	Ohio’s Benchmark:

9-10 LS A: Explain that cells are the basic unit of structure and

function of living organisms, that once life originated all cells come from

pre-existing cells, and that there are a variety of cell types.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	1.
Explain that living cells: 

a.
are composed of a small number of key chemical elements (carbon, hydrogen, oxygen, nitrogen, phosphorus and sulfur);
b.
are the basic unit of structure and function of all living things;
c.
come from pre-existing cells after life originated; and

d.
are different from viruses.
2.
Compare the structure, function and interrelatedness of cell organelles in eukaryotic cells (e.g., nucleus, chromosome, mitochondria, cell membrane, cell wall, chloroplast, cilia, flagella) and prokaryotic cells.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on knowledge of the cell theory. Students can explain that all living things are made of cells. Those cells come from pre-existing cells. Cells are the basic unit of structure and function of all living things. They are composed of a small number of chemical elements (carbon, hydrogen, oxygen, nitrogen phosphorus and sulfur). There are a variety of cell types, eukaryotic cells and prokaryotic cells. The commonality of all living cells is included within this benchmark; it does not focus solely on human anatomy nor limit the study of cells to study of specific tissues such as skin, muscle and cardiac tissues. Viruses are not classified as cells. The structure, function and interrelatedness of cell organelles in eukaryotic cells (e.g., nucleus, chromosome, mitochondria, cell membrane, cell wall, chloroplast, cilia and flagella) are explored.

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to the modern cell theory (9-10 LS J); 

· The functionality of the organelles illustrated by examining cellular processes (9-10 LS B);
· Discussing that as technology allows exploration to parts of the Earth that have never been explored before (e.g., Arctic ice, caves, deep sea exploration, thermal vents) the types of organisms that are found continue to broaden understanding of what living organisms exist and what they can do to survive (9-10 ST B, 9-10 SI A, and 9-10 SK A).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Organization of living systems, biodiversity and the commonality found in living systems (6-8 LS A);
· The variety of specialized cells, tissues and organ systems of multicellular organisms that perform specialized functions (6-8 LS A);
· Identification of how plant cells differ from animal cells (6-8 LS A).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Processes at the cellular level affect the functions and characteristics of an organism (11-12 LS A);
· Continuation of life depends on maintenance of a relatively stable environment which is challenged by changing physical, chemical and environmental conditions as well as pathogens (11-12 LS A);
· DNA provides the instructions for the cell to produce proteins used by the cell that determine the characteristics of the organism (11-12 LS A);
· The building blocks and energy sources of cells (proteins, DNA, sugars and fats) (11-12 LS A).


	Teacher Background

	Making Sense of Secondary Science Research Into Children’s Ideas; Rosaline Driver, Ann Squires and Valerie Wood-Robinson; p. 25-26

Volume 1, Uncovering Student Ideas in Science, 25 Formative Assessment Probes by Page Keeley, Francis Eberle and Lynn Farrin; p. 131-137

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Sciences Grades 9-12
	Cells
	Cells
	Cells and Organs, p.75 (Volume 1, 2007)

Cell Functions, p.73 (Volume 1, 2001)

Atlas, p.75


	Ohio’s Benchmark:

9-10 LS B: Explain the characteristics of life as indicated by cellular processes and 
describe the process of cell division and development.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	3.
Explain the characteristics of life as indicated by cellular processes including:

a.
homeostasis;
b.
energy transfers and transformation;
c.
transportation of molecules;
d.
disposal of wastes; and
e.
synthesis of new molecules.
4.
Summarize the general processes of cell division and differentiation, and explain why specialized cells are useful to organisms and explain that complex multicellular organisms are formed as highly organized arrangements of differentiated cells.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on explaining the characteristics of life as indicated by cellular processes including homeostasis, energy transfers and transformation, transportation of molecules, disposal of wastes and synthesis of new molecules. Students are able to make connections between cellular organelles and processes. Cells have particular structures that underlie their functions which are regulated and controlled. This regulation allows cells to respond to their environment and to control and coordinate cell growth and division. Every cell is covered by a membrane that controls what can enter and leave the cell. Diffusion, osmosis, active and passive transport are the mechanisms that transport materials into and out of the cell. Most cell functions involve chemical reactions. Molecules are taken into the cell and they react to provide the chemical constituents needed to synthesize other molecules such as proteins, carbohydrates and lipids. Students can explain these processes at a conceptual level. (NSES p. 184) Step-by-step analysis of processes, such as the Krebs cycle in photosynthesis, is beyond the scope of this benchmark.
Complex interactions among the different kinds of molecules in the cell cause distinct cycles of activities, such as growth and division. Cell behavior also can be affected by molecules from other parts of the organism or even other organisms. (Benchmark 114) “Cells can differentiate, and complex multicellular organisms are formed as a highly organized arrangement of differentiated cells. In the development of these multicellular organisms, the progeny from a single cell form an embryo in which the cells multiply and differentiate to form the many specialized cells, tissues and organs that comprise the final organism. This differentiation is regulated through the expression of different genes.” (NSES p. 184) 
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to life as a cellular process (9-10 LS J); 

· Photosynthesis at the organism and ecological system level (9-10 LS D);
· The context of how molecules are synthesized (9-10 PS B).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Basic functions of organisms are carried out by or within cells and are similar in all organisms (6-8 LS A);
· Multicellular organisms have a variety of specialized cells, tissues, organs and organ systems that perform specialized functions (6-8 LS A).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Processes at the cellular level affect the functions and characteristics of an organism (11-12 LS A);
· Energy is released when the bonds of food molecules are broken and new compounds with lower energy bonds are formed (11-12 LS A);
· Relating diversity and adaptation to structures and functions of living organisms at various levels of organization (11-12 LS E);
· A continuous input of energy is required by living systems to maintain their chemical and physical organization (11-12 LS E).


	Teacher Background

	Volume 2, Uncovering Student Ideas in Science, 25 More Formative Assessment Probes by Page Keeley, Francis Eberle and Joyce Tugel; p. 138-142

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Sciences Grades 9-12 
	Cells
	Cells
	Cells and Organs, p.75 (Volume 1, 2007)

Cell Functions, p.73 (Volume 1, 2001)


	Ohio’s Benchmark:

9-10 LS C: Explain the genetic mechanisms and molecular basis of inheritance.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	5.
Illustrate the relationship of the structure and function of DNA to protein synthesis and the characteristics of an organism.

6.
Explain that a unit of hereditary information is called a gene, and genes may occur in different forms called alleles (e.g., gene for pea plant height has two alleles, tall and short).

7.
Describe that spontaneous changes in DNA are mutations, which are a source of genetic variation. When mutations occur in sex cells, they may be passed on to future generations; mutations that occur in body cells may affect the functioning of that cell or the organism in which that cell is found.

8.
Use the concepts of Mendelian and non-Mendelian genetics (e.g., segregation, independent assortment, dominant and recessive traits, sex-linked traits and jumping genes) to explain inheritance.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the explanation of genetic mechanisms and the molecular basis of inheritance. Students should be able to illustrate and explain the structure and function of the DNA (deoxyribonucleic acid) molecule. DNA contains genetic information that is encoded into genes. This information provides instructions for the production of proteins, which are responsible for the characteristics and operation of all living things. Genes occur in different forms called alleles (e.g., gene for pea plant height has two alleles, tall and short). Sometimes there are spontaneous changes that occur in the DNA molecule that are mutations. Mutations may be a source of genetic variation or they may have no impact on the organism. If mutations occur in sex cells, they can be passed on to the next generation. If mutations occur in somatic cells, the functioning of that cell may be affected. If cells are exposed to certain chemicals or radiation, the rate of mutations can increase, possibly leading to cancer. Students understand the fundamentals of Mendelian genetics in order to springboard into the concepts of modern genetics. Concepts of segregation, independent assortment, dominant and recessive traits, sex-linked traits and jumping genes should be explored.

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to the modern genetic theory (9-10 LS J); 
· Trace the history of genetics (9-10 SK B);

· Bioengineering (9-10 ST B);
· Molecules react with one another to form different substances (9-10 PS B);

· Building and explaining a model of DNA (9-10 SI A).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Inheritance is responsible for the likenesses between parents and offspring (6-8 LS B);

· Sexual and asexual reproduction (6-8 LS B).

Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Genes control the inheritance of traits and a single gene can influence more than one trait (11-12 LS C);

· Developmental differentiation is regulated through the expression of different genes (11-12 LS C).


	Teacher Background

	Making Sense of Secondary Science Research Into Children’s Ideas; Rosaline Driver, Ann Squires and Valerie Wood-Robinson; Chapter 5

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Sciences Grades 9-12
	Heredity
	Heredity
	Cells and Organs, p.75 (Volume 1, 2007)

Cell Functions, p.73 (Volume 1, 2001)


	Ohio’s Benchmark:

9-10 LS D: Explain the flow of energy and the cycling of matter through biological 
and ecological systems (cellular, organismal and ecological).

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	9.
Describe how matter cycles and energy flows through different levels of organization in living systems and between living systems and the physical environment. Explain how some energy is stored and much is dissipated into the environment as thermal energy (e.g., food webs and energy pyramids).

10.
Describe how cells and organisms acquire and release energy (photosynthesis, chemosynthesis, cellular respiration and fermentation).

11.
Explain that living organisms use matter and energy to synthesize a variety of organic molecules (e.g., proteins, carbohydrates, lipids and nucleic acids) and to drive life processes (e.g., growth, reacting to the environment, reproduction and movement).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the explanation (quantitative discussion is included) of the flow of matter and energy through the different levels of organization in living systems as well as between living systems and the physical environment. Disruptions in flow and cycling processes of matter and energy are aligned (9-10 LS F). Discussions may be included about how living systems recombine chemical elements such as carbon, oxygen, hydrogen, nitrogen, sulfur and phosphorus in a variety of ways that result in storage and dissipation of energy into the environment as heat. Energy and matter are conserved in each reaction. However, all matter moves toward disorganized states and living systems require a continuous supply of energy to maintain their chemical and physical organizations. Most of life’s energy originates from the sun. Plants capture the sun’s energy (light) and use it to form the strong covalent bonds of organic molecules. Energy is stored in the bonds of food molecules and is used to support life’s processes. Organisms acquire and release energy through photosynthesis, chemosynthesis, cellular respiration and fermentation to carry out their life processes. 

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to flow of matter and energy through the biosphere (9-10 LS J); 

· Molecules react with one another to form different substances (9-10 PS B);
· The relationship between human activity and the alteration of biogeochemical cycles (9-10 ES D);
· Constructing models to explain and interpret biogeochemical cycles and predict what changes may occur if variables are altered (9-10 SI A).

Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Carrying capacity (6-8 LS C);

· Moderately scaled human interactions and interventions (e.g., using pesticide in your backyard) (6-8 LS C and 6-8 ST A); 
· How biogeochemical cycles move materials between Earth’s spheres (6-8 ES C);
· Energy transfers among multiple organisms in an ecosystem as represented by a complex food web (6-8 LS C).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Strong covalent chemical bonds of organic molecules contain energy. Energy is released when the bonds of organic molecules are broken and new compounds with lower energy bonds are formed (11-12 LS A);
· Sun is the primary source of energy for life and plants capture this energy to form strong covalent bonds (11-12 LS A);
· Living systems require a continuous input of energy to maintain their chemical and physical organizations (11-12 LS E).


	Teacher Background

	Science Matters: Achieving Scientific Literacy; p. 235-237, 1991

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Science 9-12
	Living Environment
	Flow of Matter Through Ecosystem
Evolution of Life
	Biological Evolution, p.81 (Volume 1, 2001)

Natural Selection, p.83
Flow of Matter in Ecosystems, p.77
Flow of Energy in Ecosystems, p.79


	Ohio’s Benchmark:

9-10 LS E: Explain how evolutionary relationships contribute to an 
understanding of the unity and diversity of life.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	12.
Describe that biological classification represents how organisms are related with species being the most fundamental unit of the classification system. Relate how biologists arrange organisms into a hierarchy of groups and subgroups based on similarities and differences that reflect their evolutionary relationships.

13.
Explain that the variation of organisms within a species increases the likelihood that at least some members of a species will survive under gradually changing environmental conditions.

14.
Relate diversity and adaptation to structures and their functions in living organisms (e.g., adaptive radiation).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on understanding how evolutionary relationships contribute to an understanding of the unity and diversity of life. Biological classification systems represent how organisms are related. Evolutionary relationships between organisms can be estimated from the similarity of their DNA sequences. The discussion of this benchmark extends beyond relationships and classification based on anatomical similarities (6-8 LS A). “Molecular evidence substantiates the anatomical evidence for evolution and provides additional detail about the sequence in which various lines of descent branched off from one another.” (NSES p. 125) The genetic variations within a species increase the likelihood that at least some members of the species will survive under changed environmental conditions to reproduce and pass on those traits to future generations. When an environment changes, the survival advantage of some inherited characteristics may change.

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to modern evolutionary theory (9-10 LS J); 

· Tracing the changes of Earth’s surface and documenting the diversity of life forms that have existed (9-10 ES C);

· Understanding that science is a systematic method of continuing investigation based on observation and evidence to form adequate explanations of natural phenomena, with review of the relationship of structures to their functions in extinct and living organisms (9-10 SK A);

· Understanding the genetic mechanisms and molecular basis of inheritance (9-10 LS C).

Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Traits are passed to the next generation through reproduction (6-8 LS B);
· Sexual reproduction produces new combinations of traits which may increase or decrease an organism’s chances for survival (6-8 LS B);
· Diversity of a species is developed through gradual processes over many generations (6-8 LS D);
· A species that has adapted to a particular environment may become extinct if the environment changes (6-8 LS D).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Biotic and abiotic global changes have occurred in the past and will continue to do so in the future (11-12 LS D);
· Environmental factors can influence heredity or development of organisms (11-12 LS E);
· Relating diversity adaptation to structures and functions of living organisms at various levels of organization (11-12 LS E).


	Teacher Background

	Evolution and the Fossil Record; John Pojeta, Jr. and Dale Springer; American Geological Institute
Making Sense of Secondary Science; Rosalind Driver, et al; Chapter 5

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Science 9-12
	Living Environment
	Diversity of Life
Evolution of Life
	Biological Evolution, p.81 (Volume 1, 2001)

Natural Selection, p.83


	Ohio’s Benchmark:

9-10 LS F: Explain the structure and function of ecosystems and 
relate how ecosystems change over time.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	15.
Explain how living things interact with biotic and abiotic components of the environment (e.g., predation, competition, natural disasters and weather).

16.
Relate how distribution and abundance of organisms and populations in ecosystems are limited by the ability of the ecosystem to recycle materials and the availability of matter, space and energy.

17.
Conclude that ecosystems tend to have cyclic fluctuations around a state of approximate equilibrium that can change when climate changes, when one or more new species appear as a result of immigration or when one or more species disappear.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the structure and functions of ecosystems and relates how ecosystems (e.g., regional and global) change over time. Understandings of how living things interact with biotic and abiotic components of the environment to maintain homeostasis within complex ecosystems are developed. Ecosystems usually have cyclic fluctuations around a state of approximate equilibrium that can change when climate changes or when one or more new species are introduced or removed. Students relate how the distribution and abundance of organisms and populations in ecosystems are limited by the ability of the ecosystem to recycle materials and the availability of matter, space and energy. Explanations of carrying capacity relationships and how they are established, maintained and destroyed (e.g., removal of apex predators, changes of pH in an aquatic ecosystem, catastrophic natural event) are included in this benchmark.

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to the structure and functions of natural ecosystems (9-10 LS J); 

· Earth has finite resources and human activity can alter biogeochemical cycles (e.g., carbon and nitrogen cycles) as well as food webs and energy pyramids (e.g., pest control legume rotation vs. chemical fertilizers) (9-10 ES D);
· The relationship between climatic zones and resultant biomes (9-10 ES B);
· Matter cycles and energy flows through different levels of organization in living systems and between living systems and the physical environment (9-10 LS D).

Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Number of organisms an ecosystem can support depends on adequate biotic resources and abiotic resources (6-8 LS C).

Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Earth is made up of a series of interconnected systems and changes in one system affect other systems (11-12 ES B);
· Interactions among Earth’s lithosphere, hydrosphere, atmosphere and biosphere have resulted in ongoing changes of Earth’s system (11-12 ES B);
· Predicting the biotic and abiotic changes when the structure and stability of ecosystems and their nonliving components are disturbed (e.g., introduction of non-native species, climate change, etc.) (11-12 ES E).


	Teacher Background

	Making Sense of Secondary Science; Rosalind Driver, et al; Chapter 5

Science for All Americans (Project 2061 Chapter 5)

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Science 9-12
	Living Environment
	Diversity of Life
Evolution of Life
	Biological Evolution, p.81 (Volume 1, 2001)

Natural Selection, p.83


	Ohio’s Benchmark:

9-10 LS G: Describe how human activities can impact the status of natural systems.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	18.
Describe ways that human activities can deliberately or inadvertently alter the equilibrium in ecosystems. Explain how changes in technology/biotechnology can cause significant changes, either positive or negative, in environmental quality and carrying capacity.

19.
Illustrate how uses of resources at local, state, regional, national and global levels have affected the quality of life (e.g., energy production and sustainable vs. nonsustainable agriculture).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on how human activities can impact natural ecosystems. Humans are a part of the Earth’s ecosystem and their actions have an impact on the ecosystem’s equilibrium. Human activities such as population growth, technology, consumption, habitat destruction and pollution threaten global stability. Left unchecked, they can cause irreversible damage. Discussion of this benchmark may include how regional, national and global levels have affected the quality of life and how new and old technologies can assist in potentially alleviating the environmental destruction (e.g., energy production, sustainable vs. non-sustainable agriculture, genetic engineering, hybridization, urbanization, re-definition of natural systems and thermal pollution of aquatic systems). 
Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to human impact on natural ecosystems (9-10 LS J); 

· How ecosystems function without human intervention and how human impact changes the natural flow of events (9-10 LS F);
· Understanding the natural flow of energy and the cycling of matter through biological and ecological systems (9-10 LS D);
· Factors that may increase the occurrence of mutations in organisms (9-10 LS C);
· Earth’s resources are limited and human activities can conserve or deplete those resources (9-10 ES D);
· Using the processes of technological design to respond to the needs of society (9-10 ST A);
· Science and technology are interdependent with each driving the other (9-10 ST B).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· Natural occurrences and human activity affect the transfer of energy in Earth’s ecosystems (e.g., fire, hurricanes, roads and oil spills) (6-8 LS C);
· Availability of Earth’s resources, such as water, air or land (6-8 ES C).
Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Human choices today will affect the quality and quantity of life on Earth (11-12 LS F);
· Humans as part of Earth’s system, human impact to other species and natural ecosystems (11-12 ES C);
· Issues of environmental quality at local, regional, national and global levels such as population growth, resource use, population distribution, over-consumption, the capacity of technology to solve problems, poverty, the role of economics, politics and different ways humans view Earth (11-12 LS F).


	Teacher Background

	Making Sense of Secondary Science; Rosalind Driver, et al; Chapter 5

Science for All Americans (Project 2061 Chapter 5)

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Science 9-12
	Living Environment
	Diversity of Life
Evolution of Life
	Biological Evolution, p.81 (Volume 1, 2001)

Natural Selection, p.83


	Ohio’s Benchmark:

Benchmark H: Describe a foundation of biological evolution as the change in gene 
frequency of a population over time. Explain the historical and current scientific 
developments, mechanisms and processes of biological evolution. 

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	20.
Recognize that a change in gene frequency (genetic composition) in a population over time is a foundation of biological evolution.

21.
Explain that natural selection provides the following mechanism for evolution; undirected variation in inherited characteristics exist within every species. These characteristics may give individuals an advantage or disadvantage compared to others in survival and reproduction. The advantaged offspring are more likely to survive and reproduce. Therefore, the proportion of individuals that have advantageous characteristics will increase. When an environment changes, the survival value of some inherited characteristics may change.

22.
Describe historical scientific developments that occurred in evolutionary thought (e.g., Lamarck and Darwin, Mendelian Genetics and modern synthesis).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the history, mechanisms and processes of biological evolution, which is described as the change in gene frequency of a population over time. “Although details of the history of life on Earth are still being pieced together from the combined geological, anatomical and molecular evidence, the main features of that history are generally agreed upon.” (Science For All Americans p. 63) Discussion for this benchmark can include evolution as a scientific explanation for three types of observable data about life on Earth: “(1) the enormous number of different life forms… (2) the systematic similarities in anatomy and molecular chemistry we see within that diversity, and (3) the sequence of changes in fossils found in successive layers of rock…” (Science For All Americans p. 63).

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to the modern biological evolution (9-10 LS J); 

· How fossil records distinguish between observations and inferences (9-10 SI A);

· Natural selection and how to formulate and test scientific hypothesis and draw logical conclusions based on evidence from the explorations (e.g., insecticide resistance, antibiotic resistance, herbicide resistance) (9-10 SI A);

· Describing the historical developments that occurred in evolutionary thought and citing examples of ways that scientific inquiry was driven by the desire to understand the natural world (9-10 ST B);

· Explaining natural selection and describing how organisms on Earth contributed to the dramatic change in oxygen content (9-10 ES C).

Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 

· The advantages of biodiversity (6-8 LS B); 

· Benefits to species of asexual and sexual reproduction (6-8 LS B);

· Inherited traits at the macro-level and distinction of inherited traits from learned behavior (6-8 LS B);

· Natural selection and the outward manifestation of mitosis and meiosis (6-8 LS B). 

· Extinction of species (6-8 LS D);

· Fossil record and adaptive limits of species as related to environmental change (6-8 LS D);

· Diversity, adaptation and speciation as related to environmental changes (6-8 LS D);

· Evidence of changes in or extinction of organisms in response to environmental conditions, shown by comparing the fossil record with present-day organisms (6-8 LS D).

Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Molecular basis of life and the principles of genetics (11-12 LS C);

· Biotic and abiotic global changes (11-12 LS D);

· How components of the natural system are interconnected (11-12 LS E).


	Teacher Background

	Making Sense of Secondary Science Research Into Children’s Ideas; Rosaline Driver, Ann Squires and Valerie Wood-Robinson; Chapter 7

Science for All Americans (Project 2061, American Association for the Advancement of Science) Chapter 3

Science Matters Achieving Scientific Literacy; Robert Hazen and James Trefil; p. 248-259

Teaching About Evolution and the Nature of Science; National Academy of Science; p. 11-42, p. 64

Evolution and the Fossil Record; John Pojeta, Jr. and Dale Springer; American Geological Institute 

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Science 9-12
	Living Environment
	Evolution of Life 

Evolution of Life
	Biological Evolution, p.81 (Volume 1, 2001)

Natural Selection, p.83


	Ohio’s Benchmark:

9-10 LS I: Explain how natural selection and other evolutionary mechanisms account 
for the unity and diversity of past and present life forms.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	24.
Analyze how natural selection and other evolutionary mechanisms (e.g., genetic drift, immigration, emigration, mutation) and their consequences provide a scientific explanation for the diversity and unity of past life forms, as depicted in the fossil record, and present life forms.

25.
Explain that life on Earth is thought to have begun as simple, one celled organisms approximately 4 billion years ago. During most of the history of Earth only single celled microorganisms existed, but once cells with nuclei developed about a billion years ago, increasingly complex multicellular organisms evolved.

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the evolutionary mechanisms and their consequences. Discussion of this benchmark can utilize the Modern Synthesis Theory about how evolution works at the level of genes, phenotypes and populations. The discussions can include that deoxyribonucleic acid (DNA) is the molecule of inheritance that forms genes. Genes combine to form a genotype that dictates the physical appearance (phenotype) of organisms. Discussions can include that phenotypic and genetic variability in populations are brought about by random mutations, independent assortment and genetic recombination that occur as gametes are produced. Speciation is defined as the point in evolution at which differences between forms of organisms within a species become profound enough to prevent successful mating. In addition, the discussion can include how natural selection causes a shift in the population toward a new phenotype that is better adapted to the changed environmental conditions. A population can experience a random loss of genes from the gene pool, which results in genetic drift. Natural selection impacts an individual, however individuals do not evolve. 

Connections to Other Benchmarks:

Examples of how concepts in this benchmark can be connected to other benchmarks in this grade band include, but are not limited to:

· Historical development and emerging issues of science that pertain to natural selection and other evolutionary mechanisms (9-10 LS J); 

· Describing that biological classification represents how organisms are related with species being the most fundamental unit of the classification system (9-10 LS E);
· How biologists arrange organisms into a hierarchy of groups and subgroups based on similarities and differences that reflect their evolutionary relationships and the value of DNA in distinguishing the groups that can be included (9-10 LS E);
· How the variation of organisms within a species increases the likelihood that at least some members of a species will survive under gradually changing environmental conditions (9-10 LS E);
· How diversity and adaptation relate to structures and their functions in living organisms (e.g., adaptive radiation) (9-10 LS E);

· The relationship of the 4.5 billion year history of Earth and the record of life on Earth (9-10 ES C).
Connections to the Previous Grade Bands:

Concepts covered in previous grade bands include, but are not limited to: 
· Benefits to species of asexual and sexual reproduction (6-8 LS B);

· Natural selection and the outward manifestation of mitosis and meiosis (6-8 LS B). 

· Extinction of species (6-8 LS D);

· Fossil record and adaptive limits of species as related to environmental change (6-8 LS D);

· Diversity, adaptation and speciation as related to environmental changes (6-8 LS D);

· Evidence of changes in or extinction of organisms in response to environmental conditions, as shown by the fossil record and present-day organisms (6-8 LS D).

Connections to the Next Grade Bands:

Concepts explored in greater depth in the following grade bands include, but are not limited to:

· Molecular basis of life and the principles of genetics (11-12 LS C);

· Biotic and abiotic global changes (11-12 LS D);

· How components of the natural system are interconnected (11-12 LS E).


	Teacher Background

	Making Sense of Secondary Science Research Into Children’s Ideas; Rosaline Driver, Ann Squires and Valerie Wood-Robinson; Chapter 7

Science for All Americans (Project 2061, American Association for the Advancement of Science) Chapter 3

Science Matters Achieving Scientific Literacy; Robert Hazen and James Trefil; p. 248-259

Teaching About Evolution and the Nature of Science; National Academy of Science; p. 11-42, p. 64

Evolution and the Fossil Record; John Pojeta, Jr. and Dale Springer; American Geological Institute

Understanding Evolution; University of Berkeley; http://evolution.berkeley.edu/evolibrary/misconceptions_faq.php; 
http://evolution.berkeley.edu/evosite/evo101/IIntro.shtml 

	National Standards-based Education Resources

	National Science Education Standards
	Science for All Americans
	Benchmarks for Science Literacy
	Atlas of Science Literacy

	Life Science 9-12
	Living Environment
	Evolution of Life 

Evolution of Life
	Biological Evolution, p.81 (Volume 1, 2001)

Natural Selection, p.83


	Ohio’s Benchmark:

9-10 LS J: Summarize the historical development of scientific theories and ideas, 
and describe emerging issues in the study of life sciences.

	Ohio’s Indicators

	Grade 9
	Grade 10

	No indicators present for this benchmark.
	26.
Use historical examples to explain how new ideas are limited by the context in which they are conceived. These ideas are often rejected by the scientific establishment; sometimes spring from unexpected findings; and usually grow slowly through contributions from many different investigators (e.g., biological evolution, germ theory, biotechnology and discovering germs).

27.
Describe advances in life sciences that have important long-lasting effects on science and society (e.g., biological evolution, germ theory, biotechnology and discovering germs).

28.
Analyze and investigate emerging scientific issues (e.g., genetically modified food, stem cell research, genetic research and cloning).

	Implications for Instruction

	Clarification for Instruction:

This benchmark focuses on the historical development and emerging science within Life Sciences. This benchmark is not meant to be taught in isolation, but incorporated into each of the Life Science Benchmarks. Examples of how to integrate this content into the other benchmarks can be found under the heading “Connections to Other Benchmarks” as the first bullet.


	Teacher Background

	Hazen, R. M. & Trefil, J. (1998). Science Matters: Achieving Scientific Literacy, p.1- 19.

	National Standards-based Education Resources

	National Science
Education Standards
	Science for All
Americans
	Benchmarks for
Science Literacy
	Atlas of Science
Literacy

	History and Nature of Science, Science as a Human Endeavor
	The Nature of Science
Historical Perspective
	Historical Perspectives 
	Vol.2: Historical Perspectives, p.72-89
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