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Introduction

From the introduction to the High School Life Science Standards in the Next Generation Science Standards (NGSS) (topic arrangement version):

Students in high school develop understanding of key concepts that help them make sense of life science. The ideas are building upon students’ science understanding of disciplinary core ideas, science and engineering practices, and crosscutting concepts from earlier grades. There are five life science topics in high school: 1) Structure and Function, 2) Inheritance and Variation of Traits, 3) Matter and Energy in Organisms and Ecosystems, 4) Interdependent Relationships in Ecosystems, and 5) Natural Selection and Evolution. The performance expectations for high school life science blend core ideas with scientific and engineering practices and crosscutting concepts to support students in developing useable knowledge that can be applied across the science disciplines. While the performance expectations in high school life science couple particular practices with specific disciplinary core ideas, instructional decisions should include use of many practices underlying the performance expectations. The performance expectations are based on the grade-band endpoints described in A Framework for K-12 Science Education. (NGSS Lead States 2013) 
This section is meant to be a guide for how to approach the teaching of Biology in high school and is not meant to be an exhaustive list of what can be taught nor the only descriptions of how it should be taught. The description above lists the five topics for life science and though all five topics are integrated into this chapter they are presented in a slightly different order, following the order outlined in appendix K of the CA NGSS. The examples contained in this chapter are only for explanation and clarification of pedagogical constructs and classroom instructional strategies.

This section emphasizes and further clarifies the disciplinary core ideas (DCIs) contained in the performance expectations (PE) but it should be noted that the PEs and the example units described below could be organized in other ways. Units could be extended to go beyond the expectations indicated in the PEs and links could be made to what is occurring in modern science today. In some cases, suggestions are made to such ties. In this chapter on Life Science, for example, easy connections could be made to contemporary health issues. Those issues can be the starting point for capturing students’ attention and linking the content of the lesson to real-life experiences. Lessons could extend to include cancer, stem cell research, ethical and practical issues related to organ and tissue donation, neurological diseases (for example, Amyotrophic lateral sclerosis (ALS), also known as “Lou Gehrig's Disease”), genome studies and genetic diseases, impact of human over-farming on climate change, or nanotechnology applications to life science (such as Quantum Dots). 

These are only a few of the topics that teachers could use as anchoring events to engage students in the foundational knowledge of life science as described in the CA NGSS. Teachers should not merely discuss these topics with students. They should make sure that the selected topic is deeply linked to the CA NGSS so that students utilize their knowledge of the DCI and crosscutting concept (CCC) to understand the topic or use the scientific and engineering practices (SEP) to learn about the topic.

In this section, two types of tables have been included to provide an overview of the materials contained: 

1. A main summary table (Table 1): this table provides an overview of the suggested units identified for the course. 
2. Unit tables: these tables provide further details of the three-dimensions of the CA NGSS included in each unit as well as some guiding questions for each unit.
Example Course Mapping for a Life Science/Biology Course
The units displayed below in Table 1 are placed in this particular order to match that presented in appendix K of the CA NGSS. There is some flexibility in the order of the units though some units do build on each other and are clustered accordingly. Each unit does NOT equal a similar block of time, therefore as academic year planning occurs each unit should be evaluated for what is covered in it and then assessed for the appropriate amount of time that should be spent presenting the unit. The core of the course is to provide opportunities for students to brainstorm on what it means to be living and what characteristics are found in life. Teachers may find that a culminating experience tying together how organisms maintain life from the single cell to the multi-celled organism and the environments they live in will provide a rich integration of what students learned in their year-long Biology course. Students should use evidence, arguments, explanations, and design solutions on to explain all living creatures maintain life in their culminating project.
Table 1. Summary table for an example course in High School Biology
	From Molecules to Organisms: Structures and Processes

	Unit 1:
Structure and Function
	Performance Expectations Addressed 

	
	HS-LS1-1, HS-LS1-2, HS-LS1-3

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Developing and using models
· Planning and carrying out investigations
· Constructing explanations and designing solutions.
	LS1.A-Structure and Function

	· Systems and System Models
· Structure and Function
· Stability and Change

	
	Summary of DCI

	
	All cells contain genetic information in the form of DNA molecules. DNA provides the blueprint to build proteins in order for cells to function. Instruction and learning in this unit build on concepts of cells as living organisms that can carry on life and how cells work together to become organs and organ systems. Homeostasis is defined and examples given. Reference is made to ALS and organ donations. 


	Unit 2:
Growth and Development of Organisms
	Performance Expectations Addressed

	
	HS-LS1-4

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Developing and using models

	LS1.B- Growth and development of organisms
	Systems and System Models

	
	Summary of DCI 

	
	One of the characteristics of life is the growth of organisms. In order for organisms to grow there has to be some fidelity between parent cells and daughter cells, which happens during cell division. Once cell division occurs; cells can then differentiate into specific cell types. 



	Unit 3:
Organization for Matter and Energy Flow in Organisms
	Performance Expectations Addressed

	
	HS-LS1-5, HS-LS1-6, HS-LS1-7

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Developing and using models
· Constructing explanations and designing solutions

	LS1.C- Organization for matter and energy flow in organisms
	· Energy and Matter

	
	Summary of DCI

	
	Photosynthesis and cellular respiration are linked to the movement of energy through plants and animals. How they interact together to provide energy for living systems (from the individual all the way to the ecosystem) is discussed in this unit.

	Ecosystems: Interactions, Energy and Dynamics

	Unit 4:
Interdependent Relationships in Ecosystems
	Performance Expectations Addressed 

	
	HS-LS2-1, HS-LS2-2

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Using Mathematical and Computational Thinking
	LS2.A-Interdependent relationships in ecosystems
	· Scale, proportion and quantity

	
	Summary of DCI

	
	How resources within ecosystems are used indicates the carrying capacity of populations of organisms living in that ecosystem. Topics include how abiotic and biotic changes can change resource availability and what effect that might have on a population.


	Unit 5:
Cycles of Matter and Energy Flows in Ecosystems
	Performance Expectations Addressed

	
	HS-LS2-3, HS-LS2-4, HS-LS2-5

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Developing and using models
· Using Mathematical and Computational Thinking
· Constructing Explanations and Designing Solutions
	LS2.B- Cycles of matter and energy transfer in ecosystems
	· Systems and System Models
· Energy and Matter

	
	Summary of DCI 

	
	Topics in this unit include the 10% law of energy, models of cycling of matter (carbon and nitrogen) and how the models are linked to energy transfer. This unit refers back to unit 3 where photosynthesis and cellular respiration are discussed.


	Unit 6:
Ecosystem dynamics, functioning, and resilience
	Performance Expectations Addressed

	
	HS-LS2-6, HS-LS2-7*, HS-ETS1-3

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Constructing Explanations and Designing Solutions
	LS2.C- Ecosystem dynamics, functioning, and resilience
	· Stability and Change

	
	Summary of DCI

	
	This unit describes the negative impacts of limited resources on an ecosystem including those caused by humans. Conservation biology is introduced as students examine ways to “undo or fix” ecosystems others have disrupted or destroyed. 


	Unit 7:
Social Interactions and Group Behavior
	Performance Expectations Addressed 

	
	HS-LS2-8

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Engaging in argument from Evidence
	LS2.D- Social interactions and group behavior
	· Cause and Effect

	
	Summary of DCI

	
	This unit focuses on ability for gene pools in populations to be passed on as modeled in survival of reproducing individuals, including individuals raising young (rather than having young) colonies and herds used for protecting young so traits are passed on, and other modes of kin selection.


	Heredity: Inheritance and Variation of Trait

	Unit 8:
Inheritance of Traits
	Performance Expectations Addressed

	
	HS-LS3-1

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Asking Questions and defining Problems
	LS3.A- Inheritance of traits
	· Cause and Effect

	
	Summary of DCI 

	
	The history of understanding that led to the structure of DNA is explored. Students will also learn that DNA provides a code that is transcribed into RNA and that code is translated into a protein.


	Unit 9:
Variation of Traits
	Performance Expectations Addressed

	
	HS-LS3-2, HS-LS3-3

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Analyzing and Interpreting Data
· Engaging in Argument from Evidence
	LS3.B- Variation of traits
	· Scale, Proportion and Quantity


	
	Summary of DCI

	
	Traits are passed from generation to generation in a very ordered way. Predictions of offspring can be made through Punnett squares. Combinations of traits provide variation between individuals even if from the same family. 



	Biological Evolution: Unity and Diversity

	Unit 10:
Evidence of Common Ancestry and Diversity
	Performance Expectations Addressed 

	
	HS-LS4-1

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Obtaining, Evaluating and Communicating Information
	LS4.A- Evidence of common ancestry and diversity

	· Patterns

	
	Summary of DCI

	
	This unit focuses on evidence of evolution through common ancestry, homologous and analogous structures, and commonalities of organisms. How humans evolved is a good example to extend the evidence that supports evolution and is discussed in this unit.


	Unit 11:
Natural Selection
	Performance Expectations Addressed

	
	HS-LS4-2, HS-LS4-3

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Analyzing and Interpreting Data
· Constructing Explanations and Designing Solutions
	LS4.B-Natural Selection
	· Patterns 
· Cause and Effect

	
	Summary of DCI 

	
	How Darwin’s observations and inferences have led to our understanding of evolution and how these can be applied to all living things is addressed in this unit.



	Unit 12:
Adaptation and Biodiversity
	Performance Expectations Addressed

	
	HS-LS4-4, HS-LS4-5, HS-LS5-6

	
	Highlighted SEP
	Highlighted DCI
	Highlighted CCC

	
	· Analyzing and Interpreting Data
· Using Mathematics and Computational Thinking
· Constructing Explanations and Designing Solutions
· Engaging in Argument from Evidence
	LS4.C-Adaptation and human effects on biodiversity

	· Patterns 
· Cause and Effect


	
	Summary of DCI

	
	This unit can be a culminating unit for the course, topics include how populations maintain diversity and what selective pressures mean for survival and all of this is tied to how organisms maintain life (the overarching question in biology). 


From Molecules to Organisms: Structures and Processes

Unit 1: Structure and Function

	Unit 1: Structure and Function

	Guiding Questions: 

· How do we know that DNA codes for proteins that actually do things in cells?

· How do systems work in a multi-celled organism and what happens if there is a change in the system?

· How do organisms survive even when there are changes in their environment? 

	Highlighted Scientific and Engineering Practices: 

· Developing and using models
· Planning and carrying out investigations
· Constructing explanations and designing solutions 

	Highlighted Crosscutting concepts: 

· Systems and System Models

· Structure and Function

· Stability and Change

	Students who demonstrate understanding can:

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 those 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.]



According to the NGSS storyline:

The performance expectations in the topic Structure and Function help students formulate an answer to the question: “How do the structures of organisms enable life’s functions?” High school students are able to investigate explanations for the structure and function of cells as the basic units of life, the hierarchical systems of organisms, and the role of specialized cells for maintenance and growth. Students demonstrate understanding of how systems of cells function together to support the life processes. Students demonstrate their understanding through critical reading, using models, and conducting investigations. The crosscutting concepts of structure and function, matter and energy, and systems and system models in organisms are called out as organizing concepts. (NGSS Lead States 2013)
Background and Instructional Suggestions
Understanding the characteristics of life is the unifying theme of Biology. Before starting this unit, teachers should assess what students know about the characteristics of life. For example, working in small groups, student can sort pictures of living and non-living things into two categories and support an argument for where they put each item. The samples would include things such as plants, insects, mammals, electronics, plastic toys, as well as unusual examples and outliers such as a sponge, rock, lichen, tunicates, snake skin, molds, and/or a skeleton. Students come to a consensus as to what goes in each category and why. After presenting their thinking to the entire class and listening to the thinking of their classmates, students re-sort the items. Groups discuss the similarities and differences all of the living organisms had in common. Having students brainstorm the characteristics of life and how these characteristics are linked as part of interacting systems can be an engaging way to start a year of Biology. This unit also builds on other key ideas in life science that students engaged in during middle school, including: 1) models of cells and how they interact in multicellular organisms (MS-LS1-1, MS-LS1-2 and MS-LS1-3); and 2) to the ability to explain the role of genes and how changes in them (mutations) can cause a change in the proteins a cell constructs (MS-LS3-1 and MS-LS3-2). Formative assessments at the beginning of this unit will help teachers determine what level of detail they will need to revisit in order to help students succeed during this unit and in some of the following units in the course.
As George Beadle (a biologist in the early twentieth century) said, “one ought to be able to discover what genes do by making them defective.” Students can start with the idea that DNA holds the information necessary for all phenotypes of the organism but not all of this information is necessary at all times or in all cells (analogous to a library that holds lots of books arranged by subject, but only some of those books are checked out at certain times). Often the mapping of genes to their resultant phenotype is done by looking at mutations. If a changed phenotype results, the mutation can be linked to that phenotype. Mutation gene maps for model organisms are available and students can refer to these as they look at mutated phenotypes. Identifying the gene and related nucleotide sequence provides the code that is translated from nucleotides to amino acids. Illustrating how the codon table is a code for translation of the nucleotide language (DNA and RNA) to the amino acid language (proteins) can help students see the connection between nucleotides and proteins. The line-up of the nucleotides on the DNA strand is the template for the order of the amino acids which then determines which specific protein gets made. It is not necessary at this point to provide all the details of the translation process or have the students memorize a codon table or map out metabolic pathways, however, it is important for students to make the connection between DNA, gene expression, and proteins. Historically, most of these connections were made by looking at mutants, and now students can observe this by looking at loss of function in strains of bacteria
 or mutant strains of quick growing plants
. Students can then gather evidence to create an explanation for the importance of the connection between DNA and proteins and how it connects to the physical features of an organism. An extension of this idea can involve creating and implementing investigations to determine if mutants can grow in varying environments. This investigation can then be referred back to when students look at variations within populations and effects of environment on individuals within populations in Units 4 and 11. (Note: gathering data and analysis electronically in the Cloud allows students and teachers to easily refer back to these investigations.)
The next step would be to move from the micro level to a more macro level by looking at systems within organisms and tying that back to mutations that may have an effect on one part of an organism but not another part. One way to demonstrate this would be to build models that show how a system works then “mutate” part of it and observe the effects. For example, a model could be built of the respiratory system in mammals/humans showing how the movement of the diaphragm affects the pressure in the chest cavity allowing for our lungs to push out or take in air. If one “lung” is non-functional, what happens?
 The connections between how cells work together in tissues, organs, and finally organ systems can be shown by looking at how homeostasis occurs in organisms. One of the important characteristics of life is the ability to maintain homeostasis from the cellular level to the whole organism. Maintaining homeostasis means that despite changes in the environment an organism has the ability to maintain certain internal chemical and physical states. This happens because an organism has the ability to respond to stimuli. The significance is in the functioning of proteins, especially when looking at enzymes which must have stable environments in order to function correctly. Enzymes usually have a fairly narrow range within their environment in which they can work. For multicellular organisms, the first line of regulation is through their skin or outer layers (epithelium) which respond to stimuli in the environment. For example, most mammals have a constant internal temperature, but when it is hot they might sweat or pant and when it is cold they might shiver. Their skin is the first place the body recognizes and responds to the change in temperature. Investigations that demonstrate responding to stimuli is one way this phenomena could be tested. These investigations could be an extension of experiments performed above on mutants or can be a different experiment. Observing planarians placed in light versus dark conditions or how plants grown in the dark will grow taller as they search for light are two classic hands-on labs demonstrating response to stimuli. Students can explore other conditions to observe responses by an organism. Students may not comprehend the biological reasons (i.e., photosensitivity, hormone distribution, avoidance, and so on) for the results; however, they will be able to predict outcomes of the response of the planarians or the plants as the experiments are repeated.
One way to culminate this unit is to have students research and construct an explanation on the cascade effect of interdependent systems in the human body using Amyotrophic Lateral Sclerosis (ALS, also known as Lou Gehrig’s disease) as the example. The cause of ALS disease is still uncertain and only 10 percent of individuals who have this mutation inherited it. Most of the time there is a random event that causes a neurodegenerative progression of the nerve cells in the brain and the spinal cord such that the muscles in the human body are not receiving messages and therefore begin to atrophy due to disuse. As the muscles atrophy, other systems in the body are affected. For example, muscles in the respiratory system stop working and the individual with ALS has trouble breathing. Students’ understanding of how human organ systems work together can be illustrated using ALS as the example. Teachers’ can also call out the importance of organ transplants for people whose organs start to fail due to disease and how donations of working organs from others can save lives. 
Unit 2: Growth and Development of Organisms

	Unit 2: Growth and development of organisms 

	Guiding Questions: 

· How do organisms grow and still maintain fidelity in how their cells perform?

· What happens after a cell divides?

	Highlighted Scientific and Engineering Practices: 

· Developing and using models 

	Highlighted Crosscutting concepts: 

· Systems and System Models

	Students who demonstrate understanding can:

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.]



Background and instructional suggestions
As students begin this unit, the teacher reminds them that they studied successful reproduction attributes in animals and plants in MS-LS1-4 and how this contributes to growth discussed in MS-LS1-5. 
One of the characteristics of life is the ability to grow (whether as a single cell or as a multi-cellular organism). In the 1860s, Rudolf Virchow proposed that new cells arose from pre-existing cells. As the ability to view cells under microscopes improved in the late 1800s, evidence gathered from looking at cells supported Virchow’s claim. In order to go from a single cell (fertilized egg) to a multicellular organism, cells need to produce more cells. This is also true for unicellular organisms when they are ready to reproduce and again make more cells. The process in both cases must involve a true copying of the information from the parent cell to the daughter cells. Cells, just like organisms, have a life cycle referred to as the cell cycle (Figure 1). The cell cycle can be divided into two stages: Interphase (consisting of G1, S, and G2) and the Mitotic phase. Most cells spend a majority of their life in Gap 1 (G1) of Interphase, which is when the cell is performing the functions of its cell type (e.g.: a cardiac muscle cell in G1 is helping operate the heart and a plant root cell in G1 is involved in water transport). Once a cell in G1 commits to dividing, it enters the Synthesis (S) phase, which is when DNA replicates exactly. Once the DNA is replicated, the cell can no longer perform as a “normal” cell; therefore, it enters the Gap 2 (G2) phase and continues to prepare for mitotic cell division. Once all steps are taken to prepare for division, the cell enters the mitotic (M) phase, consisting of mitosis (nuclear division) and cytokinesis (cytoplasmic division). The end result of the mitotic phase is two identical daughter cells, each of which contains an exact copy of the DNA. 
Historically, it was not known whether DNA replication occurred before the M phase during Interphase or during the M phase itself. Well-designed experiments showed that DNA replication happened during interphase and that there were gaps both before and after DNA replication. Students can model the steps of mitotic cell division in a three dimensional format (using building materials such as clay or pipe cleaners) and then create a video of the steps to show the continuous nature of mitosis. Students are not expected to memorize the steps of mitosis: they are expected to understand how the process works and allows cells to make exact copies of themselves. Models often help scientists visualize processes and concepts that are hard to “see.” Modeling mitosis and video recording it helps students “see” the process. After observing mitosis, students should be able to explain how the copies of DNA contained in the chromosomes is passed to the next generation through this process of cell division. Extensions of this unit can focus on what happens when there are mistakes in this process. For example, students can use the model to explain what would happen if the stages of mitotic cell division do not occur in order (i.e., if cytokinesis occurs before mitosis) and relate this to the model where a class discussion on cancer
 and the effects of unchecked, out-of-control cell division on normal cell function can occur. 
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Figure 1. Stages of mitosis. The size of the pie is proportional to the time spent in each phase. <CDE, please re-draft>
Further instruction and learning in this unit should include that cell division is the first part in the growth of an organism and as new cells are formed, they differentiate into specific cell types. These specific cell types then participate in the formation of a tissue which then forms organs which are often parts of a physiological system in multi-cellular organisms (this links back to Unit 1). Many multicellular organisms stop growing once they reach adulthood, but mitosis does not stop. Some cells die off as they reach the end of their life cycle and these dead cells need to be replaced. This replacement of dead cells occurs through mitosis of the remaining living cells. Extensions of this unit might include discussions of stem cells that have not yet differentiated and have the ability to become a variety of types of cells, leading to new tissue and organ formation. Stem cell use in organ transplant is one way that scientists are helping decrease rejection of transplanted organs by the recipient of the donated organ. Stem cells can be used to generate signals for the recipient’s body so that their immune system thinks that the organ belongs there. Other solutions to the problems of organ donation can also be introduced at this time by engaging students in researching the problem of matching suitable donors with patients. This provides an excellent opportunity to learn about the role of engineering in meeting critical medical needs. In addition to striking examples like MRI imaging and robotic surgery, engineers can even approach such problems as matching donors and patients by breaking down the problem into smaller, more manageable problems. Students can consider the different aspects of the problem of donor matching (awareness about the process by potential donors, rapid and reliable genetic testing, etc.) and brainstorm and evaluate possible solutions to them.
Unit 3: Organization for matter and energy flow in organisms

	Unit 3: Organization for matter and energy flow in organisms (LS1.C)

	Guiding Questions: 

· How do living things acquire energy and matter for life?

· How do organisms store energy?

· How are photosynthesis and cellular respiration connected? 

· What components are necessary to build more complex molecules?

	Highlighted Scientific and Engineering Practices: 

· Developing and using models
· Constructing explanations and designing solutions 

	Highlighted Crosscutting concepts: 

· Energy and Matter

	Students who demonstrate understanding can:

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.

[image: image1]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.]



Background and instructional suggestions
Students at the middle school level have learned about photosynthesis and the production of sugars (glucose) using light energy and carbon dioxide (MS-LS1-6) and that oxygen and food molecules can be rearranged and during that process energy is released (MS-LS1-7). 

All living organisms need energy. When this unit is completed, students will understand how an autotrophic organism (producer, mostly plants and algae) transforms sunlight (or light energy) into useable forms of chemical energy for living organisms. This process involves two interdependent cellular processes, the first is the capturing of sunlight/light energy by chloroplasts and the second is using that energy to fix atmospheric carbon dioxide into a glucose molecule. This can then be stored by the producer as many glucose molecules attached together in the form of starch (where it takes up less room and therefore is easier to store) or it can be used directly as glucose (see below). 
Heterotrophs (consumers or animals) ingest producers as food that will then be used for energy and building blocks for growth. Consumers often store energy in stacked glucose molecules in the form of glycogen (in higher animals glycogen is stored in liver and muscle tissues). Both plants and animals use cellular respiration as the process by which organic molecules are broken down to release energy and form molecules of adenosine triphosphate (ATP). The process of cellular respiration uses up oxygen and releases carbon dioxide. The ATP formed in cellular respiration has high levels of potential energy that allow cells to do work; and therefore, if there is no ATP then there is no life. The energy from ATP is released when it is converted back into adenine diphosphate (ADP). The interrelatedness of photosynthesis and cellular respiration is important to keep ATP available and at a relatively constant level in all cells. 
The products of photosynthesis are used as the reactants for cellular respiration and vice versa. However, as stated in the second Law of Thermodynamics, as energy is transferred there will be less energy available in a useable form for the organism. This means that the overall processes are always losing energy and there needs to be a constant influx of energy into the system which comes from the sun as light energy. Some organisms that do not live in oxygen-rich environments (like organisms that live near thermal vents deep in the ocean) and must use a different energy pathway. 
Taking the physical components of glucose (carbon, oxygen and hydrogen, the matter) students can build a glucose model and show how to split it up (with an emphasis on the components needed to build the glucose and the components left after the breakdown of the glucose). They should start with the atoms of carbon, hydrogen and oxygen and make the simple molecules of CO2, H20, and O2 and then trace the movement of these molecules. For example, the carbon dioxide and water will be united through photosynthesis and then released again in cellular respiration showing the importance of carbon cycling in this process (which directly links to and should be connected to carbon-cycling learning in earth science). 
Carbon is structurally important to building all biological molecules, including the glucose molecule. Students can be guided to understand the importance of why carbon is an atom found in all living molecules noting the size of the atom, the ability to covalently bond to four other atoms, placement of their electrons and the ability to form single and double bonds with other atoms. Energy comes into the system and energy comes out of the system when glucose is formed and when it is processed, providing evidence in support of the First Law of Thermodynamics. It should be noted that students do not need to know the individual biochemical steps of these two processes but rather need to understand the connections between them. Students will need to understand that these processes happen in order for organisms to make ATP, the molecular source or “currency” of energy for the cell. When the outermost or third phosphate on ATP (adenosine triphosphate) is cleaved from the molecule by the addition of water in a chemical reaction, energy is released and this energy is used to make things happen in a cell. It should be noted that the energy released in this reaction is not all released from the system as heat, which happens in some instances. Rather, in this reaction, some energy released is used to do work such as contracting a muscle while running, jumping or swimming. 
On a larger scale, energy is brought into ecosystems by photosynthetic conversion of light energy into chemical energy in producers (Figure 2). That energy then passes through the ecosystem in consumers and decomposers as it is broken down and used as ATP (made during respiration) in individual organisms during metabolism (cell functioning). At each stage of respiration, energy is also returned to the environment in the form of heat and chemical potential energy within carbon dioxide and water. Chemical potential energy is also passed to each stage in the form of matter (biomass) and also passed between organisms as matter through the food web, but the whole amount in the ecosystem decreases at each trophic level. 
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Figure 2. A model of the relationship between photosynthesis and respiration. <CDE please redraft>
This unit links well with the cycling of matter and energy unit (Unit 5) described below. When looking at the cycling of matter in an ecosystem, chemical reactions occur. For example, with carbon, hydrogen, and oxygen, these elements can be traced through the cycling of carbon which starts as CO2 in the atmosphere and through chemical rearrangements (due to photosynthesis) becomes glucose. 
Ecosystems: Interactions, Energy and Dynamics
Unit 4: Interdependent relationships in ecosystems
	Unit 4: Interdependent relationships in ecosystems (LS2.A)

	Guiding Questions: 

· How and why do populations change over time?

· What happens if a population uses up its resources?

	Highlighted Scientific and Engineering Practices: 

· Using Mathematical and Computational Thinking 

	Highlighted Crosscutting concepts: 

· Scale, proportion and quantity

	Students who demonstrate understanding can:

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, and 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 provide data.]




According to the NGSS storyline:

The performance expectations in LS2: Ecosystems: Interactions, Energy, and Dynamics help students formulate an answer to the questions, “How and why do organisms interact with their environment, and what are the effects of these interactions?” The LS2 Disciplinary Core Idea includes four sub-ideas: Interdependent Relationships in Ecosystems, Cycles of Matter and Energy Transfer in Ecosystems, Ecosystem Dynamics, Functioning, and Resilience, and Social Interactions and Group Behavior. High school students can use mathematical reasoning to demonstrate understanding of fundamental concepts of carrying capacity, factors affecting biodiversity and populations, and the cycling of matter and flow of energy among organisms in an ecosystem. These mathematical models provide support for students’ conceptual understanding of systems and their ability to develop design solutions for reducing the impact of human activities on the environment and maintaining biodiversity. The crosscutting concepts of systems and system models play a central role in students’ understanding of science and engineering practices and core ideas of ecosystems. (NGSS Lead States 2013)
Background and instructional suggestions
“Conservation is getting nowhere because it is incompatible with our Abrahamic concept of land. We abuse land because we regard it as a commodity belonging to us. When we see land as a community to which we belong, we may begin to use it with love and respect.” 
―Aldo Leopold (author, ecologist, and environmentalist). 

This quote sets the stage for this unit and others in the course. Understanding the community as both biotic (living) and abiotic (non-living) gives insight into how ecosystems work and the importance of all aspects of an ecosystem. Students were introduced to populations and environmental effects in middle school (MS LS-2-1 and 2-2). In the middle school PEs, students defined populations and what effects changes in environment have on those populations. Students also learned how matter cycles and energy flows through ecosystems. In this unit, these concepts will be expanded on and further developed. At the beginning of this unit, teachers should help students remember that the biological definition of a population is a group of individuals from the same species living together in the same geographical area at the same time, a definition that will be helpful for students throughout this unit and some of the following units. 
Using mathematical modeling we can predict the effect certain interdependent factors have on the size of a population over time. The numbers of individuals within a population are dependent on birth rates, death rates, immigration, and emigration. Population growth rates can be determined by the change in numbers of individuals (ΔN) divided by the change over time (Δt). Populations cannot continue to grow exponentially over time. At some point they reach a maximum load that the environment they live in can handle. Many factors are density dependent; therefore, the bigger the population the more food resources, space, nesting sites or water need to be available. These resources are limited and the amount available can often vary from year to year. The limitations set the parameters for how large a population can grow in an ecosystem, this is known as the carrying capacity. Students can collect data using simulations and graph the results, which will model how different parameters affect populations
. Some of these simulations can demonstrate the adverse effect of a declining resource and what that does to a population. Students’ graphs illustrate these types of changes. Initially growth will be exponential, but eventually N will increase to a point where there will be competition for the resources. The graphs of population growth will indicate the carrying capacity of that population illustrating what happens if its resources are depleted, as the line on the graph will turn back down and move towards zero. 
There are two general types of factors that limit population growth: Density dependent factors (these were mentioned previously and vary based on competition for resources and numbers of individuals) and density independent factors, which result in altering the number of individuals in a population regardless of numbers. Weather pattern changes or catastrophic events, like hurricanes, floods, earthquakes, and volcanoes are examples of density independent factors. Extensions in this section can include discussions on climate change and its impact on populations. Addressing these two factors can help students understand proportion and quantity in density dependent cases and how that is eliminated in density independent cases. The California Education and the Environment Initiative (EEI) Curriculum can be used in conjunction with this unit (for example, Ecosystem Change in California, which focuses on changes in a grassland ecosystem in the state)
. This EEI unit covers Environmental Principles and Concepts II and IV as students study both the positive and negative ways humans impact ecosystem resources.
Unit 5: Cycles of matter and energy transfer in ecosystems

	Unit 5: Cycles of matter and energy transfer in ecosystems (LS2.B)

	Guiding Questions: 

· Why is the cycling of matter and energy important? 

· How is matter and energy linked in ecosystems?

	Highlighted Scientific and Engineering Practices: 

· Developing and using models
· Using Mathematical and Computational Thinking
· Constructing Explanations and Designing Solutions

	Highlighted Crosscutting concepts: 

· Systems and System Models

· Energy and Matter

	Students who demonstrate understanding can:

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 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.]




Background and instructional suggestions
Students learned about food webs and the cycling of matter and energy in Unit 3 (above) and in middle school (MS.LS1.C, LS2.A, and LS2.B). In this unit, students can build explanations of effects of energy production in aerobic (with oxygen) and anaerobic (without oxygen) environments. Recognizing that environments can provide energy to the organisms that populate them. This concept can be demonstrated by designing investigations in which the students work with yeast. Looking at the production of carbon dioxide in such experiments provides students with the opportunity to collect data in order to build an explanation of how these environments function. 
Organisms store potential energy within the chemical bonds of the matter in their bodies. As individual organisms grow more plentiful, more total energy is stored. Biomass is the dry weight of all of the living organisms in an ecosystem and is related to the amount of energy available for these organisms. As a general rule, when an animal eats, it is only able to store about 10 percent of the energy from its food to build up its own energy stores. The rest of the energy is lost due to inefficient digestive processes or utilized in respiration to keep the animal alive long enough to eat again. As a result, each higher trophic level ends up with available energy that is just 10 percent the size of the level below it, creating a pyramid-like structure in population sizes with the lowest trophic levels at the base of the pyramid. 
Using the conceptual model of this energy pyramid, students find that very large populations of producers are required to support much smaller populations of tertiary consumers for the ecosystem to remain stable. This understanding links back to the Laws of Thermodynamics, discussed in Unit 3, and provides an opportunity for students to make those connections. Mathematical models utilize this principle to predict the size of populations given the size of populations at other trophic levels. Students can explore many computer simulations and hands-on demonstrations that make the connection between energy consumption and population size. 
Energy flows from abiotic (non-living forms) to biotic (living) forms, starting with sunlight or other light sources and inorganic compounds in producers and moving through consumers and decomposers. Nutrients (matter) cycle in the same manner having a form that is abiotic such as carbon dioxide (CO2) and nitrogen (N2) and move into living organisms (biotic) in a different form such as glucose (C6H12O6) or starch (many joined glucoses) and nitrates (NO3-). The movement from abiotic to biotic molecular forms involves living processes. For carbon, these processes are photosynthesis and cellular respiration (as described in unit 3 and Figure 3); and for nitrogen, it is through nitrogen fixing bacteria changing it into nitrates and then changing again from ammonia and nitrates into nitrogen though bacteria decomposers. In some cases, abiotic processes can do a similar job.  When a lightning bolt travels through the atmosphere, its energy can break apart molecules of nitrogen in the air; free nitrogen atoms bond with oxygen to create nitrate. Rain drops can carry the nitrates from the air into the soil. All nutrients required by living organisms are involved in similar nutrient cycles with inorganic materials that can be discussed in association with relevant processes (such as the phosphorous cycle during a discussion of DNA or the calcium cycle during a discussion of climate change and hard-shelled marine organisms). Students can develop models on paper, with technology, or as a chemical model using organic chemistry molecule kits. The models show how simple inorganic molecules are made into larger organic molecules and then how they cycle back to the simple inorganic molecules. Emphasis should be placed on the fact that most matter cycles through the atmosphere into the biosphere as explained above. Engineering practices that involve taking components and building them into bigger components can also be emphasized here, for example using children’s building blocks or a chemistry molecule kit to show how smaller pieces are used to make bigger pieces and these bigger pieces organize into a structure. 
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 Figure 3. The carbon cycle from abiotic to biotic forms 
(Encyclopedia Britannica 2015) 

This unit provides the foundation for the next unit where the emphasis is how humans disrupt these cycles and what effect this disruption is having on the atmosphere and the balance of matter in each of its forms. 
Unit 6: Ecosystem dynamics, functioning, and resilience
	Unit 6: Ecosystem dynamics, functioning, and resilience (LS2.C)

	Guiding Questions: 

· What types of interactions cause changes in ecosystems that ultimately effect populations? 

· To what extent can humans “undo” their negative impact on the environment?

	Highlighted Scientific and Engineering Practices: 

· Constructing Explanations and Designing Solutions 

	Highlighted Crosscutting concepts: 

· Stability and Change

	Students who demonstrate understanding can:

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.]



Background and Instructional Suggestions
In this unit, students will study the effects of changes to an ecosystem, whether natural or human induced, and relate these changes to the effects they have on population interactions within these ecosystems. In the previous units, students expanded on their knowledge of natural factors like food, habitat resources, and weather that can affect the size of a population. In middle school, students learned that any change, either physical or biological, to an ecosystem can lead to a change in populations living in that ecosystem (MS-LS2-4). Many of the human-induced changes in ecosystems have unintended consequences, meaning humans did something to an ecosystem for one reason without thinking through the long term results on other aspects of the ecosystem. For example, humans clear-cut the tropical rainforests in order to provide more land for farming. The result was a disruption of the cycling of matter in the forest, which then produced infertile soil and flooding, and thus the unintended consequence that farming is no longer possible because the forest is gone. Other negative changes to an ecosystem can be natural and might or might not effect living populations within the ecosystem. If the negative change results in competition for resources, food or shelter, then the impact on population size will be density dependent. For example, if the population is large and there is very little food, then some of that population will not survive. The more-fit members of the population will out-compete each other for resources, and this competition can damage ecosystems if the more-fit members deplete or eliminate the resource. The depletion of a resource can make it difficult for the ecosystem to recover to its original state, and the ecosystem may now take on a new version. 
As a culminating project for this unit, students could design solutions that slow down and possibly reverse the damage humans have done, which has resulted in the destruction of ecosystems. Using multiple resources and multiple ways of presenting explanations can be integrated into students’ English Language Arts courses, providing opportunities for work on writing and library research skills. Students can use government resources such as the Environmental Protection Agency website to gather evidence for their writing. 
This unit can emphasize the importance of conservation biology, which focuses on ways of saving endangered and threatened species (both animal and plant species). Conservation biologists support the use of wildlife corridors (these link large areas of land to other large areas so animals can migrate safely), protection of endangered species, protection of hotspots of species-rich regions, maintenance of larger environment regions instead of habitat fragmentation, observing genetic diversity in small populations, and monitoring and ameliorating effects of climate change on all ecosystems.

The content in this unit reinforces California's Environmental Principles and Concepts, in particular the lessons on Biodiversity: The Keystone to Life on Earth. 6 These lessons place an emphasis on the effects of human intervention on ecosystems. 
Unit 7: Social interactions and group behavior
	Unit 7: Social interactions and group behavior (LS2.D)

	Guiding Questions: 

· How do organisms ensure that their gene pool gets passed on? 
· What affects a population’s chance of survival?

	Highlighted Scientific and Engineering Practices: 

· Engaging in argument from Evidence 

	Highlighted Crosscutting concepts: 

· Cause and Effect

	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.]
Students who demonstrate understanding can:



Background and Instructional Suggestions
This unit builds on previous units that describe the interactions of living and non-living components of an ecosystem and how these interactions affect populations. Students will look closely at the behaviors of populations to assess their impact on survivability. For a population to succeed and not become a genetic dead end, the gene pool (this is the sum of all the alleles in a population and is explained more fully below) of the population must be passed on to the next generation. Producing a new generation of healthy offspring capable of successful reproduction is important for a population's survival.
Viable individuals within populations have the ability to better compete for resources such as food and protected living spaces. Though they still may not have enough food or safety, they have some food and safety and are able to reproduce and pass on their alleles. Individuals within some populations rally around the young to help in the raising and protection of the young. It is important that some of the members of the population reproduce, but not all need too as long as others help “raise” the young and keep the gene pool going. These individuals are known as altruistic. This type of behavior is seen in bees and ants working in colonies, and other animals in herds, flocks, and schools surrounding their young to protect them from predators. This is even seen in human populations where extended family (family members who are biologically related) help raise the young. There is a kin selection process occurring with these examples where the more genetically related an individual is to the offspring the more likely the individual will “help.” It should be noted that there is a cost benefit ratio for this type of behavior and it is seen mostly in species that live in social population groups. It should be made clear that many populations are NOT altruistic. Students will often be familiar with these behaviors without knowing why they exist. Students observe populations working together (for example, having an ant colony in the classroom or watching videos that demonstrate the hunting and herding behaviors in animals) in order to gather evidence regarding how organisms within a population work together to survive and reproduce. Students then use the evidence to write or present an argument that supports altruistic behavior in populations and demonstrates why it is an important part of survival for some populations. 
Biology (4 course Model) Snapshot: Effect on Genetic Selection (Kin Selection)
	Mr. T starts class showing a 3 minute YouTube video on Prairie Dogs and how they sound alarms to protect their family units against snakes as filmed by National Geographic
. He then asks the students to do a quick write on what behavior the prairie dogs use to protect themselves and how did that behavior help their family? 

Now he explains the demonstration game they will be playing.

Since Mr. T has 30 students he designates 2 students who will act as predators. He needs an even number of students as prey, so the 28 students that are left are now prey. Mr. T now randomly hands each prey a white index card that has a color code on it (Mr. T set the cards up ahead of time so that there are 2 cards for each color (each color representing a different genotype) i.e. 2 blue cards, 2 yellow cards, 2 green cards, 2 red cards etc.,).

For the first round (Individual Fitness round) the predators and prey will NOT have knowledge about individual’s genetics (in other words they will not know who is genetically related to whom). Mr. T instructs the 28 prey to randomly wander around the open area and after one minute he signals the predators to “attack”. The predators then tag a prey. That individual steps out of the group and the rest of the students continue wandering and again Mr. T signals for “attack” and again each predator selects an individual who then steps out of the group. After 7 attacks 14 individuals should have been tagged (this represents half of the population of prey). Now a recorder can tally all the colors left on a shared class spreadsheet showing  how many of each genotype survived (for example, 0 blue, 1 yellow, …)

	Now Mr. T assigns two different students as predators and tells them to go sit in the corner and hide their eyes while he re-distributes the index cards to the remaining 28 students who are again the prey. This time he tells the prey students to quietly (so the predators don’t know) find the other student who has the same color as they do. These two students now represent a “family unit”, they are kin who have the same genotypes (they each have the same color on their index card). The second round (Inclusive Fitness) now begins. Since Mr. T has a big open area he will blind-fold the predators. This is so they cannot "learn" about genotypes and relatives within the prey groups. The family units now randomly wander in the space and again Mr. T signals the predators to “attack”. When they have tagged an individual prey the other member of that family unit can yell “save”. And that prey does not get eliminated. Each genotype/color gets only ONE save in this round and after that save if they or their partner is tagged they will be eliminated (note this is not for each individual but rather for each color (or genotype)). Then Mr. T signals for the “attack” again and the predator tags another prey. If this prey’s genotype has been saved ONCE then they are to step out of the game (they are caught) if not the genotype will save the prey (For example, if the first attack saved a red card family unit, and if a red card individual (whether the same individual or their partner) is tagged in subsequent attacks then the red person tagged is eliminated). The game continues for a total of 7 “attacks”/rounds. This time there will be less than 14 individuals that were eliminated due to the individuals who were saved by their kin. Now a recorder can tally all the colors and numbers of individuals for each color left in the group on the shared class spreadsheet.

Mr. T reassigns the roles of each of the students (picking new predators and shuffling the genotype cards) to prevent "learning" by predators. And does each scenario one more time. 

After the class completes the four rounds of the game, Mr. T has the students look at the whole class data that has been recorded. He defines the terms
Individual Fitness – Your ability to pass on your genes.

Inclusive Fitness – Your individual fitness plus indirect fitness due to close relatives surviving and passing on their genes (which are similar to yours). Inclusive fitness drives the concept of kin selection.

Mr. T then asks the students to complete a questionnaire about the similarities and differences they saw between the two scenarios using the defined terms and explain why inclusive behavior (group behavior) may be advantageous for some populations. Mr. T wants the students to specifically address what the “save” meant in the inclusive fitness scenario. Students should use examples of animals that they know use Inclusive fitness behaviors. The students may talk about the prairie dogs (as in the video) or dolphin pods, rabbit warrens, bird flocks, monkey troops, or any other social, family or group behavior.

Mr. T ends class showing a 1min 30 second clip where water buffalo as group counter attack lions who have surrounded an individual water buffalo
. 

	Connections to the CA NGSS:
Science and engineering practices

Disciplinary core ideas

Crosscutting concepts

Engaging in argument from evidence; Scientific Knowledge is Open to Revision in Light of New Evidence  
LS2.D: Social Interactions and Group Behavior (Group behavior has evolved because of increase in chance of survival)
Cause and Effect


	Connections to the CA CCSSM: N/A

	Connections to CA CCSS for ELA/Literacy: RST.9-10.8, RST.11-12.1 RST.11-12.7 RST.11-12.8 

	Connection to CA ELD Standards : ELD Pt.I.9-10.1-2, 5, 6b, 9, 10a, 10b. Ex,

	Connections to the CA EP and Cs: N/A



Heredity: Inheritance and Variation of Trait

Unit 8: Inheritance of traits

	Unit 8: Inheritance of traits (LS3.A)

	Guiding Questions: 

· How are characteristics of one generation passed to the next?

· What allows traits to be transmitted from parents to offspring?

	Highlighted Scientific and Engineering Practices: 

· Asking Questions and defining Problems 

	Highlighted Crosscutting concepts: 

· Cause and Effect

	Students who demonstrate understanding can:

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.]




According to the NGSS storyline:

The performance expectations in LS3: Heredity: Inheritance and Variation of Traits help students formulate answers to the questions: “How are characteristics of one generation passed to the next? How can individuals of the same species and even siblings have different characteristics?” The LS3 Disciplinary Core Idea from the NRC Framework includes two sub-ideas: Inheritance of Traits and Variation of Traits. Students are able to ask questions, make and defend a claim, and use concepts of probability to explain the genetic variation in a population. Students demonstrate understanding of why individuals of the same species vary in how they look, function, and behave. Students can explain the mechanisms of genetic inheritance and describe the environmental and genetic causes of gene mutation and the alteration of gene expression. Crosscutting concepts of patterns and cause and effect are called out as organizing concepts for these core ideas. (NGSS Lead States 2013)
Background and Instructional Suggestions
In middle school, students were introduced to genes and the connection to genes and proteins, including what happens if there are mutations in gene sequences (MS-LS3-1) and the variation between individuals within populations that are the result of recombination and the inheritance of genetic traits (MS-LS3-2). This unit links with Unit 1, which discusses how organisms use DNA to code for amino acids, the building blocks of proteins. This unit can be presented historically, building on what scientists knew at the time and what questions they still had and, more importantly, how they asked questions and gathered evidence that provided answers to these questions as well as exposed more questions. This is a nice way to show how the scientific process works. At the turn of the 20th century, Mendel’s conclusions about inheritance were accepted, and it was understood that chromosomes were passed from generation to generation in all living organisms. It was also known that chromosomes were composed of DNA and proteins. What was not clear for scientists in the early 1900s was how these chromosomes could provide the codes for all the phenotypes present in an organism, was it the proteins or DNA that was important. As scientists grappled with this, they began to ask more focused questions on what exactly was directing the translation of proteins. One such scientist was Frederick Griffith, who was trying to find a cure for pneumonia and was using mouse models to address specific questions about how mice contracted pneumonia. He found that he could inject strains of bacteria into mice and transform strains of non-pathogen bacteria into pathogen-causing bacteria. The full experiment might be demonstrated by a presentation that has a slide with the first part of Griffith’s experiment and students predict outcomes and then “see” what comes next switching to the next slide and building on that knowledge continuing with the next set of experiments along with predictions. Students can deduce the control and variables Griffith used in his original work. The conclusion of his work was that some agent “transformed” the non-pathogen-causing strains into pathogen-causing strains of bacteria and the mice developed pneumonia. 
The next question was “What was that “transforming agent?” Avery, MacLeod, and McCarty attempted to answer that question. They discovered that DNA was the transforming agent, which they concluded after testing the individual components of the bacteria cell in a cell culture system. Scientists were not entirely convinced, therefore, Alfred Hershey and Martha Chase radioactively labeled parts of viruses and provided even more evidence that it was the DNA that was being transported into hosts’ cells and transforming those host cells into virus-making machines. It was also around this time that Erwin Chargaff and his students who, while working on separating out nucleotides in different organisms, noticed that adenine and thymine were always in equal amount to each other as were guanine and cytosine. They also noticed that the total amount of adenine and thymine was NOT equal to the total amount of guanine and cytosine. A final piece of the puzzle was the X-ray photograph of DNA that Rosalind Franklin generated that showed the regular pattern and the helix formation of the molecule. These experiments, along with other evidence gathered during this time, led to the building of the model of DNA by Watson and Crick. 
Teachers can point out that building physical models can help explain data and observations (for Watson and Crick, it helped them merge together all that they had learned from others) and also that models can help predict new possibilities (for Watson and Crick, it helped others think about how DNA replicates) but models also have limitations. For example, Watson and Crick’s model could not show how the code determined amino acid order. Having students build this model can help them make the connections that Watson and Crick made with the data produced from theirs and others’ experiments. Students can also begin to see what happens if a component of the model changes. What happens if you switch a thymine with an adenine? Students should see that that having an A nucleotide across from an A nucleotide alters the structure, which can help them make predictions of the effect of mutations. Teachers might also have students read an annotated version of Watson and Crick’s original paper, which is only two pages long but has had a profound influence on the directions scientists took in the study of genetics and molecular biology. 
Much of the work done in the first half of the 20th century looked at the effect mutations had on phenotypes. If a genetic disease resulted, it gave the geneticists evidence of the function of that gene, though they could not “see” the genotype (see Unit 1). In the latter half of the 20th century and into the 21st century, techniques and tools have improved so that scientists have the ability to link a change in a gene sequence with a specific phenotype. This is explored in Unit 9. A lot of this work has been combined into whole genome studies of a large variety of organisms. As an extension of this unit, students can research what organisms scientists today are working on by looking at the National Center for Biotechnology Information (NCBI), a government maintained database and repository for information about genes, proteins and genomes. 
What happened as whole genomes were sequenced demonstrates how asking questions and answering them often leads to more questions. It turned out that genomes contained far fewer gene sequences than scientists originally thought and that many phenotypes are the results of more than one gene. It became clear as more genes were sequenced and functional studies were done that linked them to a phenotype that it is the combination of many genes that results in a single phenotype. For example, there are genes that code for proteins that are involved as transcription factors that then turn on or turn off transcription of another gene into RNA. All of these genes working together produce a single phenotype (for example, pigments in animals or plants involve many genes that result in one color). It should be noted that students have not necessarily been exposed to RNA and transcription at this point in their science courses, but they will be in this unit. Once they are more knowledgeable, they should have an understanding that genes result in proteins by going through a process to take a region of DNA that is then used to translate into protein. Once they have that exposure, students can create models using codes that need to be transcribed into making something, such as a word code that transcribes into a physical code (colored building blocks) that then is ordered into a structure (for example, a building or a bridge). This modeling process can help students grasp how cells go from a written code to protein. 
Students can look at phenotype studies and ask questions regarding what changes in DNA result in changes in phenotypes of humans (or other living organisms) and the effect of DNA changes on individuals.
 
The next unit discusses mutations and the resulting change in the amino acid code. 
Unit 9: Variation of traits

	Unit 9: Variation of traits (LS3.B)

	Guiding Questions: 

· What is the chance of a trait being passed from one generation to another?

· What happens if there is a mutation in that gene?

· What combinations of alleles are possible?

· What contributes to phenotypes?

	Highlighted Scientific and Engineering Practices: 

· Analyzing and Interpreting Data
· Engaging in Argument from Evidence

	Highlighted Crosscutting concepts: 

· Scale, Proportion and Quantity

	Students who demonstrate understanding can:
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.]



Background and Instructional Suggestions
This unit melds classic Mendelian genetics with molecular genetics. Students will have prior knowledge about inheritance patterns and how to show statistical likelihoods of offspring genotypes by looking at Punnett squares (MS-LS3-2). Teachers can activate that knowledge by framing the topic of genetics as the science of explaining similarities and differences within a population of organisms, or ‘variation’. Variation is the result of mutation and recombination events that happen at the genetic level. Students can visualize and provide evidence for how variation happens using a 3-D model of chromosomes (such as clay or pipe cleaners as discussed in Unit 2). With this model, students can demonstrate how pairs of chromosomes physically exchange parts to create new combinations of sequences (one method of variation) and can show that the random line up of the chromosome pairs during meiosis results in different arrangements of chromosomes within gametes (another method of variation). Students can then show that the random joining of these gametes as one sperm and one egg out of all the possibilities of sperm by the male parent and eggs by the female parent result in an individual who looks different than their sibling (another method of variation). Further validation of this can be shown with Punnett squares (see below) which diagram the probability of certain combinations of alleles that can result from the mating of two biological parents. Looking at the quantity and proportion of possible outcomes helps explain the variation we see in individuals even between siblings who have the same biological parents. 
Linking back to Unit 1, mutations in DNA contained in gametes can result in a change in genotype. Some mutations result in viable cells and can produce new allelic forms of genes that are then inherited by the next generation, others result in cell death, and still others in uncontrolled replication that leads to cancerous tumors. Some genetic mutations produce viable cells but can result in diseases. Explanations for genetic diseases in humans are studied by looking at how a single nucleotide change, for example the single nucleotide change in the gene sequence for hemoglobin that results in the genetic syndrome for sickle cell anemia. A similar mutation in the gene that is used to form proteins that form a channel for movement of particles between cells produces the condition known as cystic fibrosis (though it should be noted that there can be several single changes that result in the cystic fibrosis phenotype). Extensions for this unit include explanations of cancers and effect of mutation loads on genes, including mutations that result in changes in an individual during their lifetime but do not necessarily result in a change in the DNA contained in their gametes so that the change is not passed onto offspring. 
Once students understand how variation can occur, they can predict what combinations are possible in offspring. The most common way this is demonstrated in genetics is by the use of Punnett squares (a predictive method designed by Reginald Punnett). Students can problem solve possible combinations and predict the chance of traits appearing in combinations of an individual offspring. There are interactive computer simulations that students can use to create phenotypes of an organism by looking at combinations of genotypes and again predicting what combinations are plausible. 

Another component of this unit is to look at how the environment can affect phenotype expression. Some environmental components can affect the phenotype without a change in genotype. In humans, nutrition is an environmental component that can have an effect on height or muscle formation. Just because an individual possesses the genotype to be tall or strong does not mean they will reach full genetic potential. If they are malnourished when young they will not be as tall or as strong. This type of change is not inherited so offspring of individuals who were malnourished can often be taller or stronger than their parents if the parents had the genetic potential to also be tall or strong. There are examples of other types of environmental changes that have an effect on the phenotype in other organisms and these can be researched by students who then can use evidence to support claims of environmental changes (pH in soil affecting the color of hydrangea flowers). 
A suggested culminating project for this unit could involve students researching the importance of organ donors and how genotyping can help doctors find successful matches for people who need new organs. Many individuals’ lives can be extended by receiving a new organ (such as a kidney or a heart) through organ transplants. The success of these transplants is much higher when the doctors can find a genotype match for certain traits (for example, blood type) and students can discover what types of matching occurs and how it extends the life of the patients
. This culminating project can also be used to educate students on the importance of understanding genetic variation when planning organ donations and linked to the Unit 3 discussion of the stem cells, mitosis, and use of both in organ transplants.

As students move from these units (7, 8, and 9) to the next set of units (10, 11, and 12) it might be a good time to talk about the modern synthesis of evolution which threads together the work done by early geneticists and evolutionists. Historically, there were two camps, and it was due to their perseverance in proving themselves correct by collecting evidence on many aspects of inheritance and evolution that they in fact proved that both work together. This is a good reminder to students that science is a human endeavor. Mendel is the father of genetics, and it was through his careful observations that he recognized the patterns seen between generations in plants. Over the last century and a half scientists have built on this knowledge and have shown more clearly how traits are passed from generation to generation and what affects changes in genotype have on phenotypes. 
Biological Evolution: Unity and Diversity
Unit 10: Evidence of common ancestry and diversity
	Unit 10: Evidence of common ancestry and diversity (LS4.A)

	Guiding Questions: 

· What evidence shows that different species are related?
· How did modern day humans evolve?

	Highlighted Scientific and Engineering Practices: 

· Obtaining, Evaluating and Communicating Information

	Highlighted Crosscutting concepts: 

· Patterns

	Students who demonstrate understanding can:
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.]




According to the NGSS storyline:

The performance expectations in LS4: Biological Evolution: Unity and Diversity help students formulate an answer to the question, “What evidence shows that different species are related?” The LS4 Disciplinary Core Idea involves four sub-ideas: Evidence of Common Ancestry and Diversity, Natural Selection, Adaptation, and Biodiversity and Humans. Students can construct explanations for the processes of natural selection and evolution and communicate how multiple lines of evidence support these explanations. Students can evaluate evidence of the conditions that may result in new species and understand the role of genetic variation in natural selection. Additionally, students can apply concepts of probability to explain trends in populations as those trends relate to advantageous heritable traits in a specific environment. The crosscutting concepts of cause and effect and systems and system models play an important role in students’ understanding of the evolution of life on Earth. (NGSS Lead States 2013)
Background and Instructional Suggestions
This unit and the two following it (Units 11 and 12) provide the guidance needed to teach students about Evolution. Evolutionary scientist Theodor Dobzhansky made the now-famous quote “Nothing in Biology makes sense except in the light of evolution.” Keeping this in mind as the following units are discussed ties should be made to how evolution shaped life on earth. Aspects of evolution should have been integrated into the previous units (1-9) by emphasizing within the concepts for example common ancestry, that many of the metabolic processes in organisms begin as a simple process and can be traced to more complex processes as we move up the evolutionary ladder to more complex organisms, and how genetics is a tool for evolutionary change. It should be noted that evolution is an ongoing process and involves change, because there is no perfect organism. 
Observations and analysis of patterns of change that support evolution were introduced in middle school. Reviewing fossils (MS-LS4-1), anatomical similarities (MS-LS4-2) and embryological similarities (MS-LS4-3) will remind students of their foundational knowledge as they explore these topics in more depth. 
Evidence to support evolution is provided by looking at the fossil record where transitional life forms are found as well as indications of organisms that no longer exist. Looking at structures that are homologous (which results in similarity between two species that evolved from a common ancestor) and analogous (which results in similarity because the two species use the same structure for the same function) also provides evidence of how, over time, parts of organisms have changed in both structure and function. Because of the changes in organisms over time, some of these organs/structures no longer have a use in the modern day organism, but there is evidence that the structure was once functional in the ancestor; these traits are now called vestigial organs/structures. Some classical examples of vestigial organs/structures are the remnants of hip bones in snakes and whales and the remainder of the tip of a tail bone (the coccyx) in humans. Students can look at a variety of skeletons of vertebrates from the major classes and identify patterns in both the placement and usage of forelimbs or hind limbs to make connections to homologous and analogous structures. For example, they can look at the forelimbs of vertebrates that are homologous and have the same structure, but not the same function such as a dog foreleg, human arm, and seal forelimb which do not function the same so therefore are not analogous but are homologous (they are all fore limbs of mammals). On the other hand, a dog and a horse both use their forelimb to walk, so they are analogous and homologous. Also analogous structures or features are sometimes not homologous. For example, students can observe the streamlined body of a penguin or a dolphin which both swim in the water. This feature is not the result of common ancestry, but rather an example of convergent evolution. In other words, it is helpful to have a streamlined body if you swim, regardless of whether you are a bird or a mammal, but not all birds and mammals have streamlined bodies. For this reason, some texts use the term convergent trait rather than analogous. Patterns observed in vertebrates can also be found in other organisms, and teachers are encouraged to show other types of examples to their students. Looking at plants might be one way to help students connect the observations related to analogous and homologous features from above. Observing modified leaves in a Venus fly trap or a pitcher plant demonstrates a homologous trait used to help the plant catch insects (all these plants share a common ancestor). Looking at thorns and spines in plants are examples of analogous, or convergent, traits in plants used to protect the plant from herbivores. 
To obtain more evidence supporting evolution, students can identify commonalities found in all living organisms. Students can design Venn charts or tables to show the overlap of these commonalities. They should be able to communicate this evidence both graphically and in writing using what they have learned in previous Life Science courses. These charts, tables, or diagrams should include information about DNA, RNA, ribosomes, ATP, macromolecules, ability to use energy, cell division, and so on. Their evidence should be the result of what they have learned in each of the prior units in this course. If evolution is taught earlier in the unit sequence, these lists can be added to as students work their way through the units. Students may also bring in evidence on what they have learned in middle school.
Evidence supports that evolution derives from common ancestry. Evolution itself is not a linear process, but rather a branching process in which a historical species had members of populations change and branch off (this is described more fully in Unit 12) into two new descendant species from a common ancestor. These descendent species underwent more changes and could have possibly branched again and again over geological time. The tree of life shown below gives a summary of our understanding of how life evolved from single-cell organisms to the modern day species we see on earth today. The tips of the tree represent these modern day species. Teachers can use the tree of life figure (Figure 4) to remind students of the conventions of scientific names. These names are italicized when written and are used throughout the scientific community as a common language (no matter what the native language of the scientist is).
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Figure 4.This evolutionary tree encompasses all living species on Earth. The common ancestor (the base of the tree) gave rise to three great branches: bacteria, microbes known as archaea, and eukaryotes (a group of species that includes us). The lengths of the branches reflect how much the DNA of each lineage has diverged from their common ancestor. The branches demonstrate that most of life's genetic diversity turns out to be microbial; the entire animal kingdom (shown at the upper right) is just a few twigs at one end of the tree.

(Zimmer 2002, 102) Note to CDE: Would need a copyright for the above tree of life or create a new image.
Studying how modern day humans evolved demonstrates how evidence has helped determine the evolution of hominids. The great transitions that happened between ancestral chimps and ancestral humans leading to modern day humans are bipedalism, use of tools, and a bigger brain. Using genome studies on DNA sequences as well as fossil evidence, it is estimated that the common ancestor for humans and great apes lived over seven million years ago. Since that time, each branch has undergone further evolution, and today we have modern day humans (Homo sapiens) off the human evolution branch and chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) off the chimp evolution branch. Looking further at the human evolution path, thousands of fossils have helped us make the connections to how humans evolved. The first major transition was moving from walking on all fours (quadrupedal) to walking on our two hind legs (bipedal). Fossil evidence indicates that over four million years ago an early hominid, Ardepithecus, walked on hind legs but still had an extended big toe and also was a climber. Next, the Australopithecus were shown to also be bipedal, but with all five toes face forward. The next transition in human evolution was the use of tools; and though chimpanzees also use tools, humans began to use tools in different ways (for example to cut and remove meat from bones of prey). Tool-use first appears in the fossil record of humans with the more recent Australopithecus species and continues to evolve in complexity with the Homo species. The last transition, growth of the brain cavity in the skulls of early hominids, is shown to have begun with early Homo species with the ratio of the brain cavity to the body size of the humans increasing over time. Students can look at this timeline and extract evidence by looking at the patterns that support human evolution using interactive tools available at such sites as Howard Hughes Medical Institute (HHMI).
 
This unit can be extended by looking at human population studies on the inheritance patterns of lactose intolerance, sickle cell anemia, or any other genetic syndrome that originated in certain human populations. Students can then have a classroom dialogue regarding how these studies have shaped human culture. 

Unit 11: Natural Selection

	Unit 11: Natural Selection (LS4.B)

	Guiding Questions: 

· What processes influence natural selection?
· What evidence did Darwin provide that became the foundation for the study of Evolution?

· What do changes in patterns of phenotypes mean?

	Highlighted Scientific and Engineering Practices: 

· Analyzing and Interpreting Data
· Constructing Explanations and Designing Solutions

	Highlighted Crosscutting concepts: 

· Patterns 
· Cause and Effect

	Students who demonstrate understanding can:

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.]




Background and Instructional Suggestions
This unit ties in with the previous unit and also relates to some of the statistical and mathematical modeling students did in middle school (MS-LS4-6). As students recognize the lines of evidence supporting evolution, they can now connect it to what Darwin postulated in the middle 1800’s. In the early to middle 1800s, Charles Darwin spent his adult life collecting and analyzing data. Interestingly, he was a naturalist on a boat expedition (HMS Beagle) that was sailing the world to map landforms and geologists on this same expedition (and others like it) would contribute data to our understanding of plate tectonics (see below). The result of Darwin’s work is the foundation for the study of evolution. Many of his observations were also noticed by others for example, Alfred Wallace. What Darwin noticed, was that organisms have the potential to reproduce many more offspring than will survive (for example a spider will lay 100’s of eggs). He noticed that despite the potential for large numbers in a population most populations remain fairly constant in numbers over generations. Darwin concluded that there had to be competition for resources and that is part of what helped in keeping population numbers stable over time. He also noticed that while fossils and modern living organisms differed from place to place, in the same area the fossils and modern living organisms were very similar to one another. For example, Darwin saw that several bird species in the Galápagos Islands looked very similar to one species found on the continent of nearby South America. He also knew that offspring looked like their parents but there was slight variation. He understood how animal breeders manipulate the traits in the population of their livestock or dogs by selectively breeding to reinforce or eliminate certain traits. It was all these observations that helped him frame the theory of Natural Selection which states that there is competition over resources and individuals in a population that can get the resources they need are able to reproduce and pass on their traits to their offspring and therefore are the more fit individuals of the population. If no individuals reproduce, than that population ceases to exist and any unique alleles within that population are also eliminated.
Darwin originally summarized his findings into four postulates (Table 2). It is important to give examples in all living systems (in the table there are examples in plants, fungi, animals, prokaryotes etc.). Students can collect data on individuals in a population and look for the patterns that are present. This can be done by having students measure individual skulls or beaks or shells that have been gathered to represent a specific species. There are datasets available that extend from generation to generation and students can use these to mathematically analyze and construct an explanation of the changes they are noting. Extensions of this data collection can include some generations that survived after a change in their environment, for example, what happens to the size of beaks after a drought or what happens to the size of shells after the introduction of a non-native species that eats the shelled organism.
Table 2. Darwin’s Four Postulates

	Darwin’s Postulate
	Example 

	Individual organisms in a population vary in the traits they possess.
	The size of their heads, the length of a tap root.

	Some of this variation is passed from parent to offspring.
	The flower color in peas, the length of wings in an insect.

	Individuals within a population have the ability to produce a lot of offspring.
	The number of seeds produced by a flowering tree, the ability of some bacteria to reproduce every 20 minutes, the number of spores released by a mushroom. 

	The individuals that produce living offspring are the individuals that have certain traits that help them survive and reproduce, thus they are the individuals that are selected naturally by the environment. 
	Birds that can break open nuts that have grown harder in a drought year can acquire enough food and survive the environmental change (drought) so they then go on to reproduce. 
For an example of one type of organism refer to the work of Rosemary and Peter Grant on the Darwin Finches in the Galápagos Islands (Grant and Grant 2003).


Natural selection acts on the phenotype of an individual, for example the size of a shell or beak. The selective pressure that favors one size over another will translate into a change in proportion of individuals with the favored size in the next generation–if the change is a result of an allele type (inheritable). In other words, the individuals that have the favorable phenotype reproduce and pass on the favorable allele that generated that phenotype. The allele frequencies for the genes are ultimately what changes are passed on to the next generation. Over multiple generations genotype change accumulates. This can be mathematically modeled to show the trends in changes over time. Variation also has to exist in the population before selection can act. What this means is that there has to be variation in beak size or shell size before any environmental change has occurred. The environmental change does not “cause” beaks or shells to get bigger or smaller. Individuals with bigger or smaller beaks or shells within the original population had to exist and those individuals who survive the selective pressure and reproduce will pass on their alleles and begin to “fill” the gene pool with the more favorable alleles. These organisms are said to be “biologically fit,” meaning they survive and reproduce living offspring in a given environment. This meaning is different than the modern term for “fit,” which usually alludes to being strong and healthy. 
Unit 12: Adaptation and Biodiversity

	Unit 12: Adaptation and Biodiversity (LS4.C)

	Guiding Questions: 

· How does natural selection lead to adaptation in populations?
· How do changes in ecosystems influence populations?

· What are the cause and effect criteria for changes in populations?

	Highlighted Scientific and Engineering Practices: 

· Analyzing and Interpreting Data
· Using Mathematics and Computational Thinking
· Constructing Explanations and Designing Solutions
· Engaging in Argument from Evidence

	Highlighted Crosscutting concepts: 

· Patterns 

· Cause and Effect

	Students who demonstrate understanding can:

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.]



Background and Instructional Suggestions
The previous unit on natural selection outlines the strands of HS-LS4-2 and 4-3, which are further highlighted in this unit in that adaptations cause population change. In this unit we expand on and construct explanations of how population distributions change over time. This unit also links to Unit 6 on human impacts and their effect on disrupting ecosystems, which could possibly have an effect on the diversity of organisms within the ecosystems. Students can also link what they learned in middle school, in particular how survival of individuals within populations depends on genetic variation (MS-LS4-4) and how scientists use mathematical reasoning to look at trends of phenotypes over time (MS-LS4-6). 
Populations with variation in their gene pool are more often able to withstand selective pressures as long as some of the individuals’ phenotypes are advantageous for the population given the environment. Often, there are many variations in a population that do not confer particular advantages at the moment, however if there is a change in the environment, these phenotypes may then have an advantage. Those individuals that survive and reproduce living offspring have the advantageous phenotype. The advantageous phenotype that survived while others disappeared is called an adaptation. It is important for students to understand that the scientific definition of adaptation is genetically based. The environment does not “cause” an organism to change its genotype or “adapt” to its new environment, rather the variant already exists and becomes advantageous for survival and reproduction in a changing environment.
When enough adaptations build up in a population, sometimes that population changes to the point that some of its members no longer can mate and reproduce with other members of the species. This isolates the members into two populations that now become two different species. These two species had a single parent species that they evolved from, and this is how speciation is defined. Speciation events are the results of populations within a species changing to the point that they can no longer mate with other individuals from the same species. The biological definition of species is that individuals within the same species can mate and reproduce living, fertile offspring. Again, the key here is genetic change over time. This is a good time to review how new genes can arise in a population through mutation and drift (Unit 9) and are necessary in order for there to be variation. 
Building on the mathematical reasoning for looking at probability and statistics learned in middle school, students can generate more complex mathematical models. With more complex models, students can expand on the data they collected and analyzed in Unit 11 and continue to look at trends of inheritance patterns of certain traits over time. More than one trait can be followed to determine whether there are significant selective pressures on a specific phenotype (Phenotype I) or whether the changes observed are linked to another phenotype (Phenotype II) that is more favorable and Phenotype I is brought along because the genes are linked to the gene of Phenotype II. The reasons certain trends can be seen but others cannot, can be isolated. A hypothesis can be generated and predictions made. Testing the hypothesis with computer simulations or looking at several generations can provide evidence for the type of selective pressure seen in the populations (e.g., natural selection, immigration, selective mating, population size, or introduction of new mutations). Analysis of the evidence can lead to a conclusion regarding what is happening in a particular population. Students can connect their new understanding of inheritance patterns to the lessons they learned in Unit 6 about how humans have disrupted ecosystems and the affect that disruption has on the selective pressures of a population within that ecosystem. 
This unit is designed to be the last unit in the Biology course and should include a culminating project in which students apply what they have learned about how organisms maintain life. The students should use evidence to support their explanations and arguments and models to clearly illustrate their evidence and conclusions. For example, students could compare a few very different organisms (maybe comparing a human, to a redwood tree, to an E. coli). If students can compare and contrast how each of these organisms maintain life and provide evidence to back up their writing, then they will have a good grasp of Biology. 
High School Vignette

Natural Selection

This vignette describes how students develop understanding of how variation, genotype and phenotype play a role in evolution by addressing the following overarching questions: What processes influence natural selection? What do changes in patterns of phenotypes mean? What are the causes and the effects of changes in environments on variation in populations? 

This vignette illustrates how teachers could engage students in the topics of unit 11 and part of unit 12. It encompasses natural selection and adaptation and outlines sections that would come before and after the instruction and learning described below. 
This vignette assumes students have prior knowledge based on the following middle school performance expectations:

MS.LS2-1- Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem

MS.LS.2-4- Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations.

MS.LS4-4- Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment.

MS.LS4-6- Use mathematical representations to support explanations of how natural selection may lead to increases and decreases of specific traits in populations over time.
Students will need to know how obtain raw data and construct graphs, both by hand and using spreadsheets on the computer. There is a bit of guidance in some of the documents used for the vignette, but it assumes that students have already some experience with graphing. 

The teacher’s background knowledge should include how Darwin’s observations led to his inferences and how his observations and inferences are used today as the foundation of the Theory of Evolution. Teachers also need to take care to dispel Lamarckian misconceptions (this should be done with the students before starting this vignette), including the fact that evolution is not goal directed and that adaptations are not the result of a change in the environment, but rather are traits or characteristics the organism already has that increases the fitness (the ability to reproduce living offspring) of an individual compared to individuals without these traits. Though natural selection acts on individuals, it is not changing the characteristics of individuals; instead, it changes the frequency of characteristics/traits in a population (in other words, the frequency of particular alleles in the population gene pool). Natural selection can only select from the variation in phenotypes that are present at the moment, it cannot create a new variation. Only mutation and recombination in sexual organisms can create new allele combinations that might result in phenotypic variation. Natural selection acts on the phenotype, but evolution consists of changes in allele frequencies. Therefore, evolution only occurs if the selected traits have a genetic basis. Teachers should also know that the individual postulates of the theory of evolution are testable. 

Unit plan

5E Learning – This vignette is based on an iterative 5E instructional model where students engage, explore, explain, elaborate and evaluate each topic
 ( http://bscs.org/bscs-5e-instructional-model ). Each activity has a role in the 5Es, but each activity also needs to include each of the 5Es along the way. The 5Es are one approach to teaching the CA NGSS science and engineering practices (SEPs) and while SEPs should be shared explicitly with students, the 5Es are not necessarily relevant to the students, so this information is for the teachers’ notes (Table 1 is an overview adapted from BSCS’s model available on the Web site above).
Table 1: Outline of the 5E model as modified from the BSCS model 
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 Engage
	This portion of the activity is designed to generate student interest through the introduction of interesting and relevant activities that access prior knowledge and set parameters for the focus of the lesson.
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Explore
	Students participate in activities that facilitate conceptual change by experimenting, probing, inquiring, questioning, and examining their thinking.
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Explain
	Based upon their discoveries, students generate explanations and designs, connecting prior knowledge to new discoveries.
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Elaborate / Extend
	Students must now apply their new understanding to novel situations. Using academic language, they explain concepts and designs.

	Evaluate
	Finally, students assess their understanding of phenomenon and success of designs and offer new applications of scientific principles as well as next steps for engineering designs. 


Each day is a 50-55 minute lesson. Many of the activities do require some set-up before class starts in order to use time wisely. Though homework is encouraged, it is not spelled out in all cases for this plan. Table 2 provides a snapshot of the 12-day plan.

Table 2: 12-day overview of unit on Natural Selection

	
	Overview of Lesson
	Teacher Does
	Student Does

	Day 1
	Engage: lesson on variations in human populations using height as an example
	Ask guiding questions and model how to measure and record data
	Recognize PATTERNS

What is the variation in height in their classroom?

	Day 2


	Engage: use a pinto bean to show more variation. Watch HHMI video on Galápagos Islands and discuss beak variation.
	Ask guiding questions and lead discussion on variation. Show video to link to tomorrow’s lesson
	Recognize PATTERNS in pinto beans and understand the differences in the beaks that the Grant’s observed on the Galápagos Islands

	Day 3
	Explore: Island Beak Lab- Simulate survival of the fittest in different conditions and collect data.
	Set-up materials and monitor students’ progress 
	Participate in the island simulations. Collect data

	Day 4
	Explore: Analyze and interpret data collected from Island Beak Lab. 
	Guide students through analysis of the Beak Lab data.
	Summarize beak lab data for cause and effect linkage.

	Day 5
	Explain: Read about Darwin’s observations and make concept maps of what he saw and the inferences he drew from that data
	Guide the reading and the concept mapping to keep students involved
	Reading and concept mapping.

	Day 6 
	Explain: Darwin continued. Finish concept maps and share them out, allowing other students to ask questions in a share out or walk around.


	Guide discussion of concept maps. 


	Engage in SEP for Communicating Information 

	Day 7
	Explore: Darwin continued. Graph finch data obtained from Peter and Rosemary Grant. Use the SEP of analyzing and interpreting data
	Guide students in graphing and analysis of data. 
	Graph data set and look for cause and effect linkage

	Day 8


	Explain and Elaborate: Present findings from Darwin data. Use SEP practices of analyzing and interpreting data, using mathematics and computational thinking, and engaging in argument from evidence. 
	Finish analysis of data and assess presentations. Help class reach consensus on the results.
	 Analyze data and look at cause and effect and present findings to the class.

	Day 9 
	Explore: Simulate population changes over time (colored dot activity) 
Explain: Use SEP of analyzing and interpreting data, constructing explanations and designing solutions, using mathematics and computational thinking, and engaging in argument from evidence. 
	Set-up selection pressure over time activity. Monitor student progress and help class reach consensus.
	Do the activity and analyze the results and look at cause and effect


	Day 10


	Elaborate: Lesson 3 from EEI Differential Survival of Organisms

Have students look at selection pressures that are biotic and/or abiotic factors. Use SEP of constructing explanations and designing solutions
	Present the lesson with the cards and have students work in group to finish project. 
	Make connections to what biotic and abiotic pressures result in what phenotype in these marine organisms

	Day 11


	Evaluate: Case Study: Great Barrier Reef from EEI Differential Survival of Organisms. 

Examine the impact of humans on species survival. 

Use SEP of constructing explanations and designing solutions
	Guide students through reading and responding to questions.
	Work in groups to understand the issues and design solutions. 

	Day 12
	Share out results of the case study analysis. Use SEP engaging in argument from evidence.
	Invite constructive feedback from students on results of case study.
	Present findings to the class.


Narrative

Before beginning this narrative it should be noted that Ms. O’s class has electronic devices for each student. She makes use of online collaborative documents (e.g., Google documents and spreadsheets). A description of how to provide this instruction without technology or with limited technology is provided at the end of this narrative.

Day 1:  Engage activity-Ms. O’s goal for the day is for students to recognize that height variation exists in the classroom and that height has changed over time in baseball and basketball players. 

Before class starts Ms. O has taped up measuring tapes exactly 36 inches/ 91.4 centimeters from the ground on the wall at 8 stations around the room.

As the students enter the classroom, Ms. O hands them an index card and tells them to put down their books and with a partner go to a station and measure their height and their partner’s height in inches and centimeters. Each person will write their measurements and their partner’s measurements on their index card. Ms. O then asks them to enter their own data onto the class online spreadsheet, the students also indicate whether they are male or female but they leave their names off. 

Ms. O now asks the students, “What do you notice about your height and your partner’s height?” They respond by raising their hands. She spends only a minute on this as she then projects the data from the entire class on the screen. She displays the data in a table format with male/female as one column and inches in another and centimeters in the last column. She asks the students a few questions:

“What do you notice? Are there any patterns to this distribution? Are your classmates all tall or all short? How tall is tall? How short is short?”
Students respond on the class online spreadsheet for quick writes. (This is a pre-set online spreadsheet with each student’s name as a row and the question in the column closest to their name. The students are used to this protocol, which they have used since the beginning of the school year. See example below.)
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Ms. O then notes some of the commonalities of their answers and asks students the next guiding question: 

“You all noticed that there are differences in the heights of you and your classmates. We call this variation. Why is there variation in height? Answer on the quick write.”
Ms. O reminds the students that in their genetics unit they learned how genotype connects to our phenotype and that the main reason for height in humans is the result of our genotype and that proper nutrition contributes a small part to height. 
“Do you think human’s average height has changed over the years? Are people today taller than they were say 100 years ago?” Ms. O takes a quick show of hands and writes down the responses. 
“Now we are going to look at data on height and weight of baseball and basketball players in the last century.” Ms. O then has the students open the class Web site and click on the link for Baseball and Basketball statistics (see links below). Working in established pairs or groups of three, the students are asked to write down some observations of the trends they see over time of height changes. They are asked, “What stands out for you in this data?”
Link to baseball statistics
http://www.azsnakepit.com/2010/7/5/1550963/baseball-players-does-size-matter



Link to basketball statistics

http://www.basketball-reference.com/leagues/NBA_stats.html#stats::none



Day 2: Ms. O’s goal today is to have the students recognize that there is variation in many different populations (not only in humans), including in pinto beans. She also will prepare them for the hands-on activity tomorrow on Islands and variation in beaks of birds. Some of this preparation will be done by watching the HMMI video. 

Before class Ms. O puts out small metric rulers on the desks of the students, has the spreadsheets of data ready from the day before, and cues up the HHMI video.

Ms. O reviews with the students their comments about the data from the day before; students see that evidence shows that the average height and weight of baseball players and basketball players has increased over the years. She then hands out 2-3 pinto beans to each student and asks them to write down a few observations about what each looks like. They are allowed to measure and draw what they see. Ms. O encourages them to look at their neighbors’ beans too. Then, she collects all the beans and puts them into a few bowls that have some additional beans in them too. Ms. O asks the students within the groups to pick out their beans from among the beans in the bowls. She allows about five minutes for students to pick out the beans and then asks the class to come back together. 
Ms. O. asks the students if variation is part of all populations. She asks students to call out a few variations that bird populations might have, guiding the students to think about beaks, body size, wing spans, and so on. Then she shows a 15 minute video on the Galápagos Island finch. She also links the video to the class Web site in case students want to review it on their own. She asks the students to fill out an online form on their understanding of what the film was about. She uses the questions that are associated with the video on HHMI website http://www.hhmi.org/biointeractive/evolution-action-data-analysis.



Before class ends, Ms. O explains that tomorrow they will be coming in and starting their assignment immediately on exploring island beaks and how different tools represent different ways of acquiring food. She hands out the worksheets and asks students to read through them tonight, emphasizing that tomorrow part of their grade will be based on whether they were prepared to do the assignment or not. 
Day 3: Explore- Ms. O’s expectation for the students is that they will complete as many stations as possible and participate in the activity.

Before class, Ms. O sets up each of the islands in duplicate (she has a class of 36 students and has them divided into groups of four). There are 8 stations, so in total she has 16 stations for the students.

Students enter class ready to start at their stations. Yesterday they were assigned roles that they will rotate at each station. Directions are included in the worksheet which Ms. O handed out yesterday, a copy is also linked to the class Web site. 
At Ms. O’s directions, each student group starts at a station on their side of the room. She lets them have about 7 minutes a station so each group gets through about 6-7 of the 8 stations, depending on whether they are being efficient. As the students perform the tasks of each station, Ms. O walks around helping the students stay on task and making sure the supplies are sufficient. She gives students a one minute warning, then calls time, and has students rotate to the next station. 

Students’ homework is to put their data into the cloud- based class spreadsheet that Ms. O has linked to the class Web site and to answer the questions for each of the stations they completed. Ms. O makes it clear that they will receive points based on data input BEFORE class starts.

Day 4: The class objective today is to make connections between cause and effect and apply analyzing and interpreting data techniques to the data collected yesterday. 

Before class starts, Ms. O double checks that the spreadsheet has been filled out by the students and sets up a quick formative assessment that she will give during class this day. 

Students enter class and take out their electronic devices and their worksheets. Ms. O calls the class together and projects the data that was inputted into the class spreadsheet. She asks students to look at the data and complete their worksheets based on what they see in the data sets. The students also have access to the data on their devices. For the stations that they did not get to on Day 3, they can use the class data to answer the questions. She gives them about 15 minutes to finish this and then collects their worksheets. 

Next Ms. O directs their attention to the data and asks some guiding questions about the data. Some of the answers she will collect on the class quick-write so that all students can respond. Ms. O first asks, “What patterns do you notice within and between islands? Which beaks worked best for each island? Is there any beak type that worked well on more than one island? Why or why not? How does this relate to cause and effect?” She has the students input their responses and then talk within their groups to decide if they want to improve on their answers. 

For the last 15 minutes of the class, she has the students do a formative assessment by filling out an online form (this will ensure individual responses are gathered as students cannot see other students’ responses). They can look at the spreadsheet that Ms. O has projected. She does not let the students go to the sheet on their devices as she wants to see what they know, not their partners. 

The Questions for the assessment are:

1. What overall patterns did you observe in the use of the beak tools on each island? Give evidence from the data to support. 

2. Did there seem to be a “best” tool for every island? Why or why not? Use data to support your answer.

3. Now that you have had a chance to look at data collected for each island, write a few sentences on how variation affects the ability of birds to gather food. Provide examples of cause and effect. What will happen to the separate bird populations over time? Provide evidence for your explanations. Use class data to support your observations. 

(Note this question was asked already but before the discussion, so students should now have more evidence to support their answers). 

Ms. O assigns homework for the student that involves reading the section of their textbook on Darwin’s observations and inferences. 

Day 5-6: Explain: Students will have produced a concept map outlining Darwin’s observations and the inferences he made and how they connect to the activities done in class already. 
Ms. O will have sheets of poster paper and pens at each group’s table.

Ms. O will have the students sit in their assigned groups of four. Students will be tasked with discussing within their groups Darwin’s observations and the inferences he drew from them. Ms. O travels to each group to answer any questions and/or clarify for the students anything about Darwin’s findings. Students will then work together to create a concept map of each of Darwin’s observations and link it to each of his inferences (Ms. O encourages them to be creative. They can use pictures, drawings, or sketches). Once this is done, Ms. O instructs the students to add another layer to their maps by indicating connections to the activities already done in this unit. Ms. O expects these concept maps to be completed half-way through the second day. These will be displayed around the room. The concept map is part of the Explain process of the 5E model for this unit.

Ms. O checks each concept map to make sure it has a representation for each of the following of Darwin’s observations:

1. Populations have the potential for rapid reproduction.

2. Over time amount of resources and populations don’t change in size. 

3. Within populations there is variability in structures and behavior.
4. Some of that variability is inherited.

Ms. O also checks for representation of Darwin’s inferences, postulates, or conclusions:

1. Individuals within populations are variable 

2. The variation among individuals are, at least in part, passed from parent to offspring.

3. In every generation, some individuals are more successful at surviving and reproducing then others.

4. The survival and reproduction of individuals is not random; instead they are tied to the variation among individuals. The individuals with the most favorable variations, those who are better at surviving and reproducing, are naturally selected. 

(Darwin 1859, 459): 

Ms. O now asks students do a gallery walk and write a question or a comment on a sticky note and attach to each concept map. After the galley walk, each poster is taken down. If clarification of the concept map is needed, the group makes the necessary changes in their concept map. Ms. O then collects the concept maps and takes a photo that she uploads into an online class presentation file that the students will have access to on the class Web site. The students will add information to these posters over the next week. 

This exercise is modeled after an assignment described in Passmore et al., 2013. 

Ms. O assigns homework for the students to read pp 965-968 of the Bioscience paper, which is linked to the class Web site (Grant and Grant 2003). This paper is a review of the work featured in the HHMI video shown on Day 2. 

Day 7-8: Explain and Elaborate: At the end of these two days, Ms. O expects students to take real data collected by the Grants and calculate cause and effect in a population of finches that have experienced a drought as well as apply the SEPs of analyzing and interpreting data, using mathematics and computational thinking, and engaging in argument from evidence. 
Before class, Ms. O links the raw data in a spread sheet for each group. She downloads this from the HHMI Web site http://www.hhmi.org/biointeractive/evolution-action-data-analysis. 


The lesson below is modified from the teacher and students sheets available on this website. 
After students enter the room, Ms. O asks them to sit in their groups. She gives each group the same spreadsheet with the raw data gathered by the Grants and their students on Daphne Major in the Galápagos Islands. She explains the data is for wing length, body mass, and beak depth, taken from a sample of 100 medium ground finches (Geospiza fortis) living on the island of Daphne Major in the Galápagos archipelago. She projects the picture of a ground finch (shown below) so that students have a visual representation of what the bird looks like. All the finches were born between the years of 1973 and 1976. Before the students begin to look at the data, Ms. O asks a quick write question, “What do you think will happen to birds after a drought and why?” Then, Ms. O asks the students to look at the data and she asks, “Do you see any patterns in this data before you graph it? Are all the birds of similar size? What measurements seem to vary the most from individual to individual? Why do you think the sample only includes adult birds? Is there a best approach to graphing beak depth measurements?” 
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Once students recognize that half of the measurements are from finches that died in 1977 (the year of the drought) and that half of the measurements are from finches that survived the drought, Ms. O asks them to graph the two groups on separate graphs as histograms. After the students generate their graphs, Ms. O has the students analyze and interpret the data and she asks them to work in pairs to complete an online form that contains the questions listed below. (She suggests that students first type their answers on a shared word document so they can look back at their answers when studying). Ms. O wants the hypotheses to use evidence from what students know about natural selection where they will engage in argument from evidence. 

1. What observations can you make about the overall shape of each graph? (Imagine that you are drawing a line that connects the tops of the horizontal bars). 

2. What do the shapes of the two graphs indicate about the distribution of beak-depth measurements in these two groups of medium ground finches? 

3. Compare the distribution of beak depths between survivors and non-survivors. In your answer, include the shape of the distributions, the range of the data, and the most common measurements. 

4. Based on what you saw in the film last week (it is linked to the class website if you want to refer back to it), think about how changes in the environment may have affected which birds survived the drought. Propose a hypothesis to explain differences in the distribution of beak depths between survivors and non-survivors. Use evidence from what you have learned about Natural Selection. 

Ms. O has the students determine the mean and standard deviation of the wing length and body length of the survivors and non-survivors and then construct bar graphs to compare the average wing length and average body mass data between survivors and non-survivors. This extension provides an opportunity for students to use mathematics and computational thinking. 

As a quick formative assessment she asks the following questions:

1. Are there any differences between survivors and non-survivors average wing span? 

2. Are there any differences between survivors and non-survivors average body mass?

3. Back to the graphs on beak depth are there any differences between survivors and non-survivors?

4. Why do you think there are differences or if no differences, why do you think that is?

5. Which trait seems to have the most differences and what effect will that have on the finch population over time? Why? 

On the second day, the students share out their results and add new information and observations to their concept map. 
Day 9: Explore and Explain: Students will experience through a hands-on model how variation within populations can change over time due to cause and effect as well as the SEPs of analyzing and interpreting data, using mathematics and computational thinking, and engaging in argument from evidence. 

Ms. O sets out two types of fabric. One half the room will have swatches of one type of fabric, and the other half will have swatches of the other type. Students will work in their assigned group of four. Each group will also receive a bag with 20 dots each of six different colors made out of construction paper that has been hole punched (red, green, yellow, blue, black, pink). She also puts a bag of additional dots at each of the stations (these have lots of each color in them, no specific number is counted). She also sets up a cloud-based class spreadsheet with color-coded columns for the students to input their data.

Ms. O welcomes the students and tells them that today half of them are going to be birds again, but this time they will all have the same beak type which will be their forefinger and their thumb. One person in the group will be the timer, another person in the group will be a producer who spreads out the colored dots from the baggie on the fabric and the other two individuals will be birds of prey. The individual who is the timer will also be the data entry person and to start with will put 20 for each color under “first generation” on the spreadsheet. When Ms. O gives the okay .the birds turn their back and the producer spreads the dots on the fabric. When the timer says GO, the two birds of prey turn around and quickly pick up dots using just their thumb and forefinger and picking up one dot at a time for 20 seconds. They place the dots into a half of a petri dish. After they are done each member of the group helps count the dots. Ms. O asks them to figure out the number of dots that are left on the fabric. She gently reminds them that this is easy to do because if the birds picked up 8 green dots then there should be 20-8 or 12 dots left on the fabric. Now using a baggie that has “extra” prey in it, the team members count out the new offspring. For every dot left on the fabric, two more dots of that color will be added. So if 12 green dots are left then they need to count out 24 more green dots. Before the next round starts, the timer enters the starting number for each color under “second generation” (for example under green they would put 36). The students repeat the actions of the first round with the producers spreading the dots on the fabric and the birds picking up dots with their forefingers and thumbs for 20 seconds. Again the team counts the dots and calculates how many dots are left, multiplies that number by three, and enters that number onto the spreadsheet as the total number for the start of “third generation” (for example, if the birds picked up 10 green dots that means there are 36-10 or 26 dots left so the beginning of the next generation would be 26 * 3 or 78). Now the students can create bar graphs of their data for each generation and use mathematics and computational thinking to come to a consensus on their analysis. 

After all students have generated their graphs, Ms. O has them complete an online form answering the following questions which require them to analyze and interpret the data and engage in argument from evidence. 

1. Which, if any, colors of paper dots survived better than others in the second- and third-generation beginning populations of paper dots?

2. What might be the reason that predators did not select these colors as much as they did other colors? Use evidence from your results and what you know about Natural Selection to support your reason. 

3. What effect did capturing a particular color dot have on the numbers of that color in the following generations? How does this relate to what you know about Natural Selection?

4. How well does the class data support your team's data and conclusions? Again use evidence from your results and what you know about Natural Selection to support your reason.

If the students run out of time, answering these questions will be homework. 

Day 10: Elaborate This lesson has students elaborate on what they learned about Natural Selection as they apply it to selection pressures on marine organisms. They will be using one of the biology lessons from the EEI curriculum, Differential Survival of Organisms, and observe patterns and use the SEP of constructing explanations and designing solutions. 

Ms. O makes enough copies of the Adaptations to Selection Pressures information cards available on the EEI site http://www.calrecycle.ca.gov/eei/UnitDocs/Biology/B8a/B8aIC.pdf for every group to have a set. She will also make up the selection pressure cards so that each group can have one (some groups will have the same card). She also sets up four slides per group in a cloud-based presentation that has a replica of the worksheet available for the students on the Web site. The slides are copies of the table shown below, one for each of the four organisms. 

Once students are in their groups they will receive one of the following EEI Selection Pressure Cards. Within their groups, they will discuss the card, add their own examples, and then create a five word poster (they can use drawings and symbols but only five words, besides the title) that demonstrates the pressure and characteristics that might exist in organisms. 

Selection Pressures Cards (copied from the EEI teacher pages)

	Need for Energy

Examples of survival traits: teeth that can grasp prey, large eyes that help find prey, sensitive noses to smell prey
	Predation

Examples of survival traits: speed for escaping from predators, camouflage to hide from predators, hard exoskeleton

	Abiotic Environmental Factors

Examples of survival traits: layers of fat to protect from cold, feathers that shed water, feet that help running through sand
	Need to Reproduce 

Examples of survival traits: ability to sing to find mates, pouches to carry young, nest-building behavior


After asking if there are any questions or clarifications that are needed, Ms. O distributes the marine organism information cards and has each group fill in their four slides on the presentation. She will use this as an assessment of their understanding. 

As an exit ticket she has all students complete one question on an online form.

"What selective pressures have led to the characteristics commonly seen in sea otters? Use evidence from Natural Selection and what you learned about today in class.” 

The last exercises should be added to the concept maps. Ms. O then takes a new picture of the concept maps and re-uploads them to the class presentation Web site. 

Day 11-12: Evaluate: Students will apply the knowledge gained during this unit to the Case Study: Great Barrier Reef, Australia, presented in EEI curriculum unit, Differential Survival of Organisms. 

Before class, Ms. O makes copies of the readings and the questions associated with the case study which she downloaded from the EEI curriculum website http://www.californiaeei.org/curriculum/ .
The case study is available in the EEI biology unit, Differential Survival of Organisms (Student Edition, 8–11). 

Students work in small groups to read through the short case study and begin to answer the questions on the worksheet. Besides the questions on the worksheet, she also asks students to use evidence based on the activities and on what they learned for Natural Selection to their answers for number 2 and 3 full credit. Students are encouraged to create concept maps, graphs, or other supporting material for their argument.

On Day 11, students complete the worksheet and prepare their argument. Ms. O collects their responses on a collaborative document. On Day 12, each group is given three minutes to make the case for their solution. Ms. O concludes the unit by having students vote on the best solution and asking students if they have any further questions or need further explanations. 
	Performance Expectations

	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. 
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.
HS-LS4-4- Construct an explanation based on evidence for how natural selection leads 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. 

	Science and engineering practices
	Disciplinary core ideas
	Crosscutting concepts

	· Analyzing and Interpreting Data
· Constructing Explanations and Designing Solutions

· Using Mathematics and Computational Thinking
· Engaging in Argument from Evidence
	· LS4.B-Natural Selection
· LS4.C-Adaptation
	· Patterns 

· Cause and effect

	California’s Environmental Principles and Concepts

	· Principle II (People Influence Natural Systems)

· Principle III (Natural Systems Change in Ways that People Benefit from and can Influence)

· Principle IV (There are no Permanent or Impermeable Boundaries that Prevent Matter from Flowing Between Systems)


Vignette Debrief
The instructional plan described in this vignette was specifically designed to take into account the three dimensions of learning identified in the CA NGSS. Additionally, because of the cause and effect relationship between environmental conditions and the selection pressures that directly influence natural selection, this series of lessons provides a wide array of opportunities to reinforce students’ understanding of California’s Environmental Principles and Concepts.

Science and engineering practices. There are four practices highlighted in this vignette. The most frequently used practice is analyzing and interpreting data, which is applied after each hands-on activity that used data (for example, the Island Beak lab). In the finch raw data lesson, students were exposed to using mathematics and computational thinking that allowed them to fully analyze the data. The students were involved in constructing explanations and designing solutions when they participated in the dot and fabric activity as well as when they observed the selective pressure on the marine organisms. Throughout the vignette the students were asked to engage in argument from evidence, which is an important part of the final assessment. 

Disciplinary core ideas. The main disciplinary core idea for this vignette was Natural Selection, and it was fully addressed throughout the vignette. The other DCI that was partially addressed was adaptation, especially in the EEI lesson on marine organisms. 

Crosscutting concepts: the main ones discussed are patterns and cause and effect. In the first engagement activity students looked for patterns in human height. There are other examples looking for patterns throughout the vignette. For cause and effect, the best example is the results of the dots and fabric exercise where there is a change in population variation over time. There are other examples of cause and effect throughout the vignette. 

California’s Environmental Principles and Concepts. This vignette incorporates part of the EEI curriculum into the lessons and uses a case study as the final assessment for the unit. This instructional plan provides an opportunity to reinforce three of California’s Environmental Principles and Concepts, including Principle II: The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies; Principle II: Natural systems proceed through cycles that humans depend upon, benefit from and can alter; and, Principle IV: The exchange of matter between natural systems and human societies affects the long-term functioning of both. Environmental Principle II is emphasized in Day 10.

Note on technology use in the classroom: This vignette integrated many uses of technology within the daily lessons. If the students do not have one to one technology, they can use lab notebooks or index cards for quick writes and guiding questions. A teacher can ask students to put data collection into their notebook first and then for homework enter it into cloud-based spreadsheets or take the students to a computer lab the next day. Also, some teachers have access to a few computers and can use these with lab groups, eliminating the need for one to one access to technology. 

References for the Vignette:

Basketball-Reference. 2015. NBA League Averages. http://www.basketball-reference.com/leagues/NBA_stats.html#stats::none (accessed July 27, 2015).
Biological Sciences Curriculum Study (BSCS). 2015. BSCS 5E Instructional Model. http://bscs.org/bscs-5e-instructional-model (accessed July 27, 2015).
CalRecycle. 2010. http://www.californiaeei.org/curriculum/ (accessed July 27, 2015).
Darwin, C. 1859. On the Origins of Species by Means of Natural Selection. London: Murray.
Grant, R.B., and P.R. Grant. 2003. “What Darwin's Finches can Teach us about the Evolutionary Origin and Regulation of Biodiversity.” Bioscience 53 (10): 965–975.
Howard Hughes Medical Institute (HHMI). 2015. BioInteractive Lesson, Evolution in Action: Data Analysis. http://www.hhmi.org/biointeractive/evolution-action-data-analysis (accessed July 27, 2015).
McLennan, Jim. 2010. “Baseball Players: Does Size Matter?” http://www.azsnakepit.com/2010/7/5/1550963/baseball-players-does-size-matter (accessed July 27, 2015).
Passmore, C., and J. Stewart. 2002. “A Modeling Approach to Teaching Evolutionary Biology in High Schools.” Journal of Research in Science Teaching 39 (3): 185​​–204.

Passmore, C., E. Coleman, J. Horton, and H. Parker. 2013. “Making Sense of Natural Selection: Developing and Using the Natural Selection Model as an Anchor for Practice and Content.” The Science Teacher 80 (6): 43.
YouTube. 2014. Galapagos Finch Evolution — HHMI BioInteractive Video. https://www.youtube.com/watch?v=mcM23M-CCog&feature=youtu.be (accessed July 27, 2015).
Concept Map of Life Science Disciplinary Core Ideas


In meeting the PEs selected for this unit, instructors must introduce some DCIs as well as build on the DCIs introduced in middle school. The figure below shows a concept map with the relationships between DCIs introduced during middle school and high school levels. This concept map is not a conceptual flow with a specific order or sequence, nor is it a comprehensive illustration of all ideas that should be taught in the courses. Nor does it illustrate interdisciplinary connections that should be drawn. It may, however, be helpful in identifying how DCIs build from middle school to high school and relate to one another. This map is explicitly placed at the end of the unit so that readers view them with a full appreciation of how these DCIs must be explored using the other two dimensions of NGSS as outlined in the course above. The concept map is limited only to DCIs, so even if students had a full appreciation of what is in these maps they also need practice in doing science and engineering (SEPs) and identifying big picture relationships to other disciplines (CCCs).
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Introduction to the Life Science/Biology Course





Model Course Mapping for Life Science/Biology





Life Science/Biology Course Units





From Molecules to Organisms: Structures and Processes


	Unit 1: Structure and Function


	Unit 2: Growth and development of organisms


	Unit 3: Organization for matter and energy flow in organisms





Ecosystems: Interactions, Energy and Dynamics


	Unit 4: Interdependent relationships in ecosystems


	Unit 5: Cycles of matter and energy transfer in ecosystems


	Unit 6: Ecosystem dynamics, functioning and resilience


	Unit 7: Social interactions and group behavior





Heredity: Inheritance and Variation of Trait


	Unit 8: Inheritance of traits


	Unit 9: Variation of traits





Biological Evolution: Unity and Diversity


	Unit 10: Evidence of common ancestry and diversity


	Unit 11: Natural Selection


	Unit 12: Adaptation and Biodiversity
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� It is possible to buy safe bacteria strains from many biological supply companies that are resistant to antibiotics and compare to ones that are not or ones that grow in the presence of lactose and ones that can’t breakdown lactose and therefore change color.


� A search on the web should provide links to companies that maintain normal and mutant seed stocks.


� Resources are available to look at cancer rates and types including � HYPERLINK "http://www.cancerresearch.org/" �http://www.cancerresearch.org/� which has short YouTube videos as well as the latest on cancer research. Make sure to use reputable government supported research sites.


� There are many simulation/games available online that allow students to manipulate certain parameters that affect populations, example might be food resources or overcrowding. Students can generate data that they can then use to graph and analyze results.


� � HYPERLINK "http://www.californiaeei.org/" �http://www.californiaeei.org/� There are curriculum units that cover some of the NGSS bundles outlined in this chapter.


� � HYPERLINK "https://www.youtube.com/watch?v=icaGIeOY9gc" �https://www.youtube.com/watch?v=icaGIeOY9gc�


� � HYPERLINK "http://channel.nationalgeographic.com/wild/caught-in-the-act/videos/buffalo-herd-counter-attack/" �http://channel.nationalgeographic.com/wild/caught-in-the-act/videos/buffalo-herd-counter-attack/�


� Students can go to National Center for Biotechnology Information (� HYPERLINK "http://www.NCBI.nlm.nih.gov" �http://www.NCBI.nlm.nih.gov� ) and link to case studies done in humans by looking at the Online Mendelian Inheritance in Man (OMIM) link or they can expand the exercise and look at other animals or plants.


� For additional information, visit � HYPERLINK "http://www.organdonor.gov/about/data.html" �http://www.organdonor.gov/about/data.html�


� The diagram reflects current information about the divergence of DNA within the kingdoms of living organisms.


� HHMI-Howard Hughes Medical Institute � HYPERLINK "http://www.hhmi.org" �http://www.hhmi.org�. This website is free, kept up to date, and has excellent resources for evolution as well as other science topics designed by experts in the field for use by teachers and students.
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