	Big Idea
Particulate nature of matter; students will understand that all matter is made up of atoms and molecules held together by bonds, that these bonds vary in range and strength, and that an atom’s movement is in proportion to its temperature.


	Concept Inventory Association
Q 1 v1.2 (same intervention as Q 23 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	All matter is made up of atoms, which are far too small to see directly through a microscope.  The atoms of any element are alike but are different from atoms of other elements.  Atoms may stick together in well-defined molecules or may be packed together in large arrays.  Different arrangements of atoms into groups compose all substances.

Atoms and molecules are perpetually in motion.  Increased temperature means greater average energy of motion, so most substances expand when heated.  In solids, the atoms are closely locked in position and can only vibrate.  In liquids, the atoms or molecules have higher energy, are more loosely connected, and can slide past one another; some molecules may get enough energy to escape into a gas.  In gases, the atoms or molecules have still more energy and are free of one another except during occasional collisions.


	Students will differentiate the compressibility of primary states of matter.
	Observation and group discussion of the behavior of lab apparatus

Lab report including observations, measurements, particle diagrams, discussion of measurement limitations, and support of conclusions from the literature 


	Lab exercises:

Students observe compressible behavior of a solid, liquid and gas in a prepared, pinched-off syringe. 

Graphical and mathematical representation of force vs. plunger position for prepared syringes
	Discussion of particle nature of matter; illustration of particles in the three primary states of matter; pre-lab round table of expected lab results

Extension: discussion of particulate behavior in volumetric, thermal, and pressure extremes; transitions from state-to-state

	Misconceptions
There is empty space, or air between liquid molecules resulting in compressible voids; atoms are compressible




	Big Idea
Self-Assembly; students should understand that different forces dominate at different length scales


	Concept Inventory Association
Q 2 v1.2 (same intervention as Q 25 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Physical and biological systems tend to change until they become stable and then remain that way unless their surroundings change.

Self-assembly phenomena can exist at vastly different length scales.

Forces though a distance responsible for self-assembly are different depending on the length scale. 

 
	Students will recognize that self-assembly can occur at submicroscopic, bulk, and astronomical size scales.


	Students produce examples of self-assembly at multiple size scales.
	Students suggest scenarios in which self-assembly is evident; consideration is given to the forces responsible for the phenomenon 

Discussion question: would a flock of birds or a school of fish be considered self-assembly?
	Present evidence for self-assembly at the atomic/molecular level by reactants forming a precipitate; at the bulk level by grass seeds accreting when sprinkled on water; at the astronomical level through discussion of the formation of planetary bodies. Supplement the latter with appropriate video materials.

Discuss the nature of the forces through a distance involved in each of the examples presented.

Other suggestions: DNA (supplement with video); self-healing cutting mats (demo); weather patterns (newspaper); miscible/immiscible fluids (demo); crystal formation (demo)



	Misconceptions
Self-assembly only occurs at the microscopic or astronomical sizes; gravitational forces are solely responsible



	Big Idea
Particulate nature of matter; students will understand that all matter is made up of atoms and molecules held together by bonds, that these bonds vary in range and strength, and that an atom’s movement is in proportion to its temperature.


	Concept Inventory Association
Q 3 v1.2 (same intervention as Q 8, 21 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Because different properties are not affected to the same degree by changes in scale, large changes in scale typically change the way that things work in physical, biological, or social systems. 
	Students will contrast the characteristics of materials at the bulk and atomic/molecular levels. 


	Written explanation
	Students engage in discussion of atomic volumes, the nature of a material “melting,”

Discussion question: is it meaningful to describe the “density” of one atom?

Discussion question: how can a single atom “melt?”
	Briefly revisit density. Discuss if it is reasonable to define a volume for one atom; if not, ask how it is possible to state a density for one atom. 

Discussion of the solid nature of a material as it changes state to a liquid.  Supplement by heating candle wax and particle diagram illustrations; develop the concept of melting. 

Extension: compare a particle diagram of a liquid to an amorphous solid.



	Misconceptions
Characteristics of materials are not constant at all size scales.



	Big Idea
Self-Assembly; students will understand that environments and components can be designed and controlled to achieve self assembly by an equilibrium state.

	Concept Inventory Association
Q 4 v1.2 (same intervention as Q 5 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	A system may stay the same because nothing is happening or because things are happening but exactly counterbalance one another.
	Students will identify factors leading to an equilibrium condition.


	Lab activity summary including observations of fluid level, rates of flow, graphical representation of fluid level vs. time for each supply/effluent condition (sketch); explanation of the concept of  

((M(x) = M(x)net = 0

where M is a state variable and x is the condition of that state.
	Lab activity:

A two liter soft drink bottle is prepared with a hole in the side. Students pour water into the bottle and observe the water level, supply, and effluent as

a. the bottle is filling

b. supply < effluent

c. supply = effluent

d. supply > effluent

e. supply = 0

Discussion question: 

to what degree can the supply/effluent difference be predicted by observing the water level?


	Introduce equilibrium in the context of ( F =Fnet = 0 through a push-push force acting on an object; reverse the force direction with a tug-of-war example; expand to a balloon for static equilibrium. Discuss dynamic equilibrium through liquid water and saturated air in a sealed jar; include the water cycle.



	Misconceptions
Conservation of mass; transfer processes



	Big Idea
Self-Assembly; students will understand that environments and components can be designed and controlled to achieve self assembly by an equilibrium state.

	Concept Inventory Association
Q 5 v1.2 (same intervention as Q 4 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	A system in equilibrium may return to the same state of equilibrium if the disturbances it experiences are small.  But large disturbances may cause it to escape that equilibrium and eventually settle into some other state of equilibrium.
	Students will identify factors leading to an equilibrium condition.


	Lab activity summary including observations of fluid level, rates of flow, graphical representation of fluid level vs. time for each supply/effluent condition (sketch); explanation of the concept of  

((M(x) = M(x)net = 0

where M is a state variable and x is the condition of that state.
	Lab activity:

A two liter soft drink bottle is prepared with a hole in the side. Students pour water into the bottle and observe the water level, supply, and effluent as

a. the bottle is filling

b. supply < effluent

c. supply = effluent

d. supply > effluent

e. supply = 0

Discussion question: 

to what degree can the supply/effluent difference be predicted by observing the water level?


	Introduce equilibrium in the context of ( F =Fnet = 0 through a push-push force acting on an object; reverse the force direction with a tug-of-war example; expand to a balloon for static equilibrium. Discuss dynamic equilibrium through liquid water and saturated air in a sealed jar; include the water cycle.



	Misconceptions
Conservation of mass; transfer processes



	Big Idea
Surface area to volume ratios; students will understand that the surface area to volume ratio increases as particles become smaller.


	Concept Inventory Association
Q 6 v1.2


	Fundamental 
Concepts
	Claims
	Evidence
	Task
	Instruction

	The rate of reactions among atoms and molecules depends on how often they encounter one another, which is affected by the concentration, pressure, and temperature of the reacting materials.  Some atoms and molecules are highly effective in encouraging the interaction of others.

There are formulas for calculating the surface areas and volumes of regular shapes.  When the linear size of a shape changes by some factor, its area and volume change disproportionately: area in proportion to the square of the factor, and volume in proportion to its cube.  Properties of an object that depend on its area or volume also change disproportionately.


	Students will differentiate between surface area and volume, and infer a relationship between surface area and reaction sites.


	Lab report including observations, measurements of volume and surface area, graph of time to completion vs. surface area, limitations of the experiment, and support of conclusions from the literature.
	Lab exercise:

Students measure and calculate volume and surface area, and measure time to completion for Alka-Seltzer® tablets in water, one tablet at a time, as a whole tablet, four pieces, 8 pieces, 16 pieces. 

Discussion question: to what extent can the tablet be divided?

Discussion question: is the reaction rate dependent on the surface area?


	Discuss broad concept of surface area vs. volume.

Interactive demo: have students measure and calculate the surface area and volume of a stack of textbooks. Do the same for each individual textbook and compare total surface area to total volume.

Demo: show football field in a jar.

Demo: attempt to ignite a pile of flour or lycopodium powder, create dust and ignite same. 

Extension: volume to surface area for all the pages within a book



	Misconceptions
Confusion between surface area and volume; reaction site proportionality to surface area



	Big Idea
Surface area to volume ratios; students will understand that the surface area to volume ratio increases as particles become smaller.


	Concept Inventory Association
Q 7 v1.2


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	There are formulas for calculating the surface areas and volumes of regular shapes.  When the linear size of a shape changes by some factor, its area and volume change disproportionately: area in proportion to the square of the factor, and volume in proportion to its cube.  Properties of an object that depend on its area or volume also change disproportionately.
	Students will compare surface textures and infer the relationship between texture and surface area.


	Lab report including observations, measurement of gross surface area of foam, ratio of increase in mass to foam surface area, estimation of surface area of sponge based on previously calculated mass to surface area ratio; limitations of the experiment, and support of conclusions from the literature.


	Lab exercise:

Students make or are provided with same size cubes of open-cell foam (urethane foam) and cellulose sponge. Both cubes are massed, sprinkled on all six sides with sugar, and then massed again. Students calculate the gain in mass for each cube. 
Discussion question: how smooth can the surface of a material be?

Discussion question: why is the brain convoluted?


	Discuss broad concept of surface area vs. surface texture.

Demo: paint coverage calculator

Demo: specular vs. diffuse reflection



	Misconceptions
Confusion between surface area and volume; reaction site proportionality to surface area



	Big Idea
Particulate nature of matter; students will understand that all matter is made up of atoms and molecules held together by bonds, that these bonds vary in range and strength, and that an atom’s movement is in proportion to its temperature.


	Concept Inventory Association
Q 8 v1.2 (same intervention as Q 3, 21 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Atoms and molecules are perpetually in motion.  Increased temperature means greater average energy of motion, so most substances expand when heated.  In solids, the atoms are closely locked in position and can only vibrate.  In liquids, the atoms or molecules have higher energy, are more loosely connected, and can slide past one another; some molecules may get enough energy to escape into a gas.  In gases, the atoms or molecules have still more energy and are free of one another except during occasional collisions.

	Students will contrast the characteristics of materials at the bulk and atomic/molecular levels. 


	Written explanation
	Students engage in discussion of atomic volumes, the nature of a material “melting,”

Discussion question: is it meaningful to describe the “density” of one atom?

Discussion question: how can a single atom “melt?”
	Briefly revisit density. Discuss if it is reasonable to define a volume for one atom; if not, ask how it is possible to state a density for one atom. 

Discussion of the solid nature of a material as it changes state to a liquid.  Supplement by heating candle wax and particle diagram illustrations; develop the concept of melting. 

Extension: compare a particle diagram of a liquid to an amorphous solid.



	Misconceptions
Characteristics of materials are not constant at all size scales.



	Big Idea
Self-Assembly; students should understand that different forces dominate at different length scales


	Concept Inventory Association
Q 9 v1.2 (same intervention as Q 18 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Physical and biological systems tend to change until they become stable and then remain that way unless their surroundings change.

Different energy levels are associated with different configurations of atoms and molecules.  Some changes of configuration require an input of energy whereas others release energy.

 
	Students will describe the molecular behavior of a material undergoing phase transformations.


	Lab report including observations, measurements, graphs, particle diagrams, discussion of measurement limitations and support of conclusions from the literature
	Lab exercise:

Students heat ice to boiling, and record observations and temperature vs. time. 

Discussion question: when boiling, energy (heat) is being continuously applied, but the temperature of the boiling water does not increase. To where or into what does the energy transfer?


	Discuss the nature of evaporation on the molecular level. Consider the forces acting on the escaping molecules and the forces that maintain the material in a solid or liquid state. 

Extension: When water evaporates, the liquid portion cools due to a loss of energy.  Discuss the transfer of energy.

	Misconceptions
The size of the atom determines its phase; atoms in solids do not move; confusion with the direction of energy transfer or energy change; when boiling, temperature will increase with increased heat; misunderstanding of primary or secondary bonds 




	Big Idea
Surface area to volume ratios; students will understand that the surface area to volume ratio increases as particles become smaller.


	Concept Inventory Association
Q 10 v1.2 (same intervention as Q 13 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Landforms are the result of a combination of constructive and destructive forces.  Constructive forces include crustal deformation, volcanic eruption, and deposition of sediment, while destructive forces include weathering and erosion. 


	Students will differentiate between surface area and volume, and recognize shape may affect the response of an object to an external force.


	Group analysis of observed phenomena; replies to discussion questions; written responses


	Lab activity:

Students cut same size cubes of modeling clay, form into different shapes and drop them in a graduated cylinder of vegetable oil; measure time to reach the bottom, calculate velocity.

Discussion question: for how long do the objects accelerate? 
Discussion question: is there a preferential orientation for a non-spherical shape?

Discussion question: is the mass/volume relationship constant under size extremes?


	Discuss broad concept of surface area vs. volume; for conventional bulk sizes, mass is proportional to volume.

Interactive demo: have students obtain the mass of a ball of clay, then determine its volume through water displacement; change the shape of the clay, measure mass and volume.

Demo: drop a coffee filter and measure the acceleration, discuss forces at work; drop maple tree seeds

Extension: calculate surface area for each configuration of the clay.



	Misconceptions
Confusion between surface area and volume; all objects fall at the same rate regardless of the environment



	Big Idea
Size and scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.  


	Concept Inventory Association
Q 11 v1.2 (same intervention as Q 14, 19, 24 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Objects have many observable properties, including size, weight, shape, color, temperature, and the ability to react with other substances. Those properties can be measured using tools, such as rulers, balances, and thermometers.

	Students will compare the appropriateness of measurement options.


	Students will give a presentation on the lab measurement activity.

Given an arbitrary parallelepiped, students will create a table of linear dimensions, surface area and volume in different units of measure.


	Lab activity:

Students characterize the physical dimensions of a supplied paper cup. 

a. Measure linear dimensions, wall thickness, and calculate surface area and volume. 

b. Fill the cup with different size particulate materials*; infer the volume from contained mass.

Discussion question: how does the granularity of the particulate affect the outcome of the measurement? 
*e.g.: popcorn salt, table salt, kosher salt, rock salt.


	Discuss the employment of an appropriate instrument for a particular measurement. Review or introduce dimensional analysis. Discuss significant figures.

Interactive demo:

Invite students to use the same instrument to measure the width and thickness of a quarter. Record answers and take an average.

Extension: examine high/low measurements, establish median, mean, and standard deviation; introduce error bars.



	Misconceptions
Limitations in the ways a parameter may be measured; confusion when presented with a measurements in non-familiar units



	Big Idea
Surface area to volume ratios; students will understand that the surface area to volume ratio increases as particles become smaller.  

	Concept Inventory Association
Q 12 v1.2


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	There are formulas for calculating the surface areas and volumes of regular shapes.  When the linear size of a shape changes by some factor, its area and volume change disproportionately: area in proportion to the square of the factor, and volume in proportion to its cube.  Properties of an object that depend on its area or volume also change disproportionately.
	Students differentiate between surface area and volume, surface area to volume ratio, and recognize that a change in physical geometry may affect a physical parameter. 


	Students will give a presentation on the lab measurement activity.


	Lab activity:

Students are supplied with two sheets of 30 cm square aluminum foil, which they form into pleated fans, with pleats 2 cm wide. One fan is opened; the other remains tightly closed. Each is placed into separate, identical polystyrene cups of 90( C water. Students create graphs of temperature vs. time for the water in both cups. Note: substantial airflow must be provided over the exposed aluminum foil.

Discussion question: why is the curve of temperature vs. time shaped as it is?


	Discuss broad concept of surface area to volume; describe the rate of flow of water in a narrow section of a river as it expands to a much wider section as an analog to the transfer of heat; discuss hot water residential heating system; supplement with photos

Demo: open an electronic device (receiver, computer); point out heat sinks.

Extension: specific heat capacity of materials

	Misconceptions
Confusion of surface area to volume; reaction site proportionality to surface area; confusion regarding function of structural shapes



	Big Idea
Surface area to volume ratios; students will understand that the surface area to volume ratio increases as particles become smaller.


	Concept Inventory Association
Q 13 v1.2 (same intervention as Q 10 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	There are formulas for calculating the surface areas and volumes of regular shapes.  When the linear size of a shape changes by some factor, its area and volume change disproportionately: area in proportion to the square of the factor, and volume in proportion to its cube.  Properties of an object that depend on its area or volume also change disproportionately.


	Students will differentiate between surface area and volume, and recognize shape may affect the response of an object to an external force.


	Group analysis of observed phenomena; replies to discussion questions; written responses


	Lab activity:

Students cut same size cubes of modeling clay, form into different shapes and drop them in a graduated cylinder of vegetable oil; measure time to reach the bottom, calculate velocity.

Discussion question: for how long do the objects accelerate? 
Discussion question: is there a preferential orientation for a non-spherical shape?

Discussion question: is the mass/volume relationship constant under size extremes?


	Discuss broad concept of surface area vs. volume; for conventional bulk sizes, mass is proportional to volume.

Interactive demo: have students obtain the mass of a ball of clay, then determine its volume through water displacement; change the shape of the clay, measure mass and volume.

Extension: calculate surface area for each configuration of the clay.



	Misconceptions
Confusion between surface area and volume; all objects fall at the same rate regardless of the environment



	Big Idea
Size and scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.  


	Concept Inventory Association
Q 14 v1.2 (same intervention as Q 11, 19, 24 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Objects have many observable properties, including size, weight, shape, color, temperature, and the ability to react with other substances. Those properties can be measured using tools, such as rulers, balances, and thermometers.

	Students will compare the appropriateness of measurement options.


	Students will give a presentation on the lab measurement activity.

Given an arbitrary parallelepiped, students will create a table of linear dimensions, surface area and volume in different units of measure.


	Lab activity:

Students characterize the physical dimensions of a supplied paper cup. 

a. Measure linear dimensions, wall thickness, and calculate surface area and volume. 

b. Fill the cup with different size particulate materials*; infer the volume from contained mass.

Discussion question: how does the granularity of the particulate affect the outcome of the measurement? 
*e.g.: popcorn salt, table salt, kosher salt, rock salt.


	Discuss the employment of an appropriate instrument for a particular measurement. Review or introduce dimensional analysis. Discuss significant figures.

Interactive demo:

Invite students to use the same instrument to measure the width and thickness of a quarter. Record answers and take an average.

Extension: examine high/low measurements, establish median, mean, and standard deviation; introduce error bars.



	Misconceptions
Limitations in the ways a parameter may be measured; confusion when presented with a measurements in non-familiar units



	Big Idea
Surface area to volume ratios; students will understand that the surface area to volume ratio increases as particles become smaller.


	Concept Inventory Association
Q 15 v1.2 


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	There are formulas for calculating the surface areas and volumes of regular shapes.  When the linear size of a shape changes by some factor, its area and volume change disproportionately: area in proportion to the square of the factor, and volume in proportion to its cube.  Properties of an object that depend on its area or volume also change disproportionately.

	Students will differentiate between surface area and volume, and recognize that shape may affect the response of an object to an external force.


	Students will give a presentation on the lab measurement activity.

Given an arbitrary parallelepiped, students will create a table of linear dimensions, surface area and volume in different units of measure.


	Lab activity:

Students measure the dimensions of a block of clay and calculate the volume and surface area. Cut the block of clay into regular shaped solids, calculate the total volume, surface area, and the surface area to volume ratio. Repeat by cutting each piece again.

Discussion question: how many times can the block of clay be realistically divided?

Discussion question: will the ratio of mass to volume constant under size extremes?


	Discuss broad concept of surface area vs. volume; for conventional bulk sizes, mass is proportional to volume.

Interactive demo: have students obtain the mass of a ball of clay, then determine its volume through water displacement; change the shape of the clay, measure mass and volume.

Demo: drop a coffee filter and measure the acceleration, discuss forces at work; drop maple tree seeds



	Misconceptions
Limitations in the ways a parameter may be measured; confusion when presented with a measurements in non-familiar units



	Big Idea
Self-Assembly; students should understand that different forces dominate at different length scales


	Concept Inventory Association
Q 16 v1.2


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Electromagnetic forces acting within and between atoms are vastly stronger than the gravitational forces acting between the atoms. At the atomic level, electric forces between oppositely charged electrons and protons hold atoms and molecules together and thus are involved in all chemical reactions. On a larger scale, these forces hold solid and liquid materials together and act between objects when they are in contact – as in sticking or sliding friction.

	Students will differentiate binding forces at the bulk and molecular levels.


	Lab report including observations, measurements, graphs, particle diagrams, discussion of measurement limitations and support of conclusions from the literature
	Lab exercise:

Students heat sodium thiosulfate to a liquid, cool to recrystalize, and record observations and temperature vs. time. 

Discussion question: what accounts for the temperature increase as the liquid recrystalizes?


	Discuss the nature of crystallization on the molecular level. Consider the forces acting on the molecules and the forces that maintain the material in a primary state. 



	Misconceptions
Temperature alone does not determine bonding; gravitational forces are not responsible for molecular bonding; no air between atoms; misunderstanding of molecular motion




	Big Idea
Size and Scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.


	Concept Inventory Association
Q 17 v1.2 (same intervention as Q 20, 22 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Judge whether measurements and computations of quantities such as length, area, volume, weight, or time are reasonable in a familiar context by comparing them to typical values.
	Students will differentiate magnitudes of common physical characteristics. 


	Students shall construct a logarithmic number line upon which common objects are placed in accordance with a particular physical parameter. 
	Students are given cards depicting a property of an object. Students must rank cards in descending order. Students may use resource materials.

e.g.: diameter of Jupiter; diameter of a comet; length of a football field; size of a golden retriever; diameter of a baseball; size of a melon seed; width of a pin head; thickness of a kitten whisker; diameter of a pollen grain; width of an onion cell; width of a DNA molecule; diameter of a hydrogen nucleus.

n.b.: Similar cards can be created for ranges of mass.


	Discuss the way an object or a material may be characterized; ask students to suggest measurement devices that will give an accurate indication of a particular property of an object; revisit orders of magnitude and dimensional analysis. Supplement with visuals of laboratory measurement instruments.

Note: students may require additional signposts during the task to reflect ranking in orders of magnitude (logarithmic scale).



	Misconceptions
Objects that are not visible tend to be of similar size; confusion regarding linear and logarithmic scales



	Big Idea
Self-Assembly; students should understand that different forces dominate at different length scales


	Concept Inventory Association
Q 18 v1.2 (same intervention as Q 9 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Physical and biological systems tend to change until they become stable and then remain that way unless their surroundings change.

Different energy levels are associated with different configurations of atoms and molecules.  Some changes of configuration require an input of energy whereas others release energy.

 
	Students will describe the molecular behavior of a material undergoing phase transformations.


	Lab report including observations, measurements, graphs, particle diagrams, discussion of measurement limitations and support of conclusions from the literature
	Lab exercise:

Students heat ice to boiling, and record observations and temperature vs. time. 

Discussion question: when boiling, energy (heat) is being continuously applied, but the temperature of the boiling water does not increase. To where or into what does the energy transfer?


	Discuss the nature of evaporation on the molecular level. Consider the forces acting on the escaping molecules and the forces that maintain the material in a solid or liquid state. 

Extension: When water evaporates, the liquid portion cools due to a loss of energy.  Discuss the transfer of energy.

	Misconceptions
The size of the atom determines its phase; atoms in solids do not move; confusion with the direction of energy transfer or energy change; when boiling, temperature will increase with increased heat; misunderstanding of primary or secondary bonds 




	Big Idea
Size and scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.  


	Concept Inventory Association
Q 19 v1.2 (same intervention as Q 11, 14, 24 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Judge whether measurements and computations of quantities such as length, area, volume, weight, or time are reasonable in a familiar context by comparing them to typical values.


	Students will compare the appropriateness of measurement options.


	Students will give a presentation on the lab measurement activity.

Given an arbitrary parallelepiped, students will create a table of linear dimensions, surface area and volume in different units of measure.


	Lab activity:

Students characterize the physical dimensions of a supplied paper cup. 

a. Measure linear dimensions, wall thickness, and calculate surface area and volume. 

b. Fill the cup with different size particulate materials*; infer the volume from contained mass.

Discussion question: how does the granularity of the particulate affect the outcome of the measurement? 
*e.g.: popcorn salt, table salt, kosher salt, rock salt.


	Discuss the employment of an appropriate instrument for a particular measurement. Review or introduce dimensional analysis. Discuss significant figures.

Interactive demo:

Invite students to use the same instrument to measure the width and thickness of a quarter. Record answers and take an average.

Extension: examine high/low measurements, establish median, mean, and standard deviation; introduce error bars.



	Misconceptions
Limitations in the ways a parameter may be measured; confusion when presented with a measurements in non-familiar units



	Big Idea
Size and Scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.


	Concept Inventory Association
Q 20 v1.2 (same intervention as Q 17, 22 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Judge whether measurements and computations of quantities such as length, area, volume, weight, or time are reasonable in a familiar context by comparing them to typical values.
	Students will differentiate magnitudes of common physical characteristics. 


	Students shall construct a logarithmic number line upon which common objects are placed in accordance with a particular physical parameter. 
	Students are given cards depicting a property of an object. Students must rank cards in descending order. Students may use resource materials.

e.g.: diameter of Jupiter; diameter of a comet; length of a football field; size of a golden retriever; diameter of a baseball; size of a melon seed; width of a pin head; thickness of a kitten whisker; diameter of a pollen grain; width of an onion cell; width of a DNA molecule; diameter of a hydrogen nucleus.

n.b.: Similar cards can be created for ranges of mass.


	Discuss the way an object or a material may be characterized; ask students to suggest measurement devices that will give an accurate indication of a particular property of an object; revisit orders of magnitude and dimensional analysis. Supplement with visuals of laboratory measurement instruments.

Note: students may require additional signposts during the task to reflect ranking in orders of magnitude (logarithmic scale).



	Misconceptions
Objects that are not visible tend to be of similar size; confusion regarding linear and logarithmic scales



	Big Idea
Particulate nature of matter; students will understand that all matter is made up of atoms and molecules held together by bonds, that these bonds vary in range and strength, and that an atom’s movement is in proportion to its temperature.


	Concept Inventory Association
Q 21 v1.2 (same intervention as Q 3, 8 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	The rate of reactions among atoms and molecules depends on how often they encounter one another, which is affected by the concentration, pressure, and temperature of the reacting materials.  Some atoms and molecules are highly effective in encouraging the interaction of others.
	Students will contrast the characteristics of materials at the bulk and atomic/molecular levels. 


	Written explanation
	Students engage in discussion of atomic volumes, the nature of a material “melting,”

Discussion question: is it meaningful to describe the “density” of one atom?

Discussion question: how can a single atom “melt?”
	Briefly revisit density. Discuss if it is reasonable to define a volume for one atom; if not, ask how it is possible to state a density for one atom. 

Discussion of the solid nature of a material as it changes state to a liquid.  Supplement by heating candle wax and particle diagram illustrations; develop the concept of melting. 

Extension: compare a particle diagram of a liquid to an amorphous solid.



	Misconceptions
Characteristics of materials are not constant at all size scales.



	Big Idea
Size and Scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.


	Concept Inventory Association
Q 22 v1.2 (same intervention as Q 17, 20 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Read analog and digital meters on instruments used to make direct measurements of length, volume, weight, elapsed time, rates, and temperature, and choose appropriate units for reporting various magnitudes.
	Students will differentiate magnitudes of common physical characteristics. 


	Students shall construct a logarithmic number line upon which common objects are placed in accordance with a particular physical parameter. 
	Students are given cards depicting a property of an object. Students must rank cards in descending order. Students may use resource materials.

e.g.: diameter of Jupiter; diameter of a comet; length of a football field; size of a golden retriever; diameter of a baseball; size of a melon seed; width of a pin head; thickness of a kitten whisker; diameter of a pollen grain; width of an onion cell; width of a DNA molecule; diameter of a hydrogen nucleus.

n.b.: Similar cards can be created for ranges of mass.


	Discuss the way an object or a material may be characterized; ask students to suggest measurement devices that will give an accurate indication of a particular property of an object; revisit orders of magnitude and dimensional analysis. Supplement with visuals of laboratory measurement instruments.

Note: students may require additional signposts during the task to reflect ranking in orders of magnitude (logarithmic scale).



	Misconceptions
Objects that are not visible tend to be of similar size; confusion regarding linear and logarithmic scales



	Big Idea
Particulate nature of matter; students will understand that all matter is made up of atoms and molecules held together by bonds, that these bonds vary in range and strength, and that an atom’s movement is in proportion to its temperature.


	Concept Inventory Association
Q 23 v1.2 (same intervention as Q 1 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Atoms and molecules are perpetually in motion.  Increased temperature means greater average energy of motion, so most substances expand when heated.  In solids, the atoms are closely locked in position and can only vibrate.  In liquids, the atoms or molecules have higher energy, are more loosely connected, and can slide past one another; some molecules may get enough energy to escape into a gas.  In gases, the atoms or molecules have still more energy and are free of one another except during occasional collisions.
 
	Students will differentiate the compressibility of primary states of matter.
	Observation and group discussion of the behavior of lab apparatus

Lab report including observations, measurements, particle diagrams, discussion of measurement limitations, and support of conclusions from the literature 


	Lab exercises:

Students observe compressible behavior of a solid, liquid and gas in a prepared, pinched-off syringe. 

Graphical and mathematical representation of force vs. plunger position for prepared syringes
	Discussion of particle nature of matter; illustration of particles in the three primary states of matter; pre-lab round table of expected lab results

Extension: discussion of particulate behavior in volumetric, thermal, and pressure extremes; transitions from state-to-state

	Misconceptions
There is empty space, or air between liquid molecules resulting in compressible voids; atoms are compressible




	Big Idea
Size and scale; students can convert between and understand the relationship between quantitative relative size and absolute scale.  


	Concept Inventory Association
Q 24 v1.2 (same intervention as Q 11, 14, 19 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Objects have many observable properties, including size, weight, shape, color, temperature, and the ability to react with other substances. Those properties can be measured using tools, such as rulers, balances, and thermometers.

	Students will compare the appropriateness of measurement options.


	Students will give a presentation on the lab measurement activity.

Given an arbitrary parallelepiped, students will create a table of linear dimensions, surface area and volume in different units of measure.


	Lab activity:

Students characterize the physical dimensions of a supplied paper cup. 

a. Measure linear dimensions, wall thickness, and calculate surface area and volume. 

b. Fill the cup with different size particulate materials*; infer the volume from contained mass.

Discussion question: how does the granularity of the particulate affect the outcome of the measurement? 
*e.g.: popcorn salt, table salt, kosher salt, rock salt.


	Discuss the employment of an appropriate instrument for a particular measurement. Review or introduce dimensional analysis. Discuss significant figures.

Interactive demo:

Invite students to use the same instrument to measure the width and thickness of a quarter. Record answers and take an average.

Extension: examine high/low measurements, establish median, mean, and standard deviation; introduce error bars.



	Misconceptions
Limitations in the ways a parameter may be measured; confusion when presented with a measurements in non-familiar units



	Big Idea
Self-Assembly; students should understand that different forces dominate at different length scales


	Concept Inventory Association
Q 25, v1.2 (same intervention as Q 2 v1.2)


	Fundamental Concepts
	Claims
	Evidence
	Task
	Instruction

	Physical and biological systems tend to change until they become stable and then remain that way unless their surroundings change.

 
	Students will recognize that self-assembly can occur at submicroscopic, bulk, and astronomical size scales.


	Students produce examples of self-assembly at multiple size scales.
	Students suggest scenarios in which self-assembly is evident; consideration is given to the forces responsible for the phenomenon 

Discussion question: would a flock of birds or a school of fish be considered self-assembly?
	Present evidence for self-assembly at the atomic/molecular level by reactants forming a precipitate; at the bulk level by grass seeds accreting when sprinkled on water; at the astronomical level through discussion of the formation of planetary bodies. Supplement the latter with appropriate video materials.

Discuss the nature of the forces through a distance involved in each of the examples presented.

Other suggestions: DNA (supplement with video); self-healing cutting mats (demo); weather patterns (newspaper); miscible/immiscible fluids (demo); crystal formation (demo)



	Misconceptions
Self-assembly only occurs at the microscopic or astronomical sizes; gravitational forces are solely responsible
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