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Michigan Science High School Content Expectations


The following is a list of Science content identified by the CTE and Integrated Science instructors at the Van Buren Technology Center.

	EARTH SCIENCE

	HSCE

Code
	Expectation
	Comment

	Standard

E1
	INQUIRY, REFLECTION, AND SOCIAL IMPLICATIONS
	

	Statement 

E1.1
	Scientific Inquiry

Science is a way of understanding nature. Scientific research may begin by generating new scientific questions that can be answered through replicable scientific investigations that are logically developed and conducted systematically. Scientific conclusions and explanations result from careful analysis of empirical evidence and the use of logical reasoning. Some questions in science are addressed through indirect rather than direct observation, evaluating the consistency of new evidence

with results predicted by models of natural processes. Results from investigations are communicated in reports that are scrutinized through a peer review process.
	

	E1.1A
	Generate new questions that can be investigated in the laboratory or field.
	

	E1.1B
	Evaluate the uncertainties or validity of scientific conclusions using an understanding of sources of measurement error, the challenges of controlling variables, accuracy of data analysis, logic of argument, logic of experimental design, and/or the dependence on underlying assumptions.
	

	E1.1C
	Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision).
	

	E1.1D
	Identify patterns in data and relate them to theoretical models.
	

	E1.1E
	Describe a reason for a given conclusion using evidence from an investigation.
	

	E1.1f
	Predict what would happen if the variables, methods, or timing of an investigation were changed.
	

	E1.1g
	Based on empirical evidence, explain and critique the reasoning used to draw a scientific conclusion or explanation.
	

	E1.1h
	Design and conduct a systematic scientific investigation that tests a hypothesis. Draw conclusions from data presented in charts or tables.

	


	EARTH SCIENCE (Continued)

	Statement

E1.2
	Scientific Reflection and Social Implications

The integrity of the scientific process depends on scientists and citizens understanding and respecting the “Nature of Science.” Openness to new ideas, skepticism, and honesty are attributes required for good scientific practice. Scientists must use logical reasoning during investigation design, analysis, conclusion, and communication. Science can produce critical insights on societal problems from a personal and local scale to a global scale. Science both aids in the development of technology and provides tools for assessing the costs, risks, and benefits of technological systems. Scientific conclusions and arguments play a role in personal choice and public policy decisions. New technology and scientific

discoveries have had a major influence in shaping human history. Science and technology continue to offer diverse and significant career opportunities.
	

	E1.2A
	Critique whether or not specific questions can be answered through scientific investigations.
	

	E1.2B
	Identify and critique arguments about personal or societal issues based on scientific evidence.
	

	E1.2E
	Evaluate the future career and occupational prospects of science fields.
	

	E1.2f
	Critique solutions to problems, given criteria and scientific constraints.
	

	E1.2h
	Describe the distinctions between scientific theories, laws, hypotheses, and observations.
	

	E1.2k
	Analyze how science and society interact from a historical, political, economic, or social perspective.
	

	Standard

E4
	THE FLUID EARTH


	

	Statement

E4.p1
	Water Cycle (prerequisite)
Water circulates through the crust and atmosphere and in oceans, rivers, glaciers, and ice caps and connects all of the

Earth systems. Groundwater is a significant reservoir and source of freshwater on Earth. The recharge and movement of groundwater depends on porosity, permeability, and the shape of the water table. The movement of groundwater occurs over a long period time. Groundwater and surface water are often interconnected. (prerequisite)
	

	E4.p1A
	Describe that the water cycle includes evaporation, transpiration, condensation, precipitation, infiltration, surface runoff, groundwater, and absorption. (prerequisite)
	

	Statement

E4.p2
	Weather and the Atmosphere (prerequisite)
The atmosphere is divided into layers defined by temperature. Clouds are indicators of weather. (prerequisite)
	

	E4.p2A
	Describe the composition and layers of the atmosphere. (prerequisite)
	

	E4.p2B
	Describe the difference between weather and climate. (prerequisite)
	


	EARTH SCIENCE (Continued)

	E4.p2C
	Explain the differences between fog and dew formation and cloud formation. (prerequisite)
	

	E4.p2D
	Describe relative humidity in terms of the moisture content of the air and the moisture capacity of the air and how these depend on the temperature. (prerequisite)
	

	E4.p2E
	Describe conditions associated with frontal boundaries (cold, warm, stationary, and occluded). (prerequisite)
	

	Statement

E4.3
	Severe Weather

Tornadoes, hurricanes, blizzards, and thunderstorms are severe weather phenomena that impact society and ecosystems. Hazards include downbursts (wind shear), strong winds, hail, lightning, heavy rain, and flooding. The movement of air in the atmosphere is due to differences in air density resulting from variations in temperature. Many weather conditions can be explained by fronts that occur when air masses meet.
	

	E4.3A
	Describe the various conditions of formation associated with severe weather (thunderstorms, tornadoes, hurricanes, floods, waves, and drought).
	

	E4.3B
	Describe the damage resulting from and the social impact of thunderstorms, tornadoes, hurricanes, and floods.
	

	E4.3C
	Describe severe weather and flood safety and mitigation.
	

	E4.3D
	Describe the seasonal variations in severe weather.
	

	E4.3E
	Describe conditions associated with frontal boundaries that result in severe weather (thunderstorms, tornadoes, and hurricanes).
	

	E4.3F
	Describe how mountains, frontal wedging (including dry lines), convection, and convergence form clouds and precipitation.
	


	PHYSICS

	HSCE

Code
	Expectation
	Comment

	Standard

P1
	INQUIRY, REFLECTION,

AND SOCIAL IMPLICATIONS
	

	Statement

P1.1
	Scientific Inquiry
Science is a way of understanding nature. Scientific research may begin by generating new scientific questions that can be answered through replicable scientific investigations that are logically developed and conducted systematically. Scientific conclusions and explanations result from careful analysis of empirical evidence and the use of logical reasoning. Some questions in science are addressed through indirect rather than direct observation, evaluating the consistency of new evidence with results predicted by models of natural processes. Results from investigations are communicated in reports that are scrutinized through a peer review process.
	

	PHYSICS (Continued)

	P1.1A
	Generate new questions that can be investigated in the laboratory or field.
	

	P1.1B
	Evaluate the uncertainties or validity of scientific conclusions using an understanding of sources of measurement error, the challenges of controlling variables, accuracy of data analysis, logic of argument, logic of experimental design, and/or the dependence on underlying assumptions.
	

	P1.1C
	Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity–length, volume, weight, time interval, temperature–with the appropriate level of precision).
	

	P1.1D
	Identify patterns in data and relate them to theoretical models.
	

	P1.1E
	Describe a reason for a given conclusion using evidence from an investigation.
	

	P1.1f
	Predict what would happen if the variables, methods, or timing of an investigation were changed.
	

	P1.1g
	Based on empirical evidence, explain and critique the reasoning used to draw a scientific conclusion or explanation.
	

	P1.1h
	Design and conduct a systematic scientific investigation that tests a hypothesis. Draw conclusions from data presented in charts or tables.
	

	Statement

P1.2
	Scientific Reflection and Social Implications
The integrity of the scientific process depends on scientists and citizens understanding and respecting the “Nature of Science.” Openness to new ideas, skepticism, and honesty are attributes required for good scientific practice. Scientists must use logical reasoning during investigation design, analysis, conclusion, and communication. Science can produce critical insights on societal problems from a personal and local scale to a global scale. Science both aids in the development of technology and provides tools for assessing the costs, risks, and benefits of technological systems. Scientific conclusions and arguments play a role in personal choice and public policy decisions. New technology and scientific discoveries have had a major influence in shaping human history. Science and technology continue to offer diverse and significant career opportunities.
	

	P1.2A
	Critique whether or not specific questions can be answered through scientific investigations.
	

	P1.2B
	Identify and critique arguments about personal or societal issues based on scientific evidence.
	

	P1.2E
	Evaluate the future career and occupational prospects of science fields.
	

	P1.2f
	Critique solutions to problems, given criteria and scientific constraints.
	

	P1.2h
	Describe the distinctions between scientific theories, laws, hypotheses, and observations.
	

	PHYSICS (Continued)

	P1.2k
	Analyze how science and society interact from a historical, political, economic, or social perspective.
	

	Standard

P2
	MOTION OF OBJECTS

	

	Statement

P2.1
	Position — Time
An object’s position can be measured and graphed as a function of time. An object’s speed can be calculated and graphed as a function of time.
	

	P2.1A
	Calculate the average speed of an object using the change of position and elapsed time.
	

	P2.1E
	Describe and classify various motions in a plane as one dimensional, two dimensional, circular, or periodic.
	

	P2.1F
	Distinguish between rotation and revolution and describe and contrast the two speeds of an object like the Earth.
	

	P2.1g
	Solve problems involving average speed and constant acceleration in one dimension.
	

	P2.1h
	Identify the changes in speed and direction in everyday examples of circular (rotation and revolution), periodic, and projectile motions.
	

	Statement

P2.2
	Velocity — Time
The motion of an object can be described by its position and velocity as functions of time and by its average speed and average acceleration during intervals of time.
	

	P2.2A
	Distinguish between the variables of distance, displacement, speed, velocity, and acceleration.
	

	P2.2B
	Use the change of speed and elapsed time to calculate the average acceleration for linear motion.
	

	P2.2f
	Describe the relationship between changes in position, velocity, and acceleration during periodic motion.
	

	Standard

P3
	FORCES AND MOTION

	

	Statement

P3.1
	Basic Forces in Nature
Objects can interact with each other by “direct contact” (pushes or pulls, friction) or at a distance (gravity, electromagnetism, nuclear).
	

	P3.1A
	Identify the force(s) acting between objects in “direct contact” or at a distance.
	

	Statement

P3.4
	Forces and Acceleration
The change of speed and/or direction (acceleration) of an object is proportional to the net force and inversely proportional to the mass of the object. The acceleration and net force are always in the same direction.
	

	P3.4B
	Identify forces acting on objects moving with constant velocity (e.g., cars on a highway).
	

	P3.4f
	Calculate the changes in velocity of a thrown or hit object during and after the time it is acted on by the force.
	

	P3.4g
	Explain how the time of impact can affect the net force (e.g., air bags in cars, catching a ball).
	


	PHYSICS (Continued)

	Statement

P3.5X
	Momentum
A moving object has a quantity of motion (momentum) that depends on its velocity and mass. In interactions between objects, the total momentum of the objects does not change.
	

	P3.5a
	Apply conservation of momentum to solve simple collision problems.
	

	Statement

P3.7
	Electric Charges
Electric force exists between any two charged objects. Oppositely charged objects attract, while objects with like charge repel. The strength of the electric force between two charged objects is proportional to the magnitudes of the charges and inversely proportional to the square of the distance between them (Coulomb’s Law).
	

	P3.7B
	Explain why acquiring a large excess static charge (e.g., pulling off a wool cap, touching a Van de Graaff generator, combing) affects your hair.
	

	Standard

P4
	FORMS OF ENERGY AND ENERGY TRANSFORMATIONS
	

	Statement

P4.1
	Energy Transfer
Moving objects and waves transfer energy from one location to another. They also transfer energy to objects during interactions (e.g., sunlight transfers energy to the ground when it warms the ground; sunlight also transfers energy from the sun to the Earth).
	

	P4.1A


	Account for and represent energy into and out of systems using energy transfer diagrams.
	

	P4.1B
	Explain instances of energy transfer by waves and objects in everyday activities (e.g., why the ground gets warm during the day, how you hear a distant sound, why it hurts when you are hit by a baseball).
	

	Statement

P4.2
	Energy Transformation
Energy is often transformed from one form to another. The amount of energy before a transformation is equal to the amount of energy after the transformation. In most energy transformations, some energy is converted to thermal energy.
	

	P4.2A
	Account for and represent energy transfer and transformation in complex processes (interactions).
	

	P4.2D
	Explain why all the stored energy in gasoline does not transform to mechanical energy of a vehicle.
	

	Statement

P4.3
	Kinetic and Potential Energy
Moving objects have kinetic energy. Objects experiencing a force may have potential energy due to their relative positions (e.g., lifting an object or stretching a spring, energy stored in chemical bonds). Conversions between kinetic and gravitational potential energy are common in moving objects. In frictionless systems, the decrease in gravitational potential energy is equal to the increase in kinetic energy or vice versa.
	

	PHYSICS (Continued)

	P4.3B
	Describe the transformation between potential and kinetic energy in simple mechanical systems (e.g., pendulums, roller coasters, ski lifts).
	

	Statement

P4.3x
	Kinetic and Potential Energy — Calculations
The kinetic energy of an object is related to the mass of an object and its speed: KE = 1/2 mv2.
	

	P4.3d
	Rank the amount of kinetic energy from highest to lowest of everyday examples of moving objects.
	

	Statement

P4.10
	Current Electricity — Circuits
Current electricity is described as movement of charges. It is a particularly useful form of energy because it can be easily transferred from place to place and readily transformed by various devices into other forms of energy (e.g., light, heat, sound, and motion). Electrical current (amperage) in a circuit is determined by the potential difference (voltage) of the power source and the resistance of the loads in the circuit.
	

	P4.10A
	Describe the energy transformations when electrical energy is produced and transferred to homes and businesses.
	

	P4.10B
	Identify common household devices that transform electrical energy to other forms of energy, and describe the type of energy transformation.
	

	P4.10D
	Discriminate between voltage, resistance, and current as they apply to an electric circuit.
	


	BIOLOGY

	HSCE

Code
	Expectation
	Comment

	Standard

B1
	INQUIRY, REFLECTION, AND SOCIAL IMPLICATIONS
	

	Statement

B1.1
	Scientific Inquiry

Science is a way of understanding nature. Scientific research may begin by generating new scientific questions that can be answered through replicable scientific investigations that are logically developed and conducted systematically. Scientific conclusions and explanations result from careful analysis of empirical evidence

and the use of logical reasoning. Some questions in science are addressed through indirect rather than direct observation, evaluating the consistency of new evidence with results predicted by models of natural processes. Results from investigations are communicated in reports that are scrutinized through a peer review process.
	

	B1.1B
	Evaluate the uncertainties or validity of scientific conclusions using an understanding of sources of measurement error, the challenges of controlling variables, accuracy of data analysis, logic of argument, logic of experimental design, and/or the dependence on underlying assumptions.
	

	BIOLOGY (Continued)

	B1.1C
	Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision).
	

	B1.1D
	Identify patterns in data and relate them to theoretical models.
	

	B1.1E
	Describe a reason for a given conclusion using evidence from an investigation.
	

	B1.1f
	Predict what would happen if the variables, methods, or timing of an investigation were changed.
	

	B1.1g
	Use empirical evidence to explain and critique the reasoning used to draw a scientific conclusion or explanation.
	

	B1.1h
	Design and conduct a systematic scientific investigation that tests a hypothesis. Draw conclusions from data presented in charts or tables.
	

	Statement

B1.2
	Scientific Reflection and Social Implications
The integrity of the scientific process depends on scientists and citizens understanding and respecting the “Nature of Science.” Openness to new ideas, skepticism, and honesty are attributes required for good scientific practice. Scientists must use logical reasoning during investigation design, analysis, conclusion, and communication. Science can produce critical insights on societal problems from a personal and local scale to a global scale. Science both aids in the development of technology and provides tools for assessing the costs, risks, and benefits of technological systems. Scientific conclusions and arguments play a role in personal choice and public policy decisions. New technology and scientific discoveries have had a major influence in shaping human history. Science and technology continue to offer diverse and significant career opportunities.
	

	B1.2A
	Critique whether or not specific questions can be answered through scientific investigations.
	

	B1.2B
	Identify and critique arguments about personal or societal issues based on scientific evidence.
	

	B1.2D
	Evaluate scientific explanations in a peer review process or discussion format.
	

	B1.2E
	Evaluate the future career and occupational prospects of science fields.
	

	B1.2g
	Identify scientific tradeoffs in design decisions and choose among alternative solutions.
	

	B1.2j
	Apply science principles or scientific data to anticipate effects of technological design decisions.
	


	BIOLOGY (Continued)

	Standard 

B2
	ORGANIZATION AND DEVELOPMENT OF LIVING SYSTEMS
	

	Statement

L2.p1
	Cells (prerequisite)
All organisms are composed of cells, from just one cell to many cells. Water accounts for more than two-thirds of the weight of

a cell, which gives cells many of their properties. In multicellular organisms, specialized cells perform specialized functions. Organs and organ systems are composed of cells and function to serve the needs of organisms for food, air, and waste removal. The way in which cells function is similar in all living organisms. (prerequisite)
	

	L2.p1A
	Distinguish between living and nonliving systems. (prerequisite)
	

	L2.p1B
	Explain the importance of both water and the element carbon to cells. (prerequisite)
	

	L2.p1C
	Describe growth and development in terms of increase in cell number, cell size, and/or cell products. (prerequisite)
	

	L2.p1d
	Explain how the systems in a multicellular organism work together to support the organism. (prerequisite)
	

	L2.p1E
	Compare and contrast how different organisms accomplish similar functions (e.g., obtain oxygen for respiration, and excrete waste). (prerequisite)
	

	Statement
L2.p2
	Cell Function (prerequisite)
Cells carry out the many functions needed to sustain life. They grow and divide, thereby producing more cells. Food is used to provide energy for the work that cells do and is a source of the molecular building blocks from which needed materials are

assembled. (prerequisite)
	

	L2.p2A
	Describe how organisms sustain life by obtaining, transporting, transforming, releasing, and eliminating matter and energy. (prerequisite)
	

	L2.p2B
	Describe the effect of limiting food to developing cells. (prerequisite)
	

	Statement
L2.p5
	Common Elements (prerequisite)
Living systems are made of complex molecules that consist mostly of a few elements, especially carbon, hydrogen, oxygen, nitrogen, and phosphorous. (prerequisite)
	

	L2.p5C
	Predict what would happen if essential elements were withheld from developing cells. (prerequisite)
	

	Statement

B2.3
	Maintaining Environmental Stability
The internal environment of living things must remain relatively constant. Many systems work together to maintain stability. Stability is challenged by changing physical, chemical, and environmental conditions as well as the presence of disease agents.
	

	B2.3A
	Describe how cells function in a narrow range of physical conditions, such as temperature and Ph (acidity), to perform life functions.
	

	BIOLOGY (Continued)

	B2.3B
	Describe how the maintenance of a relatively stable internal environment is required for the continuation of life.
	

	B2.3C
	Explain how stability is challenged by changing physical, chemical, and environmental conditions as well as the presence of disease agents.
	

	Statement

B2.3x
	Homeostasis

The internal environment of living things must remain relatively constant. Many systems work together to maintain homeostasis. When homeostasis is lost, death occurs.
	

	B2.3e
	Describe how human body systems maintain relatively constant internal conditions (temperature, acidity, and blood sugar).
	

	Statement

B2.4
	Cell Specialization

In multicellular organisms, specialized cells perform specialized functions. Organs and organ systems are composed of cells and function to serve the needs of cells for food, air, and waste removal. The way in which cells function is similar in all living organisms.
	

	B2.4e
	Explain how cellular respiration is important for the production of ATP (build on aerobic vs. anaerobic).
	

	B2.4h
	Describe the structures of viruses and bacteria.
	

	B2.4i
	Recognize that while viruses lack cellular structure, they have the genetic material to invade living cells.
	

	Statement

B2.6x
	Internal/External Cell Regulation
Cellular processes are regulated both internally and externally by environments in which cells exist, including local environments that lead to cell differentiation during the development of multicellular organisms. During the development of complex multicellular organisms, cell differentiation is regulated through the expression of different genes.
	

	B2.6a
	Explain that the regulatory and behavioral responses of an organism to external stimuli occur in order to maintain both short- and long-term equilibrium.
	

	B2.r6e
	Analyze the body’s response to medical interventions such as organ transplants, medicines, and inoculations. (recommended)
	

	Standard 

B3
	INTERDEPENDENCE OF LIVING SYSTEMS AND THE ENVIRONMENT
	

	Statement

L3.p1
	Populations, Communities, and Ecosystems (prerequisite)
Organisms of one species form a population. Populations of different organisms interact and form communities. Living communities and the nonliving factors that interact with them form ecosystems. (prerequisite)
	

	L3.p1A
	Provide examples of a population, community, and ecosystem. (prerequisite)
	


	BIOLOGY (Continued)

	Statement

L3.p2
	L3.p2 Relationships Among Organisms (prerequisite)
Two types of organisms may interact with one another in several ways; they may be in a producer/consumer, predator/

prey, or parasite/host relationship. Or one organism may scavenge or decompose another. Relationships may be competitive or mutually beneficial. Some species have become so adapted to each other that neither could survive without the other. (prerequisite)
	

	L3.p2B
	Describe common ecological relationships between and among species and their environments (competition, territory, carrying capacity, natural balance, population, dependence, survival, and other biotic and abiotic factors). (prerequisite)
	

	Statement

B3.5
	Populations

Populations of living things increase and decrease in size as they interact with other populations and with the environment. The rate of change is dependent upon relative birth and death rates.
	

	B3.5B
	Explain the influences that affect population growth.
	

	B3.5C
	Predict the consequences of an invading organism on the survival of other organisms.
	

	Statement

B3.5x
	Environmental Factors

The shape of population growth curves vary with the type of organism and environmental conditions, such as availability of nutrients and space. As the population increases and resources become more scarce, the population usually stabilizes at the carrying capacity of that environment.
	

	B3.5e
	Recognize that and describe how the physical or chemical environment may influence the rate, extent, and nature of population dynamics within ecosystems.
	

	Statement

B4.2
	DNA
The genetic information encoded in DNA molecules provides instructions for assembling protein molecules. Genes are segments of DNA molecules. Inserting, deleting, or substituting DNA segments can alter genes. An altered gene may be passed on to every cell that develops from it. The resulting features may help, harm, or have little or no effect on the offspring’s success in its environment.
	

	B4.2E
	Propose possible effects (on the genes) of exposing an organism to radiation and toxic chemicals.
	


	CHEMISTRY

	GLCE
Code
	Expectation
	Comment

	Standard 

C1
	INQUIRY, REFLECTION,

AND SOCIAL IMPLICATIONS
	


	CHEMISTRY (Continued)

	Statement

C1.1
	Scientific Inquiry

Science is a way of understanding nature. Scientific research may begin by generating new scientific questions that can be answered through replicable scientific investigations that are logically developed and conducted systematically. Scientific conclusions and explanations result from careful analysis of empirical evidence and the use of logical reasoning. Some questions in science are addressed through indirect rather than direct observation, evaluating the consistency of new evidence with results predicted by models of natural processes. Results from investigations are communicated in reports that are scrutinized through a peer review process.
	

	C1.1B
	Evaluate the uncertainties or validity of scientific conclusions using an understanding of sources of measurement error, the challenges of controlling variables, accuracy of data analysis, logic of argument, logic of experimental design, and/or the dependence on underlying assumptions.
	

	C1.1C
	Conduct scientific investigations using appropriate tools and techniques (e.g., selecting an instrument that measures the desired quantity—length, volume, weight, time interval, temperature—with the appropriate level of precision).
	

	C1.1D
	Identify patterns in data and relate them to theoretical models.
	

	C1.1E
	Describe a reason for a given conclusion using evidence from an investigation.
	

	C1.1f
	Predict what would happen if the variables, methods, or timing of an investigation were changed.
	

	C1.1g
	Based on empirical evidence, explain and critique the reasoning used to draw a scientific conclusion or explanation.
	

	C1.1h
	Design and conduct a systematic scientific investigation that tests a hypothesis. Draw conclusions from data presented in charts or tables.
	


	CHEMISTRY (Continued)

	Statement

C1.2
	Scientific Reflection and Social Implications
The integrity of the scientific process depends on scientists and citizens understanding and respecting the “Nature of Science.” Openness to new ideas, skepticism, and honesty are attributes required for good scientific practice. Scientists must use logical reasoning during investigation design, analysis, conclusion, and communication. Science can produce critical insights on societal problems from a personal and local scale to a global scale. Science both aids in the development of technology and provides tools for assessing the costs, risks, and benefits of technological systems. Scientific conclusions and arguments play a role in personal choice and public policy decisions. New technology and scientific discoveries have had a major influence in shaping human history. Science and technology continue to offer diverse and significant career opportunities.
	

	C1.2A
	Critique whether or not specific questions can be answered through scientific investigations.
	

	C1.2B
	Identify and critique arguments about personal or societal issues based on scientific evidence.
	

	C1.2D
	Evaluate scientific explanations in a peer review process or discussion format.
	

	C1.2E
	Evaluate the future career and occupational prospects of science fields.
	

	C1.2g
	Identify scientific tradeoffs in design decisions and choose among alternative solutions.
	

	C1.2J
	Apply science principles or scientific data to anticipate effects of technological design decisions.
	

	Statement

P2.p1
	P2.p1 Potential Energy (prerequisite)

Three forms of potential energy are gravitational, elastic, and chemical. Objects can have elastic potential energy due to their compression or chemical potential energy due to the arrangement of the atoms. (prerequisite)
	

	P2.p1A
	Describe energy changes associated with changes of state in terms of the arrangement and order of the atoms (molecules) in each state. (prerequisite)
	

	P2.p1B
	Use the positions and arrangements of atoms and molecules in solid, liquid, and gas state to explain the need for an input of energy for melting and boiling and a release of energy in condensation and freezing. (prerequisite)
	

	Statement

C2.2
	Molecules in Motion

Molecules that compose matter are in constant motion (translational, rotational, and vibrational). Energy may be transferred from one object to another during collisions between molecules.
	

	C2.2A
	Describe conduction in terms of molecules bumping into each other to transfer energy. Explain why there is better conduction in solids and liquids than gases.
	

	CHEMISTRY (Continued)

	C2.2B
	Describe the various states of matter in terms of the motion and arrangement of the molecules (atoms) making up the substance.
	

	Statement

C2.2x
	Molecular Entropy

As temperature increases, the average kinetic energy and the entropy of the molecules in a sample increases.
	

	C2.2c
	Explain changes in pressure, volume, and temperature for gases using the kinetic molecular model.
	

	C2.2d
	Explain convection and the difference in transfer of thermal energy for solids, liquids, and gases using evidence that molecules are in constant motion.
	

	C2.2e
	Compare the entropy of solids, liquids, and gases.
	

	C2.2f
	Compare the average kinetic energy of the molecules in a metal object and a wood object at room temperature.
	

	Statement

C2.3x
	Breaking Chemical Bonds

For molecules to react, they must collide with enough energy (activation energy) to break old chemical bonds before their atoms can be rearranged to form new substances.
	

	C2.3a
	Explain how the rate of a given chemical reaction is dependent on the temperature and the activation energy.
	

	C2.3b
	Draw and analyze a diagram to show the activation energy for an exothermic reaction that is very slow at room temperature.
	

	Statement

C2.4x
	Electron Movement

For each element, the arrangement of electrons surrounding the nucleus is unique. These electrons are found in different energy levels and can only move from a lower energy level (closer to nucleus) to a higher energy level (farther from nucleus) by absorbing energy in discrete packets. The energy content of the packets is directly proportional to the frequency of the radiation. These electron transitions will produce unique absorption spectra for each element. When the electron returns from an excited (high energy state) to a lower energy state, energy is emitted in only certain wavelengths of light, producing an emission spectra.
	

	C2.4a
	Describe energy changes in flame tests of common elements in terms of the (characteristic) electron transitions.
	

	C2.4b
	Contrast the mechanism of energy changes and the appearance of absorption and emission spectra.
	

	Standard

C3
	ENERGY TRANSFER AND CONSERVATION
	

	Statement

P3.p1
	Conservation of Energy (prerequisite)

When energy is transferred from one system to another, the quantity of energy before transfer equals the quantity of energy after transfer. (prerequisite)
	

	P3.p1A
	Explain that the amount of energy necessary to heat a substance will be the same as the amount of energy released when the substance is cooled to the original temperature. (prerequisite)
	


	CHEMISTRY (Continued)

	Statement

C3.3
	Heating Impacts

Heating increases the kinetic (translational, rotational, and vibrational) energy of the atoms composing elements and

the molecules or ions composing compounds. As the kinetic (translational) energy of the atoms, molecules, or ions increases, the temperature of the matter increases. Heating a sample of a crystalline solid increases the kinetic (vibrational) energy of the atoms, molecules, or ions. When the kinetic (vibrational) energy becomes great enough, the crystalline structure breaks down, and the solid melts.
	

	C3.3A
	Describe how heat is conducted in a solid.


	

	C3.3B
	Describe melting on a molecular level.


	

	Statement

C3.4x
	Enthalpy and Entropy

All chemical reactions involve rearrangement of the atoms. In an exothermic reaction, the products have less energy than the reactants. There are two natural driving forces: (1) toward minimum energy (enthalpy) and (2) toward maximum disorder (entropy).
	

	C3.4f
	Explain why some endothermic reactions are spontaneous at room temperature.
	

	C3.4g
	Explain why gases are less soluble in warm water than cold water.
	

	Statement

C4.4x
	Molecular Polarity

The forces between molecules depend on the net polarity of the molecule as determined by shape of the molecule and the polarity of the bonds.
	

	C4.4a
	Explain why at room temperature different compounds can exist in different phases.
	

	Statement

C5.4x
	Changes of State

All changes of state require energy. Changes in state that require energy involve breaking forces holding the particles together. The amount of energy will depend on the type of forces.
	

	C5.4c
	Explain why both the melting point and boiling points for water are significantly higher than other small molecules of comparable mass (e.g., ammonia and methane).
	

	C5.4d
	Explain why freezing is an exothermic change of state.
	

	C5.4e
	Compare the melting point of covalent compounds based on the strength of IMFs (intermolecular forces).
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