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General Overview, Course Description or Course Philosophy

OBJECTIVES, ESSENTIAL QUESTIONS, ENDURING UNDERSTANDINGS

¢ Genetic information provides evidence of evolution. DNA sequences vary among species, but there are
many overlaps; in fact, the ongoing branching that produces multiple lines of descent can be inferred
by comparing the DNA sequences of different organisms. Such information is also derivable from the
similarities and differences in amino acid sequences and from anatomical and embryological evidence.

e 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

e The traits that positively affect survival are more likely to be reproduced, and thus are more common
in the population.

¢ 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.

e 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 survival 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.

e Adaptation also means that the distribution of traits in a population can change when conditions
change.

e 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.

e 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.

e 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.

e Empirical evidence is required to differentiate between cause and correlation and make claims about



specific causes and effects.

CONTENT AREA STANDARDS

SCI.HS-LS4-4

SCI.HS-LS4-3

SCI.HS-LS4-2

SCI.HS-LS4-5

SCI.HS-LS4-1

Construct an explanation based on evidence for how natural selection leads to adaptation
of populations.

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.

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.

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.

Communicate scientific information that common ancestry and biological evolution are
supported by multiple lines of empirical evidence.

RELATED STANDARDS (Technology, 21st Century Life & Careers, ELA Companion

Standards are Required)

MA.K-12.2
MA.S-ID.A.1
MA.N-Q.A.1

MA.N-Q.A.2

MA.N-Q.A.3

MA.F-IF.C.7

LA.RI.9-10.1

MA.S-IC.A.L1

MA.S-IC.B.6
MA.F-BF.A.1
LA.W.9-10.2

Reason abstractly and quantitatively.
Represent data with plots on the real number line (dot plots, histograms, and box plots).

Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret the
scale and the origin in graphs and data displays.

Define appropriate quantities for the purpose of descriptive modeling.

Choose a level of accuracy appropriate to limitations on measurement when reporting
quantities.

Graph functions expressed symbolically and show key features of the graph, by hand in
simple cases and using technology for more complicated cases.

Accurately cite strong and thorough textual evidence, (e.g., via discussion, written
response, etc.) and make relevant connections, to support analysis of what the text says
explicitly as well as inferentially, including determining where the text leaves matters
uncertain.

Understand statistics as a process for making inferences about population parameters
based on a random sample from that population.

Evaluate reports based on data.
Write a function that describes a relationship between two quantities.

Write informative/explanatory texts to examine and convey complex ideas, concepts, and
information clearly and accurately through the effective selection, organization, and
analysis of content.



LA.W.9-10.5 Develop and strengthen writing as needed by planning, revising, editing, rewriting, trying a
new approach, or consulting a style manual (such as MLA or APA Style), focusing on
addressing what is most significant for a specific purpose and audience.

LA.W.9-10.7 Conduct short as well as more sustained research projects to answer a question (including
a self-generated question) or solve a problem; narrow or broaden the inquiry when
appropriate; synthesize multiple sources on the subject, demonstrating understanding of
the subject under investigation.

LA.W.9-10.8 Gather relevant information from multiple authoritative print and digital sources, using
advanced searches effectively; assess the usefulness of each source in answering the
research question; integrate information into the text selectively to maintain the flow of
ideas, avoiding plagiarism and following a standard format for citation (MLA or APA Style
Manuals).

LA.W.9-10.9 Draw evidence from literary or nonfiction informational texts to support analysis,
reflection, and research.

SCI.HS-ESS2-6 Develop a quantitative model to describe the cycling of carbon among the hydrosphere,
atmosphere, geosphere, and biosphere.

SCI.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.

SCI.HS-ESS2-7 Construct an argument based on evidence about the simultaneous coevolution of Earth's
systems and life on Earth.

SCI.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.

TECH.9.4.12.CI.1 Demonstrate the ability to reflect, analyze, and use creative skills and ideas (e.g.,
1.1.12prof.CR3a).

TECH.9.4.12.IML.3 Analyze data using tools and models to make valid and reliable claims, or to determine
optimal design solutions (e.g., S-ID.B.6a., 8.1.12.DA.5, 7.1.IH.IPRET.8).

STUDENT LEARNING TARGETS

Declarative Knowledge

Students will understand that:

e Patterns observed at multiple spatial and temporal scales (e.g., DNA sequences, embryological
development, fossil records) provide evidence for causal relationships relating to biological evolution
and common ancestry.

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

¢ The traits that positively affect survival are more likely to be reproduced, and thus are more common
in the population.

e Positive or negative effects on survival and reproduction of individuals as relating to their expression
of a variable trait in a population.

e Natural selection as the cause of increases and decreases in heritable traits over time in a population,
but only if it affects reproductive success.

e Changes in distribution of adaptations of anatomical, behavioral, and physiological traits in a



population.

e The fact that individuals in a species have genetic variation (through mutations and sexual
reproduction) that is passed on to their offspring.

e The fact that individuals can have specific traits that give them a competitive advantage relative to
other individuals in the species.

¢ Biotic and abiotic differences in ecosystems contribute to changes in gene frequency over time through
natural selection.

¢ Increasing gene frequency in a population results in an increasing fraction of the population in each
successive generation that carries a particular gene and expresses a particular trait.

e Over time, this process leads to a population that is adapted to a particular environment by the
widespread expression of a trait that confers a competitive advantage in that environment.

e Causal links between environmental changes and changes in the number of individuals or species
based on environmental factors that can determine the ability of individuals in a species to survive and
reproduce.

Procedural Knowledge

Students will be able to:

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

¢ Students identify and communicate evidence for common ancestry and biological evolution, including:

o Information derived from DNA sequences, which vary among species but have many
similarities between species.

o Similarities of the patterns of amino acid sequences, even when DNA sequences are slightly
different, including the fact that multiple patterns of DNA sequences can code for the same
amino acid.

o Patterns in the fossil record (e.g., presence, location, and inferences possible in lines of
evolutionary descent for multiple specimens).

o The pattern of anatomical and embryological similarities.

¢ Students identify and communicate connections between each line of evidence and the claim of
common ancestry and biological evolution.

¢ Students identify and describe evidence to construct their explanation, including that:

o As a species grows in number, competition for limited resources can arise.

o Individuals in a species have genetic variation (through mutations and sexual reproduction) that
is passed on to their offspring.

o Individuals can have specific traits that give them a competitive advantage relative to other
individuals in the species.

e Students use a variety of valid and reliable sources for the evidence (e.g., data from investigations,
theories, simulations, peer review).

e Students use reasoning to connect the evidence, along with the assumption that theories and laws that
describe the natural world operate today as they did in the past and will continue to do so in the future,
to construct the explanation. Students describe the following chain of reasoning for their explanation:

o Genetic variation can lead to variation of expressed traits in individuals in a population.

o Individuals with traits that give competitive advantages can survive and reproduce at higher
rates than individuals without the traits because of the competition for limited resources.



o Individuals that survive and reproduce at a higher rate will provide their specific genetic
variations to a greater proportion of individuals in the next generation.

o Over many generations, groups of individuals with particular traits that enable them to survive
and reproduce in distinct environments using distinct resources can evolve into a different
species.

e Students use the evidence to describe the following in their explanation:

o The difference between natural selection and biological evolution (natural selection is a
process, and biological evolution can result from that process).

o The cause and effect relationship between genetic variation, the selection of traits that provide
comparative advantages, and the evolution of populations that all express the trait.

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

o Students describe what each dataset represents.

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

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

¢ Students identify the given claims, which include the idea that changes in environmental conditions
may result in:

o Increases in the number of individuals of some species.

o The emergence of new species over time.

o The extinction of other species.

e Students identify the given evidence to be evaluated.

¢ Students identify and describe additional evidence (in the form of data, information, models, or other
appropriate forms) that was not provided but is relevant to the claims and to evaluating the given
evidence, including:

o Data indicating the change over time in:

= a) The number of individuals in each species.
= b) The number of species in an environment.
= ¢) The environmental conditions.

o Environmental factors that can determine the ability of individuals in a species to survive and
reproduce.

¢ Students use their additional evidence to assess the validity, reliability, strengths, and weaknesses of
the given evidence, along with its ability to support logical and reasonable arguments about the
outcomes of group behavior.

e Students assess the ability of the given evidence to be used to determine causal or correlational effects
between environmental changes, the changes in the number of individuals in each species, the number
of species in an environment, and/or the emergence or extinction of species.

EVIDENCE OF LEARNING

Formative Assessments

e Checks for understanding during lesson.



¢ Use of student-friendly proficiency scales to track progress.

e Do Now activities.

e Student-centered questioning and discussion that is facilitated by instructor.
o Exit Tickets.

Summative Assessments

e Benchmarks — departmental benchmark given at the end of MP1, MP2, and MP3 based on lab
practices
e Alternative Assessments

e Lab inquiries and investigations

e [ ab Practicals

e Exploratory activities based on phenomenon

e QGallery walks of student work

e (Creative Extension Projects

e Build a model of a proposed solution

e Let students design their own flashcards to test each other
e Keynote presentations made by students on a topic

e Portfolio

RESOURCES (Instructional, Supplemental, Intervention Materials)

e Unit- Evolution
o Case Study: Lizards, legs, and the diversity of life
o Analyzing Data: Variation of Expressed Traits
o Quick Lab: Using a Dichotomous Key

Analyzing Data: Extinction Through Time

Darwin's Theory of Evolution

Evolution of Populations

Biodiversity and Classification

History of Life

o

O
O
O
O

POGIL Biology

e Evidence for Evolution



e Evolution and Selection
Gizmos

Evolution: Natural and Artificial Selection
Natural Selection

Evolution (STEM Case)

Evolution: Mutation and Selection

Rabbit Population by Season

GMO's and the Environment

NSTA

Data Nuggets

Online Resources

INTERDISCIPLINARY CONNECTIONS

ELA/Literacy
Mathematics

Technology

ACCOMMODATIONS & MODIFICATIONS FOR SUBGROUPS

See link to Accommodations & Modifications document in course folder.


https://ngss.nsta.org/classroom-resources-results.aspx?CoreIdea=8
http://datanuggets.org/search-current-data-nuggets/
https://docs.google.com/spreadsheets/d/18iVSIeOqKjj58xcR8dYJS5rYvzZ4X1UGLWhl3brRzCM/htmlview?usp=sharing&pru=AAABc5ZepzU*4aTvTkqdPk1tGpThyT6wcQ&urp=gmail_link

