Environmental Science Issues Expanded Lesson Review
Following are the concepts, performance objectives, standards alignments, and essential questions
compiled by lesson.

Lesson 1.1 Defining an Issue
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Solving environmental problems requires research,
planning, and communication skills.

• Investigate an environmental problem that may occur
locally. (Activity 1.1.1)

2. Organization and record keeping are important to
success in environmental science.

• Set up the ESI Notebook and Laboratory Notebook.
(Activity 1.1.2)

3. Environmental problems occur locally, nationally, and
globally.

• Compare climate changes and problems that occur
locally, nationally, and globally. (Activity 1.1.3)

4. Issues, problems, and facts have different
characteristics.

• Categorize environmental issues, problems, and facts
related to an environmental topic. (Activity 1.1.4)

5. Solving environmental problems includes economic,
political, and ethical considerations related to the issue,
which require in-depth analysis.

• Analyze issues by identifying key terms, historical
viewpoints, and facts. (Activity 1.1.5)
• Use multiple sources to identify economic, political, and
ethical aspects of an issue. (Activity 1.1.6)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.
CRP.02.02: Use strategic thinking to connect and apply technical concepts to solve problems in the workplace and
community.

4. Communicate clearly, effectively and with reason.
•

CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
•

CRP.05.01: Assess, identify and synthesize the information and resources needed to make decisions that positively impact
the workplace and community.

6. Demonstrate creativity and innovation.
•

CRP.06.01: Synthesize information, knowledge and experience to generate original ideas and challenge assumptions in the
workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•

CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.
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Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•

AG 1.2: Describe current issues impacting AFNR activities.

2. Evaluate the nature and scope of the Agriculture, Food & Natural Resources Career Cluster and the role agriculture, food
and natural resources (AFNR) play in society and the economy.
•

AG 2.4: Explain the influence of AFNR on society.

4. Demonstrate stewardship of natural resources in AFNR activities.
•

AG.4.2: Explain the environmental considerations of decision making in AFNR management.

Environmental Service Systems Pathway (AG-ENV)
3. Develop proposed solutions to environmental issues, problems, and applications using scientific principles of
meteorology, soil science, hydrology, microbiology, chemistry, and ecology.
•

AG-ENV 3.7: Apply chemistry principles to environmental service systems.

Natural Resource Systems (AG-NR)
2. Plan and Analyze interrelationships between natural resources and humans needed to manage natural resource
systems.
•

AG-NR 2.4: Examine natural cycles and related phenomena to describe ecologic concepts and principles.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
ESS2: Earth’s Systems

ESS2.D: Weather
and Climate

• Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus
affect climate.
• Current models predict that, although future regional climate changes will be complex and varied, average
global temperatures will continue to rise. The outcomes predicted by global climate models strongly depend
on the amounts of human-generated greenhouse gases added to the atmosphere each year and by the
ways in which these gases are absorbed by the ocean and biosphere.

Crosscutting Concepts
Cause and Effect:
Mechanism and
Prediction

Stability and
Change

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.
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.

Understandings about the Nature of Science
• Science and technology may raise ethical issues for which science, by itself, does not provide answers and
Science Addresses
solutions.
Questions About the
• Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Natural and Material
involves ethics, values, and human decisions about the use of knowledge.
World.
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.
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Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.1 – Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the
account.
• RST.11-12.2 – Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate
terms.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

Key Ideas and Details

Craft and Structure

Integration of
Knowledge and Ideas
Range of Reading and
Level of Text Complexity

CCSS: English Language Arts Standards » Writing » Grade 11-12
Production and
Distribution of Writing

Research to Build and
Present Knowledge

Range of Writing

• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What are environmental problems?
2. Why are local environmental problems also global issues?
3. How do issues, problems, and facts differ?
4. How could the history of an issue affect a person’s perception?
5. Why should an issue be stated as an unbiased question?
6. How is an issue analyzed?
7. What types of information can sources provide that can help determine an issue?
8. How do economics, politics, and social viewpoints influence environmental issues?
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Lesson 1.2 Bias and Belief
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Ethical questions surrounding environmental issues
generate discussions and opinions based on personal
beliefs.

• Explore personal beliefs and knowledge to gain
perspective on environmental issues. (Activity 1.2.1)

2. Public perception of environmental issues is influenced
by people’s background and knowledge.

• Conduct a public perception survey of an environmental
issue. (Project 1.2.2)

3. Effective communication and conflict resolution foster a
working relationship when differing viewpoints exist.

• Analyze effective communication behaviors. (Activity
1.2.3)
• Identify effective conflict resolution behaviors and
develop classroom conflict guidelines. (Activity 1.2.3)

4. Media bias affects how humans perceive and respond
to environmental issues.

• Identify forms of bias in media sources. (Activity 1.2.4)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
4. Communicate clearly, effectively and with reason.
•
•

CRP.04.01: Speak using strategies that ensure clarity, logic, purpose and professionalism in formal and informal settings.
CRP.04.03: Model active listening strategies when interacting with others in formal and informal settings.

7. Employ valid and reliable research strategies.
•
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.
CRP.07.02: Evaluate the validity of sources and data used when considering the adoption of new technologies, practices
and ideas in the workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•

CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.

9. Model integrity, ethical leadership and effective management.
•

CRP.09.03: Demonstrate behaviors that contribute to a positive morale and culture in the workplace and community (e.g.,
positively influencing others, effectively communicating, etc.).

12. Work productively in teams while using cultural/global competence.
•

CRP.12.02: Create and implement strategies to engage team members to work toward team and organizational goals in a
variety of workplace and community situations (e.g., meetings, presentations, etc.).

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•

AG 1.2: Describe current issues impacting AFNR activities.

4. Demonstrate stewardship of natural resources in AFNR activities.
•

AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.
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Next Generation Science Standards Alignment
Crosscutting Concepts
Patterns

Cause and Effect:
Mechanism and
Prediction

Scale, Proportion,
and Quantity

Observed patterns in nature guide organization and classification and prompt questions about relationships
and causes underlying them.
• 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.
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.
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.
• 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 way an object is shaped or structured determines many of its properties and functions.

Stability and
Change

• 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.
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.

Common Core State Standards for High School Mathematics
CCSS: Conceptual Category – Statistics and Probability
Making Inferences and
Justifying Conclusions

•

*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.1 – Cite specific textual evidence to support analysis of science and technical texts,
Key Ideas and Details

Craft and Structure

Integration of
Knowledge and Ideas
Range of Reading and
Level of Text Complexity

attending to important distinctions the author makes and to any gaps or inconsistencies in the
account.
• 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.11-12.6 – Analyze the author's purpose in providing an explanation, describing a procedure,
or discussing an experiment in a text, identifying important issues that remain unresolved.
• RST.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.
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CCSS: English Language Arts Standards » Writing » Grade 11-12
Production and
Distribution of Writing
Research to Build and
Present Knowledge
Range of Writing

• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What bias do you have regarding environmental issues?
2. How does your knowledge on environmental issues influence your beliefs?
3. How does public knowledge influence perception of an issue?
4. How do past experiences affect perception of an issue?
5. What are effective forms of communication?
6. How are biases formed?
7. How can bias-based conflict be reduced?
8. What are classroom expectations when dealing with controversial issues?
9. How can media bias be detected?
10. How do you recognize bias?
11. What forms of bias are found in media?
12. Why is it important to recognize bias?

Lesson 2.1 Environmental Observations
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Researchers observe environmental systems by
collecting quantitative and qualitative data.

• Observe an environment and collect quantitative and
qualitative data using transects. (Activity 2.1.1)

2. Biodiversity of an environment is measured by
analyzing species evenness and species richness.

• Use transect data to calculate the biodiversity of
ecosystems. (Activity 2.1.2)

3. Environmental decisions are made using data that is
precise and accurate.

• Determine the precision and accuracy of data collected
using sensors. (Activity 2.1.4)

4. Researchers use GIS and GPS to collect, analyze, and
present environmental data.

• Collect data using sensors and a Global Positioning
System. (Activity 2.1.3)
• Analyze and display environmental data using a
Geographic Information System. (Activity 2.1.5)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
7. Employ valid and reliable research strategies.
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•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•
•

AG-ENV 1.1: Monitor samples using a variety of instrumentation.
AG-ENV 1.2: Analyze and interpret results of sample measurements.

Natural Resource Systems (AG-NR)
1. Plan and conduct natural resource management activities that apply logical, reasoned, and scientifically based solutions
to natural resource issues and goals.
•

AG-NR 1.2: Apply cartographic skills to the planning, implementing, and evaluating natural resource activities.

2. Plan and Analyze interrelationships between natural resources and humans needed to manage natural resource
systems.
•

AG-NR 2.1: Examine natural resource topics using science concepts, processes, and research techniques.

Power, Structural and Technical (AG-PST)
5. Use control, monitoring, geospatial and other technologies in AFNR power, structural and technical systems.
•

AG-PST 5.3 Use geospatial technologies in AFNR applications.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS2: Ecosystems: Interactions, Energy, and Dynamics

LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

• A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively
constant over long periods of time under stable conditions. If a modest biological or physical disturbance to
an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as
opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any
population, however, can challenge the functioning of ecosystems in terms of resources and habitat
availability.
• Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.

Science and Engineering Practices

Analyzing and
Interpreting Data

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.
• 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.
• Compare and contrast various types of data sets (e.g., self-generated, archival) to examine consistency of
measurements and observations.

Understandings about the Nature of Science
• Science investigations use diverse methods and do not always use the same set of procedures to obtain
Scientific
data.
Investigations Use a
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
Variety of Methods
knowledge.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Statistics and Probability
•

*Understand and evaluate random processes underlying statistical experiments.
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Making Inferences and
Justifying Conclusions
Using Probability to Make
Decisions

•

*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.

•

*Calculate expected values and use them to solve problems.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.3 – Follow precisely a complex multistep procedure when carrying out experiments,
Key Ideas and Details

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.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

Craft and Structure
Range of Reading and
Level of Text Complexity

CCSS: English Language Arts Standards » Writing » Grade 11-12
Production and
Distribution of Writing
Research to Build and
Present Knowledge
Range of Writing

• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. Why is biodiversity important in a healthy ecosystem?
2. Why are both quantitative and qualitative data necessary in environmental research?
3. How is field data collected?
4. How is data displayed and analyzed properly to measure biodiversity?
5. Why do researchers use species diversity to measure biodiversity?
6. How do species richness and evenness contribute to biodiversity?
7. How is species diversity related to ecosystem productivity?
8. How is accuracy and precision of data determined?
9. Why should environmental data be reliable?
10. How is GPS used for environmental data collection?
11. How is GIS used for environmental data analysis?
12. How is technology used to display and analyze data?

Lesson 2.2 Ecosystem Balance
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Healthy ecosystems have a diverse number of species
dependent upon each other.

• Explain the interdependent relationship of organisms in
a pond. (Activity 2.2.1)

2. Complex relationships in an ecosystem are analyzed
using models.

• Model population growth of deer in an ecosystem.
(Activity 2.2.2)
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3. The functionality of an ecosystem is dependent upon
limiting factors.

• Use species population, predation, and area to predict
ecosystem productivity. (Activity 2.2.3)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
11. Use technology to enhance productivity.
•

CRP.11.01: Research, select and use new technologies, tools and applications to maximize productivity in the workplace
and community.

Agriculture, Food, and Natural Resources Career Cluster
4. Demonstrate stewardship of natural resources in AFNR activities.
•

AG.4.2: Explain the environmental considerations of decision making in AFNR management.

6. Analyze the interaction among AFNR systems in the production, processing and management of food, fiber and fuel and
the sustainable use of natural resources.
•
•

AG.6.1: Explain foundational cycles and systems of AFNR.
AG.6.2: Explain the interconnectedness of systems within AFNR.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•

AG-ENV 1.2: Analyze and interpret results of sample measurements.

Natural Resource Systems (AG-NR)
1. Plan and conduct natural resource management activities that apply logical, reasoned, and scientifically based solutions
to natural resource issues and goals.
•
•

AG-NR 1.3: Obtain and analyze data by monitoring natural resource status.
AG-NR 1.5: Execute natural resource strategies and activities applying scientific knowledge from the study of ecology and
wildlife.

2. Plan and analyze interrelationships between natural resources and humans needed to manage natural resource systems.
•
•
•

AG-NR 2.1: Examine natural resource topics using science concepts, processes, and research techniques.
AG-NR 2.2: Examine biological and physical characteristics to identify and classify natural resources.
AG-NR 2.3: Examine natural cycles and related phenomena to describe ecologic concepts and principles.

3. Develop plans to ensure sustainable production and processing of natural resources.
•

AG-NR 3.1: Plan for the production, harvesting, processing, and/or use of natural resources in a responsible and sustainable
manner.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS1: From Molecules to Organisms: Structures and Processes
LS1.C: Organization • The process of photosynthesis converts light energy to stored chemical energy by converting carbon dioxide
for Matter and
plus water into sugars plus released oxygen. (HS-LS1-5)
Energy Flow in
• As matter and energy flow through different organizational levels of living systems, chemical elements are
Organisms
recombined in different ways to form different products.

LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.A:
Interdependent
Relationships in
Ecosystems
LS2.B: Cycles of
Matter and Energy

• Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they
can support. These limits result from such factors as the availability of living and nonliving resources and
from such challenges such as predation, competition, and disease. Organisms would have the capacity to
produce populations of great size were it not for the fact that environments and resources are finite. This
fundamental tension affects the abundance (number of individuals) of species in any given ecosystem.
• Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small
fraction of the matter consumed at the lower level is transferred upward, to produce growth and release
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Transfer in
Ecosystems

LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

energy in cellular respiration at the higher level. Given this inefficiency, there are generally fewer organisms
at higher levels of a food web. Some matter reacts to release energy for life functions, some matter is stored
in newly made structures, and much is discarded. The chemical elements that make up the molecules of
organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and
recombined in different ways. At each link in an ecosystem, matter and energy are conserved.
• A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively
constant over long periods of time under stable conditions. If a modest biological or physical disturbance to
an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as
opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any
population, however, can challenge the functioning of ecosystems in terms of resources and habitat
availability.

Science and Engineering Practices
Developing and
Using Models

Planning and
Carrying Out
Investigations

Analyzing and
Interpreting Data

Using Mathematics
and Computational
Thinking

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 world(s).
• 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.
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.
• 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.
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.
• 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.
Mathematical and computational thinking in 9-12 builds on K-8 and 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.
• Create and/or revise a computational model or simulation of a phenomenon, designed device, process, or
system.
• Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to
describe and/or support claims and/or explanations.
• 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.

Crosscutting Concepts
Patterns

Observed patterns in nature guide organization and classification and prompt questions about relationships
and causes underlying them.
• Mathematical representations are needed to identify some 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.

Systems and
System Models

• 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.
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.
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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.

Understandings about the Nature of Science
Scientific
Investigations Use a
Variety of Methods

• Science investigations use diverse methods and do not always use the same set of procedures to obtain
data.
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
knowledge.

Scientific Knowledge
Assumes an Order
• Scientific knowledge is based on the assumption that natural laws operate today as they did in the past and
and Consistency in
they will continue to do so in the future.
Natural Systems
Science Addresses
Questions About the • Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Natural and Material
involves ethics, values, and human decisions about the use of knowledge.
World.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Algebra
Reasoning with Equations
and Inequalities

•
•

Understand solving equations as a process of reasoning and explain the
reasoning.
Solve equations and inequalities in one variable.

CCSS: Conceptual Category – Statistics and Probability
Interpreting Categorical and
Quantitative Data
Making Inferences and
Justifying Conclusions

•
•
•

*Summarize, represent, and interpret data on a single count or measurement
variable.
*Understand and evaluate random processes underlying statistical experiments.
*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.3 – Follow precisely a complex multistep procedure when carrying out experiments,
Key Ideas and Details
Craft and Structure
Integration of
Knowledge and Ideas
Range of Reading and
Level of Text
Complexity

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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

CCSS: English Language Arts Standards » Writing » Grade 11-12
Production and
Distribution of Writing
Research to Build and
Present Knowledge
Range of Writing

• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.
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Essential Questions
1. What are ecosystem services?
2. What is the relationship between biotic and abiotic components in an ecosystem?
3. What ecosystem services do organisms provide to each other in an ecosystem?
4. Why is biodiversity important in a healthy ecosystem?
5. What ecosystem services do producers and consumers provide in an ecosystem?
6. How is field data collected?
7. How are relationships in an ecosystem modeled?
8. How are mathematical models of an ecosystem used to predict populations?
9. How do organisms support each other and improve productivity of an ecosystem?
10. What are the dynamics of a predator-prey relationship?
11. How do limiting factors impact the productivity of an ecosystem?

Lesson 2.3 Ecosystem Problems
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Natural and anthropogenic events cause changes at all
trophic levels in an ecosystem.

• Explain natural and anthropogenic causes of population
growth and decline of a species. (Activity 2.3.1)
• Model a lakeshore housing development and explain
how it will affect an ecosystem. (Activity 2.3.1)

2. Biodiversity is affected when new organisms are
introduced to an ecosystem.

• Develop a public service announcement informing the
public about an invasive species. (Project 2.3.2)

3. Ecosystem management practices are used to maintain
biodiversity and ecosystem function.

• Manage a deer and wolf population using a statistical
model. (Activity 2.3.3)
• Design an ecosystem management plan to help a
threatened species recover. (Project 2.3.5)

4. Migrating species affect ecosystem diversity.

• Explain the relationships between marine, estuarine, and
fresh water stream food webs supporting a salmon
population. (Activity 2.3.4)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.

4. Communicate clearly, effectively and with reason.
•
•

CRP.04.01: Speak using strategies that ensure clarity, logic, purpose and professionalism in formal and informal settings.
CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
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•
•

CRP.05.01: Assess, identify and synthesize the information and resources needed to make decisions that positively impact
the workplace and community.
CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.

6. Demonstrate creativity and innovation.
•

CRP.06.01: Synthesize information, knowledge and experience to generate original ideas and challenge assumptions in the
workplace and community.

7. Employ valid and reliable research strategies.
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•
•
•

CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.
CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.
CRP.08.03: Establish plans to solve workplace and community problems and execute them with resiliency.

11. Use technology to enhance productivity.
•

CRP.11.01: Research, select and use new technologies, tools and applications to maximize productivity in the workplace
and community.

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•
•

AG 1.2: Describe current issues impacting AFNR activities.
AG 1.3: Identify, organize alternatives, and evaluate public policy issues related to AFNR.

4. Demonstrate stewardship of natural resources in AFNR activities.
•
•

AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.
AG.4.2: Explain the environmental considerations of decision making in AFNR management.

6. Analyze the interaction among AFNR systems in the production, processing and management of food, fiber and fuel and
the sustainable use of natural resources.
•
•

AG.6.1: Explain foundational cycles and systems of AFNR.
AG.6.2: Explain the interconnectedness of systems within AFNR.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•

AG-ENV 1.2: Analyze and interpret results of sample measurements.

Natural Resource Systems (AG-NR)
1. Plan and conduct natural resource management activities that apply logical, reasoned, and scientifically based solutions
to natural resource issues and goals.
•
•

AG-NR 1.3: Obtain and analyze data by monitoring natural resource status.
AG-NR 1.5: Execute natural resource strategies and activities applying scientific knowledge from the study of ecology and
wildlife.

2. Plan and analyze interrelationships between natural resources and humans needed to manage natural resource systems.
•

AG-NR 2.3: Examine natural cycles and related phenomena to describe ecologic concepts and principles.

3. Develop plans to ensure sustainable production and processing of natural resources.
•

AG-NR 3.1: Plan for the production, harvesting, processing, and/or use of natural resources in a responsible and sustainable
manner.

4. Demonstrate responsible control and management procedures and techniques to protect or maintain natural resources.
•

AG-NR 4.3: Manage invasive species infestations that threaten natural resource systems.
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Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.A:
Interdependent
Relationships in
Ecosystems

LS2.B: Cycles of
Matter and Energy
Transfer in
Ecosystems

LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

• Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they
can support. These limits result from such factors as the availability of living and nonliving resources and
from such challenges such as predation, competition, and disease. Organisms would have the capacity to
produce populations of great size were it not for the fact that environments and resources are finite. This
fundamental tension affects the abundance (number of individuals) of species in any given ecosystem.
• Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small
fraction of the matter consumed at the lower level is transferred upward, to produce growth and release
energy in cellular respiration at the higher level. Given this inefficiency, there are generally fewer organisms
at higher levels of a food web. Some matter reacts to release energy for life functions, some matter is stored
in newly made structures, and much is discarded. The chemical elements that make up the molecules of
organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and
recombined in different ways. At each link in an ecosystem, matter and energy are conserved.
• A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively
constant over long periods of time under stable conditions. If a modest biological or physical disturbance to
an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as
opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any
population, however, can challenge the functioning of ecosystems in terms of resources and habitat
availability.
• Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.

LS4: Biological Evolution: Unity and Diversity

LS4.D: Biodiversity
and Humans

• Biodiversity is increased by the formation of new species (speciation) and decreased by the loss of species
(extinction).
• Humans depend on the living world for the resources and other benefits provided by biodiversity. But human
activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat
destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so
that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on
Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational
value.

Earth and Space Science
ESS3: Earth and Human Activity
ESS3.C: Human
Impacts on Earth
Systems

• The sustainability of human societies and the biodiversity that supports them requires responsible
management of natural resources.

Science and Engineering Practices

Developing and
Using Models

Planning and
Carrying Out
Investigations

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 world(s).
• 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 a model (including mathematical and computational) to generate data to support
explanations, predict phenomena, analyze systems, and/or solve problems.
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.
• 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.
• 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.

Analyzing and
Interpreting Data

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.
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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.
Mathematical and computational thinking in 9-12 builds on K-8 and 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.
Using Mathematics • Create and/or revise a computational model or simulation of a phenomenon, designed device, process, or
and Computational
system.
Thinking
• Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to
describe and/or support claims and/or explanations.
• 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.

Crosscutting Concepts
Patterns

Observed patterns in nature guide organization and classification and prompt questions about relationships
and causes underlying them.
• Mathematical representations are needed to identify some patterns.

Cause and Effect:
Mechanism and
Prediction

Systems and
System Models

Stability and
Change

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.
• Systems can be designed to cause a desired effect.
• Changes in systems may have various causes that may not have equal effects.
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.
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.

Understandings about the Nature of Science
• Science investigations use diverse methods and do not always use the same set of procedures to obtain
Scientific
data.
Investigations Use a
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
Variety of Methods
knowledge.
Scientific Knowledge
Assumes an Order • Scientific knowledge is based on the assumption that natural laws operate today as they did in the past and
and Consistency in
they will continue to do so in the future.
Natural Systems
Science Addresses
Questions About the • Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Natural and Material
involves ethics, values, and human decisions about the use of knowledge.
World.
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Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Statistics and Probability
Interpreting Categorical and
Quantitative Data

•
•
•

Making Inferences and
Justifying Conclusions

*Summarize, represent, and interpret data on a single count or measurement
variable.
*Understand and evaluate random processes underlying statistical experiments.
*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12

Key Ideas and Details

Craft and Structure

Integration of
Knowledge and Ideas
Range of Reading and
Level of Text
Complexity

• RST.11-12.2 – Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate
terms.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing

Research to Build and
Present Knowledge

Range of Writing

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.B – Develop the topic thoroughly by selecting the most significant and relevant
facts, extended definitions, concrete details, quotations, or other information and examples
appropriate to the audience's knowledge of the topic.
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. How is an anthropogenic event different from a natural event?
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2. What are examples of anthropogenic and natural events that influence ecosystems?
3. How do anthropogenic and natural events alter biodiversity?
4. What actions mitigate anthropogenic and natural events in ecosystems?
5. How are invasive species introduced to an environment?
6. What causes an exotic species to become invasive?
7. How can an invasive species affect the biodiversity of an ecosystem?
8. Why are migrating species an important member of different ecosystems?
9. How do migrating population changes in one ecosystem effect biodiversity in another ecosystem?
10. What management practices can reduce human impacts on ecosystems?
11. How are models used to develop environmental management practices?

Lesson 3.1 Producing Energy
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Resource availability, environmental risks, and
technology drive the development of new energy
sources.

• Evaluate technologies used to produce cellulosic
ethanol. (Activity 3.1.1)
• Collect data to evaluate the potential for solar power in
their community. (Activity 3.1.2)
• Complete an environmental impact statement for a new
electrical generation installation. (Problem 3.1.6)

2. Cost affects energy resource development.

• Compare solar cost to average monthly electrical bill.
(Activity 3.1.2)
• Compare energy source costs in their region. (Activity
3.1.4)

3. Emissions influence energy source development,
production, and use.

• Compare the life cycle emissions of various renewable
and nonrenewable energy sources. (Activity 3.1.3)

4. Energy sources are compared using full cost
accounting.

• Research and calculate the social, economic, and
environmental costs of an energy source. (Project 3.1.5)
• Select energy sources for a community using the
principles of full cost accounting. (Project 3.1.5)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.

4. Communicate clearly, effectively and with reason.
•
•

CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.
CRP.04.03: Model active listening strategies when interacting with others in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
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•
•

CRP.05.01: Assess, identify and synthesize the information and resources needed to make decisions that positively impact
the workplace and community.
CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.

7. Employ valid and reliable research strategies.
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•

CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.

11. Use technology to enhance productivity.
•

CRP.11.01: Research, select and use new technologies, tools and applications to maximize productivity in the workplace
and community.

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•
•

AG 1.2: Describe current issues impacting AFNR activities.
AG.1.7: Demonstrate the application of biotechnology to AFNR activities.

4. Demonstrate stewardship of natural resources in AFNR activities.
•
•

AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.
AG.4.2: Explain the environmental considerations of decision making in AFNR management.

Biotechnology Systems Career Pathway Content Standards
BS.03: Demonstrate the application of biotechnology to solve problems in AFNR systems (e.g., bioengineering, food
processing, waste management, horticulture, forestry, livestock, crops, etc.).
•

BS.03.05: Apply biotechnology principles, techniques and processes to produce biofuels (e.g., fermentation,
transesterification, methanogenesis, etc.).

Natural Resource Systems (AG-NR)
2. Plan and Analyze interrelationships between natural resources and humans needed to manage natural resource
systems.
•

AG-NR 2.3: Examine natural cycles and related phenomena to describe ecologic concepts and principles.

Power, Structural and Technical (AG-PST)
1. Apply physical science principles and engineering applications related to mechanical equipment, structures, and
biological systems to solve problems and improve performance in AFNR power, structural, and technical systems.
•

AG-PST 1.1: Select energy sources for power generation.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Earth and Space Science
ESS2: Earth’s Systems
ESS2.D: Weather
and Climate

• Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus
affect climate.

ESS3: Earth and Human Activity
ESS3.A: Natural
Resources

• Resource availability has guided the development of human society.
• All forms of energy production and other resource extraction have associated economic, social,
environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations
can change the balance of these factors.
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ESS3.C: Human
Impacts on Earth
Systems
ESS3.D: Global
Climate Change

• Scientists and engineers can make major contributions by developing technologies that produce less
pollution and waste and that preclude ecosystem degradation.
• Though the magnitudes of human impacts are greater than they have ever been, so too are human abilities
to model, predict, and manage current and future impacts.
• Through computer simulations and other studies, important discoveries are still being made about how the
ocean, the atmosphere, and the biosphere interact and are modified in response to human activities.

Physical Science
PS3: Energy
PS3.D: Energy in
Chemical Processes • Solar cells are human-made devices that likewise capture the sun’s energy and produce electrical energy.
and Everyday Life

Science and Engineering Practices

Asking Questions
and Defining
Problems

Planning and
Carrying Out
Investigations

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.
• Ask questions that arise from careful observation of phenomena, or unexpected results
▪
to clarify and/or seek additional information.
▪
that arise from examining models or a theory, to clarify and/or seek additional information and
relationships.
▪
to determine relationships, including quantitative relationships, between independent and dependent
variables.
▪
to clarify and refine a model, an explanation, or an engineering problem.
• Ask questions that can be investigated within 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.
• 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.
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.
• 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.
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.
• 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.
Mathematical and computational thinking in 9-12 builds on K-8 and 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.
• Create and/or revise a computational model or simulation of a phenomenon, designed device, process, or
system.
• Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to
describe and/or support claims and/or explanations.
• 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.).

Crosscutting Concepts
Patterns

Observed patterns in nature guide organization and classification and prompt questions about relationships
and causes underlying them.
• Mathematical representations are needed to identify some patterns.
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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.
• Systems can be designed to cause a desired effect.
• Changes in systems may have various causes that may not have equal effects.

Understandings about the Nature of Science
Scientific
• New technologies advance scientific knowledge.
Investigations Use a • Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
Variety of Methods
knowledge.
Science is a Human
• Science and engineering are influenced by society and society is influenced by science and engineering.
Endeavor
• Not all questions can be answered by science.
Science Addresses • Science and technology may raise ethical issues for which science, by itself, does not provide answers and
Questions About the
solutions.
Natural and Material • Science knowledge indicates what can happen in natural systems—not what should happen. The latter
World.
involves ethics, values, and human decisions about the use of knowledge.
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
•

Quantities

*Reason quantitatively and use units to solve problems.

CCSS: Conceptual Category – Algebra
Reasoning with Equations
and Inequalities

•

Understand solving equations as a process of reasoning and explain the
reasoning.

CCSS: Conceptual Category – Statistics and Probability
Interpreting Categorical and
Quantitative Data
Making Inferences and
Justifying Conclusions
Using Probability to Make
Decisions

•
•

*Summarize, represent, and interpret data on a single count or measurement
variable.
*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.

•

*Calculate expected values and use them to solve problems.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12

Key Ideas and Details

Craft and Structure
Integration of
Knowledge and Ideas
Range of Reading and
Level of Text Complexity

• RST.11-12.2 – Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate
terms.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.
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CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing

Research to Build and
Present Knowledge
Range of Writing

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.E – Provide a concluding statement or section that follows from and supports the
information or explanation provided (e.g., articulating implications or the significance of the topic).
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.6 – Use technology, including the Internet, to produce, publish, and update individual
or shared writing products in response to ongoing feedback, including new arguments or
information.
• WHST.11-12.7 – 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.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What factors make ethanol desirable as an energy resource?
2. What technologies make cellulosic ethanol a viable energy resource?
3. How do new technologies increase the amount of energy produced from renewable resources?
4. If energy from the sun is free and renewable, why are solar arrays not more common?
5. Why would inexpensive electricity provided by the power company make solar energy less attractive?
6. What factors determine the life cycle emissions of a fuel source?
7. Why is it desirable to reduce the LCE of energy sources?
8. What are the limitations of renewable energy sources in some locations?
9. How are energy sources chosen?
10. Why do new energy sources develop along with new technologies?
11. Why is it necessary to manage the development of energy resources?
12. How is full cost accounting related to the triple bottom line?
13. How is sustainability related to full cost accounting?
14. In addition to economic factors, what other factors must be considered when choosing energy sources?
15. Why is an environmental impact statement necessary for an energy installation?

Lesson 3.2 Energy Choices
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Energy usage is dependent upon consumer choices.

• Measure the energy usage and cost of three different
types of light bulbs. (Activity 3.2.1)

2. Government policies and subsidies affect energy
development and impact the environment.

• Calculate and analyze subsidies provided for energy
sources. (Project 3.2.2)
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3. Environmental regulations consider the implications of
economic, environmental, individual, and societal
needs.

• Represent interest groups attempting to influence state
policy on fracking. (Project 3.2.3)

4. Individual consumers can reduce energy consumption
by changing personal habits, auditing energy usage,
and using government programs.

• Perform a home energy audit and make
recommendations for changing energy choices and
consumption. (Problem 3.2.4)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices
1. Act as a responsible and contributing citizen and employee.
• CRP.01.02: Evaluate and consider the near-term and long-term impacts of personal and professional decisions on employers and
community before taking action.
2. Apply appropriate academic and technical skills.
• CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.
• CRP.02.02: Use strategic thinking to connect and apply technical concepts to solve problems in the workplace and community.
4. Communicate clearly, effectively and with reason.
• CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.
5. Consider the environmental, social and economic impacts of decisions.
• CRP.05.01: Assess, identify and synthesize the information and resources needed to make decisions that positively impact the
workplace and community.
• CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.
8. Utilize critical thinking to make sense of problems and persevere in solving them.
• CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.
• CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.
12. Work productively in teams while using cultural/global competence.
• CRP.12.02: Create and implement strategies to engage team members to work toward team and organizational goals in a variety
of workplace and community situations (e.g., meetings, presentations, etc.).

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
• AG 1.1: Explain how regulations and major laws impact management of AFNR activities.
• AG 1.2: Describe current issues impacting AFNR activities.
• AG 1.3: Identify, organize alternatives, and evaluate public policy issues related to AFNR.
• AG 1.5: Explain the impact of sustainability on AFNR activities and practices.
4. Demonstrate stewardship of natural resources in AFNR activities.
• AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.
• AG.4.2: Explain the environmental considerations of decision making in AFNR management.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
• AG-ENV 1.1: Monitor samples using a variety of instrumentation.
• AG-ENV 1.2: Analyze and interpret results of sample measurements.
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Next Generation Science Standards Alignment
Disciplinary Core Ideas
Earth and Space Science
ESS3: Earth and Human Activity
ESS3.A: Natural
Resources

• All forms of energy production and other resource extraction have associated economic, social,
environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations
can change the balance of these factors.

Physical Science
PS3: Energy
PS3.B: Conservation
of Energy and
Energy Transfer

• Conservation of energy means that the total change of energy in any system is always equal to the total
energy transferred into or out of the system.
• Energy cannot be created or destroyed, but it can be transported from one place to another and transferred
between systems.

Science and Engineering Practices

Asking Questions
and Defining
Problems

Planning and
Carrying Out
Investigations

Analyzing and
Interpreting Data

Constructing
Explanations and
Designing
Solutions

Engaging in
Argument from
Evidence

Obtaining,
Evaluating, and
Communicating
Information

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.
• Ask questions that arise from careful observation of phenomena, or unexpected results
▪
to clarify and/or seek additional information.
▪
to determine relationships, including quantitative relationships, between independent and dependent
variables.
• Ask questions that can be investigated within 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.
• 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.
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.
• 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.
• Select appropriate tools to collect, record, analyze, and evaluate data.
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.
• 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.
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.
• Design, evaluate, and/or refine a solution to a complex real-world problem, based on scientific knowledge,
student-generated sources of evidence, prioritized criteria, and tradeoff considerations.
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.
• Construct, use, and/or present an oral and written argument or counter-arguments based on data and
evidence.
• Make and defend a claim based on evidence about the natural world or the effectiveness of a design
solution that reflects scientific knowledge, and student-generated evidence.
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.
• 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 or system) in multiple formats
(including orally, graphically, textually, and mathematically).
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Crosscutting Concepts
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.

Understandings about the Nature of Science
Scientific
Investigations Use a
Variety of Methods
Science Addresses
Questions About the
Natural and Material
World.

• Science investigations use diverse methods and do not always use the same set of procedures to obtain
data.
• New technologies advance scientific knowledge.
• Not all questions can be answered by science.
• Science and technology may raise ethical issues for which science, by itself, does not provide answers and
solutions.
• Science knowledge indicates what can happen in natural systems—not what should happen. The latter
involves ethics, values, and human decisions about the use of knowledge.
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve
issues.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
•

Quantities

*Reason quantitatively and use units to solve problems.

CCSS: Conceptual Category – Statistics and Probability
Interpreting Categorical and
Quantitative Data
Making Inferences and
Justifying Conclusions
Using Probability to Make
Decisions

•
•
•

*Summarize, represent, and interpret data on a single count or measurement
variable.
*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.
*Calculate expected values and use them to solve problems.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12

Key Ideas and Details

Craft and Structure

Integration of
Knowledge and Ideas
Range of Reading and
Level of Text
Complexity

• RST.11-12.2 – Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate
terms.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.
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CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing

Research to Build and
Present Knowledge

Range of Writing

WHST.11-12.1 – Write arguments focused on discipline-specific content.
• WHST.11-12.1.A – Introduce precise, knowledgeable claim(s), establish the significance of the
claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization that
logically sequences the claim(s), counterclaims, reasons, and evidence.
• WHST.11-12.1.B – Develop claim(s) and counterclaims fairly and thoroughly, supplying the most
relevant data and evidence for each while pointing out the strengths and limitations of both claim(s)
and counterclaims in a discipline-appropriate form that anticipates the audience's knowledge level,
concerns, values, and possible biases.
• WHST.11-12.1.D – Establish and maintain a formal style and objective tone while attending to the
norms and conventions of the discipline in which they are writing.
• WHST.11-12.1.E – Provide a concluding statement or section that follows from or supports the
argument presented.
WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.B – Develop the topic thoroughly by selecting the most significant and relevant
facts, extended definitions, concrete details, quotations, or other information and examples
appropriate to the audience's knowledge of the topic.
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. How do consumer decisions affect energy costs?
2. What factors should you consider when choosing electrical appliances?
3. What are subsidies?
4. How do subsidies affect the cost of producing energy?
5. How do direct and indirect subsidies differ?
6. What effect can subsidized energy have on the environment?
7. How can government policies affect the development of energy sources?
8. How do interest groups affect government policies and laws?
9. Why are environmental laws and policies written?
10. What choices does a consumer have when selecting a source of energy?
11. How can sustainable energy be provided while protecting the environment?
12. How can a home energy audit be used to reduce energy consumption and costs?

Curriculum for Agricultural Science Education © 2017

ESI – Expanded Lesson Review – Page 25

Lesson 4.1 Agriculture and the Environment
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. A growing population demands increased agricultural
production.

• Calculate the land and food energy requirements of a
growing population. (Activity 4.1.1)
• Describe potential solutions for increasing the future
food supply. (Activity 4.1.1)

2. Agricultural practices influence biodiversity.

• Measure the biodiversity in soil from different agricultural
environments. (Activity 4.1.2)

3. Conducting background research is important to identify
what is already known about the research objective.

• Research the effects of genetic modification on
agriculture and the environment. (Project 4.1.3)
• Write a scientific research paper using valid resources
and parenthetical citations. (Project 4.1.3)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.

4. Communicate clearly, effectively and with reason.
•

CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
•
•

CRP.05.01: Assess, identify and synthesize the information and resources needed to make decisions that positively impact
the workplace and community.
CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.

7. Employ valid and reliable research strategies.
•
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.
CRP.07.02: Evaluate the validity of sources and data used when considering the adoption of new technologies, practices
and ideas in the workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•

CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•
•

AG 1.5: Explain the impact of sustainability on AFNR activities and practices.
AG 1.6: Recognize the historical, social, cultural and potential applications of biotechnology on AFNR activities.

Biotechnology Systems Career Pathway Content Standards
BS.01: Assess factors that have influenced the evolution of biotechnology in agriculture (e.g., historical events, societal
trends, ethical and legal implications, etc.).
•

BS.01.02: Evaluate the scope and implications of regulatory agencies on applications of biotechnology in agriculture and
protection of public interests (e.g., health, safety, environmental issues, etc.).
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Natural Resource Systems (AG-NR)
3. Develop plans to ensure sustainable production and processing of natural resources.
•

AG-NR 3.1: Plan for the production, harvesting, processing, and/or use of natural resources in a responsible and sustainable
manner.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

• Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.

LS4: Biological Evolution: Unity and Diversity

LS4.D: Biodiversity
and Humans

• Humans depend on the living world for the resources and other benefits provided by biodiversity. But human
activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat
destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so
that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on
Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational
value.

Earth and Space Science
ESS3: Earth and Human Activity
ESS3.C: Human
Impacts on Earth
Systems

• The sustainability of human societies and the biodiversity that supports them requires responsible
management of natural resources.

Science and Engineering Practices
Mathematical and computational thinking in 9-12 builds on K-8 and experiences and progresses to using
algebraic thinking and analysis, a range of linear and nonlinear functions including trigonometric functions,
Using Mathematics exponentials and logarithms, and computational tools for statistical analysis to analyze, represent, and model
and Computational data. Simple computational simulations are created and used based on mathematical models of basic
assumptions.
Thinking
• Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to
describe and/or support claims and/or explanations.
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.
Engaging in
• Compare and evaluate competing arguments or design solutions in light of currently accepted explanations,
Argument from
new evidence, limitations (e.g., trade-offs), constraints, and ethical issues.
Evidence
• Evaluate the claims, evidence, and/or reasoning behind currently accepted explanations or solutions to
determine the merits of arguments.
• Construct, use, and/or present an oral and written argument or counter-arguments based on data and
evidence.
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,
Obtaining,
processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.
Evaluating, and
•
Compare, integrate and evaluate sources of information presented in different media or formats (e.g.,
Communicating
visually, quantitatively) as well as in words in order to address a scientific question or solve a problem.
Information
• Gather, read, and evaluate scientific and/or technical information from multiple authoritative sources,
assessing the evidence and usefulness of each source.
• 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.
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• 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 or system) in multiple formats
(including orally, graphically, textually, and mathematically).

Crosscutting Concepts
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.
• Systems can be designed to cause a desired effect.
• Changes in systems may have various causes that may not have equal effects.

Understandings about the Nature of Science
• Science and technology may raise ethical issues for which science, by itself, does not provide answers and
Science Addresses
solutions.
Questions About the
• Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Natural and Material
involves ethics, values, and human decisions about the use of knowledge.
World.
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
•

Quantities

*Reason quantitatively and use units to solve problems.

CCSS: Conceptual Category – Algebra
Reasoning with Equations
and Inequalities

•
•

Solve systems of equations.
*Represent and solve equations and inequalities graphically.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12

Key Ideas and Details

Craft and Structure

Integration of
Knowledge and Ideas
Range of Reading and
Level of Text Complexity

• RST.11-12.1 – Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the
account.
• RST.11-12.2 – Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate
terms.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

CCSS: English Language Arts Standards » Writing » Grade 11-12
Text Types and
Purposes

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include
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•
•
•

•
•
•

Production and
Distribution of Writing

•
•

Research to Build and
Present Knowledge

•

•
•

Range of Writing

formatting (e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
WHST.11-12.2.B – Develop the topic thoroughly by selecting the most significant and relevant
facts, extended definitions, concrete details, quotations, or other information and examples
appropriate to the audience's knowledge of the topic.
WHST.11-12.2.C – Use varied transitions and sentence structures to link the major sections of the
text, create cohesion, and clarify the relationships among complex ideas and concepts.
WHST.11-12.2.D – Use precise language, domain-specific vocabulary and techniques such as
metaphor, simile, and analogy to manage the complexity of the topic; convey a knowledgeable
stance in a style that responds to the discipline and context as well as to the expertise of likely
readers.
WHST.11-12.2.E – Provide a concluding statement or section that follows from and supports the
information or explanation provided (e.g., articulating implications or the significance of the topic).
WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
WHST.11-12.5 – 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.11-12.6 – Use technology, including the Internet, to produce, publish, and update individual
or shared writing products in response to ongoing feedback, including new arguments or
information.
WHST.11-12.7 – 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.
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.
WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What problems will cause a shortage of food?
2. What is the relationship between energy demand and the food gap?
3. What natural resources are needed to provide the world with sustainable food supply?
4. How can soil and water management practices sustainably increase agricultural productivity?
5. How do agricultural practices influence biodiversity?
6. How can biodiversity be measured in an agricultural environment?
7. How does the Simpson’s Index of Diversity indicate biodiversity in agricultural settings?
8. How could genetically modified organisms impact biodiversity?
9. What evidence exists that genetically modified organisms have impacted biodiversity?
10. How can I form a position regarding the impact of genetically modified organisms on biodiversity?
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Lesson 4.2 Ag Management Practices
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Sustainable agricultural practices can protect the
environment while meeting global food needs

• Explain and recommend sustainable practices for
conserving natural resources in agricultural production.
(Activity 4.2.1)

2. Agriculturalists have responded to their effect on the
environment by predicting and managing current and
future impacts.

• Collect environmental data from an agricultural field.
(Activity 4.2.2)

3. Precision technologies can be used to manage and
monitor the environment.

• Use GPS and GIS technologies to map environmental
data. (Activity 4.2.4)

• Address an environmental issue and develop a
sustainable production plan for an agricultural field.
(Project 4.2.3)

• Use GIS maps to identify and solve a potential
environmental issue. (Activity 4.2.4)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.

4. Communicate clearly, effectively and with reason.
•

CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
•

CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.

7. Employ valid and reliable research strategies.
•
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.
CRP.07.02: Evaluate the validity of sources and data used when considering the adoption of new technologies, practices
and ideas in the workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•

CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•

AG 1.5: Explain the impact of sustainability on ARNR activities and practices.

4. Demonstrate stewardship of natural resources in AFNR activities.
•
•

AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.
AG.4.2: Explain the environmental considerations of decision making in AFNR management.

Natural Resource Systems (AG-NR)
3. Develop plans to ensure sustainable production and processing of natural resources.
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•

AG-NR 3.1: Plan for the production, harvesting, processing, and/or use of natural resources in a responsible and sustainable
manner.

Plant Systems (AG-PL)
3. Propagate, culture, and harvest plants and plant products based on current industry standards.
•

AG-PL 3.8: Apply principles and practices of sustainable agriculture to plant production.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

• Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.

LS4: Biological Evolution: Unity and Diversity

LS4.D: Biodiversity
and Humans

• Humans depend on the living world for the resources and other benefits provided by biodiversity. But human
activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat
destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so
that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on
Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational
value.

Earth and Space Science
ESS3: Earth and Human Activity
ESS3.C: Human
Impacts on Earth
Systems

• The sustainability of human societies and the biodiversity that supports them requires responsible
management of natural resources.

Science and Engineering Practices
Using Mathematics
and Computational
Thinking

Mathematical and computational thinking in 9-12 builds on K-8 and 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.
• Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to
describe and/or support claims and/or explanations.

Crosscutting Concepts
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.
• Systems can be designed to cause a desired effect.
• Changes in systems may have various causes that may not have equal effects.

Understandings about the Nature of Science
Science Addresses
• Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Questions About the
involves ethics, values, and human decisions about the use of knowledge.
Natural and Material
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.
World.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
Quantities

•

*Reason quantitatively and use units to solve problems.
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CCSS: Conceptual Category – Algebra
Reasoning with Equations
and Inequalities

•
•

Solve systems of equations.
*Represent and solve equations and inequalities graphically.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.3 – Follow precisely a complex multistep procedure when carrying out experiments,
Key Ideas and Details

taking measurements, or performing technical tasks; analyze the specific results based on
explanations in the text.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

Range of Reading and
Level of Text Complexity

CCSS: English Language Arts Standards » Writing » Grade 11-12
Research to Build and
Present Knowledge
Range of Writing

• WHST.11-12.7 – 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.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What natural resources are needed to provide the world with a sustainable food supply?
2. How can soil and water management practices sustainably increase agricultural productivity?
3. How can an agricultural producer determine the types of sustainable practices he or she should use?
4. What environmental issues are caused by agricultural production?
5. How can proper agricultural practices address environmental issues?
6. Why is the crop production history of land important to know when making future production decisions?
7. How are GPS and GIS technologies used to improve agricultural production practices?
8. How can GIS be used to research environmental issues?

Lesson 5.1 Pollution Sources
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Agricultural pollutants interact with each other in
complex ways.

• Test the effects of nitrogen and phosphorus on
eutrophication. (Project 5.1.1)

2. Ecosystems are polluted by many sources.

• Identify types and sources of pollutants in a river
watershed. (Activity 5.1.2)

3. The effects of pollutants are determined by the physical
and chemical makeup of an ecosystem.

• Plot correlations between pollutants and physical and
chemical stream characteristics. (Activity 5.1.3)
• Compare fertilizer runoff in soils with different textures.
(Activity 5.1.4)
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National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•

CRP.02.02: Use strategic thinking to connect and apply technical concepts to solve problems in the workplace and
community.

7. Employ valid and reliable research strategies.
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.

Agriculture, Food, and Natural Resources Career Cluster
4. Demonstrate stewardship of natural resources in AFNR activities.
•
•

AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.
AG.4.2: Explain the environmental considerations of decision making in AFNR management.

6. Analyze the interaction among AFNR systems in the production, processing and management of food, fiber and fuel and
the sustainable use of natural resources.
•
•

AG.6.1: Explain foundational cycles and systems of AFNR.
AG.6.2: Explain the interconnectedness of systems within AFNR.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•
•

AG-ENV 1.1: Monitor samples using a variety of instrumentation.
AG-ENV 1.2: Analyze and interpret results of sample measurements.

3. Develop proposed solutions to environmental issues, problems, and applications using scientific principles of
meteorology, soil science, hydrology, microbiology, chemistry, and ecology.
•

AG-ENV 3.9: Discuss properties, classifications, functions, and principles for managing watersheds.

Natural Resource Systems (AG-NR)
2. Plan and Analyze interrelationships between natural resources and humans needed to manage natural resource
systems.
•
•

AG-NR 2.1: Examine natural resource topics using science concepts, processes, and research techniques.
AG-NR 2.3: Examine natural cycles and related phenomena to describe ecologic concepts and principles.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Earth and Space Science
ESS3: Earth and Human Activity
ESS3.C: Human
Impacts on Earth
Systems

• The sustainability of human societies and the biodiversity that supports them requires responsible
management of natural resources.

Science and Engineering Practices

Asking Questions
and Defining
Problems

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.
• Ask questions that can be investigated within 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.
• 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.
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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.
• 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.
Planning and
• Plan and conduct an investigation or test a design solution in a safe and ethical manner including
Carrying Out
considerations of environmental, social, and personal impacts.
Investigations
• 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.
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.
Analyzing and
Interpreting Data • 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.
Mathematical and computational thinking in 9-12 builds on K-8 and 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
Using Mathematics data. Simple computational simulations are created and used based on mathematical models of basic
and Computational assumptions.
Thinking
• Create and/or revise a computational model or simulation of a phenomenon, designed device, process, or
system.
• Use mathematical, computational, and/or algorithmic representations of phenomena or design solutions to
describe and/or support claims and/or explanations.
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.
Constructing
• Make a quantitative and/or qualitative claim regarding the relationship between dependent and independent
Explanations and
variables.
Designing
• Construct and revise an explanation based on valid and reliable evidence obtained from a variety of sources
Solutions
(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.
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.
Obtaining,
• Critically read scientific literature adapted for classroom use to determine the central ideas or conclusions
Evaluating, and
and/or to obtain scientific and/or technical information to summarize complex evidence, concepts,
Communicating
processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.
Information
• 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 or system) in multiple formats
(including orally, graphically, textually, and mathematically).

Crosscutting Concepts
Patterns

Cause and Effect:
Mechanism and
Prediction

Systems and
System Models

Observed patterns in nature guide organization and classification and prompt questions about relationships
and causes underlying them.
• Mathematical representations are needed to identify some patterns.
• 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.
• 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.
A system is an organized group of related objects or components; models can be used for understanding and
predicting the behavior of systems.

Curriculum for Agricultural Science Education © 2017

ESI – Expanded Lesson Review – Page 34

• 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.

Understandings about the Nature of Science
• Science investigations use diverse methods and do not always use the same set of procedures to obtain
Scientific
data.
Investigations Use a
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
Variety of Methods
knowledge.
Scientific Knowledge
is Based on
• Science knowledge is based on empirical evidence.
Empirical Evidence

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
•

Quantities

*Reason quantitatively and use units to solve problems.

CCSS: Conceptual Category – Statistics and Probability
•
Interpreting Categorical and
Quantitative Data

•

*Summarize, represent, and interpret data on a single count or measurement
variable.
*Summarize, represent, and interpret data on two categorical and quantitative
variables.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12

Key Ideas and Details

Craft and Structure
Integration of
Knowledge and Ideas
Range of Reading and
Level of Text Complexity

• RST.11-12.2 – Determine the central ideas or conclusions of a text; summarize complex concepts,
processes, or information presented in a text by paraphrasing them in simpler but still accurate
terms.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing
Research to Build and
Present Knowledge

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.E – Provide a concluding statement or section that follows from and supports the
information or explanation provided (e.g., articulating implications or the significance of the topic).
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
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Range of Writing

• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. How do ecosystems in a watershed affect each other?
2. What are the sources of pollutants in a watershed?
3. How are pollutants related to the physical and chemical conditions in a river?
4. How can different pollutants affect an ecosystem?
5. How do pollutants interact in an ecosystem?
6. What are the outcomes of pollutant interactions?
7. How do excess chemical fertilizers affect the environment?
8. How do physical characteristics of an environment affect the risks of a pollutant?

Lesson 5.2 Polluted Environments
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Pollutants affect the health of living organisms in an
ecosystem.

• Observe and explain how water pollution affects
mortality of an indicator species. (Activity 5.2.1)

2. Human population growth affects environmental
pollution.

• Analyze the relationship between population growth and
air quality using a computer simulation. (Activity 5.2.2)

3. Populations contribute to and are affected by pollution
in different ways.

• Investigate and research pollution in local areas. (Project
5.2.3)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
7. Employ valid and reliable research strategies.
•
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.
CRP.07.02: Evaluate the validity of sources and data used when considering the adoption of new technologies, practices
and ideas in the workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•
•

CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.
CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.

11. Use technology to enhance productivity.
•

CRP.11.01: Research, select and use new technologies, tools and applications to maximize productivity in the workplace
and community.

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•

AG 1.2: Describe current issues impacting AFNR activities.
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4. Demonstrate stewardship of natural resources in AFNR activities.
•

AG.4.1: Demonstrate evidence of interest and concern for natural resource stewardship.

6. Analyze the interaction among AFNR systems in the production, processing and management of food, fiber and fuel and
the sustainable use of natural resources.
•

AG.6.2: Explain the interconnectedness of systems within AFNR.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•
•
•

AG-ENV 1.1: Monitor samples using a variety of instrumentation.
AG-ENV 1.2: Analyze and interpret results of sample measurements.
AG-ENV 1.3: Calibrate and service field equipment and instruments according to manufacturer's specifications.

3. Develop proposed solutions to environmental issues, problems, and applications using scientific principles of
meteorology, soil science, hydrology, microbiology, chemistry, and ecology.
•
•

AG-ENV 3.4: Use chemical analysis to conduct tests.
AG-ENV 3.7: Apply chemistry principles to environmental service systems.

Natural Resource Systems (AG-NR)
2. Plan and Analyze interrelationships between natural resources and humans needed to manage natural resource
systems.
•
•
•

AG-NR 2.1: Examine natural resource topics using science concepts, processes, and research techniques.
AG-NR 2.4: Examine natural cycles and related phenomena to describe ecologic concepts and principles.
AG-PST 1.1: Select energy sources for power generation.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

• Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.

Earth and Space Science
ESS2: Earth’s Systems
ESS2.D: Weather
and Climate

• Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus
affect climate.

ESS3: Earth and Human Activity
ESS3.C: Human
Impacts on Earth
Systems
ESS3.D: Global
Climate Change

• The sustainability of human societies and the biodiversity that supports them requires responsible
management of natural resources.
• Though the magnitudes of human impacts are greater than they have ever been, so too are human abilities
to model, predict, and manage current and future impacts.

Science and Engineering Practices

Asking Questions
and Defining
Problems

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.
• Ask questions that arise from careful observation of phenomena, or unexpected results
▪
to clarify and/or seek additional information.
• Evaluate a question to determine if it is testable and relevant.
• Ask questions that can be investigated within 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.
• 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.
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Developing and
Using Models

Planning and
Carrying Out
Investigations

Analyzing and
Interpreting Data

Engaging in
Argument from
Evidence

Obtaining,
Evaluating, and
Communicating
Information

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 world(s).
• 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 a model (including mathematical and computational) to generate data to support
explanations, predict phenomena, analyze systems, and/or solve problems.
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.
• 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 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.
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.
• 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.
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.
• Construct, use, and/or present an oral and written argument or counter-arguments based on data and
evidence.
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.
• 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 or system) in multiple formats
(including orally, graphically, textually, and mathematically).

Crosscutting Concepts
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.

Systems and
System Models

• 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.
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.

Understandings about the Nature of Science
• Science investigations use diverse methods and do not always use the same set of procedures to obtain
data.
• Scientific inquiry is characterized by a common set of values that include: logical thinking, precision, openScientific
mindedness, objectivity, skepticism, replicability of results, and honest and ethical reporting of findings.
Investigations Use a
• The discourse practices of science are organized around disciplinary domains that share exemplars for
Variety of Methods
making decisions regarding the values, instruments, methods, models, and evidence to adopt and use.
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
knowledge.
Scientific Knowledge • Most scientific knowledge is quite durable but is, in principle, subject to change based on new evidence
is Open to Revision
and/or reinterpretation of existing evidence.
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• Scientific argumentation is a mode of logical discourse used to clarify the strength of relationships between
ideas and evidence that may result in revision of an explanation.
Science is a Human • Advances have influenced the progress of science and science has influenced advances in technology.
Endeavor
• Science and engineering are influenced by society and society is influenced by science and engineering.
in Light of New
Evidence

• Not all questions can be answered by science.
Science Addresses • Science and technology may raise ethical issues for which science, by itself, does not provide answers and
Questions About the
solutions.
Natural and Material • Science knowledge indicates what can happen in natural systems—not what should happen. The latter
World.
involves ethics, values, and human decisions about the use of knowledge.
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
•

Quantities

*Reason quantitatively and use units to solve problems.

CCSS: Conceptual Category – Statistics and Probability
Interpreting Categorical and
Quantitative Data
Making Inferences and
Justifying Conclusions
Using Probability to Make
Decisions

•
•

*Summarize, represent, and interpret data on a single count or measurement
variable.
*Make inferences and justify conclusions from sample surveys, experiments, and
observational studies.

•

*Calculate expected values and use them to solve problems.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12

Key Ideas and Details

Craft and Structure

Integration of
Knowledge and Ideas
Range of Reading and
Level of Text Complexity

• RST.11-12.1 – Cite specific textual evidence to support analysis of science and technical texts,
attending to important distinctions the author makes and to any gaps or inconsistencies in the
account.
• 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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing
Research to Build and
Present Knowledge

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.E – Provide a concluding statement or section that follows from and supports the
information or explanation provided (e.g., articulating implications or the significance of the topic).
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
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Range of Writing

• 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. How does water pollution affect aquatic organisms?
2. What impact can water pollution have on the stability of an ecosystem?
3. What are the sources of water pollution?
4. How does population growth affect energy use and pollution?
5. How can a growing population sustain its energy usage without polluting the environment?
6. How do energy sources pollute the air?
7. Where is pollution found in your local area?
8. What are the most common signs of pollution?
9. How can you use the scientific method to solve local environmental issues?

Lesson 5.3 Pollution Solutions
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Government policies and regulations are enacted to
manage resources.

• Explain how federal regulations affect local communities,
agriculture, and the environment. (Project 5.3.1)
• Identify local facilities not in compliance with
environmental laws. (Project 5.3.1)

2. Polluted resources cause social, economic, and
scientific issues.

• Test a method for purifying polluted drinking water.
(Activity 5.3.2)
• Complete an engineering design project to a solve water
pollution issue in a specific area of the world. (Project
5.3.3)
• Design and test a water purification system. (Project
5.3.3)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.
CRP.02.02: Use strategic thinking to connect and apply technical concepts to solve problems in the workplace and
community.

4. Communicate clearly, effectively and with reason.
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•
•

CRP.04.01: Speak using strategies that ensure clarity, logic, purpose and professionalism in formal and informal settings.
CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
•
•

CRP.05.01: Assess, identify and synthesize the information and resources needed to make decisions that positively impact
the workplace and community.
CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.

6. Demonstrate creativity and innovation.
•

CRP.06.01: Synthesize information, knowledge and experience to generate original ideas and challenge assumptions in the
workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•

CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.

12. Work productively in teams while using cultural/global competence.
•
•

CRP.12.01: Contribute to team-oriented projects and builds consensus to accomplish results using cultural global
competence in the workplace and community.
CRP.12.02: Create and implement strategies to engage team members to work toward team and organizational goals in a
variety of workplace and community situations (e.g., meetings, presentations, etc.).

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•
•

AG 1.1: Explain how regulations and major laws impact management of AFNR activities.
AG 1.2: Describe current issues impacting AFNR activities.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•
•

AG-ENV 1.1: Monitor samples using a variety of instrumentation.
AG-ENV 1.2: Analyze and interpret results of sample measurements.

2. Evaluate the impact of public policies and regulations on environmental service facility operations.
•

AG-ENV 2.1: Identify the major laws impacting environmental services by consulting reliable resources or participating in
trainings.

Natural Resource Systems (AG-NR)
1. Plan and conduct natural resource management activities that apply logical, reasoned, and scientifically based solutions
to natural resource issues and goals.
•
•

AG-NR 1.3: Obtain and analyze data by monitoring natural resource status.
AG-NR 1.4: Explain the application of laws and regulations related to natural resource systems.

Next Generation Science Standards Alignment
Disciplinary Core Ideas
Life Science
LS2: Ecosystems: Interactions, Energy, and Dynamics
LS2.C: Ecosystem
Dynamics,
Functioning, and
Resilience

• Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat
destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an
ecosystem and threaten the survival of some species.
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Earth and Space Science
ESS2: Earth’s Systems
ESS2.C: The Roles
of Water in Earth’s
Surface Processes

• The abundance of liquid water on Earth’s surface and its unique combination of physical and chemical
properties are central to the planet’s dynamics. These properties include water’s exceptional capacity to
absorb, store, and release large amounts of energy, transmit sunlight, expand upon freezing, dissolve and
transport materials, and lower the viscosities and melting points of rocks.

ESS3: Earth and Human Activity
ESS3.C: Human
Impacts on Earth
Systems

• Scientists and engineers can make major contributions by developing technologies that produce less
pollution and waste and that preclude ecosystem degradation.

Engineering, Technology, and the Application of Science
ETS1: Engineering Design
ETS1.A: Defining
and Delimiting
Engineering
Problems

• Criteria and constraints also include satisfying any requirements set by society, such as taking issues of risk
mitigation into account, and they should be quantified to the extent possible and stated in such a way that
one can tell if a given design meets them.
• Humanity faces major global challenges today, such as the need for supplies of clean water and food or for
energy sources that minimize pollution, which can be addressed through engineering. These global
challenges also may have manifestations in local communities.

ETS1.B:
• When evaluating solutions, it is important to take into account a range of constraints including cost, safety,
Developing
reliability and aesthetics and to consider social, cultural and environmental impacts.
Possible Solutions
ETS1.C: Optimizing • Criteria may need to be broken down into simpler ones that can be approached systematically, and
the Design Solution
decisions about the priority of certain criteria over others (tradeoffs) may be needed.

Science and Engineering Practices

Asking Questions
and Defining
Problems

Developing and
Using Models

Planning and
Carrying Out
Investigations

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.
• Ask questions that arise from careful observation of phenomena, or unexpected results
▪
to 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 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.
• 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.
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 world(s).
• 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 a complex model that allows for manipulation and testing of a proposed process or system.
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.
• 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 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.

Analyzing and
Interpreting Data

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.
• 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.
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Constructing
Explanations and
Designing
Solutions

Engaging in
Argument from
Evidence

Obtaining,
Evaluating, and
Communicating
Information

• 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.
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.
• Design, evaluate, and/or refine a solution to a complex real-world problem, based on scientific knowledge,
student-generated sources of evidence, prioritized criteria, and tradeoff considerations.
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., trade-offs), constraints, and ethical issues.
• Evaluate the claims, evidence, and/or reasoning behind currently accepted explanations or solutions to
determine the merits of arguments.
• Make and defend a claim based on evidence about the natural world or the effectiveness of a design solution
that reflects scientific knowledge, and student-generated evidence.
• 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).
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.
• 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.
• 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 or system) in multiple formats
(including orally, graphically, textually, and mathematically).

Crosscutting Concepts
Patterns

Cause and Effect:
Mechanism and
Prediction

Systems and
System Models

Observed patterns in nature guide organization and classification and prompt questions about relationships
and causes underlying them.
• 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.
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.
• Systems can be designed to cause a desired effect.
• Changes in systems may have various causes that may not have equal effects.
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.
• 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.

Understandings about the Nature of Science
• Science investigations use diverse methods and do not always use the same set of procedures to obtain
data.
• New technologies advance scientific knowledge.
Scientific
Investigations Use a • The discourse practices of science are organized around disciplinary domains that share exemplars for
Variety of Methods
making decisions regarding the values, instruments, methods, models, and evidence to adopt and use.
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
knowledge.
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Scientific Knowledge
is Based on
•
Empirical Evidence
•
Science is a Human •
Endeavor
•

Science knowledge is based on empirical evidence.
Scientific knowledge is a result of human endeavor, imagination, and creativity.
Technological advances have influenced the progress of science and science has influenced advances in
technology.
Science and engineering are influenced by society and society is influenced by science and engineering.

• Science and technology may raise ethical issues for which science, by itself, does not provide answers and
Science Addresses
solutions.
Questions About the
• Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Natural and Material
involves ethics, values, and human decisions about the use of knowledge.
World.
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.

Common Core State Standards for High School Mathematics
Modeling standards are indicated by the star symbol (*) throughout other conceptual categories.

CCSS: Conceptual Category – Number and Quantity
Quantities

•

*Reason quantitatively and use units to solve problems.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.3 – Follow precisely a complex multistep procedure when carrying out experiments,
Key Ideas and Details
Craft and Structure

Integration of
Knowledge and Ideas

Range of Reading and
Level of Text Complexity

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.11-12.7 – Integrate and evaluate multiple sources of information presented in diverse formats
and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a
problem.
• 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.
• RST.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.

CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing

Research to Build and
Present Knowledge

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.E – Provide a concluding statement or section that follows from and supports the
information or explanation provided (e.g., articulating implications or the significance of the topic).
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
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Range of Writing

• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What pollutants are reduced through government policies and regulation?
2. How can government policies and regulations reduce or manage pollution?
3. What rules and regulations should I follow to reduce pollution?
4. What is the process to clean polluted resources?
5. What are social and economic issues associated with pollution?
6. How do local resources affect the solution to a problem?
7. What economic costs need to be considered when cleaning polluted resources?

Lesson 6.1 Environmental Research Project
Concepts

Performance Objectives

Students will know and understand

Students will learn concepts by doing

1. Research is driven by questions and supported by
literature reviews, experimentation, and communication
of results.

• Brainstorm ideas for research projects and define a
question and hypothesis to study in order to frame
research. (Activity 6.1.1)

2. Background research is conducted to identify what is
known about the research question.

• Collect and summarize similar research conclusions.
(Activity 6.1.1)

3. Environmental questions are studied using research,
the scientific method, critical thinking, and problem
solving techniques.

• Write a research proposal outlining the background and
need for their research as well as a plan for conducting
the research. (Project 6.1.2)
• Conduct a self-designed research project and collect
data for results and analysis. (Project 6.1.2)

4. Results of research experiments include interpretation
of data in the form of posters, papers, or oral
presentations.

• Write a research paper summarizing the findings of their
research. (Project 6.1.2)

5. The public must be informed about environmental
issues before they can make decisive actions resulting
in a solution.

• Identify an environmental issue with public interest.
(Problem 6.1.3)

• Prepare a research poster to present to the class and at
local science fairs. (Project 6.1.2)

• Develop and present an issue to a public group or
organization. (Problem 6.1.3)

National AFNR Common Career Technical Core Standards Alignment
Career Ready Practices Content Standards
2. Apply appropriate academic and technical skills.
•
•

CRP.02.01: Use strategic thinking to connect and apply academic learning, knowledge and skills to solve problems in the
workplace and community.
CRP.02.02: Use strategic thinking to connect and apply technical concepts to solve problems in the workplace and
community.
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4. Communicate clearly, effectively and with reason.
•
•
•

CRP.04.01: Speak using strategies that ensure clarity, logic, purpose and professionalism in formal and informal settings.
CRP.04.02: Produce clear, reasoned and coherent written and visual communication in formal and informal settings.
CRP.04.03: Model active listening strategies when interacting with others in formal and informal settings.

5. Consider the environmental, social and economic impacts of decisions.
•

CRP.05.02: Make, defend and evaluate decisions at work and in the community using information about the potential
environmental, social and economic impacts.

6. Demonstrate creativity and innovation.
•

CRP.06.03: Create and execute a plan of action to act upon new ideas and introduce innovations to workplace and
community organizations.

7. Employ valid and reliable research strategies.
•
•

CRP.07.01: Select and implement reliable research processes and methods to generate data for decision-making in the
workplace and community.
CRP.07.02: Evaluate the validity of sources and data used when considering the adoption of new technologies, practices
and ideas in the workplace and community.

8. Utilize critical thinking to make sense of problems and persevere in solving them.
•
•
•

CRP.08.01: Apply reason and logic to evaluate workplace and community situations from multiple perspectives.
CRP.08.02: Investigate, prioritize and select solutions to solve problems in the workplace and community.
CRP.08.03: Establish plans to solve workplace and community problems and execute them with resiliency.

12. Work productively in teams while using cultural/global competence.
•

CRP.12.02: Create and implement strategies to engage team members to work toward team and organizational goals in a
variety of workplace and community situations (e.g., meetings, presentations, etc.).

Agriculture, Food, and Natural Resources Career Cluster
1. Analyze how issues, trends, technologies and public policies impact systems in the Agriculture, Food & Natural
Resources Career Cluster.
•
•

AG 1.2: Describe current issues impacting AFNR activities.
AG 1.3: Identify, organize alternatives, and evaluate public policy issues related to AFNR.

Environmental Service Systems Pathway (AG-ENV)
1. Use analytical procedures and instruments to manage environmental service systems.
•

AG-ENV 1.2: Analyze and interpret results of sample measurements.

Natural Resource Systems (AG-NR)
1. Plan and conduct natural resource management activities that apply logical, reasoned, and scientifically based solutions
to natural resource issues and goals.
•

AG-NR 1.5: Execute natural resource strategies and activities applying scientific knowledge from the study of ecology and
wildlife.

2. Plan and analyze interrelationships between natural resources and humans needed to manage natural resource systems.
•

AG-NR 2.1: Examine natural resource topics using science concepts, processes, and research techniques.

Next Generation Science Standards Alignment
Science and Engineering Practices
Asking Questions
and Defining
Problems

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.
• Ask questions that arise from careful observation of phenomena, or unexpected results
▪
to clarify and/or seek additional information.
▪
that arise from examining models or a theory, to clarify and/or seek additional information and
relationships.
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▪

Planning and
Carrying Out
Investigations

Analyzing and
Interpreting Data

Obtaining,
Evaluating, and
Communicating
Information

to determine relationships, including quantitative relationships, between independent and dependent
variables.
▪
to 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 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.
• 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.
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.
• 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 data (e.g., number of trials, cost, risk, time),
and refine the design accordingly.
• 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.
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.
• 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.
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.
• 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 or system) in multiple formats
(including orally, graphically, textually, and mathematically).

Understandings about the Nature of Science
• Science investigations use diverse methods and do not always use the same set of procedures to obtain
data.
• Scientific inquiry is characterized by a common set of values that include: logical thinking, precision, openScientific
mindedness, objectivity, skepticism, replicability of results, and honest and ethical reporting of findings.
Investigations Use a
• The discourse practices of science are organized around disciplinary domains that share exemplars for
Variety of Methods
making decisions regarding the values, instruments, methods, models, and evidence to adopt and use.
• Scientific investigations use a variety of methods, tools, and techniques to revise and produce new
knowledge.
Science Addresses
• Science knowledge indicates what can happen in natural systems—not what should happen. The latter
Questions About the
involves ethics, values, and human decisions about the use of knowledge.
Natural and Material
• Many decisions are not made using science alone, but rely on social and cultural contexts to resolve issues.
World.

Common Core State Standards for English Language Arts
CCSS: English Language Arts Standards » Science & Technical Subjects » Grade 11-12
• RST.11-12.3 – Follow precisely a complex multistep procedure when carrying out experiments,
Key Ideas and Details
Craft and Structure
Range of Reading and
Level of Text Complexity

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.11-12.10 – By the end of grade 12, read and comprehend science/technical texts in the
grades 11-CCR text complexity band independently and proficiently.
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CCSS: English Language Arts Standards » Writing » Grade 11-12

Text Types and
Purposes

Production and
Distribution of Writing

Research to Build and
Present Knowledge

Range of Writing

WHST.11-12.2 – Write informative/explanatory texts, including the narration of historical events,
scientific procedures/experiments, or technical processes.
• WHST.11-12.2.A – Introduce a topic and organize complex ideas, concepts, and information so
that each new element builds on that which precedes it to create a unified whole; include formatting
(e.g., headings), graphics (e.g., figures, tables), and multimedia when useful to aiding
comprehension.
• WHST.11-12.2.B – Develop the topic thoroughly by selecting the most significant and relevant
facts, extended definitions, concrete details, quotations, or other information and examples
appropriate to the audience's knowledge of the topic.
• WHST.11-12.2.E – Provide a concluding statement or section that follows from and supports the
information or explanation provided (e.g., articulating implications or the significance of the topic).
• WHST.11-12.4 – Produce clear and coherent writing in which the development, organization, and
style are appropriate to task, purpose, and audience.
• WHST.11-12.7 – 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.
• 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.
• WHST.11-12.9 – Draw evidence from informational texts to support analysis, reflection, and
research.
• WHST.11-12.10 – Write routinely over extended time frames (time for reflection and revision) and
shorter time frames (a single sitting or a day or two) for a range of discipline-specific tasks,
purposes, and audiences.

Essential Questions
1. What is research?
2. How do I select a research project that interests me?
3. How do I write a research question?
4. How do I write a hypothesis?
5. What materials need to be included in a research proposal?
6. How are control and variable factors identified in research?
7. How do I write a research paper?
8. How is the quality of research determined?
9. What is an abstract?
10. How do I prepare a research poster?
11. How are research data and conclusions shared with others?
12. What public organizations should I inform about environmental issues?
13. How should a public presentation on an issue be organized?
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