plains.
Wave Action: Erosion and deposition cause changes
in shoreline features, including beaches, sandbars, and
barrier islands. Wave action rounds sediments as a result
of abrasion. Waves approaching a shoreline move sand
parallel to the shore within the zone of breaking waves.

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.
Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

■■

■■
■■

Standard 7: Interdisciplinary Problem Solving
Students will apply the knowledge and thinking skills of
mathematics, science, and technology to address reallife problems and make informed decisions.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

Wind: Erosion of sediments by wind is most common
in arid climates and along shorelines. Wind-generated
features include dunes and sand-blasted bedrock.
Mass Movement: Earth materials move downslope under
the influence of gravity.

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller scale
mechanisms within the system.
Systems can be designed to cause a desired effect.
Changes in systems may have various causes that may
not have equal effects.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.

continued
continued
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http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf
■■

■■

■■

■■

■■

■■

Approximately 70 percent of Earth’s surface is covered
by a relatively thin layer of water, which responds to the
gravitational attraction of the moon and the Sun with a
daily cycle of high and low tides. (1.1i)
Earth’s oceans formed as a result of precipitation over
millions of years. The presence of an early ocean is
indicated by sedimentary rocks of marine origin, dating
back about four billion years. (1.2f)

■■

■■

Sediments of inorganic and organic origin often
accumulate in depositional environments. Sedimentary
rocks form when sediments are compacted and/
or cemented after burial or as the result of chemical
precipitation from seawater. (2.1w)
Rocks are usually composed of one or more minerals.
(3.1c)
— Rocks are classified by their origin, mineral
content, and texture.

Climate variations, structure, and characteristics of
bedrock influence the development of landscape features
including mountains, plateaus, plains, valleys, ridges,
escarpments, and stream drainage patterns. (2.1r)
Weathering is the physical and chemical breakdown of
rocks at or near Earth’s surface. Soils are the result of
weathering and biological activity over long periods of
time. (2.1s)
Natural agents of erosion, generally driven by gravity,
remove, transport, and deposit weathered rock particles.
Each agent of erosion produces distinctive changes in
the material that it transports and creates characteristic
surface features and landscapes. In certain erosional
situations, loss of property, personal injury, and loss of
life can be reduced by effective emergency
preparedness. (2.1t)

— Conditions that existed when a rock formed can
be inferred from the rock’s mineral content and
texture.
— The properties of rocks determine how they are
used and also influence land usage by humans.
■■

Asteroids, comets, and meteors are components of
our solar system. (1.2d)
— Impact events have been correlated with mass
extinction and global climatic change.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

Landforms are the result of the interaction of tectonic
forces and the processes of weathering, erosion, and
deposition. (2.1p)

Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy drives the cycling of matter within and
between systems.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

— Impact craters can be identified in Earth’s crust.
■■

Models can be used to predict the behavior of a
system, but these predictions have limited precision
and reliability due to the assumptions and approximations
inherent in models.

■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Systems can be designed for greater or lesser stability.

Patterns of deposition result from a loss of energy within
the transporting system and are influenced by the size,
shape, and density of the transported particles. Sediment
deposits may be sorted or unsorted. (2.1v)
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

Strand 2: Knowledge of Environmental Processes
and Systems

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]

Strand 2.1: The Earth as a Physical System

Generalized Landscape Regions of New York State (p2)

■■

WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.

WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.

■■

WHST.9-10.9: Draw evidence from informational texts
to support analysis, reflection, and research.

Strand 2.4: Environment and Society
■■

Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.

■■

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

■■

Generalized Bedrock Geology of New York State (p3)
Relationship of Transported Particle Size to Water Velocity (p6)

Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

Guideline A—Human/environment interactions—
Learners understand that humans are able to alter
the physical environment to meet their needs and
that there are limits to the ability of the environment to
absorb impacts or meet human needs.
Guideline B—Places—Learners understand “place”
as humans endowing a particular part of the Earth
with meaning through their interactions with that
environment.
Guideline E—Environmental issues—Learners are
familiar with a range of environmental issues at
scales that range from local to national to global.
They understand that these scales and issues are
often linked.
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Unit

ES 5

Earth History
RECOMMENDED TIME: 12 DAYS

Unit Overview:
Theories of the universe have developed over many centuries. Although to a casual observer celestial bodies appeared
to orbit a stationary Earth, scientific discoveries led us to the understanding that Earth is one planet that orbits the Sun,
a typical star in a vast and ancient universe. We now infer an origin and an age and evolution of the universe, as we
speculate about its future. As we look at Earth, we find clues to its origin and how it has changed through nearly five
billion years, as well as the evolution of life on Earth.

Essential Question:
How do we know that the
Earth has changed over time?

Key Ideas:
Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness: Common Themes

Patterns:

Quoted from the New York State Performance Indicators (1.2d, f, h-j; 2.1o)

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Asteroids, comets, and meteors are components of our
solar system. (1.2d)
— Impact events have been correlated with mass
extinction and global climatic change.

■■

— Impact craters can be identified in Earth’s crust.
■■

■■

Earth’s oceans formed as a result of precipitation over
millions of years. The presence of an early ocean is
indicated by sedimentary rocks of marine origin, dating
back about four billion years. (1.2f)
The evolution of life caused dramatic changes in the
composition of Earth’s atmosphere. Free oxygen did
not form in the atmosphere until oxygen-producing
organisms evolved. (1.2h)

■■

Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.
Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and
the mechanisms by which they are mediated, is a major
activity of science and engineering.
continued

continued
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http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf
■■

The pattern of evolution of life-forms on Earth is at least
partially preserved in the rock record. (1.2i)
— Fossil evidence indicates that a wide variety of lifeforms has existed in the past and that most of these
forms have become extinct.

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf
■■

■■

— Human existence has been very brief compared to
the expanse of geologic time.
■■

Geologic history can be reconstructed by observing
sequences of rock types and fossils to correlate bedrock
at various locations. (1.2j)
— The characteristics of rocks indicate the processes
by which they formed and the environments in which
these processes took place.

— Age relationships among bodies of rocks can be
determined using principles of original horizontality,
superposition, inclusions, cross-cutting relationships,
contact metamorphism, and unconformities. The
presence of volcanic ash layers, index fossils, and
meteoritic debris can provide additional information.
— The regular rate of nuclear decay (half-life time period)
of radioactive isotopes allows geologists to determine
the absolute age of materials found in some rocks.
■■

Plate motions have resulted in global changes in
geography, climate, and the patterns of organic
evolution. (2.1o)

A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

■■

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

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller scale
mechanisms within the system.

Systems and System Models:

— Fossils preserved in rocks provide information about
past environmental conditions.
— Geologists have divided Earth history into time units
based upon the fossil record.

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.

Much of science deals with constructing explanations of
how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.

Strand 2.1: The Earth as a Physical System

Radioactive Decay Data (p1)

■■

■■

Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.
Guideline B—Changes in matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.

Generalized Landscape of Regions of New York State (p2)
Generalized Bedrock Geology of New York State (p3)
Scheme for Igneous Rock Identification (p6)
Scheme for Sedimentary Rock Identification (p7)
Scheme for Metamorphic Rock Identification (p7)
Geologic History of New York State (p8–9)

Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

Strand 2.4: Environment and Society
■■

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]

■■

WHST.9-10.9: Draw evidence from informational texts
to support analysis, reflection, and research.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

Strand 2: Knowledge of Environmental Processes
and Systems

WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as
needed by planning, revising, editing, rewriting, or trying
a new approach, focusing on addressing what is most
significant for a specific purpose and audience.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

■■

■■

Guideline A—Human/environment interactions—
Learners understand that humans are able to alter
the physical environment to meet their needs and
that there are limits to the ability of the environment
to absorb impacts or meet human needs.
Guideline B—Places—Learners understand “place”
as humans endowing a particular part of the
Earth with meaning through their interactions with
that environment.
Guideline E—Environmental issues—Learners are
familiar with a range of environmental issues at
scales that range from local to national to global.
They understand that these scales and issues are
often linked.
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Unit

ES 6

Insolation
RECOMMENDED TIME: 13 DAYS

Unit Overview:
Earth may be considered a huge machine driven by two engines, one internal and one external. These heat engines
convert heat energy into mechanical energy. Earth’s external heat engine is powered primarily by solar energy and
influenced by gravity. Nearly all the energy for circulating the atmosphere and oceans is supplied by the Sun. As
insolation strikes the atmosphere, a small percentage is directly absorbed, especially by gases such as ozone, carbon
dioxide, and water vapor. Clouds and Earth’s surface reflect some energy back to space, and Earth’s surface absorbs
some energy. Energy is transferred between Earth’s surface and the atmosphere by radiation, conduction, evaporation,
and convection. Temperature variations within the atmosphere cause differences in density that cause atmospheric
circulation, which is affected by Earth’s rotation. The interaction of these processes results in the complex atmospheric
occurrence known as weather. Average temperatures on Earth are the result of the total amount of insolation absorbed
by Earth’s surface and its atmosphere and the amount of long-wave energy radiated back into space.

Essential Question:
How does the Sun affect our life on Earth?

Key Ideas:
Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (1.1a, f, h, 1.2e,
2.1b, i, 2.2a, b)

Students will access, generate, process, and transfer
information using appropriate technologies.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Most objects in the solar system are in regular and
predictable motion. (1.1a)
— These motions explain such phenomena as the day,
the year, seasons, phases of the moon, eclipses,
and tides.
continued

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

■■

Standard 6: Interconnectedness: Common Themes
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.

The New York City Department of Education 6–12 Science Scope & Sequence

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Empirical evidence is needed to identify patterns.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

— Gravity influences the motions of celestial objects.
The force of gravity between two objects in the
universe depends on their masses and the distance
between them.
■■

■■

■■

The Sun’s apparent path through the sky varies with
latitude and season. (1.1h)
Insolation (solar radiation) heats Earth’s surface and
atmosphere unequally due to variations in: (2.2a)

Seasonal changes can be explained using concepts
of density and heat energy. These changes include
the shifting of global temperature zones, the shifting
of planetary wind and ocean current patterns, the
occurrence of monsoons, hurricanes, flooding, and
severe weather. (2.1i)

Earth’s changing position with regard to the Sun and the
moon has noticeable effects. (1.1f)
— Earth revolves around the Sun with its rotational
axis tilted at 23.5 degrees to a line perpendicular
to the plane of its orbit, with the North Pole aligned
with Polaris.

— Heating of Earth’s surface and atmosphere by the
Sun drives convection within the atmosphere and
oceans, producing winds and ocean currents.

■■

■■

■■

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that
may not have equal effects.

Systems and System Models:

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

— During Earth’s one-year period of revolution, the tilt of
its axis results in changes in the angle of incidence of
the Sun’s rays at a given latitude; these changes cause
variation in the heating of the surface. This produces
seasonal variation in weather.

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.

The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s surface occurs as the result
of radiation, convection, and conduction. (2.2b)

— Characteristics of the materials absorbing the energy
such as color, texture, transparency, state of matter,
and specific heat

■■

Cause and Effect: Mechanism and Prediction:

■■
■■

— the intensity caused by differences in atmospheric
transparency and angle of incidence which vary with
time of day, latitude, and season

— duration, which varies with seasons and latitude

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

■■

Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize or
destabilize a system.

Earth’s early atmosphere formed as a result of the
outgassing of water vapor, carbon dioxide, nitrogen, and
lesser amounts of other gases from its interior. (1.2e)
The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s interior results in the formation
of regions of different densities. These density differences
result in motion. (2.1b)

The New York City Department of Education 6–12 Science Scope & Sequence

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a
system, but these predictions have limited precision
and reliability due to the assumptions and approximations
inherent in models.

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy drives the cycling of matter within and
between systems.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.

Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]

Strand 2.1: The Earth as a Physical System

Specific Heats of Common Materials (p1)

■■

WHST.9-10.9: Draw evidence from informational texts to
support analysis, reflection, and research.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

Strand 2: Knowledge of Environmental Processes
and Systems

WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

■■

■■

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.

Properties of Water (p1)
Surface Ocean Currents (p4)
Electromagnetic Spectrum (p14)

Guideline B—Changes in matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

ES 7

Meteorology
RECOMMENDED TIME: 17 DAYS

Unit Overview:
Earth may be considered a huge machine driven by two engines, one internal and one external. These heat engines
convert heat energy into mechanical energy. Earth’s external heat engine is powered primarily by solar energy and
influenced by gravity. Nearly all the energy for circulating the atmosphere and oceans is supplied by the Sun. As
insolation strikes the atmosphere, a small percentage is directly absorbed, especially by gases such as ozone, carbon
dioxide, and water vapor. Clouds and Earth’s surface reflect some energy back to space, and Earth’s surface absorbs
some energy. Energy is transferred between Earth’s surface and the atmosphere by radiation, conduction, evaporation,
and convection. Temperature variations within the atmosphere cause differences in density that cause atmospheric
circulation, which is affected by Earth’s rotation. The interaction of these processes results in the complex atmospheric
occurrence known as weather. Precipitation resulting from the external heat engine’s weather systems supplies moisture
to Earth’s surface that contributes to the weathering of rocks. Global climate is determined by the interaction of solar
energy with Earth’s surface and atmosphere. This energy transfer is influenced by dynamic processes such as cloud
cover and Earth’s rotation, and the positions of mountain ranges and oceans. [Refer to Appendix A for the Humane
Treatment of Animals and Conservation Day]

Essential Question:
How can we predict the weather?

Key Ideas:
Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (1.2e, h; 2.1b-h;
2.2b, d)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Earth’s early atmosphere formed as a result of the
outgassing of water vapor, carbon dioxide, nitrogen, and
lesser amounts of other gases from its interior. (1.2e)
continued

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.
continued

■■

■■

Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.
Empirical evidence is needed to identify patterns.
continued
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NGSS CROSS-CUTTING CONCEPTS

■■

■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

The evolution of life caused dramatic changes in the
composition of Earth’s atmosphere. Free oxygen did
not form in the atmosphere until oxygen-producing
organisms evolved. (1.2h)
The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s interior results in the formation
of regions of different densities. These density differences
result in motion. (2.1b)
Weather patterns become evident when weather
variables are observed, measured, and recorded.
These variables include air temperature, air pressure,
moisture (relative humidity and dewpoint), precipitation
(rain, snow, hail, sleet, etc.), wind speed and direction,
and cloud cover. (2.1c)
Air temperature, dewpoint, cloud formation, and
precipitation are affected by the expansion and
contraction of air due to vertical atmospheric movement.
(2.1f)
Weather variables can be represented in a variety of
formats including radar and satellite images, weather
maps (including station models, isobars, and fronts),
atmospheric cross-sections, and computer models.
(2.1g)

Key Idea 3: Information technology can have positive
and negative impacts on society, depending upon how it
is used.
Standard 6: Interconnectedness: Common Themes
Students will understand the relationships and common
themes that connect mathematics, science, and
technology and apply the themes to these and other
areas of learning.
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.
Standard 7: Interdisciplinary Problem Solving
Students will apply the knowledge and thinking skills of
mathematics, science, and technology to address reallife problems and make informed decisions.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

Atmospheric moisture, temperature and pressure
distributions; jet streams, wind; air masses and frontal
boundaries; and the movement of cyclonic systems and
associated tornadoes, thunderstorms, and hurricanes
occur in observable patterns. Loss of property, personal
injury, and loss of life can be reduced by effective
emergency preparedness. (2.1h)
continued

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major
activity of science and engineering.
■■

■■

■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that
may not have equal effects.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■

■■

■■

When investigating or describing a system, the
boundaries and initial conditions of the system need to
be defined and their inputs and outputs analyzed and
described using models.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a system,
but these predictions have limited precision and reliability
due to the assumptions and approximations inherent
in models.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf
■■

The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s surface occurs as the result
of radiation, convection, and conduction. (2.2b)
— Heating of Earth’s surface and atmosphere by the
Sun drives convection within the atmosphere and
oceans, producing winds and ocean currents.

■■

Weather variables are interrelated. For example: (2.1e)
— temperature and humidity affect air pressure and
probability of precipitation
— air pressure gradient controls wind velocity

■■

Weather variables are measured using instruments such as
thermometers, barometers, psychrometers, precipitation
gauges, anemometers, and wind vanes. (2.1d)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.

Temperature and precipitation patterns are altered by:
(2.2d)
■■

— natural events such as El Niño and volcanic eruptions
— human influences including deforestation, urbanization,
and the production of greenhouse gases such as
carbon dioxide and methane

The New York City Department of Education 6–12 Science Scope & Sequence

Energy drives the cycling of matter within and between
systems.

Stability and Change:

■■
■■

Changes of energy and matter in a system can be
described in terms of energy and matter flows into, out
of, and within that system.

■■

Much of science deals with constructing explanations of
how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize or
destabilize a system.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]

Strand 2.1: The Earth as a Physical System

Dewpoint (°C) (p12)

■■

Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

Relative Humidity (%) (p12)
Temperature (p13)
Pressure (p13)

Strand 3: Skills for Understanding and Addressing
Environmental Issues

Weather Map Symbols (p13)

Strand 3.2: Decision-Making and Citizenship Skills

Planetary Wind and Moisture Belts in the Troposphere (p14)

■■

WHST.9-10.9: Draw evidence from informational texts to
support analysis, reflection, and research.
Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

Strand 2: Knowledge of Environmental Processes
and Systems

WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

■■

Selected Properties of Earth’s Atmosphere (p14)

Guideline A—Forming and evaluating personal views—
Learners are able to communicate, evaluate, and
justify their own views on environmental issues and
alternative ways to address them.
Guideline B—Evaluating the need for citizen action—
Learners are able to decide whether action is
needed in particular situations and whether they
should be involved.

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

ES 8

Climate
RECOMMENDED TIME: 10 DAYS

Unit Overview:
Earth may be considered a huge machine driven by two engines, one internal and one external. These heat engines
convert heat energy into mechanical energy. Earth’s external heat engine is powered primarily by solar energy and
influenced by gravity. Nearly all the energy for circulating the atmosphere and oceans is supplied by the Sun. As
insolation strikes the atmosphere, a small percentage is directly absorbed, especially by gases such as ozone, carbon
dioxide, and water vapor. Clouds and Earth’s surface reflect some energy back to space, and Earth’s surface absorbs
some energy. Energy is transferred between Earth’s surface and the atmosphere by radiation, conduction, evaporation,
and convection. Temperature variations within the atmosphere cause differences in density that cause atmospheric
circulation, which is affected by Earth’s rotation. The interaction of these processes results in the complex atmospheric
occurrence known as weather. Precipitation resulting from the external heat engine’s weather systems supplies moisture
to Earth’s surface that contributes to the weathering of rocks. Global climate is determined by the interaction of solar
energy with Earth’s surface and atmosphere. This energy transfer is influenced by dynamic processes such as cloud
cover and Earth’s rotation, and the positions of mountain ranges and oceans. [Refer to Appendix A for the Humane
Treatment of Animals and Conservation Day]

Essential Question:
Why are there different climates on Earth,
and how can climate be altered?

Key Ideas:
Key Idea 2: Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci/pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (1.1a; 1.2b, g;
2.1i; o, r, s, 2.2b, c)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Most objects in the solar system are in regular
and predictable motion. (1.1a)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.

— These motions explain such phenomena as
the day, the year, seasons, phases of the moon,
eclipses, and tides.

continued
continued
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■■

■■

Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.
Empirical evidence is needed to identify patterns.
continued
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NGSS CROSS-CUTTING CONCEPTS

■■

NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

— Gravity influences the motions of celestial objects.
The force of gravity between two objects in the
universe depends on their masses and the distance
between them.

Key Idea 3: Information technology can have positive
and negative impacts on society, depending upon how it
is used.

Stars form when gravity causes clouds of molecules to
contract until nuclear fusion of light elements into heavier
ones occurs. Fusion releases great amounts of energy
over millions of years. (1.2b)
— The stars differ from each other in size, temperature,
and age.
— Our Sun is a medium-sized star within a spiral galaxy
of stars known as the Milky Way. Our galaxy contains
billions of stars, and the universe contains billions of
such galaxies.

■■

■■

■■

■■

Standard 6: Interconnectedness: Common Themes
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.
Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.

Seasonal changes can be explained using concepts
of density and heat energy. These changes include
the shifting of global temperature zones, the shifting
of planetary wind and ocean current patterns, the
occurrence of monsoons, hurricanes, flooding, and
severe weather. (2.1i)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

■■

■■

Weathering is the physical and chemical breakdown of
rocks at or near Earth’s surface. Soils are the result of
weathering and biological activity over long periods of
time. (2.1s)
continued
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Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that may
not have equal effects.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

Plate motions have resulted in global changes in
geography, climate, and the patterns of organic
evolution. (2.1o)
Climate variations, structure, and characteristics of
bedrock influence the development of landscape features
including mountains, plateaus, plains, valleys, ridges,
escarpments, and stream drainage patterns. (2.1r)

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.

■■

■■

When investigating or describing a system, the
boundaries and initial conditions of the system need to
be defined and their inputs and outputs analyzed and
described using models.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf
■■

The transfer of heat energy within the atmosphere, the
hydrosphere, and Earth’s surface occurs as the result
of radiation, convection, and conduction. (2.2b)
— Heating of Earth’s surface and atmosphere by the
Sun drives convection within the atmosphere and
oceans, producing winds and ocean currents.

■■

■■

A location’s climate is influenced by latitude, proximity
to large bodies of water, ocean currents, prevailing
winds, vegetative cover, elevation, and mountain
ranges. (2.2c)
Earth has continuously been recycling water since the
outgassing of water early in its history. This constant
recirculation of water at and near Earth’s surface is
described by the hydrologic (water) cycle. (1.2g)
— Water is returned from the atmosphere to Earth’s
surface by precipitation. Water returns to the
atmosphere by evaporation or transpiration from
plants. A portion of the precipitation becomes runoff
over the land or infiltrates into the ground to become
stored in the soil or groundwater below the water
table. Soil capillarity influences these processes.
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Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy drives the cycling of matter within and
between systems.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change
are critical elements to consider and understand.
■■

■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize or
destabilize a system.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.
WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.
WHST.9-10.9: Draw evidence from informational texts to
support analysis, reflection, and research.
Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

Strand 1: Questioning, Analysis, and
Interpretation Skills
■■

■■

Guideline D—Evaluating accuracy and reliability—
Learners can apply basic logic and reasoning skills
to evaluate completeness and reliability in a variety of
information sources.

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]
Specific Heats of Common Materials (p1)
Surface Ocean Currents (p4)
Selected Properties of Earth’s Atmosphere (p14)
Planetary Wind and Moisture Belts in the Troposphere (p14)

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

Strand 2: Knowledge of Environmental Processes
and Systems

Strand 3: Skills for Understanding and Addressing
Environmental Issues

Strand 2.1: The Earth as a Physical System

Strand 3.2: Decision-Making and Citizenship Skills

■■

Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

■■

Strand 2.4: Environment And Society
■■

HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
■■

Guideline A—Human/environment interactions—
Learners understand that humans are able to alter
the physical environment to meet their needs and
that there are limits to the ability of the environment to
absorb impacts or meet human needs.
Guideline E—Environmental issues—Learners are
familiar with a range of environmental issues at
scales that range from local to national to global.
They understand that these scales and issues are
often linked.

The New York City Department of Education 6–12 Science Scope & Sequence

■■

■■

Guideline A—Forming and evaluating personal views—
Learners are able to communicate, evaluate, and justify
their own views on environmental issues and alternative
ways to address them.
Guideline B—Evaluating the need for citizen action—
Learners are able to decide whether action is needed in
particular situations and whether they should be involved.
Guideline D—Evaluating the results of actions—
Learners are able to evaluate the effects of their own
actions and actions taken by other individuals and
groups, including possible intended and unintended
consequences of actions.
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Unit

ES 9

Astronomy
RECOMMENDED TIME: 17 DAYS

Unit Overview:
People have observed the stars for thousands of years, using them to find direction, note the passage of time, and to
express their values and traditions. As our technology has progressed, so has understanding of celestial objects and
events. Theories of the universe have developed over many centuries. Although to a casual observer celestial bodies
appeared to orbit a stationary Earth, scientific discoveries led us to the understanding that Earth is one planet that orbits
the Sun, a typical star in a vast and ancient universe. We now infer an origin and an age and evolution of the universe,
as we speculate about its future. As we look at Earth, we find clues to its origin and how it has changed through nearly
five billion years, as well as the evolution of life on Earth.

Essential Question:
How can celestial observations
explain natural phenomena?

Key Ideas:
Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Scale, Proportion, and Quantity:

Quoted from the New York State Performance Indicators (1.1a, d, f, g, i; 1.2a, b)

Students will access, generate, process, and transfer
information using appropriate technologies.

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.

■■

■■

Earth rotates on an imaginary axis at a rate of 15 degrees
per hour. To people on Earth, this turning of the planet
makes it seem as though the Sun, the moon, and the
stars are moving around Earth once a day. Rotation
provides a basis for our system of local time; meridians
of longitude are the basis for time zones. (1.1d)
Earth’s changing position with regard to the Sun and the
moon has noticeable effects. (1.1f)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.
Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effective and
ethical use.

— Earth revolves around the Sun with its rotational
axis tilted at 23.5 degrees to a line perpendicular
to the plane of its orbit, with the North Pole aligned
with Polaris.
continued
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■■

■■

continued
■■

■■

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as they
are too small, too large, too fast, or too slow to observe
directly.
Patterns observable at one scale may not be observable
or exist at other scales.
Using the concept of orders of magnitude allows one
to understand how a model at one scale relates to a
model at another scale.
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NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

http://www.p12.nysed.gov/ciai/mst/sci/documents/earthsci.pdf

— During Earth’s one-year period of revolution, the tilt
of its axis results in changes in the angle of incidence
of the Sun’s rays at a given latitude; these changes
cause variation in the heating of the surface. This
produces seasonal variation in weather.
■■

■■

Approximately 70 percent of Earth’s surface is covered
by a relatively thin layer of water, which responds to the
gravitational attraction of the moon and the Sun with a
daily cycle of high and low tides. (1.1i)

Standard 6: Interconnectedness: Common Themes

Standard 7: Interdisciplinary Problem Solving

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Students will apply the knowledge and thinking skills of
mathematics, science, and technology to address real-life
problems and make informed decisions.

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

Most objects in the solar system are in regular and
predictable motion. (1.1a)

Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and conditions.

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

— These motions explain such phenomena as the day,
the year, seasons, phases of the moon, eclipses,
and tides.
— Gravity influences the motions of celestial objects.
The force of gravity between two objects in the
universe depends on their masses and the distance
between them.
■■

■■

Seasonal changes in the apparent positions of
constellations provide evidence of Earth’s revolution.
(1.1g)
The universe is vast and estimated to be over ten billion
years old. The current theory is that the universe was
created from an explosion called the Big Bang. Evidence
for this theory includes: (1.2a)

■■

Stars form when gravity causes clouds of molecules to
contract until nuclear fusion of light elements into heavier
ones occurs. Fusion releases great amounts of energy
over millions of years. (1.2b)
— The stars differ from each other in size, temperature,
and age.
— Our Sun is a medium-sized star within a spiral galaxy
of stars known as the Milky Way. Our galaxy contains
billions of stars, and the universe contains billions of
such galaxies.

— cosmic background radiation
— a red-shift (the Doppler effect) in the light from very
distant galaxies
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.9-10.1: Cite specific textual evidence to support
analysis of science and technical texts, attending to the
precise details of explanations or descriptions.

WHST.9-10.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/earthscience-rt/
esrt2011-engr.pdf

Strand 2: Knowledge of Environmental Processes
and Systems

[Refer to Appendix C – Reference Tables for Physical
Setting/Earth Science]

Strand 2.1: The Earth as a Physical System

Equations (p1)

■■

WHST.9-10.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/EARTH SCIENCE
THAT ARE RELEVANT TO THE UNIT

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term,
to characteristics of the Earth.

Characteristics of Stars (p15)
Solar System Data (p15)

WHST.9-10.9: Draw evidence from informational texts to
support analysis, reflection, and research.
Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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CH

Chemistry

Unit

CH 1

The Physical Nature of Matter
RECOMMENDED TIME: 30 DAYS

Unit Overview:
Chemistry is the study of matter and energy explained and categorized using observable characteristics. All changes
in matter are accompanied by changes in energy. Energy exists in many forms, and when these forms change, energy
is conserved. Throughout history, humankind has tried to effectively use and convert various forms of energy. Energy
is used to do work that makes life more productive and enjoyable. The Law of Conservation of Matter and Energy
applies to phase changes, chemical changes, and nuclear changes, that help run our modern world. With a complete
understanding of these processes and their application to the modern world comes a responsibility to take care of
waste, limit pollution, and decrease potential risks.

Essential Question:
How can matter be explained in
terms of stability and change?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators 3.1dd, 3.1nn,
3.1q-u; 3.1jj; 3.1kk; 3.1oo; 3.1qq; 3.2a; 3.4a, b; 4.1a, b; 4.2a-c, 3.1pp

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Examples include:

■■

■■

■■

■■

Matter is classified as a pure substance or as a mixture
of substances. (3.1q)
A pure substance (element or compound) has a constant
composition and constant properties throughout a given
sample, and from sample to sample. (3.1r)
Mixtures are composed of two or more different
substances that can be separated by physical means.
When different substances are mixed together, a
homogeneous or heterogeneous mixture is formed. (3.1s)

■■

use the Internet as a source to retrieve information for
classroom use, e.g., Periodic Table, acid rain requiring
improved investigations and experiments.

continued

■■

continued

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Classifications or explanations used at one scale may
fail or need revision when information from smaller or
larger scales is introduced; thus and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
continued

The New York City Department of Education 6–12 Science Scope & Sequence

CH | Unit 1: The Physical Nature of Matter | 126

NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

■■

■■

■■

■■

■■

■■

■■

■■

■■

■■

The proportions of components in a mixture can be
varied. Each component in a mixture retains its original
properties. (3.1t)
Elements are substances that are composed of atoms
that have the same atomic number. Elements cannot be
broken down by chemical change. (3.1u)
Compounds can be differentiated by their chemical and
physical properties. (3.1dd)
The structure and arrangement of particles and their
interactions determine the physical state of a substance
at a given temperature and pressure. (3.1jj)
The three phases of matter (solids, liquids, gases) have
different properties. (3.1kk)

Standard 6: Interconnectedness: Common Themes

■■

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

Scale, Proportion, and Quantity

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Differences in properties such as density, particle size,
molecular polarity, boiling and freezing points, and
solubility permit physical separation of the components of
the mixture. (3.1nn)

Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.

A solution is a homogeneous mixture of solute dissolved
in a solvent. The solubility of a solute in a given amount of
solvent is dependent on the temperature, the pressure, and
the chemical natures of the solute and solvent. (3.1oo)

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

The concentration of a solution may be expressed in
molarity (M), percent by volume, percent by mass, or
parts per million (ppm). (3.1pp)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Standard 7: Interdisciplinary Problem Solving

The addition of a nonvolatile solute to a solvent causes
the boiling point of the solvent to increase and the
freezing point of the solvent to decrease. The greater
the concentration of the solute particles, the greater the
effect. (3.1qq)

■■

■■

■■

Changes in systems may have various causes that
may not have equal effects.

Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow
to observe directly.
Using the concept of orders of magnitude allows one to
understand how a model at one scale relates to a model
at another scale.
Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

■■

When investigating or describing a system, the
boundaries and initial conditions of the system need
to be defined and their inputs and outputs analyzed
and described using models.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
continued

A physical change results in the rearrangement of
existing particles in a substance. A chemical change
results in the formation of different substances with
changed properties. (3.2a)
continued
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■■

■■

NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

The concept of an ideal gas is a model to explain the
behavior of gases. A real gas is most like an ideal
gas when the real gas is at low pressure and high
temperature. (3.4a)
Kinetic molecular theory (KMT) for an ideal gas states
that all gas particles:
— are in random, constant, straight-line motion.
— are separated by great distances relative to
their size; the volume of the gas particles is
considered negligible.
— have no attractive force between them.
— have collisions that may result in a transfer of energy
between gas particles, but the total energy of the
system remains constant. (3.4b)

■■

■■

■■

■■

■■

Energy can exist in different forms, such as chemical,
electrical, electromagnetic, thermal, mechanical,
nuclear. (4.1a)
Chemical and physical changes can be exothermic
or endothermic. (4.1b)
Heat is a transfer of energy (usually thermal energy)
from a body of higher temperature to a body of lower
temperature. Thermal energy is the energy associated with
the random motion of atoms and molecules. (4.2a)
Temperature is a measurement of the average kinetic
energy of the particles in a sample of material.
Temperature is not a form of energy. (4.2b)
The concepts of kinetic and potential energy can be
used to explain physical processes that include: fusion
(melting), solidification (freezing), vaporization (boiling,
evaporation), condensation, sublimation,
and deposition. (4.2c)

■■

■■

■■

Models can be used to predict the behavior of a system,
but these predictions have limited precision and reliability
due to the assumptions and approximations inherent
in models.

Structure and Function: The way an object is
shaped or structured determines many of its
properties and functions.
■■

Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction:

■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
■■

■■

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that
may not have equal effects.

■■

■■

■■

The total amount of energy and matter in closed
systems is conserved.

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

Energy and Matter: Flows, Cycles, and
Conservation:

Investigating or designing new systems or structures
requires a detailed examination of the properties
of different materials, the structures of different
components, and connections of components to
reveal its function and/or solve a problem.

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.

Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.
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COMMON CORE STATE STANDARDS

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL SETTING/
CHEMISTRY THAT ARE RELEVANT TO THE UNIT

http://www.corestandards.org/Math/
http://www.corestandards.org/ELA-Literacy/

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/chemistry-rt/
chemrt-2011.pdf

ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table A – Standard Temperature and Pressure
Table B – Physical Constants for Water
Table C – Selected Prefixes
Table D – Selected Units
The Periodic Table of Elements
Table S – Properties of Selected Elements
Table T – Important Formulas and Equations

WHST.9–12.9: Draw evidence from informational texts
to support analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive elements)
in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.
Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 2

Atomic Concepts
RECOMMENDED TIME: 20 DAYS

Unit Overview:
Through decades of experimentation and modeling that began in the late 1800s, it was determined that matter was
composed of particles called atoms. An atom has a small, dense nucleus in the center with electrons moving about in the
empty space surrounding the nucleus. Energy was thought to exist in small, indivisible packets called quanta, and this theory
was used to develop a model of the atom which had a central nucleus surrounded by shells of electrons. The model was
used to explain the properties of chemical bonding, and additional experimentation with radioactivity provided evidence that
atomic nuclei contained protons and neutrons. Changes in motion result from the interaction of matter and energy.

Essential Question:
How is the structure of an atom
like other systems models?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf
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Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators 3.1a-f, h-n; 5.2c

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Examples include:

■■

■■

■■

■■

■■

■■

The modern model of the atom has evolved over a long
period of time through the work of many scientists. (3.1a)
Each atom has a nucleus, with an overall positive charge,
surrounded by negatively charged electrons. (3.1b)
Subatomic particles contained in the nucleus include
protons and neutrons. (3.1c)
The proton is positively charged, and the neutron has
no charge. The electron is negatively charged. (3.1d)
Protons and electrons have equal but opposite charges.
The number of protons equals the number of electrons in
an atom. (3.1e)
continued

■■

Use the Internet as a source to retrieve information
for classroom use, e.g., research history of atomic
structures and scientific development of modern
atomic theory.

■■

Standard 6: Interconnectedness: Common Themes
Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Classifications or explanations used at one scale may
fail or need revision when information from smaller or
larger scales is introduced; thus requiring improved
investigations and experiments.
Empirical evidence is needed to identify patterns.
continued

continued
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The mass of each proton and each neutron is approximately
equal to one atomic mass unit. An electron is much less
massive than a proton or a neutron. (3.1f)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

In the wave-mechanical model (electron cloud model) the
electrons are in orbitals, which are defined as the regions of
the most probable electron location (ground state). (3.1h)
Energy and Matter: Flows, Cycles, and
Conservation:

When an electron in an atom gains a specific amount of
energy, the electron is at a higher energy state (excited
state). (3.1j)

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.

■■

■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller scale
mechanisms within the system.

Changes of energy and matter in a system can be
described in terms of energy and matter flows into, out
of, and within that system.

Systems and System Models:

Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.

A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.

The outermost electrons in an atom are called the
valence electrons. In general, the number of valence
electrons affects the chemical properties of an element.
(3.1l)

Structure and Function:

Atoms of an element that contain the same number of
protons but a different number of neutrons are called
isotopes of that element. (3.1m)

■■

The average atomic mass of an element is the weighted
average of the masses of its naturally occurring isotopes.
(3.1n)

Cause and Effect: Mechanism and Prediction:

■■

Each electron in an atom has its own distinct amount of
energy. (3.1i)

When an electron returns from a higher energy state
to a lower energy state, a specific amount of energy is
emitted. This emitted energy can be used to identify an
element. (3.1k)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

The way an object is shaped or structured determines
many of its properties and functions.
Investigating or designing new systems or structures
requires a detailed examination of the properties
of different materials, the structures of different
components, and connections of components to
reveal its function and/or solve a problem.

When an atom gains one or more electrons, it becomes
a negative ion and its radius increases. When an atom
loses one or more electrons, it becomes a positive ion
and its radius decreases. (5.2c)
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■■

■■

When investigating or describing a system, the
boundaries and initial conditions of the system need to
be defined and their inputs and outputs analyzed and
described using models.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.
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ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL SETTING/
CHEMISTRY THAT ARE RELEVANT TO THE UNIT

http://www.corestandards.org/Math/
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chemrt-2011.pdf

ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.9: Draw evidence from informational texts
to support analysis, reflection, and research.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table C – Selected Prefixes
Table D – Selected Units
Table O – Symbols Used in Nuclear Chemistry
The Periodic Table of Elements
Table S – Properties of Selected Elements

SL.11-12.5: Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive elements)
in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.
Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 3

Nuclear Chemistry
RECOMMENDED TIME: 20 DAYS

Unit Overview:
Essential Questions:

The discovery of the energy stored in the nucleus of an atom, its uses, and its benefits and risks is a continuing process that
began with the detection of the first radioactive isotope. Using radioactivity, the inner structure of the atom was defined by
other researchers. Scientists involved in the development of nuclear fission and the atomic bomb explored both peaceful and
destructive uses of nuclear energy. Modern researchers continue to search for ways in which the power of the nucleus can be
used for the betterment of the world. With a complete understanding of these processes and their application to the modern
world comes a responsibility to take care of waste, limit pollution, and decrease potential risks.

Why is this alternative energy source
so controversial?
Is this really an
alternative energy source?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf
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Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators 3.1m-p; 4.1a,
4.4a-f; 5.3a-c

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

■■

Atoms of an element that contain the same number of
protons but a different number of neutrons are called
isotopes of that element. (3.1m)
The average atomic mass of an element is the weighted
average of the masses of its naturally occurring isotopes.
(3.1n)
Stability of an isotope is based on the ratio of the
neutrons and protons in the nucleus. Although most
nuclei are stable, some are unstable and spontaneously
decay, emitting radiation. (3.1o)

Key Idea 2: Knowledge of the impacts and limitations
of information systems is essential to its effectiveness
and ethical use.
Standard 6: Interconnectedness: Common Themes
Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

continued
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■■

■■

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.
continued

continued
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Spontaneous decay can involve the release of alpha
particles, beta particles, positrons and/or gamma
radiation from the nucleus of the unstable isotope. These
emissions differ in mass, charge, ionizing power and
penetrating power. (3.1p)

Key Idea 5: Identifying patterns of change is necessary for
making predictions about future behavior and conditions.

Energy can exist in different forms, such as chemical,
electric, electromagnetic, thermal, mechanical, nuclear.
(4.1a)
Each radioactive isotope has a specific mode and rate of
decay (half-life). (4.4a)
Nuclear reactions include natural and artificial
transmutation, fission and fusion. (4.4b)
Nuclear reactions can be represented by equations that
include symbols which represent atomic nuclei (with
mass number and atomic number), subatomic particles
(with mass number and charge), and/or emissions such
as gamma radiation. (4.4c)

Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially those
relating to issues of science/technology/society, consumer
decision making, design, and inquiry into phenomena.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

Radioactive isotopes have many beneficial uses.
Radioactive isotopes are used in medicine and industrial
chemistry for radioactive dating, tracing chemical and
biological processes, industrial measurement, nuclear
power and detection and treatment of diseases. (4.4d)

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

■■

■■

■■

There are inherent risks associated with radioactivity
and the use of radioactive isotopes. Risks can include
biological exposure, long-term storage and disposal, and
nuclear accidents. (4.4e)
There are benefits and risks associated with fission and
fusion reactions. (4.4f)

Some systems can only be studied indirectly as they are too
small, too large, too fast, or too slow to observe directly.
Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

■■
■■

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.

■■

The total amount of energy and matter in closed systems
is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into, out
of, and within that system.
Energy cannot be created or destroyed—only moved
between one place and another place, between objects
and/or fields, or between systems.
In nuclear processes, atoms are not conserved, but the
total number of protons plus neutrons is conserved.
continued

A change in the nucleus of an atom that converts it from
one element to another is called transmutation. This can
occur naturally or can be induced by the bombardment
of the nucleus with high-energy particles. (5.3a)
continued
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■■

Energy released in a nuclear reaction (fission or fusion)
comes from the fractional amount of mass that is
converted into energy. Nuclear changes convert matter
into energy. (5.3b)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

■■

Energy released during nuclear reactions is much greater
than the energy released during chemical reactions.
(5.3c)

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Much of science deals with constructing explanations of
how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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COMMON CORE STATE STANDARDS

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL SETTING/
CHEMISTRY THAT ARE RELEVANT TO THE UNIT
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ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
SL.11-12.5: Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive elements)
in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table C – Selected Prefixes
Table D – Selected Units
Table N – Selected Radioisotopes
Table O – Symbols Used in Nuclear Chemistry
The Periodic Table of Elements
Table S – Properties of Selected Elements

Mathematics
MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

The New York City Department of Education 6–12 Science Scope & Sequence

CH | Unit 3: Nuclear Chemistry | 136

Unit

CH 4

Chemical Bonding
RECOMMENDED TIME: 20 DAYS

Unit Overview:
Essential Question:
Why do some atoms form chemical bonds to
form stable compounds and others do not?

The concept of a chemical bond is the core principle behind most of chemistry. Bonding is what enables atoms of
elements to join in multiple combinations to form more than fifty million chemical substances in our world. There are
several types of chemical bonds with specific characteristics that require unique circumstances to account for the
various chemical combinations we find on earth.

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf
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Major Understandings:

Standard 6: Interconnectedness: Common Themes

Patterns:

Quoted from the New York State Performance Indicators 5.2a-e, 5.2g-n,
3.1cc, 3.1ee, 3.1oo, 3.1pp, 3.1qq, 3.2b, 3.3a, c, e

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

Chemical bonds are formed when valence electrons are:
— transferred from one atom to another (ionic)
— shared between atoms (covalent)
— mobile within a metal (metallic) (5.2a)

■■

■■

Atoms attain a stable valence electron configuration
by bonding with other atoms. Noble gases have stable
valence configurations and tend not to bond. (5.2b)
When an atom gains one or more electrons, it becomes
a negative ion and its radius increases. When an atom
loses one or more electrons, it becomes a positive ion
and its radius decreases. (5.2c)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 5: Identifying patterns of change is necessary for
making predictions about future behavior and conditions.

continued

■■

■■

Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
continued
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■■

■■

■■

■■

■■

■■

■■

■■

■■

Electron-dot diagrams (Lewis structures) can represent
the valence electron arrangement in elements,
compounds, and ions. (5.2d)
In a multiple covalent bond, more than one pair of
electrons is shared between two atoms. Unsaturated
organic compounds contain at least one double or triple
bond. (5.2e)

■■

■■

Two major categories of compounds are ionic and
molecular (covalent) compounds. (5.2g)
Metals tend to react with nonmetals to form ionic
compounds. Nonmetals tend to react with other
nonmetals to form molecular (covalent) compounds. Ionic
compounds containing polyatomic ions have both ionic
and covalent bonding. (5.2h)

■■

■■

When a bond is broken, energy is absorbed. When a
bond is formed, energy is released. (5.2i)
Electronegativity indicates how strongly an atom of
an element attracts electrons in chemical bonds.
Electronegativity values are assigned according to
arbitrary scales. (5.2j)
The electronegativity difference between two bonded
atoms is used to assess the degree of polarity in the
bond. (5.2k)
Molecular polarity can be determined by the shape of
the molecule and distribution of charge. Symmetrical
(nonpolar) molecules include CO2, CH4, and diatomic
elements. Asymmetrical (polar) molecules include HCl,
NH3, and H2O. (5.2l)
Intermolecular forces created by the unequal distribution
of charge result in varying degrees of attraction between
molecules. Hydrogen bonding is an example of a strong
intermolecular force. (5.2m)

■■

■■

■■

■■

Physical properties of substances can be explained in
terms of chemical bonds and intermolecular forces.
These properties include conductivity, malleability,
solubility, hardness, melting point and boiling point.
(5.2n)
A compound is a substance composed of two or more
different elements that are chemically combined in a
fixed proportion. A chemical compound can be broken
down by chemical means. A chemical compound can
be represented by a specific chemical formula and
assigned a name based on the IUPAC system. (3.1cc)
Types of chemical formulas include empirical,
molecular, and structural. (3.1ee)

■■

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

A solution is a homogeneous mixture of solute and
solvent. The solubility of a solute in a given amount of
solvent is dependent on the temperature, the pressure,
and the chemical natures of the solute and solvent.
(3.1oo)
The concentration of a solution may be expressed in
molarity (M), percent by volume, percent by mass, or
parts per million (ppm). (3.1pp)
The addition of a nonvolatile solute to a solvent causes
the boiling point of the solvent to increase and the
freezing point of the solvent to decrease. The greater
the concentration of solute particles, the greater the
effect. (3.1qq)
The types of chemical reactions include synthesis,
decomposition, single replacement, and double
replacement. (3.2b)
In all chemical reaction there is a conservation of mass,
energy and charge. (3.3a)
continued

Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.

Some systems can only be studied indirectly as they are too
small, too large, too fast, or too slow to observe directly.
Using the concept of orders of magnitude allows one to
understand how a model at one scale relates to a model
at another scale.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.

Energy and Matter: Flows Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

The total amount of energy and matter in closed systems
is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
continued
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■■

■■

A balanced chemical equation represents conservation
of atoms. The coefficients in a balanced chemical
equation can be used to determine mole ratios in the
reaction. (3.3c)
The formula mass of a substance is a sum of the atomic
masses. The molar mass (gram-formula mass) of a
substance equals one mole of that substance. (3.3e)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

■■

Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.
Energy drives the cycling of matter within and
between systems.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■
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Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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COMMON CORE STATE STANDARDS

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL SETTING/
CHEMISTRY THAT ARE RELEVANT TO THE UNIT

http://www.corestandards.org/Math/
http://www.corestandards.org/ELA-Literacy/

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/chemistry-rt/
chemrt-2011.pdf

ELA/Literacy
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.
SL.11-12.5: Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive elements)
in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.

Strand 1: Questioning, Analysis and
Interpretation Skills
■■

■■

Guideline E—Organizing Information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with Models and Simulations —
Learners are able to create, use, and evaluate models
to understand environmental phenomena

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table E – Selected Polyatomic Ions
Table F – Solubility Guidelines for Aqueous Solutions
The Periodic Table of Elements
Table S – Properties of Selected Elements

Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 5

Periodicity
RECOMMENDED TIME: 5 DAYS

Unit Overview:

Essential Questions:

The element phosphorous was isolated and “discovered” in the late 1600s, but it was not until the mid-1800s that a
serious attempt at organizing the arrangement of elements was made by a Russian chemist named Dimitri Mendeleev.
In his development of the periodic table, Mendeleev became aware of repeating patterns and knew that there were
elements that had yet to be discovered and so left open spaces in the Periodic Table of elements to accommodate
for future discoveries. Through meticulous investigations and careful organization, the Periodic Table of Elements is a
wealth of chemical information.

What are the trends in the Periodic
Table of Elements as you go from
left to right and top to bottom?
What are the factors that determine
each of the trends you see?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators 3.1y, 3.1aa, 3.1bb,
3.1g, l, 3.1v-z, 5.2b, f, h

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships and
causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

The placement or location of an element on the
Periodic Table gives an indication of the physical and
chemical properties of the element. The elements on
the Periodic Table are arranged in order of increasing
atomic number. (3.1y)
The succession of elements within the same group
demonstrates characteristic trends: differences in atomic
radius, ionic radius, electronegativity, first ionization
energy, metallic/non-metallic properties. (3.1aa)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.

continued

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Mathematical representations are needed to identify
some patterns.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
continued
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NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

■■

■■

■■

■■

■■

■■

The succession of elements across the same period
demonstrates characteristic trends: differences in atomic
radius, ionic radius, electronegativity, first ionization
energy, metallic/nonmetallic properties. (3.1bb)
The number of protons in an atom (atomic number)
identifies the element. The sum of the protons and
neutrons in an atom (mass number) identifies the isotope.
Common notations that represent isotopes include: 14C,
14
C, carbon-14, C-14. (3.1g)
6
The outermost electrons in an atom are called the valence
electrons. In general, the number of valence electrons
affects the chemical properties of an element. (3.1l)
Elements can be classified by their properties and are
located on the Periodic Table as metals, non-metals,
metalloids (B, Si, Ge, As, Sb, Te) and noble gases. (3.1v)
Elements can be differentiated by physical properties.
Physical properties of substances, such as density,
conductivity, malleability, solubility and hardness differ
among elements. (3.1w)
Elements can also be differentiated by chemical
properties. Chemical properties describe how an
element behaves during a chemical reaction. (3.1x)

■■

■■

■■

■■

■■

The placement or location of an element on the
Periodic Table gives an indication of the physical and
chemical properties of that element. The elements on
the Periodic Table are arranged in order of increasing
atomic number. (3.1y)
For Groups 1, 2, 13–18 on the Periodic Table,
elements with the same group have the same number
of valence electrons (helium is the exception) and
therefore similar chemical properties. (3.1z)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow to
observe directly.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and used,
and the molecular substructures of its various materials.

Atoms attain a stable valence electron configuration
by bonding with other atoms. Nobel gases have stable
valence configurations and tend not to bond. (5.2b)

Stability and Change:

Some elements exist in two or more forms in the same
phase. These forms differ in their molecular or crystal
structure, and hence their properties. (5.2f)

For both designed and natural systems, conditions
that affect stability and factors that control rates of
change are critical elements to consider and understand.

Metals tend to react with nonmetals to form ionic
compounds. Nonmetals tend to react with nonmetals
to form molecular (covalent) compounds. Ionic
compounds containing polyatomic ions have both
ionic and covalent bonding. (5.2h)
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■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Systems can be designed for greater or lesser stability.
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COMMON CORE STATE STANDARDS

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL SETTING/
CHEMISTRY THAT ARE RELEVANT TO THE UNIT

http://www.corestandards.org/Math/
http://www.corestandards.org/ELA-Literacy/

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/chemistry-rt/
chemrt-2011.pdf

ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.5: Develop and strengthen writing as needed
by planning, revising, editing, rewriting, or trying a new
approach, focusing on addressing what is most significant
for a specific purpose and audience.
WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.
WHST.11-12.8: Gather relevant information from multiple
authoritative print and digital sources, using advanced
searches effectively; assess the strengths and limitations
of each source in terms of the specific task, purpose, and
audience; integrate information into the text selectively
to maintain the flow of ideas, avoiding plagiarism and
overreliance on any one source and following a standard
format for citation.

Strand 1: Questioning, Analysis, and Interpretation
Skills
■■

■■

Guideline E—Organizing Information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
The Periodic Table of Elements
Table S – Properties of Selected Elements

Guideline F—Working with Models and Simulations—
Learners are able to create, use and evaluate models
to understand environmental phenomena.

Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.
HSN-Q.A.2: Define appropriate quantities for the
purpose of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

WHST.9–12.9: Draw evidence from informational texts to
support analysis, reflection, and research.
SL.11-12.5: Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive elements)
in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.
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Unit

CH 6

Moles/Stoichiometry
RECOMMENDED TIME: 12 DAYS

Unit Overview:

Essential Questions:

Stoichiometry is the term used for the calculation of a balanced chemical reaction. As per the Law of Conservation of Matter,
the number and type of atoms that go into a reaction must match the number and type of atoms that are formed as the
product of the reaction. This means that if the amounts of the separate reactants are known, then the amount of the product
can be calculated. As with algebra, once this is known, the variable can be determined. A mole is a unit of measurement in
chemistry expressed as Avogadro’s constant (6.02 x 1023) and equal to a substance’s mean molecular mass.

What is the purpose of knowing the amounts of
substances involved in chemical equations?
How can this knowledge inform the work
of chemical engineers?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness: Common Themes

Patterns:

Quoted from the New York State Performance Indicators 3.1cc, 3.1ee, 3.1n,
3.3a, c-f, 3.4e, 3.1oo, 3.1pp, 3.1qq, 3.2b

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

■■

■■

A compound is a substance composed of two or more
different elements that are chemically combined in fixed
proportions. A chemical compound can be broken down
by chemical means. A chemical compound can be
represented by a specific chemical formula and assigned
a name based on the IUPAC (International Union of
Pure and Applied Chemistry — http://www.iupac.org/ )
System (3.1cc)
Types of chemical formulas include empirical, molecular,
and structural. (3.1ee)
The average atomic mass of an element is the weighted
average of the masses of its naturally occurring isotopes.
(3.1n)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 5: Identifying patterns of change is necessary for
making predictions about future behavior and conditions.

continued
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■■

■■

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
continued
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■■

■■

■■

■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

The formula mass of a substance is the sum of the
atomic masses of its atoms. The molar mass (gramformula mass) of a substance equals one mole of that
substance. (3.3e)
Equal volumes of gases at the same temperature and
pressure contain an equal number of particles. (3.4e)
The empirical formula of a compound is the simplest
whole-number ratio of the atoms of elements in the
compound. It may be different from the molecular
formula, which is the actual ratio of atoms in a molecule
of that compound. (3.3d)
A balanced chemical equation represents conservation of
atoms. The coefficients in a balanced chemical equation
can be used to determine mole ratios in the reaction. (3.3c)

■■

■■

■■

The concentration of the solution may be expressed in
molarity (M), percent by volume, percent by mass or
parts per million (ppm). (3.1pp)
The addition of a nonvolatile solute to a solvent causes
the boiling point of the solvent to increase and the
freezing point of the solvent to decrease. The greater the
concentration of solute, the greater the effect. (3.1qq)

■■

■■

The way an object is shaped or structured determines
many of its properties and functions.
■■

Algebraic thinking is used to examine scientific data
and predict the effect of a change in one variable on
another (e.g., linear growth vs. exponential growth).

Models (e.g., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including energy, matter, and information
flows—within and between systems at different scales.

Energy and Matter: Flows, Cycles, and
Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

The percent composition by mass of each element in a
compound can be calculated mathematically. (3.3f)
Types of chemical reaction include synthesis,
decomposition, single replacement, and double
replacement. (3.2b)

Structure and Function:

■■

A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.

■■
■■

Using the concept of orders of magnitude allows one
to understand how a model at one scale relates to a
model at another scale.

Systems and System Models:

In all chemical reactions, there is a conservation of mass,
energy and charge. (3.3a)
A solution is a homogeneous mixture of solute dissolved
in solvent. The solubility of the solute in a given amount of
solvent is dependent on the temperature, the pressure, and
the chemical natures of the solute and the solvent. (3.1oo)

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.

■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■

The total amount of energy and matter in closed
systems is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.

Investigating or designing new systems or structures
requires a detailed examination of the properties
of different materials, the structures of different
components, and connections of components to
reveal its function and/or solve a problem.

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Systems can be designed for greater or lesser stability.

Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.
Energy drives the cycling of matter within and
between systems.
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COMMON CORE STATE STANDARDS

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL SETTING/
CHEMISTRY THAT ARE RELEVANT TO THE UNIT

http://www.corestandards.org/Math/
http://www.corestandards.org/ELA-Literacy/

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/chemistry-rt/
chemrt-2011.pdf

ELA/Literacy
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

SL.11-12.5: Make strategic use of digital media (e.g.,
textual, graphical, audio, visual, and interactive elements)
in presentations to enhance understanding of findings,
reasoning, and evidence and to add interest.
Mathematics
MP.2: Reason abstractly and quantitatively.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table A – Standard Temperature and Pressure
Table B – Physical Constants for Water
Table C – Selected Prefixes
Table D – Selected Units
Table E – Selected Polyatomic Ions
Table F – Solubility Guidelines for Aqueous Solutions
Table G – Solubility Curves at Standard Temperature and
Pressure
Table I – Heats of Reaction at 101.3 kPA and 29K
The Periodic Table of Elements
Table S – Properties of Selected Elements
Table T – Important Formulas and Equations

MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 7

Kinetics & Equilibrium
RECOMMENDED TIME: 15 DAYS

Unit Overview:
Chemical equilibrium is the state of constant composition attained when opposing reaction rates become equal in a
closed system. In other words, the reactants and the products do not have to necessarily be equal, but the rate at
which they are formed is equal. Kinetics is the term for particles in motion, and the movement of these particles will
be determined by the forces or stresses that are added or removed from a system. Chemical reactions happen when
particles with adequate energy and proper orientation collide. This process may absorb or release energy and can be
represented visually using a graph of potential energy.

Essential Questions:
How is the equilibrium of a chemical system
the same as homeostasis in living things?
A balance of vectors in engineering?

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators 3.4a-d, f-j; 4.1c, d;
3.11ll, 3.1mm; 4.2 b, c

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

■■

Collision theory states that a reaction is most likely to
occur if reactant particles collide with proper energy and
orientation. (3.4d)
The rate of a chemical reaction depends on several
factors: temperature, concentration, nature of the
reactants, surface area, and the presence of a catalyst.
(3.4f)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.

The concept of an ideal gas is a model to explain the
behavior of gases. A real gas is most like an ideal gas when
the gas is at low pressure and high temperature. (3.4a)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

— Kinetic molecular theory (KMT) for an ideal gas states
that all gas particles:

■■

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.
continued

continued

continued

The New York City Department of Education 6–12 Science Scope & Sequence

CH | Unit 7: Kinetics & Equilibrium | 147

NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

– are in random, constant straight-line motion.
– are separated by great distances relative to their
size; the volume of the gas particles is considered
negligible.
– have no attractive forces between them.
– have collisions that may result in a transfer of energy
between gas particles, but the total energy of the
system remains constant. (3.4b)
■■

■■

■■

■■

■■

■■

■■

■■

Kinetic molecular theory describes the relationships of
pressure, volume, temperature, velocity, and frequency
and force of collision among gas particles. (3.4c)

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is
necessary for making predictions about future behavior
and conditions.

A catalyst provides an alternative reaction pathway,
which has a lower activation energy than an uncatalyzed
reaction. (3.4g)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which they are mediated, is a major activity
of science and engineering.
■■

■■

■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Changes in systems may have various causes that may
not have equal effects.

Scale, Proportion, and Quantity:

Some chemical and physical changes can reach
equilibrium. (3.4h)
At equilibrium the rate of the forward reaction equals
the rate of the reverse reaction. The measureable
quantities of reactants and products remain constant at
equilibrium. (3.4i)
Le Chatelier’s principle can be used to predict the effect
of stress (change in pressure, volume, concentration, and
temperature) on a system at equilibrium. (3.4j)
Energy released or absorberd during a chemical reaction can
be represented by a potential energy diagram. (4.1c)
Energy released or absorbed during a chemical reaction
(heat of reaction) is equal to the difference between the
potential energy of the products and the potential energy
of the reactants. (4.1d)
Temperature is the measurement of the average kinetic
energy of the particles in a sample of material and not a
form of energy. (4.2b)

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

■■

■■

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow to
observe directly.
Using the concept of orders of magnitude allows one to
understand how a model at one scale relates to a model
at another scale.
Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).
continued

continued
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■■

■■

■■

NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS
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The concept of kinetic and potential energy can be used
to explain physical processes that include: fusion (melting),
solidification (freezing), vaporization (boiling, evaporation),
condensation, sublimation, and deposition. (4.2c)
Entropy is a measure of the randomness or disorder of
a system. A system with greater disorder has greater
entropy. (3.1ll)
Systems in nature tend to undergo changes toward
lower energy and higher entropy. (3.1mm)

Systems and System Models:

Stability and Change:

A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.

For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.

■■

Models (e.g., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including energy, matter, and information
flows—within and between systems at different scales.

■■

■■

Energy and Matter: Flows, Cycles, and
Conservation:

■■

Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.

■■

■■

■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
Feedback (negative or positive) can stabilize or
destabilize a system.
Systems can be designed for greater or lesser stability.

The total amount of energy and matter in closed
systems is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.
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ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.9: Draw evidence from informational texts
to support analysis, reflection, and research.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

Mathematics

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table A – Standard Temperature and Pressure
Table G – Solubility Curves at Standard Temperature and
Pressure
Table H – Vapor Pressure of Four Liquids
Table I – Heats of Reaction at 101.3kPa and 298K
The Periodic Table of Elements
Table S – Properties of Selected Elements
Table T – Important Formulas and Equations

MP.2: Reason abstractly and quantitatively.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 8

Acids & Bases
RECOMMENDED TIME: 15 DAYS

Unit Overview:

Essential Questions:
What are the essential components of both
acids and bases that make them similar?
Different?

Understanding acids and bases is important for grasping chemistry concepts. Simple double-replacement reactions can
make the difference between solutions that can cause great harm and those that are relatively benign. The uses for both
acids and bases are seemingly endless and a major topic of study in the general chemistry course.

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from New York State Performance Indicators 3.1rr-zz, 5.2n, 3.2b

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

■■

■■

An electrolyte is a substance which, when dissolved in
water, forms a solution capable of conducting an electric
current. The ability of a solution to conduct an electric
current depends on the concentration of ions. (3.1rr)
Physical properties of substances can be explained in
terms of chemical bonds and intermolecular forces. These
properties include conductivity, malleability, solubility,
hardness, melting point, and boiling point. (5.2n)
The acidity or alkalinity of an aqueous solution can be
measured by its pH value. The relative level of acidity
or alkalinity of these solutions can be shown by using
indicators. (3.1ss)
On the pH scale, each decrease of one unit of
pH represents a tenfold increase in hydronium ion
concentration. (3.1tt)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

■■

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 5: Identifying patterns of change is necessary for
making predictions about future behavior and conditions.
continued

continued

■■

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Patterns of performance of designed systems can
be analyzed and interpreted to reengineer and improve
the system.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Cause and Effect: Mechanism and Prediction:
Events have causes, sometimes simple, sometimes
multifaceted. Deciphering causal relationships, and the
mechanisms by which t hey are mediated, is a major
activity of science and engineering.
continued
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■■

■■

■■

■■

■■

■■

■■

NYS SCIENCE STANDARDS

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.nextgenscience.org/next-generation-science-standards

Behavior of many acids and bases can be explained
by the Arrhenius theory. Arrhenius acids and bases
are electrolytes. (3.1uu)
Arrhenius acids yield H+(aq), hydrogen ion as the only
positive ion in an aqueous solution. The hydrogen ion
may also be written as H3O+(aq), hydronium ion. (3.1vv)
Arrhenius bases yield OH-(aq), hydroxide ion as the only
negative ion in an aqueous solution. (3.1ww)
In the process of neutralization, an Arrhenius acid and an
Arrhenius base react to form a salt and water. (3.1xx)
There are alternate acid-base theories. One theory states
that an acid is an H+ donor and a base is an H+ acceptor.
(3.1yy)
Titration is a laboratory process in which a volume of a
solution of known concentration is used to determine
the concentration of another solution. (3.1zz)
Types of chemical reactions include synthesis,
decomposition, single replacement, and double
replacement. (3.2b)

Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/technology/society,
consumer decision making, design, and inquiry into
phenomena.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.
If students are asked to do a project, then the project
would require students to:
■■

Work effectively

■■

Gather and process information

■■

Generate and analyze ideas

■■

Observe common themes

■■

Realize ideas

■■

Present results

■■

■■

■■
■■

Empirical evidence is required to differentiate between
cause and correlation and make claims about specific
causes and effects.
Cause and effect relationships can be suggested and
predicted for complex natural and human-designed
systems by examining what is known about smaller
scale mechanisms within the system.
Systems can be designed to cause a desired effect.
Changes in systems may have various causes that may
not have equal effects.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change
■■

■■

Some systems can only be studied indirectly as they are
too small, too large, too fast, or too slow to observe directly.
Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding and
predicting the behavior of systems.
■■
■■

Systems can be designed to do specific tasks.
When investigating or describing a system, the
boundaries and initial conditions of the system need to
be defined and their inputs and outputs analyzed and
described using models.
continue
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NGSS CROSS-CUTTING CONCEPTS
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■■

Models (e.g., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including energy, matter, and information
flows—within and between systems at different scales.

Energy and Matter: Flows, Cycles, and
Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

■■

■■

The total amount of energy and matter in closed
systems is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.

Stability and Change:
For both designed and natural systems, conditions
that affect stability and factors that control rates of
change are critical elements to consider and understand.
■■

■■

■■

■■

Much of science deals with constructing explanations
of how things change and how they remain stable.
Change and rates of change can be quantified
and modeled over very short or very long periods
of time. Some system changes are irreversible.
Feedback (negative or positive) can stabilize or
destabilize a system.
Systems can be designed for greater or lesser stability.

Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.
Energy drives the cycling of matter within and
between systems.
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ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.9: Draw evidence from informational
texts to support analysis, reflection, and research.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table E – Selected Polyatomic Ions
Table K – Common Acids
Table L – Common Bases
Table M – Common Acid-Base Indicators
The Periodic Table of Elements
Table T – Important Formulas and Equations

Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4 : Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 9

Oxidation & Reduction
RECOMMENDED TIME: 15 DAYS

Unit Overview:

Essential Question:
How can we make electrochemistry
work for us?

Redox is a term that is used to describe any and all chemical reactions in which the oxidation state of the atoms
in the reaction changes. Reduction is the gaining of these electrons, and oxidation is the loss of the electrons.
These half- reactions involving the transfer of electrons from one to another occur simultaneously.

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

Major Understandings:
Quoted from New York State Performance Indicators 3.1b, 3.2d-l, 3.3a, b
■■

■■

Each atom has a nucleus, with an overall positive charge,
surrounded by negatively charged electrons. (3.1b)
An oxidation-reduction (redox) reaction involves the
transfer of electrons (e-). (3.2d)

■■

Reduction is the gain of electrons. (3.2e)

■■

A half-reaction can be written to represent reduction. (3.2f)

■■

Oxidation is the loss of electrons. (3.2g)

■■

A half-reaction can be written to represent oxidation. (3.2h)

■■

■■

■■

Standard 6: Interconnectedness: Common
Themes—Equilibrium and Stability
Key Idea 4: Equilibrium is a state of stability due either
to a lack of changes (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

In all chemical reactions there is a conservation of mass,
energy, and charge. (3.3a)

Patterns
Different patterns may be observed at each of the scales at
which a system is studied and can provide evidence
for causality in explanations of phenomena.
Energy and Matter
■■

■■

■■

In a redox reaction the number of electrons lost is equal
to the number of electrons gained. (3.3b)
Oxidation numbers (states) can be assigned to atoms
and ions. Changes in oxidation numbers indicate that
oxidation and reduction have occurred. (3.2i)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

■■

Each electron in an atom has its own distinct amount
of energy. (3.1i)
An electrochemical cell can be either voltaic or
electrolytic. In an electrochemical cell, oxidation occurs
at the anode and reduction at the cathode. (3.2j)
A voltaic cell spontaneously converts chemical energy
to electrical energy. (3.2k)

■■

The total amount of energy and matter in closed
systems is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.

Stability and Change
Much of science deals with constructing explanations
of how things change and how they remain stable.

An electrolytic cell requires electrical energy to produce
a chemical change. This process is known
as electrolysis. (3.2l)
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ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.9: Draw evidence from informational texts to
support analysis, reflection, and research.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
Table E – Selected Polyatomic Ions
Table O – Symbols Used in Nuclear Chemistry
The Periodic Table of Elements
Table S – Properties of Selected Elements

Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4: Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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Unit

CH 10

Carbon and Organic Chemistry
RECOMMENDED TIME: 13 DAYS

Unit Overview:

Essential Questions:
What are the changes that have occurred
in the last 50 years due to the increased
use of carbon-based products?
Do the benefits outweigh the
environmental risks?

Organic compounds always contain carbon and are the basis of all living things. The chemical structure of carbon
includes four valence electrons, which allows for a multitude different structures. Naturally occurring carbon compounds
include carbohydrates, lipids, proteins, and nucleic acids. Synthetic carbon-based compounds include credit cards,
disposable diapers, spandex clothing, and many parts of automobiles.

Key Ideas:
Key Idea 3: Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity.
NGSS CROSS-CUTTING CONCEPTS
NYS SCIENCE STANDARDS

MST STANDARDS

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

http://www.p12.nysed.gov/ciai/mst/pub/chemist.pdf

Major Understandings:
Quoted from the New York State Performance Indicators: 3.1ff-ii, 3.1jj, 3.1n,
5.2e, 3.2c
■■

■■

■■

Organic compounds contain carbon atoms, which bond
to one another in chains, rings, and networks to form a
variety of structures. Organic compounds can be named
using the IUPAC (International Union of Pure and Applied
Chemistry – http://www.iupac.org) System. (3.1ff)
Hydrocarbons are compounds that contain only carbon
and hydrogen. Saturated hydrocarbons contain only single
carbon-carbon bonds. Unsaturated hydrocarbons contain
at least one multiple carbon-carbon bond. (3.1gg)
Organic acids, alcohols, esters, aldehydes, ketones, ethers,
halides, amines, amides, and amino acids are categories of
organic compounds that differ in their structures. Functional
groups impart distinctive physical and chemical properties
to organic compounds. (3.1hh)

Standard 6: Interconnectedness: Common
Themes—Equilibrium and Stability
Key Idea 4: Equilibrium is a state of stability due either
to a lack of changes (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Patterns
Different patterns may be observed at each of the
scales at which a system is studied and can provide
evidence for causality in explanations of phenomena.
Energy and Matter
■■

■■

■■

■■

Isomers of organic compounds have the same
molecular formula, but different structures and
properties. (3.1ii)
In a multiple covalent bond, more than one pair of
electrons is shared between two atoms. Unsaturated
organic compounds contain at least one double or
triple bond. (5.2e)

■■

The total amount of energy and matter in closed
systems is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.

Stability and Change
Much of science deals with constructing explanations
of how things change and how they remain stable.

Types of organic reactions include: addition,
substitution, polymerization, esterification, fermentation,
saponification, and combustion. (3.2c)
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ELA/Literacy
RST.9-10.7: Translate quantitative or technical information
expressed in words in a text into visual form (e.g., a table
or chart) and translate information expressed visually or
mathematically (e.g., in an equation) into words.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.9: Draw evidence from informational texts to
support analysis, reflection, and research.

Strand 2: Knowledge of Environmental Processes
and Systems
■■

■■

Guideline B—Changes in Matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

[Refer to Appendix B – Reference Tables for Physical
Setting/Chemistry]
The Periodic Table of Elements
Table P – Organic Prefixes
Table Q – Homologous Series of Hydrocarbons
Table R – Organic Functional Groups
Table S – Properties of Selected Elements

Mathematics
MP.2: Reason abstractly and quantitatively.
MP.4 : Model with mathematics.
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
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PH

Physics

Unit

PH 1

Measurement and Mathematics through Kinematics
RECOMMENDED TIME: 15 DAYS

Unit Overview:
Essential Question:
How can measurement be used
to describe an action?

Fundamental forces govern all the interactions of the universe. The interaction of masses is determined by the
gravitational force; the interaction of charges is determined by the electro-weak force; the interaction between particles
in the nucleus is controlled by the strong force. Changes in the motion of an object require a force. Newton’s laws can
be used to explain and predict the motion of an object.

Key Ideas:
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf

NGSS CROSS-CUTTING CONCEPTS
MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 6: Interconnectedness: Common Themes

Patterns:

Quoted from the New York State Performance Indicators (5.1d)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

An object in linear motion may travel with a constant
velocity* or with acceleration*. (5.1d)

(Note: Testing of acceleration will be limited to cases in which acceleration
is constant.)

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.
Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.
continued
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■■

Patterns of performance of designed systems can
be analyzed and interpreted to reengineer and improve
the system.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.
continued
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Standard 7: Interdisciplinary Problem Solving

■■

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/ technology/society,
consumer decision making, design, and inquiry into
phenomena.

Systems and System Models:

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

■■

■■

The New York City Department of Education 6–12 Science Scope & Sequence

Algebraic thinking is used to examine scientific data
and predict the effect of a change in one variable on
another (e.g., linear growth vs. exponential growth).

When investigating or describing a system, the
boundaries and initial conditions of the system need to
be defined and their inputs and outputs analyzed and
described using models.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a system,
but these predictions have limited precision and reliability
due to the assumptions and approximations inherent
in models.
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http://www.corestandards.org/wp-content/
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uploads/Math_Standards.pdf

ELA/Literacy
RST.11-12.3: Follow precisely a complex multistep
procedure when carrying out experiments, taking
measurements, or performing technical tasks, analyze the
specific results based on explanations in the text.
RST.11-12.4: Determine the meaning of symbols, key
terms, and other domain-specific words and phrases as
they are used in a specific scientific or technical context
relevant to Grades 11–12 texts and topics.
RST.11-12.8: Evaluate the hypotheses, data, analysis,
and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging
conclusions with other sources of information.

■■

■■

■■

■■

WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.
WHST.9–12.9: Draw evidence from informational texts to
support analysis, reflection, and research.
continued

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/PHYSICS THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/physics-rt/
physics06tbl.pdf

Strand 1: Questioning, Analysis, and Interpretation
Skills

RST.11-12.9: Synthesize information from a range of
sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or
concept, resolving conflicting information when possible.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.

ENVIRONMENTAL GUIDELINES FOR LEARNING

■■

■■

Guideline A—Questioning—Learners are able to
develop, modify, clarify, and explain questions that
guide environmental investigations of various types.
They understand factors that influence the questions
they pose.

[Refer To Appendix D – Reference Tables For Physical
Setting/Physics]
Prefixes for Powers of 10 (p1)
Geometry and Trigonometry (p5)

Guideline B—Designing investigations—Learners
know how to design investigations to answer particular
questions about the environment. They are able to
develop approaches for investigating unfamiliar types
of problems and phenomena.
Guideline C—Collecting information—Learners are
able to locate and collect reliable information for
environmental investigations of many types. They
know how to use sophisticated technology to collect
information, including computer programs that access,
gather, store, and display data.
Guideline D—Evaluating accuracy and reliability—
Learners can apply basic logic and reasoning skills
to evaluate completeness and reliability in a variety of
information sources.
Guideline E—Organizing information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
continued
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Mathematics
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.

ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

■■

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
HSA-CED.A.2: Create equations in two or more variables
to represent relationships between quantities; graph
equations on coordinate axes with labels and scales.
HSA.CED.A.4: Rearrange formulas to highlight a
quantity of interest, using the same reasoning as in solving
equations. For example, rearrange Ohm’s law V = IR to
highlight resistance R. Represent and model with vector
quantities.
HSN.VM.A.1: Recognize vector quantities as having both
magnitude and direction. Represent vector quantities by
directed line segments, and use appropriate symbols for
vectors and their magnitudes (e.g., v, |v|, ||v||, v).
HSN-VM.A.2: Find the components of a vector by
subtracting the coordinates of an initial point from the
coordinates of a terminal point.
HSN-VM.A.2: Solve problems involving velocity and other
quantities that can be represented by vectors.
HSN-VM.A.4: Add and subtract vectors.
HSN-VM.A.5: Multiply a vector by a scalar.
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Unit

PH 2

Mechanics
RECOMMENDED TIME: 40 DAYS

Unit Overview:

Essential Question:
How are Newton’s laws of motion
relevant to our lives?

Fundamental forces govern all the interactions of the universe. The interaction of masses is determined by the
gravitational force. Changes in the motion of an object require a force. Newton’s laws can be used to explain and
predict the motion of an object.

Key Ideas:
Key Idea 1: The Earth and celestial phenomena can be described by principles of relative motion and perspective.
NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (4.1a, c, d, e, h,
5.1b-h, j, k, I, n-u)

Students will access, generate, process, and transfer
information using appropriate technologies.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

■■

An object in linear motion may travel with a constant
velocity* or with acceleration*. (5.1d)

(Note: Testing of acceleration will be limited to cases in which acceleration
is constant.)
■■

■■

■■

■■

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

■■

Standard 6: Interconnectedness: Common Themes

A vector may be resolved into perpendicular
components.* (5.1b)
The resultant of two or more vectors, acting at any angle,
is determined by vector addition. (5.1c)
When the net force on a system is zero, the system is
in equilibrium. (5.1j)
An object in free fall accelerates due to the force of
gravity.* Friction and other forces cause the actual motion
of a falling object to deviate from its theoretical motion.
(5.1e)

Students will understand the relationships and common
themes that connect mathematics, science, and
technology and apply the themes to these and other
areas of learning.
Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
continued

■■

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Mathematical representations are needed to identify
some patterns.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.
continued

(Note: Initial velocities of objects in free fall may be in any direction.)
continued
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http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf
■■

■■

■■

■■

■■

■■

■■

■■

■■

According to Newton’s First Law, the inertia of an object
is directly proportional to its mass. An object remains at
rest or moves with constant velocity, unless acted upon
by an unbalanced force. (5.1i)
According to Newton’s Second Law, an unbalanced
force causes a mass to accelerate*.(5.1k)
According to Newton’s Third Law, forces occur in action/
reaction pairs. When one object exerts a force on a
second, the second exerts a force on the first that is
equal in magnitude and opposite in direction. (5.1q)
The path of a projectile is the result of the simultaneous
effect of the horizontal and vertical components of its
motion; these components act independently. (5.1f)
A projectile’s time of flight is dependent upon the vertical
component of its motion. (5.1g)
The horizontal displacement of a projectile is dependent
upon the horizontal component of its motion and its time
of flight. (5.1h)
Centripetal force* is the net force which produces
centripetal acceleration.* In uniform circular motion,
the centripetal force is perpendicular to the tangential
velocity. (5.1n)

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/next-generation-science-standards

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is
necessary for making predictions about future behavior
and conditions.

■■

■■

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

Weight is the gravitational force with which a planet
attracts a mass*. The mass of an object is independent
of the gravitational field in which it is located. (5.1l)

Patterns observable at one scale may not be
observable or exist at other scales.

Systems and System Models:
A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.
■■

Standard 7: Interdisciplinary Problem Solving
Students will apply the knowledge and thinking skills of
mathematics, science, and technology to address reallife problems and make informed decisions.

Some systems can only be studied indirectly as they
are too small, too large, too fast, or too slow to observe
directly.

■■

Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and used,
and the molecular substructures of its various materials.

Field strength* and direction are determined using a
suitable test particle. (5.1s)

(Notes: 1) Calculations are limited to electrostatic and gravitational fields.
2) The gravitational field near the surface of Earth and the electrical field
between two oppositely charged parallel plates are treated as uniform.)
continued
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■■

■■

■■

■■
■■

■■

Gravitational forces are only attractive, whereas electrical
and magnetic forces can be attractive or repulsive. (5.1t)
The inverse square law applies to electrical* and
gravitational* fields produced by point sources. (5.1u)
Work done against friction results in an increase in the
internal energy of the system. (4.1h)
Kinetic friction* is a force that opposes motion. (5.1o)
The impulse* imparted to an object causes a change
in its momentum.* (5.1p)
Momentum is conserved in a closed system.* (5.1r)

(Note: Testing will be limited to momentum in one dimension.)
■■

■■

■■

■■

All energy transfers are governed by the law of
conservation of energy.* (4.1a)
Potential energy is the energy an object possesses
by virtue of its position or condition. Types of potential
energy include gravitational* and elastic.* (4.1c)
Kinetic energy* is the energy an object possesses
by virtue of its motion. (4.1d)
In an ideal mechanical system, the sum of the
macroscopic kinetic and potential energies
(mechanical energy) is constant.* (4.1e)

(Note: Items with asterisks* require quantitative treatment per the Reference
Table for Physics. Asterisks following individual words refer to the preceding
word or phrase only; asterisks appearing after the final period of a sentence
refer to all concepts or ideas presented in the sentence.)
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ELA/Literacy
RST.11-12.3: Follow precisely a complex multistep
procedure when carrying out experiments, taking
measurements, or performing technical tasks; analyze the
specific results based on explanations in the text.

RST.11-12.8: Evaluate the hypotheses, data, analysis,
and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging
conclusions with other sources of information.

■■

■■

■■

RST.11-12.9: Synthesize information from a range of
sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or
concept, resolving conflicting information when possible.
WHST.11-12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.

■■

■■

WHST.11-12.9: Draw evidence from informational texts
to support analysis, reflection, and research.
■■
continued

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/PHYSICS THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/physics-rt/
physics06tbl.pdf

Strand 1: Questioning, Analysis, and Interpretation
Skills

Craft and Structure:
RST.11-12.4: Determine the meaning of symbols, key
terms, and other domain-specific words and phrases as
they are used in a specific scientific or technical context
relevant to Grades 11–12 texts and topics.

ENVIRONMENTAL GUIDELINES FOR LEARNING

Guideline A—Questioning—Learners are able to
develop, modify, clarify, and explain questions that
guide environmental investigations of various types.
They understand factors that influence the questions
they pose.

[Refer To Appendix D – Reference Tables For Physical
Setting/Physics]
List of Physical Constants (p1)
Approximate Coefficients of Friction (p1)
Mechanics (p6)

Guideline B—Designing investigations—Learners
know how to design investigations to answer particular
questions about the environment. They are able to
develop approaches for investigating unfamiliar types
of problems and phenomena.
Guideline C—Collecting information—Learners are
able to locate and collect reliable information for
environmental investigations of many types. They
know how to use sophisticated technology to collect
information, including computer programs that access,
gather, store, and display data.
Guideline D—Evaluating accuracy and reliability—
Learners can apply basic logic and reasoning skills
to evaluate completeness and reliability in a variety of
information sources.
Guideline E—Organizing information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
continued

The New York City Department of Education 6–12 Science Scope & Sequence

PH | Unit 2: Mechanics | 167

COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

Mathematics
HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

■■

Strand 2: Knowledge of Environmental Processes
and Systems
Strand 2.1: The Earth as a Physical System
■■

HSA.CED.A.4: Rearrange formulas to highlight a quantity
of interest, using the same reasoning as in solving equations.
For example, rearrange Ohm’s law V = IR to highlight
resistance R. Represent and model with vector quantities.
HSN.VM.A.1: Recognize vector quantities as having both
magnitude and direction. Represent vector quantities by
directed line segments, and use appropriate symbols for
vectors and their magnitudes (e.g., v, |v|, ||v||, v).

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.

Strand 2.4: Environment and Society
■■

Guideline D—Technology—Learners are able to
examine the social and environmental impacts of
various technologies and technological systems.

HSN.VM.A.2: Find the components of a vector by
subtracting the coordinates of an initial point from the
coordinates of a terminal point.
HSN.VM.A.3: Solve problems involving velocity and other
quantities that can be represented by vectors. Perform
operations on vectors.
HSN.VM.B.4: Add and subtract vectors.
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Unit

PH 3

Energy
RECOMMENDED TIME: 15 DAYS

Unit Overview:
The law of conservation of energy provides one of the basic keys to understanding the universe. The fundamental tenet
of this law is that the total mass-energy of the universe is constant; however, energy can be transferred in many ways.
Historically, scientists have treated the law of conservation of matter and energy separately. All energy can be classified
as either kinetic or potential. When work is done on or by a system, the energy of the system changes. This relationship
is known as the work-energy theorem.

Essential Question:
How are work, power, and energy related?

Key Ideas:
Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf
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http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Scale, Proportion, and Quantity:

Quoted from the New York State Performance Indicators (4.1a-j, 5.1m, 5.3 f, j)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.

■■

■■

■■

■■

■■

■■

When work* is done on or by a system, there is a change
in the total energy* of the system. (4.1g)
Work done against friction results in an increase in the
internal energy of the system. (4.1h)
Energy may be stored in electric* or magnetic fields. This
energy may be transferred through conductors or space
and may be converted to other forms of energy. (4.1j)
All energy transfers are governed by the law of
conservation of energy.* (4.1a)
Power* is the time-rate at which work is done or energy
is expended. (4.1i)

Standard 6: Interconnectedness: Common Themes

■■

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

■■

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

Among other things, mass-energy and charge are
conserved at all levels (from subnuclear to cosmic). (5.3f)
continued
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■■

continued

■■

The significance of a phenomenon is dependent on
the scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow
to observe directly.
Patterns observable at one scale may not be observable
or exist at other scales.
Using the concept of orders of magnitude allows one
to understand how a model at one scale relates to a
model at another scale.
continued
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■■

■■

■■

■■

■■

■■

■■

The fundamental source of all energy in the universe is
the conversion of mass into energy.* (5.3j)

MST STANDARDS
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Potential energy is the energy an object possesses
by virtue of its position or condition. Types of potential
energy include gravitational* and elastic.* (4.1c)

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Systems and System Models:

The elongation or compression of a spring depends
upon the nature of the spring (its spring constant) and
the magnitude of the applied force.* (5.1m)

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.

Kinetic energy* is the energy an object possesses by
virtue of its motion. (4.1d)

Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.

Energy may be converted among mechanical,
electromagnetic, nuclear, and thermal forms. (4.1b)
In an ideal mechanical system, the sum of the macroscopic
kinetic and potential energies (mechanical energy) is
constant.* (4.1e)
In a non-ideal mechanical system, as mechanical energy
decreases there is a corresponding increase in other
energies such as internal energy.* (4.1f)

(Note: Items with asterisks* require quantitative treatment per the Reference
Table for Physics. Asterisks following individual words refer to the preceding
word or phrase only; asterisks appearing after the final period of a sentence
refer to all concepts or ideas presented in the sentence.)

■■

■■
■■

Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/ technology/society,
consumer decision making, design, and inquiry into
phenomena.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

■■

■■

■■

Energy cannot be created or destroyed—only moved
between one place and another place, between
objects and/or fields, or between systems.

Systems can be designed to do specific tasks.
When investigating or describing a system, the boundaries
and initial conditions of the system need to be defined
and their inputs and outputs analyzed and described
using models.
Models (e.g., physical, mathematical, computer models)
can be used to simulate systems and interactions—
including energy, matter, and information flows—within
and between systems at different scales.
Models can be used to predict the behavior of a
system, but these predictions have limited precision and
reliability due to the assumptions and approximations
inherent in models.

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

Algebraic thinking is used to examine scientific data
and predict the effect of a change in one variable on
another (e.g., linear growth vs. exponential growth).

■■

The total amount of energy and matter in closed systems
is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into, out
of, and within that system.

Energy drives the cycling of matter within and
between systems.
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http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.11-12.3: Follow precisely a complex multistep
procedure when carrying out experiments, taking
measurements, or performing technical tasks; analyze the
specific results based on explanations in the text.
RST.11-12.4: Determine the meaning of symbols, key
terms, and other domain-specific words and phrases as
they are used in a specific scientific or technical context
relevant to Grades 11-12 texts and topics.
RST.11-12.8: Evaluate the hypotheses, data, analysis,
and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging
conclusions with other sources of information.

■■

■■

■■

■■

HSN.Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.

■■

HSN.Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN.Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
HSA.CED.A.2: Create equations in two or more variables
to represent relationships between quantities; graph
equations on coordinate axes with labels and scales.

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/PHYSICS THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/physics-rt/
physics06tbl.pdf

Strand 1: Questioning, Analysis, and
Interpretation Skills

RST.11-12.9: Synthesize information from a range of
sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or
concept, resolving conflicting information when possible.
Mathematics

ENVIRONMENTAL GUIDELINES FOR LEARNING

■■

[Refer To Appendix D – Reference Tables For Physical
Setting/Physics]

Guideline A—Questioning—Learners are able to
develop, modify, clarify, and explain questions that
guide environmental investigations of various types.
They understand factors that influence the questions
they pose.

List of Physical Constants (p1)
Approximate Coefficients of Friction (p1)

Guideline B—Designing investigations—Learners
know how to design investigations to answer particular
questions about the environment. They are able to
develop approaches for investigating unfamiliar types
of problems and phenomena.
Guideline C—Collecting information—Learners are
able to locate and collect reliable information for
environmental investigations of many types. They
know how to use sophisticated technology to collect
information, including computer programs that access,
gather, store, and display data.
Guideline D—Evaluating accuracy and reliability—
Learners can apply basic logic and reasoning skills
to evaluate completeness and reliability in a variety of
information sources.
Guideline E—Organizing information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
continued

continued
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HSA.CED.A.4: Rearrange formulas to highlight a quantity
of interest, using the same reasoning as in solving equations.
For example, rearrange Ohm’s law V = IR to highlight
resistance R. Represent and model with vector quantities.

ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

■■

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

Strand 2.4: Environment and Society
■■

Strand 2: Knowledge of Environmental Processes
and Systems
Strand 2.1: The Earth as a Physical System
■■

■■

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.

■■

■■

Guideline A—Human/environment interactions—
Learners understand that humans are able to alter the
physical environment to meet their needs and that there
are limits to the ability of the environment to absorb
impacts or meet human needs.
Guideline D—Technology—Learners are able to
examine the social and environmental impacts of various
technologies and technological systems.
Guideline E—Environmental issues—Learners are familiar
with a range of environmental issues at scales that range
from local to national to global. They understand that
these scales and issues are often linked.

Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

Strand 2.2: The Living Environment
■■

Guideline D—Flow of matter and energy—Learners
are able to account for environmental characteristics
based on their knowledge of how matter and energy
interact in living systems.

The New York City Department of Education 6–12 Science Scope & Sequence
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Unit

PH 4

Electricity and Magnetism
RECOMMENDED TIME: 25 DAYS

Unit Overview:
The law of conservation of energy provides one of the basic keys to understanding the universe. The fundamental tenet
of this law is that the total mass-energy of the universe is constant; however, energy can be transferred in many ways.
Historically, scientists have treated the law of conservation of matter and energy separately. All energy can be classified
as either kinetic or potential. When work is done on or by a system, the energy of the system changes. This relationship
is known as the work-energy theorem. Energy may be transferred by matter or by waves. Waves transfer energy without
transferring mass. Most of the information scientists gather about the universe is derived by detecting and analyzing
waves. This process has been enhanced through the use of digital analysis. Types of waves include mechanical and
electromagnetic. All waves have the same characteristics and exhibit certain behaviors, subject to the constraints of
conservation of energy. Fundamental forces govern all the interactions of the universe. The interaction of charges is
determined by the electro-weak force.

Essential Question:
How is electricity related to magnetism?

Key Ideas:
Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (4.1a, b, j-p,
5.1s-u, 5.3b, f)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

Gravitational forces are only attractive, whereas electrical
and magnetic forces can be attractive or repulsive. (5.1t)
Charge is quantized on two levels. On the atomic level,
charge is restricted to multiples of the elementary charge
(charge on the electron or proton). On the subnuclear
level, charge appears as fractional values of the
elementary charge (quarks). (5.3b)

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all
systems and how parts of a system interrelate and
combine to perform specific functions.

continued

The New York City Department of Education 6–12 Science Scope & Sequence

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
continued

continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf
■■

■■

Among other things, mass-energy and charge are
conserved at all levels (from subnuclear to cosmic). (5.3f)
Field strength* and direction are determined using a
suitable test particle. (5.1s)

(Notes: 1) Calculations are limited to electrostatic and gravitational fields.
2) The gravitational field near the surface of Earth and the electrical field
between two oppositely charged parallel plates are treated as uniform.)
■■

■■

■■

The inverse square law applies to electrical* and
gravitational* fields produced by point sources. (5.1u)
All materials display a range of conductivity. At constant
temperature, common metallic conductors obey Ohm’s
Law*. (4.1l)
A circuit is a closed path in which a current* can exist.
(4.1n)

(Note: Use conventional current.)
■■

■■

■■

■■

■■

■■

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/next-generation-science-standards

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.
Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.
Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).
Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.

All energy transfers are governed by the law of
conservation of energy.* (4.1a)

Key Idea 6: In order to arrive at the best solution that
meets criteria within constraints, it is often necessary to
make trade-offs.

Energy may be converted among mechanical,
electromagnetic, nuclear, and thermal forms. (4.1b)

Standard 7: Interdisciplinary Problem Solving

■■

■■

■■

■■

Energy may be stored in electric* or magnetic fields. This
energy may be transferred through conductors or space
and may be converted to other forms of energy. (4.1j)
The factors affecting resistance in a conductor are length,
cross-sectional area, temperature, and resistivity.* (4.1m)
Circuit components may be connected in series* or in
parallel*. Schematic diagrams are used to represent
circuits and circuit elements. (4.1o)
Electrical power* and energy* can be determined for
electric circuits. (4.1p)
continued

Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

The New York City Department of Education 6–12 Science Scope & Sequence

Patterns of performance of designed systems can
be analyzed and interpreted to reengineer and
improve the system.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.
■■

■■

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/ technology/society,
consumer decision making, design, and inquiry into
phenomena.

Classifications or explanations used at one scale may
fail or need revision when information from smaller or
larger scales is introduced; thus requiring improved
investigations and experiments.

■■

■■

■■

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as they
are too small, too large, too fast, or too slow to observe
directly.
Patterns observable at one scale may not be observable
or exist at other scales.
Using the concept of orders of magnitude allows one to
understand how a model at one scale relates to a model
at another scale.
Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).
continued
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NYS SCIENCE STANDARDS
NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf
■■

Moving electric charges produce magnetic fields.
The relative motion between a conductor and a
magnetic field may produce a potential difference in
the conductor. (4.1k)

(Note: Items with asterisks* require quantitative treatment per the Reference
Table for Physics. Asterisks following individual words refer to the preceding
word or phrase only; asterisks appearing after the final period of a sentence
refer to all concepts or ideas presented in the sentence.)

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Systems and System Models:

■■

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.

■■

■■
■■

■■

■■

Systems can be designed to do specific tasks.
When investigating or describing a system, the
boundaries and initial conditions of the system need to
be defined and their inputs and outputs analyzed and
described using models.
Models (e.g., physical, mathematical, computer
models) can be used to simulate systems and
interactions—including energy, matter, and information
flows—within and between systems at different scales.
Models can be used to predict the behavior of
a system, but these predictions have limited
precision and reliability due to the assumptions and
approximations inherent in models.

Energy and Matter: Flows, Cycles, and
Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

The total amount of energy and matter in closed
systems is conserved.

The New York City Department of Education 6–12 Science Scope & Sequence

■■

■■

Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy cannot be created or destroyed—only moved
between one place and another place, between objects
and/or fields, or between systems.
Energy drives the cycling of matter within and
between systems.
In nuclear processes, atoms are not conserved, but
the total number of protons plus neutrons is conserved.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

■■

Investigating or designing new systems or structures
requires a detailed examination of the properties
of different materials, the structures of different
components, and connections of components to reveal
its function and/or solve a problem.
The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and used,
and the molecular substructures of its various materials.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.11-12.3: Follow precisely a complex multistep
procedure when carrying out experiments, taking
measurements, or performing technical tasks, analyze the
specific results based on explanations in the text.
RST.11-12.4: Determine the meaning of symbols, key
terms, and other domain-specific words and phrases as
they are used in a specific scientific or technical context
relevant to Grades 11–12 texts and topics.
RST.11-12.8: Evaluate the hypotheses, data, analysis,
and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging
conclusions with other sources of information.

■■

■■

■■

■■

WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.
WHST.9–12.9: Draw evidence from informational texts to
support analysis, reflection, and research.
continued

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/PHYSICS THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/physics-rt/
physics06tbl.pdf

Strand 1: Questioning, Analysis, And Interpretation
Skills

RST.11-12.9: Synthesize information from a range of
sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or
concept, resolving conflicting information when possible.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.

ENVIRONMENTAL GUIDELINES FOR LEARNING

■■

■■

Guideline A—Questioning—Learners are able to
develop, modify, clarify, and explain questions that
guide environmental investigations of various types.
They understand factors that influence the questions
they pose.

[Refer to Appendix D – Reference Tables for Physical
Setting/Physics]
List of Physical Constants (p1)
Electricity (p4)
Circuit Symbols (p4)
Resistivities at 20°C (p4)

Guideline B—Designing investigations—Learners
know how to design investigations to answer particular
questions about the environment. They are able to
develop approaches for investigating unfamiliar types
of problems and phenomena.
Guideline C—Collecting information—Learners are
able to locate and collect reliable information for
environmental investigations of many types. They
know how to use sophisticated technology to collect
information, including computer programs that access,
gather, store, and display data.
Guideline D—Evaluating accuracy and reliability—
Learners can apply basic logic and reasoning skills
to evaluate completeness and reliability in a variety of
information sources.
Guideline E—Organizing information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
continued

The New York City Department of Education 6–12 Science Scope & Sequence
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

Mathematics
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose and
interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.
HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

■■

HSN.VM.A.1: Recognize vector quantities as having both
magnitude and direction. Represent vector quantities by
directed line segments, and use appropriate symbols for
vectors and their magnitudes (e.g., v, |v|, ||v||, v).

■■

Guideline E—Environmental issues—Learners are familiar
with a range of environmental issues at scales that range
from local to national to global. They understand that
these scales and issues are often linked.

Strand 2: Knowledge of Environmental Processes
and Systems

Strand 3: Skills for Understanding and Addressing
Environmental Issues

Strand 2.1: The Earth as a Physical System

Strand 3.1: Skills for Analyzing and Investigating
Environmental Issues

■■

HSA.CED.A.2: Create equations in two or more variables
to represent relationships between quantities; graph
equations on coordinate axes with labels and scales.
HSA.CED.A.4: Rearrange formulas to highlight a
quantity of interest, using the same reasoning as in solving
equations. For example, rearrange Ohm’s law V = IR to
highlight resistance R. Represent and model with vector
quantities.

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

■■

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

■■

■■

Strand 2.4: Environment and Society
■■

■■

Guideline A—Human/environment interactions—
Learners understand that humans are able to alter
the physical environment to meet their needs and
that there are limits to the ability of the environment to
absorb impacts or meet human needs.
Guideline D—Technology—Learners are able to
examine the social and environmental impacts of
various technologies and technological systems.

The New York City Department of Education 6–12 Science Scope & Sequence

■■

■■

Guideline A—Identifying and investigating issues—
Learners apply their research and analytical skills to
investigate environmental issues ranging from local issues
to those that are regional or global in scope.
Guideline B—Sorting out the consequences of issues—
Learners are able to evaluate the consequences of
specific environmental changes, conditions, and issues
for human and ecological systems.
Guideline C—Identifying and evaluating alternative
solutions and courses of action—Learners are able
to identify and propose action strategies that are
likely to be effective in particular situations and for
particular purposes.
Guideline D—Working with flexibility, creativity, and
openness—While environmental issues investigations
can bring to the surface deeply held views,
learners are able to engage each other in peer review
conducted in the spirit of open inquiry.
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Unit

PH 5

Waves
RECOMMENDED TIME: 25 DAYS

Unit Overview:
Essential Question:
How are waves used to model and explain
physical phenomena?

Energy may be transferred by matter or by waves. Waves transfer energy without transferring mass. Most of the
information scientists gather about the universe is derived by detecting and analyzing waves. This process has been
enhanced through the use of digital analysis. Types of waves include mechanical and electromagnetic. All waves have
the same characteristics and exhibit certain behaviors, subject to the constraints of conservation of energy.

Key Ideas:
Key Idea 4: Energy exists in many forms, and when these forms change, energy is conserved.
NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (4.1b, 4.3a-n)

Key Idea 1: Information technology is used to retrieve,
process, and communicate information as a tool to
enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships
and causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

■■

■■

■■

An oscillating system produces waves. The nature of the
system determines the type of wave produced. (4.3a)
Waves carry energy and information without transferring
mass. This energy may be carried by pulses or periodic
waves. (4.3b)
The model of a wave incorporates the characteristics
of amplitude, wavelength,* frequency*, period*, wave
speed*, and phase. (4.3c)
When a wave strikes a boundary between two
media, reflection*, transmission, and absorption occur.
A transmitted wave may be refracted. (4.3h)

Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

■■

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Mechanical waves require a material medium through
which to travel. (4.3d)

continued

■■

Patterns of performance of designed systems can
be analyzed and interpreted to reengineer and
improve the system.
Mathematical representations are needed to identify
some patterns.
Empirical evidence is needed to identify patterns.

Scale, Proportion, and Quantity:
In considering phenomena, it is critical to recognize what
is relevant at different size, time, and energy scales, and
to recognize proportional relationships between different
quantities as scales change.

continued
continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf
■■

■■

■■

■■

■■

■■

■■

Waves are categorized by the direction in which particles
in a medium vibrate about an equilibrium position relative
to the direction of propagation of the wave, such as
transverse and longitudinal waves. (4.3e)
Resonance occurs when energy is transferred to a
system at its natural frequency. (4.3f)
When waves of a similar nature meet, the resulting
interference may be explained using the principle
of superposition. Standing waves are a special case
of interference. (4.3m)
When a wave source and an observer are in relative
motion, the observed frequency of the waves traveling
between them is shifted (Doppler effect). (4.3n)
When a wave moves from one medium into another, the
wave may refract due to a change in speed. The angle of
refraction (measured with respect to the normal) depends
on the angle of incidence and the properties of the media
(indices of refraction).* (4.3i)

MST STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/next-generation-science-standards

Standard 7: Interdisciplinary Problem Solving
Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially those
relating to issues of science/ technology/society, consumer
decision making, design, and inquiry into phenomena.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

■■

■■

■■

■■

The significance of a phenomenon is dependent on the
scale, proportion, and quantity at which it occurs.
Some systems can only be studied indirectly as
they are too small, too large, too fast, or too slow to
observe directly.
Patterns observable at one scale may not be observable
or exist at other scales.
Using the concept of orders of magnitude allows one to
understand how a model at one scale relates to a model
at another scale.
Algebraic thinking is used to examine scientific data and
predict the effect of a change in one variable on another
(e.g., linear growth vs. exponential growth).

Structure and Function:
■■

■■

The absolute index of refraction is inversely proportional
to the speed of a wave.* (4.3j)
Diffraction occurs when waves pass by obstacles or
through openings. The wavelength of the incident wave
and the size of the obstacle or opening affect how the
wave spreads out. (4.3l)

■■

■■

Energy may be converted among mechanical,
electromagnetic, nuclear, and thermal forms. (4.1b)
Electromagnetic radiation exhibits wave characteristics.
Electromagnetic waves can propagate through a
vacuum. (4.3g)

The way an object is shaped or structured determines
many of its properties and functions.
■■

All frequencies of electromagnetic radiation travel at
the same speed in a vacuum.* (4.3k)

(Note: Items with asterisks* require quantitative treatment per the
Reference Table for Physics. Asterisks following individual words refer
to the preceding word or phrase only; asterisks appearing after the final
period of a sentence refer to all concepts or ideas presented in
the sentence.)

The New York City Department of Education 6–12 Science Scope & Sequence

■■

Investigating or designing new systems or structures
requires a detailed examination of the properties
of different materials, the structures of different
components, and connections of components to reveal
its function and/or solve a problem.
The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.11-12.3: Follow precisely a complex multistep
procedure when carrying out experiments, taking
measurements, or performing technical tasks, analyze the
specific results based on explanations in the text.
RST.11-12.4: Determine the meaning of symbols, key
terms, and other domain-specific words and phrases as
they are used in a specific scientific or technical context
relevant to Grades 11–12 texts and topics.
RST.11-12.8: Evaluate the hypotheses, data, analysis,
and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging
conclusions with other sources of information.

■■

■■

■■

■■

WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.
WHST.9–12.9: Draw evidence from informational texts to
support analysis, reflection, and research.
continued

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/PHYSICS THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/physics-rt/
physics06tbl.pdf

Strand 1: Questioning, Analysis, and Interpretation
Skills

RST.11-12.9: Synthesize information from a range of
sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or
concept, resolving conflicting information when possible.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.

ENVIRONMENTAL GUIDELINES FOR LEARNING

■■

■■

Guideline A—Questioning—Learners are able to
develop, modify, clarify, and explain questions that
guide environmental investigations of various types.
They understand factors that influence the questions
they pose.

[Refer to Appendix D – Reference Tables for Physical
Setting/Physics]
List of Physical Constants (p1)
The Electromagnetic Spectrum (p2)
Absolute Indices of Refraction (p2)
Waves (p5)

Guideline B—Designing investigations—Learners
know how to design investigations to answer particular
questions about the environment. They are able to
develop approaches for investigating unfamiliar types
of problems and phenomena.
Guideline C—Collecting information—Learners are
able to locate and collect reliable information for
environmental investigations of many types. They
know how to use sophisticated technology to collect
information, including computer programs that access,
gather, store, and display data.
Guideline D—Evaluating accuracy and reliability—
Learners can apply basic logic and reasoning skills
to evaluate completeness and reliability in a variety of
information sources.
Guideline E—Organizing information—Learners are
able to organize and display information in ways
appropriate to different types of environmental
investigations and purposes.
Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
continued
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

Mathematics

ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

■■

Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.

Strand 2: Knowledge of Environmental Processes
and Systems

HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.

Strand 2.1: The Earth as a Physical System

HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.

■■

HSA.CED.A.2: Create equations in two or more variables
to represent relationships between quantities; graph
equations on coordinate axes with labels and scales.
■■

HSA.CED.A.4: Rearrange formulas to highlight a
quantity of interest, using the same reasoning as in solving
equations. For example, rearrange Ohm’s law V = IR to
highlight resistance R. Represent and model with vector
quantities.

Guideline A—Processes that shape the Earth—
Learners understand the major physical processes
that shape the Earth. They can relate these processes,
especially those that are large-scale and long-term, to
characteristics of the Earth.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.

HSN.VM.A.1: Recognize vector quantities as having both
magnitude and direction. Represent vector quantities by
directed line segments, and use appropriate symbols for
vectors and their magnitudes (e.g., v, |v|, ||v||, v).
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Unit

PH 6

Modern Physics
RECOMMENDED TIME: 20 DAYS

Unit Overview:
Fundamental forces govern all the interactions of the universe. The interaction of masses is determined by the
gravitational force; the interaction of charges is determined by the electro-weak force; the interaction between particles in
the nucleus is controlled by the strong force. Changes in the motion of an object require a force. Newton’s laws can be
used to explain and predict the motion of an object. On the atomic level, the quantum nature of the fundamental forces
becomes evident. Models of the atom have been developed to incorporate wave-particle duality, quantization, and the
conservation laws. These models have been modified to reflect new observations; they continue to evolve. Everyday
experiences are manifestations of patterns that repeat themselves, from the subnuclear to the cosmic level. Models that
are used at each level reflect these patterns. The future development of physics is likely to be derived from these realms.

Essential Question:
How does our understanding of the atom
change with new technologies?

Key Ideas:
Key Idea 5: Energy and matter interact through forces that result in changes in motion.
NYS SCIENCE STANDARDS

NGSS CROSS-CUTTING CONCEPTS

http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

Major Understandings:

Standard 2: Information Systems

Patterns:

Quoted from the New York State Performance Indicators (4.1b, 5.3a-j)

Key Idea 1: Information technology is used to
retrieve, process, and communicate information as
a tool to enhance learning.

Observed patterns in nature guide organization and
classification and prompt questions about relationships and
causes underlying them.

Standard 6: Interconnectedness: Common Themes

■■

■■

■■

■■

■■

On the atomic level, energy and matter exhibit the
characteristics of both waves and particles. (5.3e)
States of matter and energy are restricted to discrete
values (quantized). (5.3a)
On the atomic level, energy is emitted or absorbed in
discrete packets called photons.* (5.3c)
The energy of a photon is proportional to its frequency.*
(5.3d)
continued

Key Idea 1: Through systems thinking, people can
recognize the commonalities that exist among all systems
and how parts of a system interrelate and combine to
perform specific functions.
Key Idea 2: Models are simplified representations
of objects, structures, or systems used in analysis,
explanation, interpretation, or design.

■■

■■

continued

Different patterns may be observed at each of the scales
at which a system is studied and can provide evidence
for causality in explanations of phenomena.
Classifications or explanations used at one scale may
fail or need revision when information from smaller or
larger scales is introduced; thus requiring improved
investigations and experiments.
Patterns of performance of designed systems can
be analyzed and interpreted to reengineer and improve
the system.
continued
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NYS SCIENCE STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/
phycoresci.pdf
■■

■■

■■

■■

■■

Key Idea 3: The grouping of magnitudes of size, time,
frequency, and pressures or other units of measurement
into a series of relative order provides a useful way to
deal with the immense range and the changes in scale
that affect the behavior and design of systems.

Systems and System Models:

Energy may be converted among mechanical,
electromagnetic, nuclear, and thermal forms. (4.1b)

Key Idea 4: Equilibrium is a state of stability due either
to a lack of change (static equilibrium) or a balance
between opposing forces (dynamic equilibrium).

A system is an organized group of related objects or
components; models can be used for understanding
and predicting the behavior of systems.

Charge is quantized on two levels. On the atomic level,
charge is restricted to multiples of the elementary charge
(charge on the electron or proton). On the subnuclear
level, charge appears as fractional values of the
elementary charge (quarks). (5.3b)
Among other things, mass-energy and charge are
conserved at all levels (from subnuclear to cosmic). (5.3f)
The Standard Model of Particle Physics has evolved from
previous attempts to explain the nature of the atom and
states that: (5.3g)

■■

■■

■■

NGSS CROSS-CUTTING CONCEPTS
http://www.nextgenscience.org/next-generation-science-standards

Behaviors and characteristics of matter, from the
microscopic to the cosmic levels, are manifestations of
its atomic structure. The macroscopic characteristics of
matter, such as electrical and optical properties, are the
result of microscopic interactions. (5.3h)

■■

■■

MST STANDARDS
http://www.p12.nysed.gov/ciai/mst/sci/documents/phycoresci.pdf

atomic particles are composed of subnuclear
particles
the nucleus is a conglomeration of quarks which
manifest themselves as protons and neutrons
each elementary particle has a corresponding
antiparticle

The total of the fundamental interactions is responsible
for the appearance and behavior of the objects in the
universe. (5.3i)

Key Idea 5: Identifying patterns of change is necessary
for making predictions about future behavior and
conditions.

■■

■■

■■

Standard 7: Interdisciplinary Problem Solving
■■

Key Idea 1: The knowledge and skills of mathematics,
science, and technology are used together to make
informed decisions and solve problems, especially
those relating to issues of science/ technology/society,
consumer decision making, design, and inquiry into
phenomena.
Key Idea 2: Solving interdisciplinary problems involves
a variety of skills and strategies, including effective work
habits; gathering and processing information; generating
and analyzing ideas; realizing ideas; making connections
among the common themes of mathematics, science,
and technology; and presenting results.

■■

Empirical evidence is needed to identify patterns.

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

Energy and Matter: Flows, Cycles, and Conservation:
Tracking energy and matter flows into, out of, and within
systems helps one understand their system’s behavior.
■■

■■

The fundamental source of all energy in the universe is
the conversion of mass into energy.* (5.3j)

(Note: Items with asterisks* require quantitative treatment per the Reference
Table for Physics. Asterisks following individual words refer to the preceding
word or phrase only; asterisks appearing after the final period of a sentence
refer to all concepts or ideas presented in the sentence.)

Mathematical representations are needed to identify
some patterns.

■■

The total amount of energy and matter in closed systems
is conserved.
Changes of energy and matter in a system can be
described in terms of energy and matter flows into,
out of, and within that system.
Energy cannot be created or destroyed—only moved
between one place and another place, between objects
and/or fields, or between systems.
continued
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NGSS CROSS-CUTTING CONCEPTS
http://www.nextgenscience.org/sites/ngss/files/Appendix%20G%20
-%20Crosscutting%20Concepts%20FINAL%20edited%204.10.13.pdf

■■

■■

Energy drives the cycling of matter within and between
systems.
In nuclear processes, atoms are not conserved, but the
total number of protons plus neutrons is conserved.

Structure and Function:
The way an object is shaped or structured determines
many of its properties and functions.
■■

■■

Investigating or designing new systems or structures
requires a detailed examination of the properties
of different materials, the structures of different
components, and connections of components to reveal
its function and/or solve a problem.
The functions and properties of natural and designed
objects and systems can be inferred from their overall
structure, the way their components are shaped and
used, and the molecular substructures of its various
materials.

Stability and Change:
For both designed and natural systems, conditions that
affect stability and factors that control rates of change are
critical elements to consider and understand.
■■

■■
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Much of science deals with constructing explanations of
how things change and how they remain stable.
Change and rates of change can be quantified and
modeled over very short or very long periods of time.
Some system changes are irreversible.
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

ELA/Literacy
RST.11-12.3: Follow precisely a complex multistep
procedure when carrying out experiments, taking
measurements, or performing technical tasks, analyze the
specific results based on explanations in the text.
RST.11-12.4: Determine the meaning of symbols, key
terms, and other domain-specific words and phrases as
they are used in a specific scientific or technical context
relevant to Grades 11–12 texts and topics.
RST.11-12.8: Evaluate the hypotheses, data, analysis,
and conclusions in a science or technical text, verifying
the data when possible and corroborating or challenging
conclusions with other sources of information.
RST.11-12.9: Synthesize information from a range of
sources (e.g., texts, experiments, simulations) into a
coherent understanding of a process, phenomenon, or
concept, resolving conflicting information when possible.
WHST.9–12.2: Write informative/explanatory texts,
including the narration of historical events, scientific
procedures/experiments, or technical processes.
WHST.9–12.7: Conduct short as well as more sustained
research projects to answer a question (including a selfgenerated question) or solve a problem; narrow or broaden
the inquiry when appropriate; synthesize multiple sources
on the subject, demonstrating understanding of the subject
under investigation.
WHST.9–12.9: Draw evidence from informational texts
to support analysis, reflection, and research.
continued

ENVIRONMENTAL GUIDELINES FOR LEARNING

TABLES: REFERENCE TABLES FOR PHYSICAL
SETTING/PHYSICS THAT ARE RELEVANT TO THE UNIT

http://resources.spaces3.com/89c197bf-e630-42b0-ad9a91f0bc55c72d.pdf

http://www.p12.nysed.gov/assessment/reftable/physics-rt/
physics06tbl.pdf

Strand 1: Questioning, Analysis, and Interpretation
Skills
■■

■■

■■

■■

[Refer to Appendix D – Reference Tables for Physical
Setting/Physics]

Guideline A—Questioning—Learners are able to
develop, modify, clarify, and explain questions that
guide environmental investigations of various types.
They understand factors that influence the questions
they pose.

List of Physical Constants (p1)

Guideline B—Designing investigations—Learners
know how to design investigations to answer particular
questions about the environment. They are able to
develop approaches for investigating unfamiliar types
of problems and phenomena.

Modern Physics (p5)

Energy Level Diagrams (p3)
Classification of Matter (p3)
Particles of the Standard Model (p3)

Guideline F—Working with models and simulations—
Learners are able to create, use, and evaluate models
to understand environmental phenomena.
Guideline G—Drawing conclusions and developing
explanations—Learners are able to use evidence and
logic in developing proposed explanations that address
their initial questions and hypotheses.

Strand 2: Knowledge of Environmental Processes
and Systems
Strand 2.1: The Earth as a Physical System
■■

■■

Guideline B—Changes in matter—Learners apply
their understanding of chemical reactions to round out
their explanations of environmental characteristics and
everyday phenomena.
Guideline C—Energy—Learners apply their knowledge
of energy and matter to understand phenomena in the
world around them.
continued
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COMMON CORE STATE STANDARDS
http://www.corestandards.org/wp-content/
uploads/ELA_Standards.pdf
http://www.corestandards.org/wp-content/
uploads/Math_Standards.pdf

Mathematics
HSN-Q.A.1: Use units as a way to understand problems
and to guide the solution of multistep problems; choose
and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data
displays.

ENVIRONMENTAL GUIDELINES FOR LEARNING
http://resources.spaces3.com/89c197bf-e630-42b0-ad9a-91f0bc55c72d.pdf

Strand 2.2: The Living Environment
■■

■■

HSN-Q.A.2: Define appropriate quantities for the purpose
of descriptive modeling.
HSN-Q.A.3: Choose a level of accuracy appropriate to
limitations on measurement when reporting quantities.
HSA.CED.A.2: Create equations in two or more variables
to represent relationships between quantities; graph
equations on coordinate axes with labels and scales.
■■

HSN.VM.A.1: Recognize vector quantities as having both
magnitude and direction. Represent vector quantities by
directed line segments, and use appropriate symbols for
vectors and their magnitudes (e.g., v, |v|, ||v||, v).

Guideline D—Flow of matter and energy—Learners
are able to account for environmental characteristics
based on their knowledge of how matter and energy
interact in living systems.

Strand 2.3: Humans and Their Societies
■■

HSA.CED.A.4: Rearrange formulas to highlight a
quantity of interest, using the same reasoning as in
solving equations. For example, rearrange Ohm’s law
V = IR to highlight resistance R. Represent and model
with vector quantities.

Guideline C—Systems and connections—Learners
understand the living environment to be comprised
of interrelated, dynamic systems.

Guideline D—Global connections—Learners are able
to analyze global, social, cultural, political, economic,
and environmental linkages.
Guideline E—Change and conflict—Learners
understand the functioning of public processes for
promoting and managing change and conflict, and
can analyze their effects on the environment.

Strand 2.4: Environment and Society
■■

Guideline A—Human/environment interactions—
Learners understand that humans are able to alter
the physical environment to meet their needs and
that there are limits to the ability of the environment to
absorb impacts or meet human needs.

The New York City Department of Education 6–12 Science Scope & Sequence

■■

■■

Guideline C—Resources—Learners understand that the
importance and use of resources change over time and
vary under different economic and technological systems.
Guideline D—Technology—Learners are able to
examine the social and environmental impacts of
various technologies and technological systems.

Strand 3: Skills for Understanding and Addressing
Environmental Issues
Strand 3.2: Decision-Making and Citizenship Skills
■■

■■

Guideline A—Forming and evaluating personal views—
Learners are able to communicate, evaluate, and justify
their own views on environmental issues and alternative
ways to address them.
Guideline D—Evaluating the results of actions—
Learners are able to evaluate the effects of their own
actions and actions taken by other individuals and
groups, including possible intended and unintended
consequences of actions.

PH | Unit 6: Modern Physics | 186

Grades

9-12

Cross-Cutting Concepts

Patterns: Observed patterns
in nature guide organization and
classification and prompt questions
about relationships and causes
underlying them.

Cause and Effect: Mechanism
and Prediction: Events have
causes, sometimes simple, sometimes
multifaceted. Deciphering causal
relationships, and the mechanisms by
which they are mediated, is a major
activity of science and engineering.
Scale, Proportion, and Quantity:
In considering phenomena, it is
critical to recognize what is relevant
at different size, time, and energy
scales, and to recognize proportional
relationships between different
quantities as scales change.
Systems and System Models:
A system is an organized group of
related objects or components; models
can be used for understanding and
predicting the behavior of systems.

■■

■■

Different patterns may be observed at each of the scales at which a system is studied and can provide evidence for causality
in explanations of phenomena.
Classifications or explanations used at one scale may fail or need revision when information from smaller or larger scales is
introduced; thus requiring improved investigations and experiments.

■■

Patterns of performance of designed systems can be analyzed and interpreted to reengineer and improve the system.

■■

Mathematical representations are needed to identify some patterns.

■■

Empirical evidence is needed to identify patterns.

■■

Empirical evidence is required to differentiate between cause and correlation and make claims about specific causes and effects.

■■

Cause and effect relationships can be suggested and predicted for complex natural and human-designed systems by examining what
is known about smaller scale mechanisms within the system.

■■

Systems can be designed to cause a desired effect.

■■

Changes in systems may have various causes that may not have equal effects.

■■

The significance of a phenomenon is dependent on the scale, proportion, and quantity at which it occurs.

■■

Some systems can only be studied indirectly as they are too small, too large, too fast, or too slow to observe directly.

■■

Patterns observable at one scale may not be observable or exist at other scales.

■■

Using the concept of orders of magnitude allows one to understand how a model at one scale relates to a model at another scale.

■■

■■
■■

■■

■■

Algebraic thinking is used to examine scientific data and predict the effect of a change in one variable on another (e.g., linear growth
vs. exponential growth).
Systems can be designed to do specific tasks.
When investigating or describing a system, the boundaries and initial conditions of the system need to be defined and their inputs
and outputs analyzed and described using models.
Models (e.g., physical, mathematical, computer models) can be used to simulate systems and interactions—including energy,
matter, and information flows—within and between systems at different scales.
Models can be used to predict the behavior of a system, but these predictions have limited precision and reliability due to the
assumptions and approximations inherent in models.
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Grades

9-12

Cross-Cutting Concepts

Energy and Matter: Flows, Cycles,
and Conservation: Tracking energy
and matter flows into, out of, and
within systems helps one understand
their system’s behavior.	

Structure and Function: The
way an object is shaped or structured
determines many of its properties
and functions.
Stability and Change: For
both designed and natural systems,
conditions that affect stability and
factors that control rates of change
are critical elements to consider
and understand.

■■

The total amount of energy and matter in closed systems is conserved.

■■

Changes of energy and matter in a system can be described in terms of energy and matter flows into, out of, and within that system.

■■

Energy cannot be created or destroyed—only moved between one place and another place, between objects and/or fields,
or between systems.

■■

Energy drives the cycling of matter within and between systems.

■■

In nuclear processes, atoms are not conserved, but the total number of protons plus neutrons is conserved.

■■

■■

■■
■■

Investigating or designing new systems or structures requires a detailed examination of the properties of different materials,
the structures of different components, and connections of components to reveal its function and/or solve a problem.
The functions and properties of natural and designed objects and systems can be inferred from their overall structure,
the way their components are shaped and used, and the molecular substructures of its various materials.
Much of science deals with constructing explanations of how things change and how they remain stable.
Change and rates of change can be quantified and modeled over very short or very long periods of time.
Some system changes are irreversible.

■■

Feedback (negative or positive) can stabilize or destabilize a system.

■■

Systems can be designed for greater or lesser stability.

Developed by NSTA using information from Appendix G of the Next Generation Science Standards © 2011, 2012, 2013 Achieve, Inc.
Adapted from: National Research Council (2011). A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Committee on a Conceptual Framework for New K-12
Science Education Standards. Board on Science Education, Division of Behavioral and Social Sciences and Education. Washington, DC: The National Academy Press. Chapter 4: Crosscutting Concepts.
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Grades

9-12

Engineering Design
Constructing
Explanations and
Defining Solutions

Asking Questions and
Defining Problems

Developing and Using
Models

Planning and Carrying
Out an Investigation

Analyzing and
Interpreting Data

Using Mathematics and
Computational Thinking

Asking questions and
defining problems
in 9–12 builds on
K–8 experiences
and progresses to
formulating, refining,
and evaluating
empirically testable
questions and design
problems using models
and simulations.

Modeling in 9–12 builds
on K–8 experiences
and progresses to
using, synthesizing,
and developing models
to predict and show
relationships among
variables between
systems and their
components in the
natural and designed
worlds.

Planning and carrying
out investigations in
9–12 builds on K–8
experiences and
progresses to include
investigations that
provide evidence for
and test conceptual,
mathematical, physical,
and empirical models.

Analyzing data in
9–12 builds on
K–8 experiences
and progresses to
introducing more
detailed statistical
analysis, the
comparison of data
sets for consistency,
and the use of models
to generate and
analyze data.

Mathematical and
computational thinking
in 9–12 builds on
K–8 experiences and
progresses to using
algebraic thinking and
analysis, a range of
linear and nonlinear
functions including
trigonometric functions,
exponentials and
logarithms, and
computational tools
for statistical analysis
to analyze, represent,
and model data.
Simple computational
simulations are created
and used based on
mathematical models
of basic assumptions.

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

Create and/or revise a
computational model
or simulation of
a phenomenon,
designed device,
process, or system.

Construct and revise
an explanation based
on valid and reliable
evidence obtained from
a variety of sources
(including students’ own
investigations, models,
theories, simulations,
peer review) and
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.

Ask questions:
• t hat arise from

careful observation
of phenomena, or
unexpected results,
to clarify and/or seek
additional information.

• t hat arise from

examining models
or a theory, to clarify
and/or seek additional
information and
relationships.

• t o determine

relationships,
including quantitative
relationships, between
independent and
dependent variables.

• t o clarify and refine

a model, an
explanation, or an
engineering problem.

Evaluate a question
to determine if it is
testable and relevant.
Ask questions that can
be investigated within
continued

Evaluate merits and
limitations of two
different models of the
same proposed tool,
process, mechanism or
system in order to select
or revise a model that
best fits the evidence or
design criteria.
Design a test of a model
to ascertain its reliability.
Develop, revise,
and/or use a model
based on evidence
to illustrate and/or
predict the relationships
between systems or
between components
of a system.
Develop and/or use
multiple types of models
to provide mechanistic
accounts and/or predict
phenomena, and move
flexibly between model
types based on merits
and limitations.

continued

Plan an investigation
or test a design
individually and
collaboratively to
produce data to
serve as the basis for
evidence as part of
building and revising
models, supporting
explanations for
phenomena, or testing
solutions to problems.
Consider possible
confounding variables
or effects and evaluate
the investigation’s
design to ensure
variables are controlled.
Plan and conduct an
investigation individually
and collaboratively
to produce data to
serve as the basis
for evidence, and in
the design: decide
on types, how much,
and accuracy of data
needed to produce
reliable measurements
and consider limitations
on the precision of the
continued
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Analyze data using
tools, technologies,
and/or models (e.g.,
computational,
mathematical) in
order to make valid
and reliable scientific
claims or determine an
optimal design solution.
Apply concepts of
statistics and probability
(including determining
function fits to data,
slope, intercept,
and correlation
coefficient for linear
fits) to scientific and
engineering questions
and problems, using
digital tools when
feasible.
Consider limitations
of data analysis (e.g.,
measurement error,
sample selection)
when analyzing and
interpreting data.
Compare and contrast
various types of data
continued

Use mathematical,
computational,
and/or algorithmic
representations of
phenomena or design
solutions to describe
and/or support claims
and/or explanations.
Apply techniques of
algebra and functions
to represent and
solve scientific and
engineering problems.
continued

Make a quantitative
and/or qualitative
claim regarding the
relationship between
dependent and
independent variables.

Apply scientific ideas,
principles, and/or
evidence to provide an
explanation of
continued

Engaging in Argument
From Evidence

Engaging in argument
from evidence in
9–12 builds on K–8
experiences and
progresses to using
appropriate and
sufficient evidence and
scientific reasoning
to defend and critique
claims and explanations
about the natural and
designed world(s).
Arguments may also
come from current
scientific or historical
episodes in science.
Compare and evaluate
competing arguments
or design solutions
in light of currently
accepted explanations,
new evidence,
limitations (e.g., tradeoffs), constraints, and
ethical issues.
Evaluate the claims,
evidence, and/or
reasoning behind
currently accepted
explanations or
solutions to determine
the merits of
arguments.

Obtaining, Evaluating
and Communicating
Information
Obtaining, evaluating,
and communicating
information in
9–12 builds on K–8
experiences and
progresses to evaluating
the validity and reliability
of the claims, methods,
and designs.
Critically read scientific
literature adapted
for classroom use to
determine the central
ideas or conclusions
and/or to obtain scientific
and/or technical
information to summarize
complex evidence,
concepts, processes, or
information presented in
a text by paraphrasing
them in simpler but still
accurate terms.
Compare, integrate,
and evaluate sources of
information presented
in different media or
formats (e.g., visually,
quantitatively) as well
as in words in order
to address a scientific
question or solve a
problem.

Respectfully provide
and/or receive
critiques on scientific
arguments by probing
reasoning and evidence,
challenging ideas and
conclusions, responding
thoughtfully to diverse

Gather, read, and evaluate
scientific and/or technical
information from multiple
authoritative sources,
assessing the evidence
and usefulness of each
source.

continued

continued
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Grades

9-12

Engineering Design

Asking Questions and
Defining Problems

Developing and Using
Models

Planning and Carrying
Out an Investigation

Analyzing and
Interpreting Data

Using Mathematics and
Computational Thinking

the scope of the school
laboratory, research
facilities, or field (e.g.,
outdoor environment)
with available resources
and, when appropriate,
frame a hypothesis
based on a model or
theory.

Develop a complex
model that allows
for manipulation and
testing of a proposed
process or system.
Develop and/or use
a model (including
mathematical and
computational) to
generate data to
support explanations,
predict phenomena,
analyze systems, and/or
solve problems.

data (e.g., number of
trials, cost, risk, time),
and refine the design
accordingly.

sets (e.g., selfgenerated, archival) to
examine consistency
of measurements and
observations.

Use simple limit cases
to test mathematical
expressions, computer
programs, algorithms,
or simulations of a
process or system to
see if a model “makes
sense” by comparing
the outcomes with what
is known about the
real world.

Ask and/or evaluate
questions that challenge
the premise(s) of
an argument, the
interpretation of a data
set, or the suitability of
a design.
Define a design
problem that involves
the development of a
process or system with
interacting components
and criteria and
constraints that may
include social, technical,
and/or environmental
considerations.

Plan and conduct an
investigation or test
a design solution in a
safe and ethical manner
including considerations
of environmental, social,
and personal impacts.
Select appropriate
tools to collect,
record, analyze, and
evaluate data.
Make directional
hypotheses that specify
what happens to a
dependent variable
when an independent
variable is manipulated.
Manipulate variables
and collect data about
a complex model of
a proposed process
or system to identify
failure points or improve
performance relative to
criteria for success or
other variables.
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Evaluate the impact of
new data on a working
explanation and/or
model of a proposed
process or system.
Analyze data to identify
design features or
characteristics of
the components of a
proposed process or
system to optimize it
relative to criteria for
success.

Apply ratios, rates,
percentages, and unit
conversions in the
context of complicated
measurement problems
involving quantities with
derived or compound
units (such as mg/mL,
kg/m3, acre-feet, etc.).

Constructing
Explanations and
Defining Solutions

Engaging in Argument
From Evidence

phenomena and solve
design problems, taking
into account possible
unanticipated effects.

perspectives, and
determining additional
information required to
resolve contradictions.

Apply scientific
reasoning, theory,
and/or models to link
evidence to the claims
to assess the extent to
which the reasoning
and data support
to explanation or
conclusion.

Construct, use,
and/or present an
oral and written
argument or
counterarguments
based on data and
evidence.

Design, evaluate,
and/or refine a solution
to a complex real-world
problem, based on
scientific knowledge,
student-generated
sources of evidence,
prioritized criteria, and
trade-off considerations.

Make and defend
a claim based on
evidence about the
natural world or the
effectiveness of a
design solution that
reflects scientific
knowledge and studentgenerated evidence.

Obtaining, Evaluating
and Communicating
Information
Evaluate the validity
and reliability of and/or
synthesize multiple claims,
methods, and/or designs
that appear in scientific
and technical texts or
media reports, verifying
the data when possible.
Communicate scientific
and/or technical
information or ideas
(e.g. about phenomena
and/or the process of
development and the
design and performance
of a proposed process).

Evaluate competing
design solutions to a
real-world problem
based on scientific
ideas and principles,
empirical evidence,
and/or logical
arguments regarding
relevant factors (e.g.
economic, societal,
environmental, ethical
considerations).
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Appendix A
NYSED Mandated Instruction in Science
New York State Education Law: Article 17, Sections 809–810
809. Instruction in the humane treatment of animals
Summary:
1. Instruction. Every elementary school under state control or supported wholly or
partly by public money of the state, must give instruction in the humane treatment
and protection of animals and the importance of the part they play in the economy
of nature as well as the necessity of controlling the proliferation of animals which
are subsequently abandoned and caused to suffer extreme cruelty. Such instruction
shall be for such period of time during each school year as the board of regents may
prescribe and may be joined with work in literature, reading, language, nature study or
ethnology. Such weekly instruction may be divided into two or more periods. A school
district shall not be entitled to participate in the public school money on account of any
school or the attendance at any school subject to the provisions of this section, if the
instruction required hereby is not given.
2. Study and care of live animals. Any school which cares for or uses animals
for study shall ensure that each animal in such school be afforded the following:
appropriate quarters; sufficient space for the normal behavior and postural
requirements of the species; proper ventilation, lighting, and temperature control;
adequate food and clean drinking water; and quarters which shall be cleaned on
a regular basis and located in an area where undue stress and disturbance are
minimized.
3. Application. The provisions of this section shall not be construed to prohibit or
constrain vocational instruction in the normal practice of animal husbandry, or prohibit
or constrain instruction in environmental education activities as established by the
department of environmental conservation.
4. Dissection of animals. Any student expressing a moral or religious objection to
the performance or witnessing of the dissection of an animal, either wholly or in part,
shall be provided the opportunity to undertake and complete an alternative project that
shall be approved by such student’s teacher; provided, however, that such objection
is substantiated in writing by the student’s parent or legal guardian. Students who
perform alternative projects who do not perform or witness the dissection of animals
shall not be penalized.
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5. Treatment of live vertebrate animals. a. Except as provided for in this
subdivision, no school district, school principal, administrator, or teacher shall require
or permit the performance of a lesson or experimental study on a live vertebrate
animal in any such school or during any activity conducted under the auspices of
such school whether or not the activity takes place on the premises of such school
where such lesson or experimental study employs: (i) micro-organisms which cause
disease in humans or animals, (ii) ionizing radiation, (iii) known cancer producing
agents, (iv) chemicals at toxic levels, (v) drugs producing pain or deformity, (vi)
severe extremes of temperature, (vii) electric or other shock, (viii) excessive noise, (ix)
noxious fumes, (x) exercise to exhaustion, (xi) overcrowding, (xii) paralysis by muscle
relaxants or other means, (xiii) deprivation or excess of food, water or other essential
nutrients, (xiv) surgery or other invasive procedures, (xv) other extreme stimuli, or
(xvi) termination of life. b. Notwithstanding any inconsistent provision of this section,
the commissioner may, upon the submission of a written program plan, issue to
such school a written waiver of such restrictions for students subject to the following
provisions: (i) the student shall be in grade ten, eleven, or twelve; and (ii) the student
shall be under the supervision of one or more teachers certified in science; and (iii)
the student shall be pursuing an accelerated course of study in the sciences as
defined by the commissioner in preparation for taking a state or national advanced
placement examination. The commissioner shall issue a waiver of such restrictions
for any teacher certified in science instructing such student. The written program
plan shall include, but not be limited to: (i) the educational basis for requesting a
waiver; (ii) the objective of the lesson or experiment; (iii) the methods and techniques
to be used; and (iv) any other information required by the commissioner.
6. Report. On or before the first day of January next succeeding the effective date
of this amended section, the commissioner shall annually submit a report to the
governor and the legislature which shall include, but not be limited to, the number
of written program plan proposals submitted by schools and the number of such
proposals subsequently approved by the commissioner. In those cases where a
program plan proposal has been approved by the commissioner, such plan shall
be appended to and become a part of the commissioner’s annual report.
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810. Conservation Day
Summary:
The last Friday in April each year is declared to be known as Conservation Day.
Every school and teacher or instructor shall encourage the planting, protection and
preservation of trees, shrubs and the best methods to accomplish these results and to
provide lectures, pictures or tours to increase the students’ interest in fish and wildlife,
soil and water of the state.
The commissioner of education may prescribe from time to time a course of exercises
and instruction in the subjects hereinbefore mentioned, which shall be adopted and
observed by the public school authorities on Conservation Day. Upon receipt of copies
of such course sufficient in number to supply all the schools under their supervision,
the school authorities aforesaid shall promptly provide each of the schools under their
charge with a copy, and cause it to be observed.
NOTE: Conservation Day should not be confused with Earth Day, which falls on April 22 each year.

The New York City Department of Education 6–12 Science Scope & Sequence

Appendix A: NYSED Mandated Instruction in Science New York State Education Law: Article 17, Sections 809-810 | 192

6-12

2015
2016
Carmen Fariña, Chancellor

NYC Science Scope & Sequence

The New York City Department of Education 6–12 Science Scope & Sequence

Grade X | Unit X: Title | 228

