Science- Biology
Units of Instruction

2022-2023

Curriculum Revision Rationale
For the 2022-23 school year and forward, the science curriculum has been redesigned to reflect current best practice in science.
Teachers re-visited the Framework for K-12 Science Education, from which the Next Generation Science Standards (NGSS) were
derived. Per the K-12 framework, "The overarching goal of our framework for K-12 science education is to ensure that by the
end of 12th grade, all students have some appreciation of the beauty and wonder of science; possess sufficient knowledge
of science and engineering to engage in public discussions on related issues; are careful consumers of scientific and
technological information related to their everyday lives; are able to continue to learn about science outside school; and
have the skills to enter careers of their choice, including (but not limited to) careers in science, engineering, and
technology." Within the framework, there are core ideas with essential and supporting questions that guide what students should be
learning and doing. The following units/core idea "placemats" are designed around those.
In the pages below, there is a "year at-a-glance" summary page of the units/core ideas with priority and supporting standards, order,
and pacing. The pacing for block schedule schools is listed first, with the pacing for traditional schedule schools listed below.
Following that, are 1-2 page unit/core idea "placemats". Teachers were presented with the core ideas and the essential and
supporting questions, and asked to brainstorm possible phenomena. Then, they were presented with the performance expectations
that aligned with each core idea, and worked on aligning those components. Finally, the science practices within those performance
expectations were identified. Each placemat contains a core idea with essential and supporting questions, sample (not required)
anchoring phenomena, priority and supporting standards. Anchoring phenomena are phenomena that are used to design units of
instruction. This document explains what makes good anchor phenomena-Qualities of a Good Anchor Phenomenon for a Coherent
Sequence of Science Lessons. As teachers use various phenomena to design units over the next year, we hope to add more
examples, and possibly example units, for the next school year.
In this newly revised curriculum, there has been a change in priority and supporting standards. Per the front matter of the topic
arrangement of the NGSS, which is the current arrangement of our Kentucky Academic Standards, students are expected to
demonstrate proficiency in using the scientific practices, and to use the practices to demonstrate understanding of the core ideas.
When re-evaluating the criteria for priority standards, it was determined that the science practices will be given priority, with the
performance expectations as supporting. Units of instruction can then be designed with the core ideas, essential & supporting
questions, and phenomena in mind. The expectation is that schools are designing units around the core ideas within the same time
frame, per the pacing listed within the document.
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Interdependent Relationships in Ecosystems (Block 4 weeks/Traditional 8 weeks)
Unit 1 /Core Idea: Interdependent Relationships in Ecosystems
Essential Question: How do organisms interact with living and nonliving environments to obtain matter and energy?
Supporting Questions:
● How do organisms interact in groups so as to benefit individuals?
● What happens to ecosystems when the environment changes?

Priority (Practices):

Supporting (Performance Expectations):

Using Mathematics and Computational Thinking Mathematical and computational thinking in
9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis, a range
of linear and nonlinear functions including trigonometric functions, exponentials and logarithms,
and computational tools for statistical analysis to analyze, represent, and model data. Simple
computational simulations are created and used based on mathematical models of basic
assumptions. Use mathematical and/or computational representations of phenomena or design
solutions to support explanations. (HSLS2- 1) 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)
Constructing Explanations and Designing Solutions Constructing explanations and designing
solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are
supported by multiple and independent student-generated sources of evidence consistent with
scientific ideas, principles, and theories. Design, evaluate, and 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)
Engaging in Argument from Evidence Engaging in argument from evidence in 9–12 builds from
K–8 experiences and progresses to using appropriate and sufficient evidence and scientific
reasoning to defend and critique claims and explanations about the natural and designed world(s).
Arguments may also come from current scientific or historical episodes in science. 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 or solutions to determine the merits of arguments. (HS-LS2-8)

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-LS2-6. 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. [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-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.]

Matter & Energy in Organisms and Ecosystems (Block 3 weeks/Traditional 6 weeks)
Unit 2 /Core Idea: Matter & Energy in Organisms and Ecosystems
Essential Question: How do organisms obtain and use the matter and energy they need to live and grow?
Supporting Questions:
● How do matter and energy move through an ecosystem?
● How do organisms detect, process, and use information about the environment?

Priority (Practices):

Supporting (Performance Expectations):

Developing and Using Models Modeling in 9–12 builds on K–8 experiences and progresses to
using, synthesizing, and developing models to predict and show relationships among variables
between systems and their components in the natural and designed worlds. Use a model based
on evidence to illustrate the relationships between systems or between components of a system.
(HSLS1-5),(HS-LS1-7) Develop a model based on evidence to illustrate the relationships between
systems or components of a system. (HS-LS2-5)
Using Mathematics and Computational Thinking Mathematical and computational thinking in
9-12 builds on K-8 experiences and progresses to using algebraic thinking and analysis, a range
of linear and nonlinear functions including trigonometric functions, exponentials and logarithms,
and computational tools for statistical analysis to analyze, represent, and model data. Simple
computational simulations are created and used based on mathematical models of basic
assumptions. Use mathematical representations of phenomena or design solutions to support
claims. (HS-LS2-4)
Constructing Explanations and Designing Solutions Constructing explanations and designing
solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are
supported by multiple and independent student generated sources of evidence consistent with
scientific ideas, principles, and theories. Construct and revise an explanation based on valid and
reliable evidence obtained from a variety of sources (including students’ own investigations,
models, theories, simulations, peer review) and the assumption that theories and laws that
describe the natural world operate today as they did in the past and will continue to do so in the
future. (HS-LS1-6),(HSLS2-3)

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-LS1-6. Construct and revise an explanation based on evidence for how carbon, hydrogen, and
oxygen from sugar molecules may combine with other elements to form amino acids and/or other
large carbon-based molecules. [Clarification Statement: Emphasis is on using evidence from
models and simulations to support explanations.] [Assessment Boundary: Assessment does not
include the details of the specific chemical reactions or identification of macromolecules.]
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-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and
flow of energy in aerobic and anaerobic conditions. [Clarification Statement: Emphasis is on
conceptual understanding of the role of aerobic and anaerobic respiration in different
environments.] [Assessment Boundary: Assessment does not include the specific chemical
processes of either aerobic or anaerobic respiration.]
HS-LS2-4. Use a mathematical representation 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.]

Structure & Function (Block 3 weeks/Traditional 6 weeks)
Unit 3 /Core Idea: Structure & Function
Essential Question: How do the structures of organisms enable life's function?
Supporting Questions:
● How do organisms grow and develop?

Priority (Practices):

Supporting (Performance Expectations):

Developing and Using Models Modeling in 9–12 builds on K–8 experiences and progresses to
using, synthesizing, and developing models to predict and show relationships among variables
between systems and their components in the natural and designed world. Develop and use a
model based on evidence to illustrate the relationships between systems or between components
of a system. (HS-LS1-2)
Planning and Carrying Out Investigations Planning and carrying out in 9-12 builds on K-8
experiences and progresses to include investigations that provide evidence for and test
conceptual, mathematical, physical, and empirical models. Plan and conduct an investigation
individually and collaboratively to produce data to serve as the basis for evidence, and in the
design: decide on types, how much, and accuracy of data needed to produce reliable
measurements and consider limitations on the precision of the data (e.g., number of trials, cost,
risk, time), and refine the design accordingly. (HS-LS1-3)
Constructing Explanations and Designing Solutions Constructing explanations and designing
solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are
supported by multiple and independent student-generated sources of evidence consistent with
scientific ideas, principles, and theories. 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-LS1-1)

HS-LS1-1. Construct an explanation based on evidence for how the structure of DNA determines
the structure of proteins which carry out the essential functions of life through systems of
specialized cells. [Assessment Boundary: Assessment does not include identification of specific
cell or tissue types, whole body systems, specific protein structures and functions, or the
biochemistry of protein synthesis.]
HS-LS1-2. Develop and use a model to illustrate the hierarchical organization of interacting
systems that provide specific functions within multicellular organisms. [Clarification Statement:
Emphasis is on functions at the organism system level such as nutrient uptake, water delivery, and
organism movement in response to neural stimuli. An example of an interacting system could be
an artery depending on the proper function of elastic tissue and smooth muscle to regulate and
deliver the proper amount of blood within the circulatory system.] [Assessment Boundary:
Assessment does not include interactions and functions at the molecular or chemical reaction
level.]
HS-LS1-3. Plan and conduct an investigation to provide evidence that feedback mechanisms
maintain homeostasis. [Clarification Statement: Examples of investigations could include heart rate
response to exercise, stomate response to moisture and temperature, and root development in
response to water levels.] [Assessment Boundary: Assessment does not include the cellular
processes involved in the feedback mechanism.]

Inheritance and Variation of Traits (Block 4 weeks/Traditional 8 weeks)
Unit 4/Core Idea: Inheritance and Variation of Traits
Essential Questions: How are characteristics of one generation passed to the next?

Supporting Questions:
● How are the characteristics of one generation related to the previous generation?
● Why do individuals of the same species vary in how they look, function, and behave?

Priority (Practices):

Supporting (Performance Expectations):

Asking Questions and Defining Problems Asking questions and defining problems in 9-12
builds on K-8 experiences and progresses to formulating, refining, and evaluating empirically
testable questions and design problems using models and simulations. Ask questions that arise
from examining models or a theory to clarify relationships. (HS-LS3-1)
Developing and Using Models Modeling in 9–12 builds on K–8 experiences and progresses to
using, synthesizing, and developing models to predict and show relationships among variables
between systems and their components in the natural and designed worlds. Use a model based
on evidence to illustrate the relationships between systems or between components of a system.
(HS-LS1-4)
Analyzing and Interpreting Data Analyzing data in 9-12 builds on K-8 experiences and
progresses to introducing more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data. 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)
Engaging in Argument from Evidence Engaging in argument from evidence in 9-12 builds on
K-8 experiences and progresses to using appropriate and sufficient evidence and scientific
reasoning to defend and critique claims and explanations about the natural and designed world(s).
Arguments may also come from current scientific or historical episodes in science. Make and
defend a claim based on evidence about the natural world that reflects scientific knowledge, and
student-generated evidence. (HS-LS3-2)

HS-LS1-4. Use a model to illustrate the role of cellular division (mitosis) and differentiation in
producing and maintaining complex organisms. [Assessment Boundary: Assessment does not
include specific gene control mechanisms or rote memorization of the steps of mitosis.]
HS-LS3-1. Ask questions to clarify relationships about the role of DNA and chromosomes in coding
the instructions for characteristic traits passed from parents to offspring. [Assessment Boundary:
Assessment does not include the phases of meiosis or the biochemical mechanism of specific
steps in the process.]
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.]

Natural Selection and Evolution (Block 4/Traditional 8 Weeks)
Unit 5 /Core Idea: Natural Selection and Evolution
Essential Question:How can there be so many similarities among organisms yet so many different kinds of plants, animals, and
microorganisms?
Supporting Questions:
● What evidence shows that different species are related?
● How does genetic variation among organisms affect survival and reproduction?
● How does the environment influence populations of organisms over multiple generations?
● What is biodiversity, how do humans affect it, and how does it affect humans?

Priority (Practices):

Supporting (Performance Expectations):

Analyzing and Interpreting Data Analyzing data in 9–12 builds on K–8 experiences and
progresses to introducing more detailed statistical analysis, the comparison of data sets for
consistency, and the use of models to generate and analyze data. 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-LS4-3)
Constructing Explanations and Designing Solutions Constructing explanations and designing
solutions in 9–12 builds on K–8 experiences and progresses to explanations and designs that are
supported by multiple and independent student-generated sources of evidence consistent with
scientific ideas, principles, and theories. 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)
Engaging in Argument from Evidence Engaging in argument from evidence in 9-12 builds on
K-8 experiences and progresses to using appropriate and sufficient evidence and scientific
reasoning to defend and critique claims and explanations about the natural and designed world(s).
Arguments may also come from current or historical episodes in science. Evaluate the evidence
behind currently accepted explanations or solutions to determine the merits of arguments.
(HS-LS4-5)
Obtaining, Evaluating, and Communicating Information Obtaining, evaluating, and
communicating information in 9–12 builds on K–8 experiences and progresses to evaluating the

HS-LS4-1. Communicate scientific information that common ancestry and biological evolution are
supported by multiple lines of empirical evidence. [Clarification Statement: Emphasis is on a
conceptual understanding of the role each line of evidence has relating to common ancestry and
biological evolution. Examples of evidence could include similarities in DNA sequences, anatomical
structures, and order of appearance of structures in embryological development.]
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

validity and reliability of the claims, methods, and designs. Communicate scientific information
(e.g., about phenomena and/or the process of development and the design and performance of a
proposed process or system) in multiple formats (including orally, graphically, textually, and
mathematically). (HS-LS4-1)

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.]

