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Verona Public Schools Mission Statement: 

The mission of the Verona Public Schools, the center of an engaged and supportive community, is to empower students to achieve their potential as active 
learners and productive citizens through rigorous curricula and meaningful, enriching experiences. 

 
 
Course Description: 

Environmental Science carefully analyzes the various interactions that are taking place between modern humans and their environment. Special emphasis is 
placed on our need for and use of energy and mineral resources. The course develops the ecosystem concept and the basic laws that govern 
energy/resources use. It examines our traditional energy sources and consumption patterns and then analyzes our current supply-demand situation. Finally, 
our alternatives for the future are carefully considered. In addition, the environmental and socioeconomic impacts of large-scale energy development and 
mineral use are examined. The role played by government, industry, international policies and the individual in the energy/resource/environmental system 
are all considered. Emphasis is placed on direct student involvement in specially designed and classroom tested lab-type activities. 
 

 
Prerequisite(s): 

Biology 
 
 
  

http://www.veronaschools.org/


 
Standard 8: Technology Standards 

8.1: Educational Technology: All students will use digital tools to access, manage, 
evaluate, and synthesize information in order to solve problems individually and collaborate 
and to create and communicate knowledge. 

8.2: Technology Education, Engineering, Design, and Computational Thinking - 
Programming: �All students will develop an understanding of the nature and impact of technology, 
engineering, technological design, computational thinking and the designed world as they relate to the 
individual, global society, and the environment. 

 
X 
X 
 

X 
 

A. Technology Operations and Concepts 
B. Creativity and Innovation 
C. Communication and Collaboration 
D. Digital Citizenship 
E. Research and Information Fluency  
F. Critical thinking, problem solving, and decision making 

 
 
 
 
 

A. The Nature of Technology: Creativity and Innovation 
B. Technology and Society 
C. Design 
D. Abilities for a Technological World 
E. Computational Thinking: Programming 

 
 

SEL Competencies and Career Ready Practices 
Social and Emotional Learning Core Competencies: These competencies 
are identified as five interrelated sets of cognitive, affective, and behavioral 
capabilities 

Career Ready Practices: These practices outline the skills that all individuals need to have 
to truly be adaptable, reflective, and proactive in life and careers. These are researched 
practices that are essential to career readiness. 

Self-awareness: The ability to accurately recognize one’s emotions and thoughts and their 
influence on behavior. This includes accurately assessing one’s strengths and 
limitations and possessing a well-grounded sense of confidence and optimism. 

X 
 
 

CRP2. Apply appropriate academic and technical skills. 
CRP9. Model integrity, ethical leadership, and effective management. 
CRP10. Plan education and career paths aligned to personal goals. 

Self-management: The ability to regulate one’s emotions, thoughts, and behaviors 
effectively in different situations. This includes managing stress, controlling impulses, 
motivating oneself, and setting and working toward achieving personal and academic 
goals. 

 
X 
X 
X 

CRP3. Attend to personal health and financial well-being. 
CRP6. Demonstrate creativity and innovation. 
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them.  
CRP11. Use technology to enhance productivity. 

Social awareness: The ability to take the perspective of and empathize with others from 
diverse backgrounds and cultures, to understand social and ethical norms for 
behavior, and to recognize family, school, and community resources and supports. 

X 
 

CRP1. Act as a responsible and contributing citizen and employee. 
CRP9. Model integrity, ethical leadership, and effective management. 

Relationship skills: The ability to establish and maintain healthy and rewarding 
relationships with diverse individuals and groups. This includes communicating 
clearly, listening actively, cooperating, resisting inappropriate social pressure, 
negotiating conflict constructively, and seeking and offering help when needed. 

X 
X 

CRP4. Communicate clearly and effectively and with reason. 
CRP9. Model integrity, ethical leadership, and effective management. 
CRP12. Work productively in teams while using cultural global competence. 

Responsible decision making: The ability to make constructive and respectful choices 
about personal behavior and social interactions based on consideration of ethical 
standards, safety concerns, social norms, the realistic evaluation of consequences of 
various actions, and the well-being of self and others. 

X 
X 
X 
 

CRP5. Consider the environmental, social, and economic impact of decisions. 
CRP7. Employ valid and reliable research strategies. 
CRP8. Utilize critical thinking to make sense of problems and persevere in solving them.  
CRP9. Model integrity, ethical leadership, and effective management. 

 
Standard 9: 21st Century Life and Careers 

9.1: Personal Financial Literacy: This standard outlines 
the important fiscal knowledge, habits, and skills that must be 
mastered in order for students to make informed decisions 
about personal finance. Financial literacy is an integral 
component of a student's college and career readiness, 
enabling students to achieve fulfilling, financially-secure, and 
successful careers. 

9.2: Career Awareness, Exploration & Preparation: 
This standard outlines the importance of being knowledgeable 
about one's interests and talents, and being well informed about 
postsecondary and career options, career planning, and career 
requirements. 

9.3: Career and Technical Education: This standard 
outlines what students should know and be able to do upon 
completion of a CTE Program of Study. 
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A. Income and Careers  
B. Money Management  
C. Credit and Debt Management  
D. Planning, Saving, and Investing  
E. Becoming a Critical Consumer  
F. Civic Financial Responsibility  
G. Insuring and Protecting 
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A. Career Awareness (K-4) 
B. Career Exploration (5-8) 
C. Career Preparation (9-12) 
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A. Agriculture, Food & Natural Res. 
B. Architecture & Construction 
C. Arts, A/V Technology & Comm. 
D. Business Management & Admin. 
E. Education & Training 
F. Finance 
G. Government & Public Admin. 
H. Health Science 
I. Hospital & Tourism 
J. Human Services 
K. Information Technology 
L. Law, Public, Safety, Corrections & Security 
M. Manufacturing 
N. Marketing 
O. Science, Technology, Engineering & Math 
P. Transportation, Distribution & Log. 

 
Course Materials  

Core Instructional Materials: These are the board adopted and approved materials to support 
the curriculum, instruction, and assessment of this course. 

 

Differentiated Resources: These are teacher and department found materials, and also 
approved support materials that facilitate differentiation of curriculum, instruction, and assessment 
of this course. 

• Environmental Science: Your World, Your Turn - Pearson ● The Habitable Planet: A Systems Approach to Environmental Science 
<http://www.learner.org/courses/envsci/> 

 
 
 

 

  



Verona High School Environmental Science 

Unit 1: Goldilocks Planet Unit Duration: 9 weeks 
Stage 1: Desired Results 

Established Goals: 
HS-LS2-4.  Use mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem. [Clarification Statement: Emphasis is on using a mathematical model of stored energy 

in biomass to describe the transfer of energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms and molecules such as 
carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limited to proportional reasoning to describe the cycling of matter and flow of energy.]  

HS-LS2-5.  Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere. [Clarification Statement: Examples of models 
could include simulations and mathematical models.] [Assessment Boundary: Assessment does not include the specific chemical steps of photosynthesis and respiration.]  

HS-ESS1-5. Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate tectonics to explain the ages of crustal rocks. [Clarification Statement: Emphasis is on the ability of plate 
tectonics to explain the ages of crustal rocks. Examples include evidence of the ages oceanic crust increasing with distance from mid-ocean ridges (a result of plate spreading) and the ages of North American continental crust 
increasing with distance away from a central ancient core (a result of past plate interactions).]  

HS-ESS1-6. Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to construct an account of Earth’s formation and early history. [Clarification Statement: Emphasis is on 
using available evidence within the solar system to reconstruct the early history of Earth, which formed along with the rest of the solar system 4.6 billion years ago. Examples of evidence include the absolute ages of ancient 
materials (obtained by radiometric dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and compositions of solar system objects, and the impact cratering record of planetary surfaces.] 

HS-ESS2-1. Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and temporal scales to form continental and ocean-floor features. [Clarification Statement: Emphasis is on how the 
appearance of land features (such as mountains, valleys, and plateaus) and seafloor features (such as trenches, ridges, and seamounts) are a result of both constructive forces (such as volcanism, tectonic uplift, and orogeny) 
and destructive mechanisms (such as weathering, mass wasting, and coastal erosion).] [Assessment Boundary: Assessment does not include memorization of the details of the formation of specific geographic features of 
Earth’s surface.] 

HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other Earth systems. [Clarification Statement: Examples should include climate feedbacks, 
such as how an increase in greenhouse gases causes a rise in global temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth’s surface, increasing surface temperatures and further 
reducing the amount of ice. Examples could also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers increase 
groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the wetland extent.] 

HS-ESS2-3. Develop a model based on evidence of Earth’s interior to describe the cycling of matter by thermal convection. [Clarification Statement: Emphasis is on both a one-dimensional model of Earth, with radial layers 
determined by density, and a three-dimensional model, which is controlled by mantle convection and the resulting plate tectonics. Examples of evidence include maps of Earth’s three-dimensional structure obtained from 
seismic waves, records of the rate of change of Earth’s magnetic field (as constraints on convection in the outer core), and identification of the composition of Earth’s layers from high-pressure laboratory experiments.] 

HS-ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate. [Clarification Statement: Examples of the causes of climate change differ by timescale, over 1-10 
years: large volcanic eruption, ocean circulation; 10-100s of years: changes in human activity, ocean circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and the orientation of its axis; and 10-100s 
of millions of years: long-term changes in atmospheric composition.] [Assessment Boundary: Assessment of the results of changes in climate is limited to changes in surface temperatures, precipitation patterns, glacial ice 
volumes, sea levels, and biosphere distribution.]  

HS-ESS2-5. Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface processes. [Clarification Statement: Emphasis is on mechanical and chemical investigations with water and a 
variety of solid materials to provide the evidence for connections between the hydrologic cycle and system interactions commonly known as the rock cycle. Examples of mechanical investigations include stream transportation 
and deposition using a stream table, erosion using variations in soil moisture content, or frost wedging by the expansion of water as it freezes. Examples of chemical investigations include chemical weathering and 
recrystallization (by testing the solubility of different materials) or melt generation (by examining how water lowers the melting temperature of most solids).] HS-ESS2-6. Develop a quantitative model to describe the cycling of 
carbon among the hydrosphere, atmosphere, geosphere, and biosphere. [Clarification Statement: Emphasis is on modeling biogeochemical cycles that include the cycling of carbon through the ocean, atmosphere, soil, and 
biosphere (including humans), providing the foundation for living organisms.] 

HS-ESS2-6. Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, and biosphere. [Clarification Statement: Emphasis is on modeling biogeochemical cycles that include the 
cycling of carbon through the ocean, atmosphere, soil, and biosphere (including humans), providing the foundation for living organisms.]  

HS-ESS2-7. Construct an argument based on evidence about the simultaneous coevolution of Earth systems and life on Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects, and feedbacks between the 
biosphere and Earth’s other systems, whereby geoscience factors control the evolution of life, which in turn continuously alters Earth’s surface. Examples of include how photosynthetic life altered the atmosphere through the 
production of oxygen, which in turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land increased the formation of soil, which in turn allowed for the evolution of land plants; or how 
the evolution of corals created reefs that altered patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms.] [Assessment Boundary: Assessment does not include a 
comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.] 

HS-ESS3-5. Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate of global or regional climate change and associated future impacts to Earth systems. 
[Clarification Statement: Examples of evidence, for both data and climate model outputs, are for climate changes (such as precipitation and temperature) and their associated impacts (such as on sea level, glacial ice volumes, 
or atmosphere and ocean composition).] [Assessment Boundary : Assessment is limited to one example of a climate change and its associated impacts.]  

HS-ETS1-1. Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants. 

Science and Engineering Practices 
Developing and Using Models 
● Develop a model based on evidence to illustrate the relationships between systems or 

components of a system. (HS-LS2-5) 
● A scientific theory is a substantiated explanation of some aspect of the natural world, 

based on a body of facts that have been repeatedly confirmed through observation and 
experiment and the science community validates each theory before it is accepted. If new 
evidence is discovered that the theory does not accommodate, the theory is generally 
modified in light of this new evidence. (HS-ESS1-2) 

● Develop a model based on evidence to illustrate the relationships between systems or 
between components of a system. (HS-ESS2-1),(HS-ESS2-6) 

● Use a model to provide mechanistic accounts of phenomena. (HS-ESS2-4)  
Analyzing and Interpreting Data 
● Analyze data using computational models in order to make valid and reliable scientific 

claims. (HS-ESS3-5)  
Asking Questions and Defining Problems 
● Analyze complex real-world problems by specifying criteria and constraints for successful 

solutions. (HS-ETS1-1)  
Using Mathematics and Computational Thinking 
● Use mathematical representations of phenomena or design solutions to support claims. 

(HS-LS2-4) 
Constructing Explanations and Designing Solutions 
● Apply scientific reasoning to link evidence to the claims to assess the extent to which the 

reasoning and data support the explanation or conclusion. (HS-ESS1-6) 
Engaging in Argument from Evidence 
● Evaluate evidence behind currently accepted explanations or solutions to determine the 

merits of arguments. (HS -ESS1-5) 
  -------------------------------------------------------------------  

Connections to Nature of Science  
Science Models, Laws, Mechanisms, and Theories Explain Natural Phenomena 
● A scientific theory is a substantiated explanation of some aspect of the natural world, 

based on a body of facts that have been repeatedly confirmed through observation and 
experiment and the science community validates each theory before it is accepted. If new 
evidence is discovered that the theory does not accommodate, the theory is generally 
modified in light of this new evidence . (HS-ESS1-6) 

● Models, mechanisms, and explanations collectively serve as tools in the development of a 
scientific theory . (HS-ESS1-6) 

Scientific Knowledge is Based on Empirical Evidence 
● Science knowledge is based on empirical evidence. (HS-ESS2-3) 
● Science disciplines share common rules of evidence used to evaluate explanations about 

natural systems. (HS-ESS2-3)  
● Science includes the process of coordinating patterns of evidence with current theory. 

(HS-ESS2-3) 
● Science arguments are strengthened by multiple lines of evidence supporting a single 

explanation. (HS-ESS3-5)  

Disciplinary Core Ideas 
LS2.B: Cycles of Matter and Energy Transfer in Ecosystems 
● 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. (HS-LS2-4) 

● Photosynthesis and cellular respiration are important components of the carbon cycle, in which 
carbon is exchanged among the biosphere, atmosphere, oceans, and geosphere through chemical, 
physical, geological, and biological processes. (HS-LS2-5)  

PS3.D: Energy in Chemical Processes 
● The main way that solar energy is captured and stored on Earth is through the complex chemical 

process known as photosynthesis. (secondary to HS-LS2-5) 
ESS1.B: Earth and the Solar System 
● Cyclical changes in the shape of Earth’s orbit around the sun, together with changes in the tilt of the 

planet’s axis of rotation, both occurring over hundreds of thousands of years, have altered the 
intensity and distribution of sunlight falling on the earth. These phenomena cause a cycle of ice 
ages and other gradual climate changes. (secondary to HS-ESS2-4) 

ESS1.C: The History of Planet Earth 
● Continental rocks, which can be older than 4 billion years, are generally much older than the rocks of 

the ocean floor, which are less than 200 million years old. (HS-ESS1-5) 
● Although active geologic processes, such as plate tectonics and erosion, have destroyed or altered 

most of the very early rock record on Earth, other objects in the solar system, such as lunar rocks, 
asteroids, and meteorites, have changed little over billions of years. Studying these objects can 
provide information about Earth’s formation and early history . (HS-ESS1-6) 

ESS2.A : Earth Materials and Systems 
● Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or 

decrease the original changes. A deep knowledge of how feedbacks work within and among Earth’s 
systems is still lacking, thus limiting scientists’ ability to predict some changes and their impacts. 
(HS-ESS2-1) (Note: This Disciplinary Core Idea is also addressed by HS-ESS2-2.) 

● Evidence from deep probes and seismic waves, reconstructions of historical changes in Earth’s 
surface and its magnetic field, and an understanding of physical and chemical processes lead to a 
model of Earth with a hot but solid inner core, a liquid outer core, a solid mantle and crust. Motions of 
the mantle and its plates occur primarily through thermal convection, which involves the cycling of 
matter due to the outward flow of energy from Earth’s interior and gravitational movement of denser 
materials toward the interior. (HS-ESS2-3) 

● The geological record shows that changes to global and regional climate can be caused by 
interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean 
circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on 
a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very 
long-term tectonic cycles. (HS-ESS2-4) 

ESS2.B: Plate Tectonics and Large-Scale System Interactions 
● Plate tectonics is the unifying theory that explains the past and current  movements of the rocks at 

Earth’s surface and provides a framework for understanding its geologic history . (ESS2.B Grade 8 
GBE) (secondary to HS-ESS1-5) ,(HS-ESS2-1) 

● Plate movements are responsible  for most continental and ocean-floor  features and for the 
distribution  of most rocks and minerals within Earth’s crust. (ESS2.B Grade 8 

GBE)  (HS-ESS2-1) 
● The radioactive decay of unstable isotopes continually generates new energy within Earth’s crust and 

mantle, providing the primary source of the heat that drives mantle convection. Plate tectonics can be 
viewed as the surface expression of mantle convection. (HS-ESS2-3) 

ESS2.D: Weather and Climate 
● The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as 

well as its reflection, absorption, storage, and redistribution among the atmosphere, ocean, and land 
systems, and this energy’s re-radiation into space. (HS-ESS2-2),(HS-ESS2-4) 

● Gradual atmospheric changes were due to plants and other organisms that captured carbon dioxide 
and released oxygen. (HS-ESS2-6),(HS-ESS2-7) 

● Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and 
thus affect climate. (HS-ESS2- 6),(HS-ESS2-4)  

ESS3 .D: Global Climate Change 
● 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. (HS-ESS3-5) 
PS1.C: Nuclear Processes 
● Spontaneous radioactive decay s follow a characteristic exponential  decay law . Nuclear lifetimes 

allow radiometric dating to be used to determine the ages of rocks and other materials. (secondary to 
HS-ESS1-5) ,(secondary to HS-ESS1-6) 

PS4.A: Wave Properties 
● Geologists use seismic waves and their reflection at interfaces between layers to probe structures 

deep in the planet. (secondary to HS-ESS2-3) 
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. (HS-ETS1-1)  

Crosscutting Concepts 
Cause and Effect 
● Empirical evidence is required to differentiate between cause and correlation and make 

claims about specific causes and effects. (HS-ESS2-4)  
Systems and System 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. (HS-LS2-5)  

Energy and Matter 
● Energy cannot be created or destroyed— it only moves between one place and another 

place, between objects and/or fields, or between systems. (HS-LS2-4) 
● Energy drives the cycling of matter within and between systems. (HS-ESS2-3) 
● The total amount of energy and matter in closed systems is conserved. (HS-ESS2-6) 
Patterns 
● Empirical evidence is needed to identify patterns. (HS-ESS1-5) 
Stability and Change 
●  Much of science deals with constructing explanations of how things change and how they 

remain stable. (HS-ESS1-6) 
● Change and rates of change can be quantified and modeled over very short or very long 

periods of time. Some system changes are irreversible. (HS -ESS 2-1) 
● Change and rates of change can be quantified and modeled over very short or very long 

periods of time. Some system changes are irreversible. (HS-ESS3-3),(HS-ESS3-5) 
  ----------------------------------------------- 

Connecting to Engineering, Technology, and 
Applications of Science 

Influence of Science, Engineering, and Technology on Society and the  Natural 
World 
● New technologies can have deep impacts on society and the environment, including 

some that were not anticipated. Analysis of costs and benefits is a critical aspect of 
decisions about technology . (HS-ETS1-1)  



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

 

Transfer Goal: 
Students will demonstrate their knowledge of the goldilocks concept by designing or guiding a planet through its planetary evolution to support life as we know it 

Students will understand that: 
U1.   Earth’s conditions are special and support the only known life in the universe. 
U2.   Time perspective is relative and a sense of time is critical to human response to environmental crises. 
U3.   Negative feedback systems produce stability. Positive feedback systems produce runaway train scenarios. 
U4.   Earth is a dynamic system involving interactions of the Lithosphere, Hydrosphere, Atmosphere, and Biosphere. 
U5.   Earth is a closed system in regard to matter and an open system in regard to energy. 
U6.   The Earth has shaped the life that lives on it just as the life on Earth has shaped the Earth. 
U7.   Biodiversity is the key to a healthy functioning planet that can sustain human life. 

Essential/Central Questions: 
Q1.   What conditions make Earth a “Goldilocks Planet”? 
Q2.   How long is a long time? 
Q3.   How do I know what is really true? 
Q4.   What is the justification for saying that the earth and life on it have evolved together and that each has 

deeply influenced the other? 
Q5.   What do bio-geochemical cycles have to do with me? 
Q6.   How can I use scientific concepts and data to make decisions in life? 

Students will know: 
Critical Concepts: 
CC1. Radiation balance 
CC2. Specific heat 
CC3. Phase changes 
CC4. Conservation of matter 
CC5. 1st & 2nd Laws of Thermodynamics (open vs. 

closed systems) 
CC6. Superposition 
CC7. Stratigraphic correlation 
CC8. Index fossils 
CC9. Relative Dating 
CC10.  Absolute dating 
CC11.  Half Life/Decay Constant 
CC12.  Polarity 
CC13.  Positive + Negative Feedback Systems 

  
Informational Content: 

IC1.     Albedo 
IC2.     Greenhouse effect 
IC3.     Eukaryotic vs. prokaryotic cells 
IC4.     Water Chemistry/Properties of Water 
IC5.     Composition and formation of the atmosphere, 

especially as it relates to free oxygen 
IC6.     Geologic records as evidence of both physical 

and biological evolution 
IC7.     Snowball Earth Theory 
IC8.     Cambrian Explosion and its relation to climate 

change 
IC9.     4 Spheres: Hydro, Atmo, Geo(Litho), Bio 
IC10.   Electromagnetic spectrum 
IC11.   Modes of heat transmission. 

Students will be able to: 
S1.   Assemble an accurately scaled timeline of earth’s history. 
S2.   Measure with the metric system. 
S3.   Assemble and Interpret graphical data correctly. 
S4.   Use scientific concepts and data to inform decisions. 
S5.   Predict environmental consequences/outcomes of human choices within socio-political 

settings. 
S6.   Determine the relative age of sedimentary layers. 
S7.   Correlate strata from different locations using 
S8.   Assemble an accurate graph. 
  

Stage 2: Acceptable Evidence  
Transfer Task 
Extreme Makeover Planetary Edition: shape the formation of a planet, from a rocky planetesimal into a fully-developed world, by changing the planet’s vital attributes—such as 
distance from its star, atmosphere, and volcanic activity.  
 

 

  



Verona High School Environmental Science 

 

Unit 2: BioDiversity Unit Duration: 10 weeks 
Stage 1: Desired Results 

Established Goals: 
HS-LS1-5. Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy. [Clarification Statement: Emphasis is on illustrating inputs and outputs of matter and the transfer and transformation of 

energy in photosynthesis by plants and other photosynthesizing organisms. Examples of models could include diagrams, chemical equations, and conceptual models.] [Assessment Boundary: Assessment does not include 
specific biochemical steps.]  

HS-LS1-7. Use a model to illustrate that cellular respiration is a chemical process whereby the bonds of food molecules and oxygen molecules are broken and the bonds in new compounds are formed resulting in a net 
transfer of energy. [Clarification Statement: Emphasis is on the conceptual understanding of the inputs and outputs of the process of cellular respiration.] [Assessment Boundary: Assessment should not include identification of 
the steps or specific processes involved in cellular respiration.]  

HS-LS2-1. Use mathematical and/or computational representations to support explanations of factors that affect carrying capacity of ecosystems at different scales. [Clarification Statement: Emphasis is on quantitative analysis 
and comparison of the relationships among interdependent factors including boundaries, resources, climate and competition. Examples of mathematical comparisons could include graphs, charts, histograms, or population 
changes gathered from simulations or historical data sets.] [Assessment Boundary: Assessment does not include deriving mathematical equations to make comparisons.]  

HS-LS2-2. Use mathematical representations to support and revise explanations based on evidence about factors affecting biodiversity and populations in ecosystems of different scales. [Clarification Statement: Examples of 
mathematical representations include finding the average, determining trends, and using graphical comparisons of multiple sets of data.] [Assessment Boundary: Assessment is limited to provided data.]  

HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem. [Clarification Statement: Emphasis is on using a mathematical model of stored energy 
in biomass to describe the transfer of energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms and molecules such as 
carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limited to proportional reasoning to describe the cycling of matter and flow of energy.]  

HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in 
a new ecosystem. [Clarification Statement: Examples of changes in ecosystem conditions could include modest biological or physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as 
volcanic eruption or sea level rise.]  

HS-LS2-7.   Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization, building dams, 
and dissemination of invasive species.] 

HS-LS2-8.   Evaluate the evidence for the role of group behavior on individual and species’ chances to survive and reproduce. Evaluate the evidence for the role of group behavior on individual and species’ chances to survive 
and reproduce. [Clarification Statement: Emphasis is on: (1) distinguishing between group and individual behavior, (2) identifying evidence supporting the outcomes of group behavior, and (3) developing logical and reasonable 
arguments based on evidence. Examples of group behaviors could include flocking, schooling, herding, and cooperative behaviors such as hunting, migrating, and swarming.] 

HS-LS3-2.   Make and defend a claim based on evidence that inheritable genetic variations may result from: (1) new genetic combinations through meiosis, (2) viable errors occurring during replication, and/or (3) mutations 
caused by environmental factors. [Clarification Statement: Emphasis is on using data to support arguments for the way variation occurs.] [Assessment Boundary : Assessment does not include the phases of meiosis or the 
biochemical mechanism of specific steps in the process.]  

HS-LS3-3.   Apply concepts of statistics and probability to explain the variation and distribution of expressed traits in a population. [Clarification Statement: Emphasis is on the use of mathematics to describe the probability of traits 
as it relates to genetic and environmental factors in the expression of traits.] [Assessment Boundary : Assessment does not include Hardy -Weinberg calculations.]  

HS-LS4-2  Construct an explanation based on evidence that the process of evolution primarily results from four factors: (1) the potential for a species to increase in number, (2) the heritable genetic variation of individuals in a 
species due to mutation and sexual reproduction, (3) competition for limited resources, and (4) the proliferation of those organisms that are better able to survive and reproduce in the environment. [Clarification 
Statement: Emphasis is on using evidence to explain the influence each of the four factors has on number of organisms, behaviors, morphology , or physiology in terms of ability to compete for limited resources and subsequent 
survival of individuals and adaptation of species. Examples of evidence could include mathematical models such as simple distribution graphs and proportional reasoning.] [Assessment Boundary : Assessment does not include 
other mechanisms of evolution, such as genetic drift, gene flow through migration, and co-evolution.].  

HS-LS4-3  Apply concepts of statistics and probability to support explanations that organisms with an advantageous heritable trait tend to increase in proportion to organisms lacking this trait. [Clarification Statement: 
Emphasis is on analyzing shifts in numerical distribution of traits and using these shifts as evidence to support explanations.] [Assessment Boundary : Assessment is limited to basic statistical and graphical analysis. 
Assessment does not include allele frequency calculations.]  

HS-LS4-4  Construct an explanation based on evidence for how natural selection leads to adaptation of populations. [Clarification Statement: Emphasis is on using data to provide evidence for how specific biotic and abiotic 
differences in ecosystems (such as ranges of seasonal temperature, long-term climate change, acidity , light, geographic barriers, or evolution of other organisms) contribute to a change in gene frequency over time, leading to 
adaptation of populations.] 

HS-LS4-5.  Evaluate the evidence supporting claims that changes in environmental conditions may result in: (1) increases in the number of individuals of some species, (2) the emergence of new species over time, and (3) the 
extinction of other species. [Clarification Statement: Emphasis is on determining cause and effect relationships for how changes to the environment such as deforestation, fishing, application of fertilizers, drought, flood, and 
the rate of change of the environment affect distribution or disappearance of traits in species.]  

HS-LS4-6.  Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on biodiversity.* [Clarification Statement: Emphasis is on designing solutions for a proposed problem related to threatened or 
endangered species, or to genetic variation of organisms for multiple species.] 

HS-ESS2-7. Construct an argument based on evidence about the simultaneous coevolution of Earth systems and life on Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects, and feedbacks between the 
biosphere and Earth’s other systems, whereby geoscience factors control the evolution of life, which in turn continuously alters Earth’s surface. Examples of include how photosynthetic life altered the atmosphere through the 
production of oxygen, which in turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land increased the formation of soil, which in turn allowed for the evolution of land plants; or how 
the evolution of corals created reefs that altered patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms.] [Assessment Boundary: Assessment does not include a 
comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.] 

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.* [Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types 
of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could 
range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).] 

HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.  
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, 

cultural, and environmental impacts. 

Science and Engineering Practices 
Analyzing and Interpreting Data 
● Apply concepts of statistics and probability (including determining function fits to data, 

slope, intercept, and correlation coefficient for linear fits) to scientific and engineering 
questions and problems, using digital tools when feasible. (HS-LS3-3),(HS-LS4-3) 

Developing and Using Models 
● Use a model based on evidence to illustrate the relationships between systems or 

between components of a system. (HS-LS1-5),(HS-LS1-7) 
Using Mathematics and Computational Thinking 
● Use mathematical and/or computational representations of phenomena or design 

solutions to support explanations. (HS-LS2-1) 
● Use mathematical representations of phenomena or design solutions to support and 

revise explanations. (HS-LS2-2) 
● Use mathematical representations of phenomena or design solutions to support claims. 

(HS-LS2-4)  
● Create or revise a simulation of a phenomenon, designed device, process, or system. 

(HS-LS4-6)  
Constructing Explanations and Designing Solutions  
● Design, evaluate, and refine a solution to a complex real-world problem, based on 

scientific knowledge, student-generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-LS2-7)  

● Construct an explanation based on valid and reliable evidence obtained from a variety of 
sources (including students’ own investigations, models, theories, simulations, peer 
review) and the assumption that theories and laws that describe the natural world operate 
today as they did in the past and will continue to do so in the future. 
(HS-LS4-2),(HS-LS4-4) 

● Design or refine a solution to a complex real-world problem, based on scientific 
knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff 
considerations. (HS-ESS3-4)  

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

● Evaluate a solution to a complex real-world problem, based on scientific knowledge, 
student-generated sources of evidence, prioritized criteria, and tradeoff considerations. 
(HS-ETS1-3) 

Engaging in Argument from Evidence  
● Evaluate the claims, evidence, and reasoning behind currently accepted explanations or 

solutions to determine the merits of arguments. (HS-LS2-6) 
● Evaluate the evidence behind currently accepted explanations to determine the merits of 

arguments. (HS-LS2-8), (HS-LS4-5) 
● Make and defend a claim based on evidence about the natural world that reflects 

scientific knowledge, and student-generated evidence. (HS-LS3-2)  
● Construct an oral and written argument or counter-arguments based on data and 

evidence. (HS-ESS2-7) 
-------------------------------------------------------------------  

Connections to Nature of Science  
Scientific Knowledge is Open to Revision in Light of New Evidence  
● Most scientific knowledge is quite durable, but is, in principle, subject to change based on 

new evidence and/or reinterpretation of existing evidence. (HS-LS2-2) 
● 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. 
(HS-LS2-6),(HS-LS2-8) 

Disciplinary Core Ideas 
LS1  .C: Organization for Matter and Energy Flow in Organisms 
● The process of photosynthesis converts light energy to stored chemical energy by 

converting carbon dioxide plus water into sugars plus released oxygen. (HS-LS1-5)  
● As matter and energy flow through different organizational levels of living systems, 

chemical elements are recombined in different ways to form different products. 
(HS-LS1-7) 

● As a result of these chemical reactions, energy is transferred from one system of 
interacting molecules to another. Cellular respiration is a chemical process in which the 
bonds of food molecules and oxygen molecules are broken and new compounds are 
formed that can transport energy to muscles. Cellular respiration also releases the 
energy needed to maintain body temperature despite ongoing energy transfer to the 
surrounding environment. (HS-LS1-7) 

LS2  .A: Interdependent Relationships in Ecosystems 
● 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. (HS-LS2-1),(HS-LS2-2) 

LS2  .B: Cycles of Matter and Energy Transfer in Ecosystems 
● 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. (HS-LS2-4)  

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. (HS-LS2-2),(HS-LS2-6) 

● 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. (HS-LS2-7)  

LS2  .D: Social Interactions and Group Behavior 
● Group behavior has evolved because membership can increase the chances of survival 

for individuals and their genetic relatives. (HS-LS2-8) 
LS3  .B: Variation of Traits 
● In sexual reproduction, chromosomes can sometimes swap sections during the process 

of meiosis (cell division), thereby creating new genetic combinations and thus more 
genetic variation. Although DNA replication is tightly regulated and remarkably accurate, 
errors do occur and result in mutations, which are also a source of genetic variation. 
Environmental factors can also cause mutations in genes, and viable mutations are 
inherited. (HS-LS3-2) 

● Environmental factors also affect expression of traits, and hence affect the probability of 
occurrences of traits in a population. Thus the variation and distribution of traits observed 
depends on both genetic and environmental factors. (HS-LS3-2),(HS-LS3-3) 

LS4  .B: Natural Selection 

Crosscutting Concepts 
Patterns 
● Different patterns may be observed at each of the scales at which a system is studied and 

can provide evidence for causality in explanations of phenomena. (HS-LS4-3)  
Cause and Effect 
● Empirical evidence is required to differentiate between cause and correlation and make 

claims about specific causes and effects. (HS-LS2-8),(HS-LS3-2),(HS-LS4-2), 
(HS-LS4-4),(HS-LS4-5),(HS-LS4-6) 

Scale, Proportion, and Quantity 
● The significance of a phenomenon is dependent on the scale, proportion, and quantity at 

which it occurs. (HS-LS2-1)  
● Using the concept of orders of magnitude allows one to understand how a model at one 

scale relates to a model at another scale. (HS-LS2-2)  
● 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). (HS-LS3-3) 
Energy and Matter 
● Changes of energy and matter in a system can be described in terms of energy and 

matter flows into, out of, and within that system. (HS-LS1-5) 
● Energy cannot be created or destroyed—it only moves between one place and another 

place, between objects and/or fields, or between systems. (HS-LS1-7),(HS-LS2-4) 
Stability and Change 
● Much of science deals with constructing explanations of how things change and how they 

remain stable. (HS-LS2-6),(HS-LS2-7), (HS-ESS2-7) 
● Feedback (negative or positive) can stabilize or destabilize a system. (HS-ESS3-4) 

  ----------------------------------------------- 

Connecting to Engineering, Technology, and 
Applications of Science 

Science is a Human Endeavor 
● Technological advances have influenced the progress of science and science has 

influenced advances in technology . (HS-LS3-3)  
● Science and engineering are influenced by society and society is influenced by science 

and engineering. (HS-LS3-3) 
Scientific Knowledge Assumes an Order and Consistency in Natural Systems  
● Scientific knowledge is based on the assumption that natural laws operate today as they 

did in the past and they will continue to do so in the future. (HS-LS4-4) 
Influence of Engineering, Technology, and Science on Society and the Natural World 
● Engineers continuously modify these technological systems by applying scientific 

knowledge and engineering design practices to increase benefits while decreasing costs 
and risks.(HS-ESS3-4)  

● New technologies can have deep impacts on society and the environment, including 
some that were not anticipated. Analysis of costs and benefits is a critical aspect of 
decisions about technology. (H-SETS1-3) 



● Natural selection occurs only if there is both (1) variation in the genetic information 
between organisms in a population and (2) variation in the expression of that genetic 
information—that is, trait variation—that leads to differences in performance among 
individuals. (HS-LS4-2),(HS-LS4-3) 

● The traits that positively affect surv iv al are more likely to be reproduced, and thus are 
more common in the population. (HS-LS4-3) 

LS4  .C: Adaptation 
● Evolution is a consequence of the interaction of four factors: (1) the potential for a 

species to increase in number, (2) the genetic variation of individuals in a species due to 
mutation and sexual reproduction, (3) competition for an environment's limited supply of 
the resources that individuals need in order to survive and reproduce, and (4) the 
ensuing proliferation of those organisms that are better able to survive and reproduce in 
that environment. (HS-LS4-2) 

● Natural selection leads to adaptation, that is, to a population dominated by organisms 
that are anatomically , behaviorally , and physiologically well suited to survive and 
reproduce in a specific environment. That is, the differential surv iv al and reproduction of 
organisms in a population that have an advantageous heritable trait leads to an increase 
in the proportion of individuals in future generations that have the trait and to a decrease 
in the proportion of individuals that do not. (HS-LS4-3),(HS-LS4-4) 

● Adaptation also means that the distribution of traits in a population can change when 
conditions change. (HS-LS4-3)  

● Changes in the physical environment, whether naturally occurring or human induced, 
have thus contributed to the expansion of some species, the emergence of new distinct 
species as populations diverge under different conditions, and the decline–and 
sometimes the extinction–of some species. (HS-LS4-5),(HS-LS4-6) 

● Species become extinct because they can no longer survive and reproduce in their 
altered environment. If members cannot adjust to change that is too fast or drastic, the 
opportunity for the species’ evolution is lost. (HS-LS4-5)  

LS4  .D: Biodiversity and Humans 
● Biodiversity is increased by the formation of new species (speciation) and decreased by 

the loss of species (extinction). (secondary to HS-LS2-7) 
● 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. (secondary to HS-LS2-7) (Note: This Disciplinary Core Idea is also 
addressed by HS-LS4-6.) 

ESS2.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. 
(HS-ESS3-4) 

ESS2.D: Weather and Climate 
● Gradual atmospheric changes were due to plants and other organisms that captured 

carbon dioxide and released oxygen. (HS-ESS2-7) 
ESS2.E: Biogeology 
● The many dynamic and delicate feedbacks between the biosphere and other Earth 

systems cause a continual co-evolution of Earth’s surface and the life that exists on it. 
(HS-ESS2-7)  

ETS1.B: Developing Possible Solutions 
● When evaluating solutions it is important to take into account a range of constraints 

including cost, safety, reliability and aesthetics and to consider social, cultural and 
environmental impacts. (secondary to HS-LS2-7, (secondary to HS-LS4-6), (secondary 
HS-ESS3-4), (HS-EST1-3) 

● Both physical models and computers can be used in various ways to aid in the 
engineering design process. Computers are useful for a variety of purposes, such as 
running simulations to test different ways of solving a problem or to see which one is 
most efficient or economical; and in making a persuasive presentation to a client about 
how a given design will meet his or her needs. (secondary to HS-LS4-6) 

ETS1.C: Optimizing the Design Solution 
● Criteria may need to be broken down into simpler ones that can be approached 

systematically , and decisions about the priority of certain criteria over others (trade-offs) 
may be needed. (HS-ETS1-2)  

 

Transfer Goal: 
Students will be able create an argument to protect a threatened or endangered species and create a marketing campaign to educate the lay people in the area. 

Students will understand that: 
U1.  Organisms and their environments are interconnected. Changes in one part of the system will 

affect other parts of the system. 
U2.  Matter needed to sustain life is continually recycled among and between organisms and the 

environment. Energy from the sun flows irreversibly through ecosystems and is conserved as 
organisms use and transform it. 

U3.   Humans can alter the living and non-living factors within an ecosystem, thereby creating changes 
to the overall system. 

U4.   Data needs to be used in order to assess environmental risks and benefits. 
U5.   Ecosystems provide several important services related biological diversity. 
U6.   Life is complex and difficult to define 
U7.   Soil is the primary interface between the living and non-living worlds. 

Essential Questions: 
Q1.   How can change in one part of an ecosystem affect change in other parts of the 

ecosystem? 
Q2.   How does matter and energy link organisms to each other and their environments? Why is 

sunlight essential to life on Earth? 
Q3.   What is the human impact on Biodiversity in the industrial era? 
Q4.   Why should Biodiversity matter to me? 
Q5.   What is the justification for saying that earth and life on earth have evolved in response to 

one another? 
Q6.   How do I know what is really true? 
Q7.   How can I use scientific concepts and data to make decisions in life? 

 
Students will know: 

Critical Concepts: 
CC1.  Range of Tolerance 
CC2.  Niche concept 
CC3.  10% rule 
CC4.  Open Vs. Closed systems 
CC5.  Natural Selection 
CC6.  Coevolution 
 

Informational Content: 
IC1.   3 types of BioD: Species, Community, Genetic and threats related to 

each 
IC2.   Interactions (symbioses) 
IC3.   Biogeochemical cycles (N, C, H2O) 
IC4.   Biomes Terrestrial and Marine 
IC5.   Human Impacts on each Biome 
IC6.   Levels of Organization (Population, Community, Ecosystem, 

Biosphere) 
IC7.   Classification (Surface diagnostic features Kingdoms) 
IC8.   Adaptations of plants and animals to specific biomes 
IC9.   Soil Horizons 
IC10  Soil types 

 

Students will be able to: 
S1.   Construct an accurate climatogram based on provided data. 
S2.   Predict the biome for a given climatogram. 
S3.   Use range of tolerance to explain how abiotic factors determine the distribution of biomes 

on earth. 
S4.   Construct a food web 
S5.   Build and explain an ecological pyramid 
S6.   Construct a soil monolith 
 
 

 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will answer the essential question: What is the justification for saying that earth and life on earth have evolved in response to one another? The presentation of their answer will be well developed 
and provide evidence from  range of sources and concepts covered in the unit. 

 

  



Verona High School Environmental Science 

Unit 3: Resources and Human Impacts Unit Duration: 10 weeks 
Stage 1: Desired Results 

Established Goals: 
HS-PS3-3.  Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy. [Clarification Statement: Emphasis is on both qualitative and quantitative 

evaluations of devices. Examples of devices could include Rube Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms and 
efficiency .] [Assessment Boundary : Assessment for quantitative evaluations is limited to total output for a given input. Assessment is limited to devices constructed with materials provided to students.] 

HS-LS2-4.  Use mathematical representations to support and revise explanations based on evidence about factors affecting biodiversity and populations in ecosystems of different scales. [Clarification Statement: 
Examples of mathematical representations include finding the average, determining trends, and using graphical comparisons of multiple sets of data.] [Assessment Boundary: Assessment is limited to provided data.]  

HS-LS2-7.  Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity. [Clarification Statement: Examples of human activities can include urbanization, building 
dams, and dissemination of invasive species.] 

HS-LS4-6.  Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on biodiversity. [Clarification Statement: Emphasis is on designing solutions for a proposed problem related to 
threatened or endangered species, or to genetic variation of organisms for multiple species.]  

HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other Earth systems. [Clarification Statement: Examples should include climate 
feedbacks, such as how an increase in greenhouse gases causes a rise in global temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth’s surface, increasing surface 
temperatures and further reducing the amount of ice. Examples could also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water runoff and soil erosion; how 
dammed rivers increase groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the wetland extent.]  

HS-ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate. [Clarification Statement: Examples of the causes of climate change differ by timescale, 
over 1-10 years: large volcanic eruption, ocean circulation; 10-100s of years: changes in human activity, ocean circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and the orientation of its 
axis; and 10-100s of millions of years: long-term changes in atmospheric composition.] [Assessment Boundary: Assessment of the results of changes in climate is limited to changes in surface temperatures, 
precipitation patterns, glacial ice volumes, sea levels, and biosphere distribution.] 

HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. [Clarification Statement: 
Examples of key natural resources include access to fresh water (such as rivers, lakes, and groundwater), regions of fertile soils such as river deltas, and high concentrations of minerals and fossil fuels. Examples of 
natural hazards can be from interior processes (such as volcanic eruptions and earthquakes), surface processes (such as tsunamis, mass wasting and soil erosion), and severe weather (such as hurricanes, floods, 
and droughts). Examples of the results of changes in climate that can affect populations or drive mass migrations include changes to sea level, regional patterns of temperature and precipitation, and the types of crops 
and livestock that can be raised.] 

HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios. [Clarification Statement: Emphasis is on the conservation, recycling, 
and reuse of resources (such as minerals and metals) where possible, and on minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and oil 
shales), and pumping (for petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what should happen.]  

HS-ESS3-3  Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human populations, and biodiversity. [Clarification Statement: Examples of 
factors that affect the management of natural resources include costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect 
human sustainability include agricultural efficiency , levels of conservation, and urban planning.] [Assessment Boundary : Assessment for computational simulations is limited to using provided multi-parameter 
programs or constructing simplified spreadsheet calculations.] .  

HS-ESS3-4  Evaluate or refine a technological solution that reduces impacts of human activities on natural systems. [Clarification Statement: Examples of data on the impacts of human activities could include the quantities 
and types of pollutants released, changes to biomass and species diversity , or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting 
future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the 
atmosphere or ocean).]  

HS-ESS3-5. Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate of global or regional climate change and associated future impacts to Earth 
systems. [Clarification Statement: Examples of evidence, for both data and climate model outputs, are for climate changes (such as precipitation and temperature) and their associated impacts (such as on sea level, 
glacial ice volumes, or atmosphere and ocean composition).] [Assessment Boundary : Assessment is limited to one example of a climate change and its associated impacts.] 

HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth 
systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. A n example of the far-reaching impacts from a human activ ity is how an increase in atmospheric carbon 
dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary : Assessment 
does not include running computational representations but is limited to using the published results of scientific computational models.]  

HS-ETS1-2. Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the 
problem. 

Science and Engineering Practices 
Developing and Using Models 
● Use a model to provide mechanistic accounts of phenomena. (HS-ESS2-4) 
Using Mathematics and Computational Thinking 
● Use mathematical representations of phenomena or design solutions to support and 

revise explanations. (HS-LS2-2) 
● Create or revise a simulation of a phenomenon, designed device, process, or system. 

(HS -LS4-6) 
● Create a computational model or simulation of a phenomenon, designed device, 

process, or system. (HS - ESS3-3) 
● Use a computational representation of phenomena or design solutions to describe 

and/or support claims and/or explanations. (HS-ESS3-6) 
Constructing Explanations and Designing Solutions  
● Design, evaluate, and refine a solution to a complex real-world problem, based on 

scientific knowledge, student-generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-PS3-3),(HS-LS2-7) 

● Construct an explanation based on valid and reliable evidence obtained from a variety 
of sources (including students’ own investigations, models, theories, simulations, peer 
review) and the assumption that theories and laws that describe the natural world 
operate today as they did in the past and will continue to do so in the future. 
(HS-ESS3-1)  

● Design or refine a solution to a complex real-world problem, based on scientific 
knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff 
considerations. (HS-ESS3-4)  

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

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. (HS-ESS2-2) 

● Analyze data using computational models in order to make valid and reliable scientific 
claims. (HS-ESS3-5) 

Engaging in Argument from Evidence 
● Evaluate competing design solutions to a real-world problem based on scientific ideas 

and principles, empirical evidence, and logical arguments regarding relevant factors 
(e.g. economic, societal, environmental, ethical considerations). (HS-ESS3-2) 

-------------------------------------------------------------------  
Connections to 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. (HS-ESS3-5)  
● New technologies advance scientific knowledge. (HS-ESS3- 5)  
Scientific Knowledge is Based on Empirical Evidence 
● Science knowledge is based on empirical evidence. (HS-ESS3-5)  
● Science arguments are strengthened by multiple lines of evidence supporting a single 

explanation. (HS-ESS3-5)  
Scientific Knowledge is Open to Revision in Light of New Evidence  
● Most scientific knowledge is quite durable, but is, in principle, subject to change based 

on new evidence and/or reinterpretation of existing evidence. (HS-LS2-2) 
● Science arguments are strengthened by multiple lines of evidence supporting a single 

explanation. (HS-ESS2-4) 
 

Disciplinary Core Ideas 
PS3 .A: Definitions of Energy 
● At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, 

sound, light, and thermal energy. (HS-PS3-3) 
PS3 .D: Energy in Chemical Processes 
● Although energy cannot be destroyed, it can be converted to less useful forms—for 

example, to thermal energy in the surrounding environment. (HS-PS3-3) 
LS2 .A: Interdependent Relationships in Ecosystems 
● 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. (HS-LS2-2) 

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. (HS-LS2-2) 

● 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. (HS-LS2-7) 

LS2 .D: Biodiversity and Humans 
● Biodiversity is increased by the formation of new species (speciation) and decreased 

by the loss of species (extinction). (secondary to HS-LS2-7) 
● 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. (secondary to HS-LS2-7) (Note: 
This Disciplinary Core Idea is also addressed by HS-LS4-6.) 

LS4 .C: Adaptation 
● Changes in the physical environment, whether naturally occurring or human induced, 

have thus contributed to the expansion of some species, the emergence of new 
distinct species as populations diverge under different conditions, and the 
decline–and sometimes the extinction–of some species. (HS-LS4-6) 

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. (HS-LS4-6) (Note: This Disciplinary 
Core Idea is also addressed by HS -LS2- 7.) 

ESS1.B: Earth and the Solar System 
● Cyclical changes in the shape of Earth’s orbit around the sun, together with changes 

in the tilt of the planet’s axis of rotation, both occurring over hundreds of thousands 
of years, have altered the intensity and distribution of sunlight falling on the earth. 
These phenomena cause a cycle of ice ages and other gradual climate changes. 
(secondary to HS-ESS2-4) 

● The geological record shows that changes to global and regional climate can be 
caused by interactions among changes in the sun’s energy output or Earth’s orbit, 
tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human 
activities. These changes can occur on a variety of time scales from sudden (e.g., 
volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles. 
(HS-ESS2-4)  

ESS2.A: Earth Materials and Systems 
● Earth’s systems, being dynamic and interacting, cause feedback effects that can 

increase or decrease the original changes. (HS-ESS2-2) 
ESS2.D: Weather and Climate 
● The foundation for Earth’s global climate systems is the electromagnetic radiation 

from the sun, as well as its reflection, absorption, storage, and redistribution among 
the atmosphere, ocean, and land systems, and this energy’s re-radiation into space. 
(HS-ESS2-2),(HS-ESS2-4) 

● Changes in the atmosphere due to human activity have increased carbon dioxide 
concentrations and thus affect climate. (HS-ESS2-4) 

Crosscutting Concepts 
Cause and Effect 
● Empirical evidence is required to differentiate between cause and correlation and 

make claims about specific causes and effects. (HS-LS4-6),(HS-ESS2-4), 
(HS-EES3-1) 

Systems and System Models 
● 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. (HS-ESS3-6)  

Scale, Proportion, and Quantity 
● Using the concept of orders of magnitude allows one to understand how a model at 

one scale relates to a model at another scale. (HS-LS2-2) 
Energy and Matter 
● Changes of energy and matter in a system can be described in terms of energy and 

matter flows into, out of, and within that system. (HS-PS3-3) 
Stability and Change 
● Much of science deals with constructing explanations of how things change and how 

they remain stable. (HS-LS2-7)  
● Change and rates of change can be quantified and modeled over very short or very 

long periods of time. Some system changes are irreversible. 
(HS-ESS3-3),(HS-ESS3-5)  

● Feedback (negative or positive) can stabilize or destabilize a system. (HS-ESS3-4) 
  ----------------------------------------------- 

Connecting to Engineering, Technology, and 
Applications of Science 

Influence of Engineering, Technology, and Science on Society and the Natural 
World 
● Modern civilization depends on major technological systems. (HS-ESS3-1), 

(HS-ESS3-3) 
● Engineers continuously modify these technological systems by applying scientific 

knowledge and engineering design practices to increase benefits while decreasing 
costs and risks. (HS-ESS3-2),(HS-ESS3-4) 

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

● New technologies can have deep impacts on society and the environment, including 
some that were not anticipated. Analysis of costs and benefits is a critical aspect of 
decisions about technology. (HS-ESS2-2),(HS-ESS3-3)  

● Analysis of costs and benefits is a critical aspect of decisions about technology . 
(HS-ESS3-2) 

  ----------------------------------------------- 

Connections to Nature of Science 
Science is a Human Endeavor 
● Science is a result of human endeav ors, imagination, and creativity . (HS -ESS3-3) 
Science Addresses Questions About the Natural and Material World 
● Science and technology may raise ethical issues for which science, by itself, does not 

provide answers and solutions. (HS-ESS3-2) 
● Science knowledge indicates what can happen in natural systems—not what should 

happen. The latter inv olv es ethics, values, and human decisions about the use of 
knowledge. (HS-ESS3-2)  

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



● 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 
way s in which these gases are absorbed by the ocean and biosphere. (secondary to 
HS-ESS3-6) 

ESS3.A: Natural Resources 
● Resource availability has guided the development of human society . (HS-ESS3-1)  
● A ll 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. 
(HS-ESS3-2) 

ESS3.B: Natural Hazards 
● Natural hazards and other geologic events have shaped the course of human history 

; [they ] have significantly altered the sizes of human populations and have driven 
human migrations. (HS-ESS3-1) 

ESS3.C: Human Impacts on Earth Systems 
● The sustainability of human societies and the biodiversity that supports them 

requires responsible management of natural resources. (HS-ESS3-3) 
● Scientists and engineers can make major contributions by developing technologies 

that produce less pollution and waste and that preclude ecosystem degradation. 
(HS-ESS3-4) 

ESS3.D: Global Climate Change 
● 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. 
(HS-ESS3-5)  

● 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. (HS-ESS3-6) 

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. (secondary to HS-PS3-3) 

ETS1.B: Developing Possible Solutions 
● When evaluating solutions it is important to take into account a range of constraints 

including cost, safety, reliability and aesthetics and to consider social, cultural and 
environmental impacts. (secondary to HS-LS2-7),(secondary to HS-LS4-6), 
(secondary to HS-ESS3-2),(secondary HS-ESS3-4) 

● Both physical models and computers can be used in various ways to aid in the 
engineering design process. Computers are useful for a variety of purposes, such as 
running simulations to test different ways of solving a problem or to see which one is 
most efficient or economical; and in making a persuasive presentation to a client 
about how a given design will meet his or her needs. (secondary to HS-LS4-6) 

ETS1.C: Optimizing the Design Solution 
● Criteria may need to be broken down into simpler ones that can be approached 

systematically , and decisions about the priority of certain criteria over others 
(trade-offs) may be needed. (HS-ETS1-2)  

 
Transfer Goal: 
Students will be able to independently use their learning to… demonstrate the ways in which human consumption is hidden from our view. 

Students will understand that: 
U1.   In many cases the difference between renewable and nonrenewable is careful 

management. 
U2.   I am actually part of a food chain and energy pyramid. 
U3.  Most of my environmental impact is hidden from my view (explicit costs vs. implicit costs). 
U4.  Fossil fuels are, in a certain sense, fossilized sunlight. 
U5.  Farms differ from natural ecosystems in very significant ways, including nutrient input and 

output. 

Essential Questions: 
Q1.   In what ways is my daily life affected by mineral resources? 
Q2.   What is my energy footprint? 
Q3.   What does "no free lunch" actually mean? 
Q4.   How does my food get to my plate? 
Q5.   Why can you never truly throw anything away? 
Q6.   How do I know what is really true? 
Q7.   How do we learn about the natural world through science? 
Q8.   How can scientific data provide a basis for decision making? 

 

Critical Concepts: 
CC1.  Minerals vs. Rocks 
CC2.  Potential human impacts on the water cycle 
CC3.  Types of water pollution 
CC4.  Geologic cycles: Rock water carbon cycle 
CC5.  Equations for photosynthesis and cellular 

respiration 
CC6.  1st and 2nd laws of thermodynamics 

Informational Content 
IC1.  Minerals are non-renewable on human time 

scales. 
IC2.  Some minerals are recyclable. 
IC3.  Mineral extraction may have intense explicit 

and implicit costs. 
IC4.  Fresh water resources may be renewable or 

non-renewable 

 

Students will be able to: 
S1.   Identify common minerals based upon defining properties. 
S2.   Calculate ecological footprint. 
S3.   Explain the water cycle in terms of concepts(sources, sinks, flux) 
S4.   Identify implicit and explicit resource uses. 
S5.   Differentiate between sources and formation as well as extraction methods of various fossil 

fuels. 
S6.   Assess environmental impacts of resources and critique different methods of obtaining 

resources. 
S7.   Appraise the effectiveness various alternative energy sources 
·         Calculate ecological footprint. 
S8.   Link food on their plates to various types of agriculture practiced in the USA 

Stage 2: Acceptable Evidence  
Transfer Task 
Students will develop a presentation about one particular product and demonstrate the hidden costs and consumptions that are implicit in the use of the product. 

 

  



 

Verona High School Environmental Science 

Unit 4: Environmental Health & Human Risk Unit Duration: 9 weeks 
Stage 1: Desired Results 

Established Goals: 
HS-LS2-7.  Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity. [Clarification Statement: Examples of human activities can include urbanization, building 

dams, and dissemination of invasive species.] 
HS-LS4-6.  Create or revise a simulation to test a solution to mitigate adverse impacts of human activity on biodiversity. [Clarification Statement: Emphasis is on designing solutions for a proposed problem related to threatened 

or endangered species, or to genetic variation of organisms for multiple species.]  
HS-ESS2-2. Analyze geoscience data to make the claim that one change to Earth’s surface can create feedbacks that cause changes to other Earth systems. [Clarification Statement: Examples should include climate 

feedbacks, such as how an increase in greenhouse gases causes a rise in global temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth’s surface, increasing surface temperatures 
and further reducing the amount of ice. Examples could also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers 
increase groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the wetland extent.]  

HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios. [Clarification Statement: Emphasis is on the conservation, recycling, and 
reuse of resources (such as minerals and metals) where possible, and on minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and oil shales), 
and pumping (for petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what should happen.]  

HS-ESS3-3  Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human populations, and biodiversity. [Clarification Statement: Examples of factors 
that affect the management of natural resources include costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect human 
sustainability include agricultural efficiency , levels of conservation, and urban planning.] [Assessment Boundary : Assessment for computational simulations is limited to using provided multi-parameter programs or 
constructing simplified spreadsheet calculations.] .  

HS-ESS3-4  Evaluate or refine a technological solution that reduces impacts of human activities on natural systems. [Clarification Statement: Examples of data on the impacts of human activities could include the quantities and 
types of pollutants released, changes to biomass and species diversity , or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future 
impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the 
atmosphere or ocean).]  

HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth 
systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. A n example of the far-reaching impacts from a human activ ity is how an increase in atmospheric carbon dioxide 
results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary : Assessment does not 
include running computational representations but is limited to using the published results of scientific computational models.]  

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

Science and Engineering Practices 
Using Mathematics and Computational Thinking 
● Create or revise a simulation of a phenomenon, designed device, process, or system. 

(HS -LS4-6) 
● Create a computational model or simulation of a phenomenon, designed device, 

process, or system. (HS - ESS3-3) 
● Use a computational representation of phenomena or design solutions to describe 

and/or support claims and/or explanations. (HS-ESS3-6) 
● Use mathematical models and/or computer simulations to predict the effects of a 

design solution on systems and/or the interactions between systems. (HS -ETS1-4) 
Constructing Explanations and Designing Solutions  
● Design, evaluate, and refine a solution to a complex real-world problem, based on 

scientific knowledge, student-generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-LS2-7) 

● Design or refine a solution to a complex real-world problem, based on scientific 
knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff 
considerations. (HS-ESS3-4)  

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. (HS-ESS2-2) 

● Analyze data using computational models in order to make valid and reliable scientific 
claims. (HS-ESS3-5) 

Engaging in Argument from Evidence 
● Evaluate competing design solutions to a real-world problem based on scientific ideas 

and principles, empirical evidence, and logical arguments regarding relevant factors 
(e.g. economic, societal, environmental, ethical considerations). (HS-ESS3-2) 

-------------------------------------------------------------------  
Connections to Nature of Science  

Constructing Explanations and Designing Solutions  
● Design, evaluate, and refine a solution to a complex real-world problem, based on 

scientific knowledge, student-generated sources of evidence, prioritized criteria, and 
tradeoff considerations. (HS-LS2-7) 

Disciplinary Core Ideas 
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. (HS-LS2-7) 

LS2 .D: Biodiversity and Humans 
● Biodiversity is increased by the formation of new species (speciation) and decreased by the loss 

of species (extinction). (secondary to HS-LS2-7) 
● 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. (secondary to 
HS-LS2-7) (Note: This Disciplinary Core Idea is also addressed by HS-LS4-6.) 

LS4 .C: Adaptation 
● Changes in the physical environment, whether naturally occurring or human induced, have thus 

contributed to the expansion of some species, the emergence of new distinct species as 
populations diverge under different conditions, and the decline–and sometimes the extinction–of 
some species. (HS-LS4-6) 

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. (HS-LS4-6) (Note: 
This Disciplinary Core Idea is also addressed by HS-LS2-7.) 

ESS2.A: Earth Materials and Systems 
● Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or 

decrease the original changes. (HS-ESS2-2) 
ESS2.D: Weather and Climate 
● The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, 

as well as its reflection, absorption, storage, and redistribution among the atmosphere, ocean, 
and land systems, and this energy’s re-radiation into space. (HS-ESS2-2) 

● 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 way s in which these gases are absorbed by the ocean and 
biosphere. (secondary to HS-ESS3-6) 

ESS3.A: Natural Resources 
● A ll 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. (HS-ESS3-2) 

ESS3.C: Human Impacts on Earth Systems 
● The sustainability of human societies and the biodiversity that supports them requires 

responsible management of natural resources. (HS-ESS3-3) 
● Scientists and engineers can make major contributions by developing technologies that produce 

less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4) 
ESS3.D: Global Climate Change 
● 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. (HS-ESS3-6) 

ETS1.B: Developing Possible Solutions 
● When evaluating solutions it is important to take into account a range of constraints including 

cost, safety, reliability and aesthetics and to consider social, cultural and environmental impacts. 
(secondary to HS-LS2-7),(secondary to HS-ESS3-2),(secondary HS-ESS3-4) 

ETS1.B: Developing Possible Solutions 
● When evaluating solutions it is important to take into account a range of constraints including 

cost, safety, reliability and aesthetics and to consider social, cultural and environmental impacts. 
(secondary to HS-LS2-7),(secondary to HS-LS4-6) 

● Both physical models and computers can be used in various ways to aid in the engineering 
design process. Computers are useful for a variety of purposes, such as running simulations to 
test different ways of solving a problem or to see which one is most efficient or economical; and 
in making a persuasive presentation to a client about how a given design will meet his or her 
needs. (HS-ETS1-4),(secondary to HS-LS4-6) 

Crosscutting Concepts 
Systems and System Models 
● 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. (HS-ESS3-6)  

● Models (e.g., physical, mathematical, computer models) can be used to simulate 
systems and interactions— including energy , matter, and information flows— within 
and between systems at different scales. (HS-ETS1-4) 

Stability and Change 
● Much of science deals with constructing explanations of how things change and how 

they remain stable. (HS-LS2-7)  
● Change and rates of change can be quantified and modeled over very short or very 

long periods of time. Some system changes are irreversible. 
(HS-ESS3-3),(HS-ESS3-5)  

● Feedback (negative or positive) can stabilize or destabilize a system. (HS-ESS3-4) 
  ----------------------------------------------- 

Connecting to Engineering, Technology, and 
Applications of Science 

Influence of Engineering, Technology, and Science on Society and the Natural World 
● Modern civilization depends on major technological systems. (HS-ESS3-1), 

(HS-ESS3-3) 
● Engineers continuously modify these technological systems by applying scientific 

knowledge and engineering design practices to increase benefits while decreasing 
costs and risks. (HS-ESS3-2),(HS-ESS3-4) 

● New technologies can have deep impacts on society and the environment, including 
some that were not anticipated. Analysis of costs and benefits is a critical aspect of 
decisions about technology. (HS-ESS2-2),(HS-ESS3-3)  

● Analysis of costs and benefits is a critical aspect of decisions about technology . 
(HS-ESS3-2) 

  ----------------------------------------------- 

Connections to Nature of Science 
Science is a Human Endeavor 
● Science is a result of human endeav ors, imagination, and creativity . (HS -ESS3-3) 
Science Addresses Questions About the Natural and Material World 
● Science and technology may raise ethical issues for which science, by itself, does not 

provide answers and solutions. (HS-ESS3-2) 
● Science knowledge indicates what can happen in natural systems—not what should 

happen. The latter inv olv es ethics, values, and human decisions about the use of 
knowledge. (HS-ESS3-2)  

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

 
Transfer Goal: 
Students will be able to independently use their learning to… assess the real risks as presented by products and technologies. 

Students will understand that: 
● Risk may be real or perceived. 
● Decisions about risk should be made using evidence and not based upon emotional responses 
● There is no free lunch. 
● Tragedy of the commons. 
● Some options are considered to be forced options. 
 

Essential Questions: 
Q1.   Environmentally speaking, what should I really be worried about? 
Q2.   How do scientists identify environmental/human health risks? 
Q3.   How are these risks communicated to the target or general population? 
Q4.   What are the links between environmental degradation and disease? 
Q5.   Who is the EPA/DEP and what is their role in environmental risk and health? 
Q6.   What happens when economic and health risks oppose one another? How much is your 

health worth?  
 

Critical Concepts: 
CC1.  Human population growth 
CC2.  Environmental toxins 
CC3.  Disease vectors (biological and chemical) 
CC4.  Environmental safety laws & agencies 
CC5.  Respiratory/allergies 

Informational Content 
IC1.  Human diseases from agriculture (mad cow, 

swine flu, SARS) 
IC2.  Risk assessment: fear vs reality (coconuts vs. 

shark attack) 

 

Students will be able to: 
●  Perform a risk/benefits assessment. 
● Derive evidence/information from graphs and tables. 
● Identify hidden costs 

 



Stage 2: Acceptable Evidence  
Transfer Task 
Students will perform a risk-assessment for a particular environmental issue, technology, or solution to an environmental problem. Students will present evidence related to all sides of the argument. 

 


