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The Oklahoma State Department of Education is excited to announce the release of the first resources being offered through the 
Oklahoma Academic Standards Science Frameworks. The Science Frameworks represent curricular resources developed by Oklahoma 
teachers to help teachers translate standards into classroom practice. The Framework Overviews represent how a group of Oklahoma 
teachers, at a given grade level, might bundle performance expectations/standards found in the Oklahoma Academic Standards for 
Science.1 Bundling is how teachers would group performance expectations/standards for the purpose of developing instructional 
units of study.  
 
Once bundled, the Science Framework writers were then charged with completing four categories of information that coincided 
with the bundle of performance expectations/standards. The categories provide insight into how the Science Framework writers 
collaborated to begin to translate standards into classroom instruction.  The guidance provided in the categories does not represent a 
directive to teachers, schools or districts for classroom instruction and should not be viewed as such.  
 
The Oklahoma State Department of Education would like to say a special thank you to the Oklahoma educators who participated in 
developing the Oklahoma Science Framework Overviews and to Quentin Biddy, the project director. 

 
“The vision of the Overviews is to provide a resource for teachers that encourages them to embrace the new 
standards and implement them effectively in their classrooms. The suggestions provided by the frameworks 
project do not have to be implemented exactly as they are written and are not required to be a successful 
teacher, but serve as a guide to setting up effective lessons that will help students meet the necessary levels 
of success in a science classroom.” - Oklahoma Science Framework Project Writer 
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How To Read This Document 
Below you will find short descriptions about each of the sections of information provided in this document. If you have questions 
regarding the Framework Overviews, please contact Tiffany Neill at 405-522-3524 or Tiffany.Neill@sde.ok.gov  

Science Framework Overview: Sections 

In Lay Terms 

This section aims at providing a brief introduction to the goals outlined in the Performance Expectation Bundles/grouping of standards. 

Three Dimensional Storyline 

This section aims at providing a comprehensive instructional storyline of how the three dimensions represented in the Performance Expectation 
Bundles intertwine to support students engaging in science and engineering practices, crosscutting concepts and disciplinary core ideas. Keep in 
mind each performance expectation includes one science and engineering practice, one crosscutting concept and one disciplinary core idea. 
The color-coding in this section allows teachers to see where components of these three dimensions appear in the instructional storyline. To find 
out more about the three dimensions and how they are incorporated into the Oklahoma Academic Standards for Science, review pages 7-8 in the 
Oklahoma Academic Standards for Science2 or check out the OKSci PD on Your Plan Module series, Transitioning to the Oklahoma Academic 
Standards for Science3. 

Lesson Level Performance Expectations 

This section aims at providing scaffolding three-dimensional learning targets that teachers can design instruction around to meet the end goals 
of the Performance Expectation(s) represented in the bundles or units of study. Keep in mind the performance expectations represent the things 
students should know, understand and be able to do to show proficiency at the end of instruction they participate in. A teacher can utilize the 
Lesson Level Performance Expectations in each bundle as a way to develop a series of instruction to meet the end goals of the performance 
expectations. For example, a teacher can develop or use a lesson, which may allow students to participate in instruction that covers some of the 
Lesson Level Performance Expectations, but not all. In this case the teacher would then develop or conduct another lesson that covers other 
Lesson Level Performance Expectations in the bundle.  

Misconceptions 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Download the Oklahoma Academic Standards for Science at http://sde.ok.gov/sde/science.	  
3	  Access the OKSci PD on Your Plan Modules at: https://www.evernote.com/l/AUXXlQC11VZDeLmUkOMPpjhKeJjqS-R8gww 	  



	  

Bundle: Physical and Chemical Properties/ Chemical Change 

MS-PS1-3: Matter and Its Interactions      
Students who demonstrate understanding can:       
Gather and make sense of information to describe that synthetic materials come from natural resources and impact society.*  
       
MS-PS1-5: Matter and Its Interactions      
Students who demonstrate understanding can:       
Develop and use a model to describe how the total number of atoms does not change in a chemical reaction and thus mass is conserved.  
             
MS-PS1-6: Matter and Its Interactions     
Students who demonstrate understanding can:      
Undertake a design project to construct, test, and modify a device that either releases or absorbs thermal energy by chemical 
processes.* 
 
MS-LS1-7: From Molecules to Organisms: Structure and Processes  
Students who demonstrate understanding can:     
Develop a model to describe how food is rearranged through chemical reactions, forming new molecules that support growth and/or 
release energy as this matter moves through an organism.     

In Lay Terms 

All matter has physical and chemical properties and every substance reacts in a predictable, characteristic manner when interacting with other 
substances. Some of these interactions, called chemical reactions, release energy and some store energy. During chemical reactions, the smallest 
units of that substance, atoms, rearrange and regroup to produce new substances that have different properties than the original substance. 
During this reaction and rearrangement, all the atoms are accounted for and none are lost. The atoms are just in a new configuration and the 
total number of atoms present before the reaction is equal to the number of atoms after the reaction.    

Three Dimensional Storyline 

All matter is formed from atoms of some 100 different elements that occur naturally within the Earth. Each pure substance has predictable 
physical and chemical properties.  In a system, atoms combine chemically with other atoms to regroup and form new molecules of matter with 
different properties than each atom’s original properties.  Since matter cannot be created nor destroyed, when these chemical reactions occur, 
matter is conserved and the original number of atoms before a reaction occurs (product) is the same as the number of atoms after the reaction 
occurs (reactant). Just as matter is conserved, so too is energy. Students can utilize both of these concepts to construct explanations for how food 



	  

is utilized for energy transfer in organisms.  
 
Energy plays an important role in chemical reactions. During each reaction, energy is released or stored. Potential energy is stored in substances 
such as food, fossil fuels, and batteries.  When energy is released, it is released as light, motion, sound, electrical and magnetic fields, and/or 
thermal energy. For example, energy is stored in food.  This energy entered Earth’s atmosphere as sunlight. Plants use the sunlight’s energy in 
chemical reactions in which they create complex food molecules in the form of sugar.  When plants are eaten, animals can use the energy for 
chemical reactions, store that energy for future chemical reactions or release it. One way it can be stored is as potential energy in fat. The 
majority of the released energy is given off as thermal energy to maintain body heat, while the body uses the rest for function and movement. 
During a the chemical reaction, stored energy is converted and transferred into other forms of energy which is capable of being released as light, 
heat, or movement. The transfer of energy can be tracked as energy flows through a system. 
 
To investigate energy transfer in organisms, students can develop a model to describe their understanding of how food is rearranged through 
chemical reactions forming new molecules that support growth and/or release energy as this matter moves through an organism. Emphasis is 
placed on energy being released when molecules are broken apart and rearranged to form new molecules. Cellular respiration in animals 
involves chemical reactions with oxygen that release stored energy. Students should understand that matter is conserved throughout these 
processes. 
 
Students can conduct investigations in order to collect data that can be used to develop a model to describe how the total number of atoms 
does not change in a chemical reaction and thus mass is conserved. The law of conservation of mass can be demonstrated using physical models 
or drawings, including digital forms that represent atoms in the product and the reactant. The balancing of equations is not a requirement of 
8th grade, however simple balanced equations (e.g. 2H2 +O2 = 2H2O; or N2 + 3H2 = 2NH3 ; or CH4 + 2O2 =CO2 + 2H2O) can be utilized to model 
the law of conservation of mass. The concept that the number of atoms entering a reaction equals the number of atoms at the end of a reaction 
should be the focus, not the act of balancing equations. 
 
To make application of these concepts, students can undertake a design project to construct, test, and modify a device that either releases or 
absorbs thermal energy by chemical processes.  By tracking the energy transfer associated with the system of the device, students can determine 
the efficiency of the device.  Emphasis should be placed on controlling the transfer of the energy to the environment, and the modification of the 
device using factors such as type, temperature, concentration or amount of substance or the time taken for the reaction to occur. 
 
Technology driven by societal needs has led to the development of synthetic materials. These synthetic materials include new medicines, foods, 
alternative fuels, and other societal functions. Many of these materials are created by using natural resources. As the population increases, the 
need for synthetic materials also increases, putting an even heavier burden on Earth’s supply of natural resources. Students can track the flow of 
energy and matter within an ecosystem to determine how the use of natural resources to make synthetic resources impacts both society and 
nature. Energy and matter flow through ecosystems. By removing or using natural resources in the process of creating synthetic materials, both 



	  

matter and energy are being removed and/or redistributed within the system.  
 
Students should be given opportunities to gather and make sense of information in order to gain a general understanding about how natural 
resources can be utilized to create synthetic materials. Students can analyze and communicate how these synthetic materials and their production 
from natural resources can impact society. The fields of engineering and technology are making rapid advances, creating scientific discoveries 
that are aiding various industries in society. Scientists evaluate structures of known elements and apply them to specific functions of societal 
needs. As our natural resources become more limited, our need for alternative fuel and energy sources is increasing. Scientific and technological 
advances may provide solutions to some of these challenges. 

Lesson level Performance Expectations 

• Students can evaluate and communicate information to show that each pure substance has characteristic physical and chemical 
properties. 

• Students can evaluate and communicate information to show that each pure substance can react chemically in characteristic ways to 
perform specific functions. 

• Students can analyze models that represent the chemical reactions between the complex molecules which contain carbon and oxygen 
resulting in the release of carbon dioxide and stored energy in cellular respiration in plants and animals. 

• Students can develop and use models to describe how the total number of each type of atom is conserved in chemical reactions; the 
atoms are regrouped and rearranged to form new substances with properties that differ from the original substance. 

• Students can design, construct, and test a device that demonstrates how some chemical reactions release energy while others store 
energy.   

• Students can modify a device on the basis of test results in order to improve its efficiency.   
• Students can develop a model that describes how food undergoes a series of chemical reactions in which the atoms are broken down and 

rearranged to form new molecules that support growth or release energy. 
• Students can obtain, evaluate, and communicate data to support how engineering advances have led to important discoveries in virtually 

every field of science.  These fields are driven by societal needs, desires, and values. 

Misconceptions Accurate Concept 

1. The atoms of the reactants of a chemical reaction 
are transformed into other atoms.  

2. New atoms are created during chemical reactions  
3. Atoms can be destroyed during a chemical 

reaction  
4. If a substance changes in color, mass, or state, a 

1-2.     When substances interact to form new substances, the atoms that make up 
the molecules of the original substances rearrange into new molecules. 

3.         Whenever atoms interact with each other, regardless of how they are 
arranged or rearranged, the total mass stays the same. 

4.         When a chemical change occurs a new substance is formed. 
5.         Chemical reactions can either release or take in energy. 



	  

chemical change has taken place.   
5. Many students believe that energy is always 

released when a chemical reaction occurs. They 
relate chemical reactions to the use of fossil fuels 
as energy stores in the world.   

 

References 

• http://www.project2061.org 
• http://modeling.asu.edu/modeling/KindVanessaBarkerchem.pdf 
• http://www.rsc.org/images/Misconceptions_update_tcm18-188603.pdf 

 

 
  



	  

Bundle: Cycles and Energy Flow 

MS-ESS2-1     
Students who demonstrate understanding can:     
Develop a model to describe the cycling of Earth’s materials and the flow of energy that drives this process.  
 
MS-ESS2-2  
Students who demonstrate understanding can:      
Construct an explanation based on evidence for how geoscience processes have changed Earth’s surface at varying time and spatial 
scales.  
 
MS-ESS3-2  
Students who demonstrate understanding can:     
Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to 
mitigate their effects. 

In Lay Terms 

Energy and matter cycle throughout our planet.  As they do, the matter changes chemically and physically. The planet’s systems interact to shape 
Earth’s history and future. The water cycle is only one of these many systems, and it causes weathering and erosion on the surface of Earth and in 
its interior. By mapping the natural events in an area and understanding the geological forces involved, future events can be predicted. 

Three Dimensional Storyline 

By end of grade 8, students should have a solid understanding that Earth’s systems, microscopic to global in size, have cycles that interact with 
each other. These cycles are predictable systems. Each system’s stability and changes may be examined by observing patterns in the system over 
time at various scales in size.   
 
All of Earth’s processes are the result of energy flowing (from the sun and interior of Earth) and matter cycling among and within the planet’s 
systems.  Transfers of energy and movements of matter cause physical and chemical changes to occur in Earth’s materials and organisms.  For 
example, minerals and rock are cycled through the rock cycle by means of various processes including melting, crystallization, weathering, 
deformation, and sedimentation. Most changes occur gradually, such as microscopic particle movement that takes place during weathering and 
erosion by the water cycle’s continuous movement, but larger catastrophic events, such as earthquakes and volcanic eruptions, also account for 
changes to Earth’s surface. These processes, both small and global in size, and their interactions have shaped and will continue to shape the 
Earth.   



	  

 
In this bundle of performance expectations, students have an opportunity to develop a model or models to describe the cycling of Earth’s 
materials and the flow of energy that drives these processes at various scales in size. Students can also construct an explanation based on 
evidence for how geoscience processes have changed Earth’s surface at varying time and spatial scales. 
 
Understanding these cycles and related geological forces can help predict the likelihood of future events. Many natural hazards are preceded 
with certain phenomena that allow for reliable predictions, such as volcanic eruptions and severe weather. Other hazards, such as earthquakes, 
cannot be so easily predicted. This can be accomplished through a thorough analysis and understanding of geological forces, such as tectonic 
plate motion, and by mapping natural hazards in a region, such as weather. Using patterns occurring in this data and the resulting predictions, 
technologies can be developed to mitigate the effects of these catastrophic nature events. This data includes locations, magnitudes, and 
frequencies of the hazards, and other information from satellite systems and other technologies that can record data inside or outside of the 
Earth. 

Lesson Level Performance Expectations 

• Students can apply scientific reasoning to describe the relationship between water and the surface features and underground formations 
caused by erosion and weathering. 

• Students can use graphical displays (e.g., maps, charts, graphs, and/or tables) to map patterns of natural hazards in a region such as 
volcanic eruptions, earthquakes, and severe weather. 

• Students can distinguish between causal and correlational relationships among geological forces and natural hazards such as volcanic 
eruptions, earthquakes, and severe weather. 

• Students can consider limitations of data analysis and its accuracy in forecasting the locations and likelihoods of future hazardous events 
and observe how the accuracy of data, with better technological tools and methods, has improved. 

• Students can construct, analyze, and/or interpret graphical displays of data to predict possible future hazardous events. 
• Students can develop a model that describes the chemical and physical changes produced by the cycling of energy and matter through 

Earth’s systems. 
• Students can construct an explanation based on evidence for how the interaction of the planet’s systems (microscopic to global in size) 

have shaped Earth’s history and will determine its future. Examples of these changes include earthquakes, volcano, surface weathering, 
erosion, and deposition. 

• Students can develop and/or revise a model to show the relationships among Earth’s processes (large and small) that are a result of the 
cycling of matter and the flow of energy within and among the planet’s systems. 

Misconceptions Accurate Concept 

1. Rocks must be heavy.  1. Rocks can vary in weight depending on composition, size, and density. 



	  

2. Soil must have always been in its present form.   
3. Mountains are created rapidly.   
4. Earth is molten, except for its crust.   
5. Clouds come from somewhere above the sky.   
6. Water only gets evaporated from the ocean or lakes.  
7. Condensation on the outside of a container is water that 

seeped through the container itself (or sweated through 
the walls of the container).   

8. Gases are not matter because they are invisible.  
9. The H on weather maps stands for hot temperatures 

whereas L means cold weather.   
10. Seasons are caused by the Earth’s distance from the sun.  
11. Wind speed is related to temperature of air. High speed 

means cold air and gentle or slow winds are warm.   
12. Humid air is heavier than dry air.   
13. Heat and temperature mean the same thing.   
14. Earthquakes are rare events (media coverage of 

earthquakes is limited and biased to U.S. area or high 
death tolls.)  

15. Magma comes from molten layer beneath Earth's crust 
(older cosmologies, Franklin's idea, as well as popular 
literature such as Dante's Inferno, and some religious 
tracts).   

16. Volcanic eruptions are rare events (media coverage is 
biased by location and death tolls).  

17. Most magma forms as rock melts due to an increase in 
temperature (in real life this is the way most things melt, 
coupled with knowledge that temperature rises within 
Earth). 

2. Soil is a dynamic system composed of weathered particles, water, air, 
and organic material. 

3. Mountain building is a slow process. 
4. The Earth’s outer core is molten, the inner core and crust are solid, and 

the mantle is hot semi-solid rock. 
5. The atmosphere contains water vapor. When air gets cooler, water 

vapor condenses. That means it changes to tiny droplets of liquid 
water. Water droplets clump together to form a cloud. 

6. Water evaporates from many surfaces on Earth.  
7. Condensation forms on the outside of a container as water vapor in the 

air cools and condenses into liquid form. 
8. Gases are composed of atoms. 
9. An “H” on a weather map is the symbol for areas of high pressure and 

an “L” is the symbol for areas of low pressure. 
10. As the Earth orbits around the sun the angle at which the sun’s rays 

strike Earth’s surface changes due to the position of Earth’s tilted axis 
relative to the sun. Earth’s tilt does not change, only its position 
relative to the sun. 

11. Wind speed is not directly related to temperature. 
12. Dry air is denser than humid air and as a result heavier than humid air.  
13. Heat is a total energy due to molecular motion in a substance. 

Temperature is a measure of the average heat energy of a substance.  
14. Smaller earthquakes are fairly common. Larger earthquakes are less 

common. 
15. As parts of the crust are subducted and sink into the Earth’s mantle 

they begin to melt. Magma can also come from plumes in the mantle. 
Convection currents in the mantle can cause heat to be transferred to 
overlying rocks at mid-ocean ridges, causing these rocks to melt. 

16. Volcanic eruptions occur frequently around the planet at varying scales.  
Magma forms as rocks melt due to changes in temperature and 
pressure. 
 
 



	  

References 

• http://newyorkscienceteacher.com/sci/pages/miscon/geol.php 
• http://www.neisd.net/curriculum/SchImprov/sci/program/misconceptions_inter.htm#propmatt 
•  http://serc.carleton.edu/NAGTWorkshops/intro/misconception_list.html  



	  

 Bundle: Plate Tectonics/ Catastrophic Events/Waves in the Earth 

MS-PS4-1 
Students who demonstrate understanding can:      
Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the 
energy in a wave.  
          
MS-ESS2-3 
Students who demonstrate understanding can:  
Analyze and interpret data on the distribution of fossils and rocks, continental shapes, and seafloor structures to provide evidence of the 
past plate motions.  
          
MS-ESS3-2      
Students who demonstrate understanding can:     
Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to 
mitigate their effects.    

In Lay Terms 

Waves transfer energy in repeating patterns. Large plates of Earth’s surface have moved and continue to move due to natural forces in the Earth’s 
interior. This process is evident from observations of rock, fossils, continental shapes, and the ocean floor. 
By understanding tectonic forces and the waves created as these plates move, students are able to forecast possible future catastrophic events in 
nature. 

Three Dimensional Storyline 

Through this bundle of performance expectations, students can see how energy transfer occurs when large plates of the Earth’s surface move and 
that the energy transfer can be identified through instruments that measure waves. Maps of ancient land and water locations can provide evidence 
of changes in the Earth’s plates. Data analysis, including maps, the distribution of fossils and rocks, continental shapes, and seafloor spreading 
provide evidence of past plate motion. This evidence can prompt students to ask questions about why and how this happens. 
 
Tectonic plates are large pieces of Earth’s crust that move away from, collide into, and slide past other plates at incredibly slow rates and are due 
to stresses caused by convection currents occurring inside the Earth’s mantle. These movements generate new ocean seafloor at mid-ocean ridges 
and destroy old ocean floor at trenches (e.g. subduction zones) as plates overlap or pull away from each other. As they slide, these plates 
generate a large amount of energy transfer through seismic waves that are detectable by instruments called seismographs. Analyzing and 



	  

interpreting of seismic wave data can assist students in explaining plate movement. 
 
Waves (such as seismic waves, light waves, sound waves, pressure waves, etc.) have repeating patterns with specific wavelengths (spacing 
between wave peaks), frequency (the number of crests of a wave that move past a given point in a given unit of time), and amplitude (height of 
wave). Data representations, such as charts and graphs, can be used to identify specific patterns in data when waves in a system occur through a 
medium such as a liquid or solid material (e.g. the Earth’s surface: crust and lithosphere, and interior: asthenosphere, mantle, and core). Analysis of 
this data also allows students to analyze and forecast possible future events such as volcanoes and earthquakes. Students can use mathematical 
representations to describe a simple model relating the amplitude of a wave to the wave energy. Students can quantitatively and qualitatively 
deduce that higher wave amplitudes mean greater wave energy. 
 
Future natural events (earthquakes, volcanic eruptions) can be forecasted by combining an understanding of geological forces, such as tectonic 
plate motion, and by mapping natural hazards in a region. Examples from which data may be drawn include locations, magnitudes, and 
frequencies of these natural hazards. Students should be able to recognize, analyze, and interpret patterns that exist in data taken from 
catastrophic events such as earthquakes, volcanic eruptions, and tsunamis. This can be accomplished through a thorough analysis and 
understanding of geological forces, such as tectonic plate motion, and by mapping natural hazards in a region. Using this data to make 
predictions, technologies can be developed to mitigate the effects of these catastrophic nature events.   

Lesson Level Performance Expectations 

• Students can use digital tools to analyze large data sets for patterns and trends in simple wave patterns. 
• Students can use mathematical representations to describe and/or support scientific conclusions related to amplitude of seismic waves and 

the energy related to the waves. 
• Students can apply mathematical processes to find the velocity of a wave (velocity= frequency x wavelength.) 
• Students can construct an explanation that includes qualitative relationships among the various seismic waves (primary, secondary, and 

surface) and the typical movement related to each along with the resulting amount of damage created by each type of wave. 
• Students can analyze and interpret data from past seismic related events, using knowledge of geologic forces, to forecast the locations and 

likelihood of future seismic related events. 
• Students can develop a model to analyze the effectiveness of technologies to mitigate the effects of seismic activity on society. 
• Students can analyze and interpret data to explain how tectonic plates have continually generated new ocean sea floor at ridges of 

diverging plates and destroyed old sea floor at trenches of converging plates.   
• Students can construct a scientific explanation that supports the theory of plate tectonics based on evidence that demonstrates the idea 

that fossils of identical species have been found on various plates that used to be connected. 
• Students can apply scientific ideas about how the present shapes of the continents and how they can be made to fit together relatively 

well, supports the theory that Pangaea once existed. 



	  

Misconceptions Accurate Concept 

1. Crust and Lithosphere (or plates) are synonymous terms.  
2. Only continents move. (Wegener's original concept, along with 

the common use of 'Continental Drift' term in general texts, 
secondary education earth science films, etc.) 

3. Most crust motions (especially those associated with processes 
of mountain building or deep sea trench formation) are due to 
vertical motions, not lateral.  

4. Divergent ocean ridges are due to vertical uplift or convergence, 
rather than divergence.  

5. Oceans are responsible for oceanic crust (rather than being 
closer to other way round).  

6. The edge of a continent is the same thing as a plate boundary.  
7. Earth shaking is deadly (as opposed to building collapse, 

tsunamis, landslides, fire, etc.)  
8. Earthquakes occur from collapse of subterranean hollow spaces 

(tie to older cosmologies).  
9. Students often think of mountain building as occurring only 

through catastrophic events such as earthquakes or volcanoes. 
They often fail to recognize the slow process of uplift over 
millions of years.   

10. Continents do not move. 

1. The Earth’s crust in only the upper portion of the Lithosphere, 
while the Lithosphere includes all of the crust and the uppermost 
portion of the mantle. 

2. Earth’s plates, which include continental crust and oceanic crust, 
move. 

3. Most crust motions are lateral and can cause vertical shifts in 
crust. 

4. Divergent ocean ridges are a result of the temperature of the 
crust at the boundary causing the crust to expand. 

5. Oceans are not the cause of oceanic crust, but the thin high 
density nature of oceanic crust causes it to create a basin for 
ocean to form in.  

6. Plate boundaries can exists at the edges of continents, within the 
interior of a continent, or in the middle of oceanic crust.  

7. Earthquakes cause structures and object to collapse and fall 
which can be deadly, the actual shaking is not deadly.  

8. Earthquakes are caused by the release of energy at a fault 
causing movement along a fault. 

9. Mountain building and other geologic events can take millions 
of years to occur. 

10. Continents are part of Earth’s tectonic plates, which move over 
the surface of the Earth. 

References 

• http://serc.carleton.edu/NAGTWorkshops/intro/misconception_list.html 
• http://www.neisd.net/curriculum/SchImprov/sci/program/misconceptions_inter.htm#geo 
• http://newyorkscienceteacher.com/sci/pages/miscon/geol.php 

 

 



	  

 
 

Bundle: Geological Time Scale and Fossils 

MS-LS4-1  
Students who demonstrate understanding can:      
Analyze and interpret data for patterns in the fossil record that document the existence, diversity, extinction, and change of life forms 
throughout the history of life on Earth, under the assumption that natural laws operate today as in the past.  
      
MS-LS4-2       
Students who demonstrate understanding can:     
Apply scientific ideas to construct an explanation for the anatomical similarities and differences among modern organisms and between 
modern and fossil organisms to infer ancestral relationships. 
 
MS-ESS1-4       
Students who demonstrate understanding can:     
Construct a scientific explanation based on evidence from rock strata for how the geologic time scale is used to organize Earth’s 
geologic history. 

In Lay Terms 

Earth’s history is documented in chronological order using the fossil record, which is a collection of fossils found in layers of rock around the 
planet. This history contains information on the existence, diversity, and extinctions of life over time. Anatomical similarities in species of 
organisms may help to infer ancestral relationships. 

Three Dimensional Storyline 

Fossils are mineral replacements, preserved remains, or traces of organisms that lived in the past. The fossil record documents Earth’s history by 
organizing the location and placement of fossils that have been discovered in strata of sedimentary rock. These fossils have been placed in 
chronological order with older rock in bottom layers and newer rock in upper layers of undisturbed rock. These fossils document the existence, 
diversity, extinction, and change of many life forms. Because of the conditions necessary to preserve organisms, not all types of organisms that 
existed in the past have left fossils that can be retrieved. Ancestral relationships may also be explained by looking at the anatomical similarities of 
fossils of organisms found in sedimentary rock.   



	  

 
The crosscutting concept of finding patterns can assist students in analyzing and interpreting data of the fossil record that documents the 
existence, diversity, extinction, and change of life forms throughout the history of life on Earth, under the assumption that natural laws and 
processes (e.g. weathering, erosion, and deposition) operate today as in the past. These patterns might be found in comparing like organisms 
from different time periods that are thought to be related and determining what factors might have caused changes to occur. Patterns might also 
be detected by studying the organisms and their numbers found in fossils that occurred after catastrophic events, thus identifying cause and 
effect relationships. Biological unity and species’ diversity can be identified by applying scientific ideas to construct explanations for the 
anatomical similarities and differences among modern and fossil organisms to infer ancestral relationships. 
 
The geological time scale interpreted from rock strata provides a way to organize Earth’s history. The time scale provides a relative chronological 
order of major events that have changed the Earth’s geographical features such as glaciation, glacier formation of rivers and mountain chains, 
and volcanic eruptions. It also provides relative order of species’ adaptations and extinctions. Observing snapshots of Earth’s major geological 
and biological events that have occurred over a large span of time (scale/proportion/quantity) will assist students in constructing a scientific 
explanation based on evidence from rock strata for how the geologic time scale is used to organize Earth’s geological history. 

Lesson Level Performance Expectations 

•  Students can construct a scientific explanation based on valid and reliable evidence in order to show that major events (i.e. formation of 
mountain chains and ocean basins, adaptation and extinction of organism, volcanic eruptions, glaciation, development of water structures, 
and erosion) are recorded in the layers of Earth’s strata. 

• Students can develop and use a model using geologic evidence, such as rock strata, as a way to organize Earth’s history to show the order 
of events in the geological time scale. 

• Students can apply scientific ideas and principles to explain that fossils and the rock strata are normally found in order relative to each 
other (i.e. relative dating) and are not able to provide absolute dates.   

• Students can argue using geologic evidence that older fossils and rock strata are usually found in the bottom layers of an undeformed 
cross section and that newer fossils and rock strata are typically found in the top layers of an undeformed cross section (e.g. law of 
superposition).  

• Students can use graphical displays of data sets from charts, graphs, or images to identify patterns in the chronological placement of 
fossils in the layers of sedimentary rock. 

• Students can apply scientific reasoning to show evidence from the fossil record of the existence, diversity, extinction and change of many 
life forms throughout history. 

• Students can analyze evidence from the fossil record to determine similarities and differences in anatomical structures between modern 
organisms and/or possible ancestors.  

• Students can construct qualitative explanations based on observations of anatomical structures of fossils and modern organisms to make 



	  

inferences regarding ancestral relationships of organisms. 

Misconceptions Accurate Concept 

1. Earth and space science have a unique aspect of scale that 
may be problematic for students.   

2. Fossils are the remains of dead organisms.   
3.  Fossils cannot tell us about the environment in which 

plants or animals lived long ago.   

1. For example, comprehending the length of time it takes for 
mountains to erode is difficult for some students.  

2. Fossils also include other types of evidence such as tracks and traces. 
3.  Fossils can provide evidence of past environmental conditions.  

References 
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Bundle: Earth and Human Activity 

MS-ESS3-1  
Students who demonstrate understanding can: 
Construct a scientific explanation based on evidence for how the uneven distributions of Earth’s mineral, energy, and groundwater 
resources are the result of past and current geoscience processes. 
 
MS-ESS3-4 
Students who demonstrate understanding can: 
Construct an argument supported by evidence for how increases in human population and per-capita consumption of natural resources 
impact Earth’s systems. 

In Lay Terms 

Humans rely on natural resources from the Earth to meet their ever changing needs. While students use Earth’s natural resources in every part of 
their lives, they may not be aware that many of these resources are not renewable or replaceable over their lifetimes. Natural resources occur all 
around the world, but are not distributed evenly. From the time that the Earth was formed, it has undergone a number of physical processes 
which have resulted in great variations between different areas. Since natural resources often need specific conditions in which to form, they are 
not distributed evenly across the world. The growth in world population and an increase in per-capita consumption is stretching natural resources 
to their limit. This may have a negative impact on Earth unless actions are taken to mitigate this impact. 

Three Dimensional Storyline 

Humans depend on Earth’s land, ocean, atmosphere, and biosphere for many different resources. This performance expectation bundle focuses 
on the natural resources that the Earth provides and their abundance or lack thereof as the Earth’s human population increases.  
 
Students can evaluate competing data, hypotheses, and/or conclusions in scientific texts and other forms of media to determine how materials 
continuously move through Earth’s various cycles (e.g. water cycle, rock cycle, nitrogen cycle, carbon cycle, etc.) to be used and reused at 
different stages of these cycles.  When humans use natural resources, they may remove them from the cycle thereby removing them from the 
system. Students can evaluate the cause and effect relationships between human use of resources and the impact on Earth’s systems. These 
resources may end up in landfills or at the bottom of the ocean. Many renewable resources are living and can replenish themselves as long as 
they aren’t used at a rate faster than they can be renewed and as long as their environment remains intact (e.g. trees, crops, and fish). Soil, 
sunlight, wind, and the tides are non-living examples of renewable resources. Resources, like fresh water. are considered limited even though 
they are renewable because there is such a small amount available for use (i.e. Only 2.5% of all water on Earth is fresh, and of that, only 0.3% is 



	  

readily available as surface water.)  Non-Renewable resources, like the fossil fuels we burn for energy and minerals used for making metals, can 
take millions of years to form and are not replaceable over human lifetimes.   
These resources are distributed unevenly around the planet as a result of past geologic processes. For example, metallic ores are most abundant 
in areas with past volcanic and hydrothermal activity associated with subduction zones. Fossil fuels are found in areas that were once seas due to 
the burial of organic marine sediments and subsequent geologic traps. The plains have flat land and fertile soil for growing crops that comes from 
active weathering and deposition of rock. Through consideration of cause and effect relationships, students can construct a scientific explanation, 
based on evidence, for how the uneven distributions of Earth’s mineral, energy, and groundwater resources are the result of past and current 
geoscience processes.   
Typically, as human populations and per-capita consumption of natural resources increase, so do the negative impacts on Earth unless the 
activities and technologies involved (e.g., recycling, conservation, alternative energy) are engineered otherwise. Human population is growing at 
an exponential rate. According to the United Nations report The World at Six Billion, before the time of the Industrial Revolution, around 1807, it 
had taken all of human history for world population to reach one billion. The world's population reached 2 billion by 1927, 123 years later. It took 
only 33 additional years to gain another 3 billion people. A mere 14 years later the population was 4 billion and in another 13 years the 
population had reached 5 billion people. As of 2011, the world population had increased to 7 billion people and is projected to increase to 8 
billion by around 2023. This rapid increase, along with humanity’s escalation in consumption of natural resources, can have a lasting impact on 
the sustainability of Earth’s resources. Sustainability is defined as meeting the needs of the present generation without compromising the ability 
of future generations to meet their own needs.  
 
Through this bundle, students can construct arguments for what it will take for Earth to maintain sustainability. Students can be prompted to 
gather data and utilize mathematical reasoning as evidence for arguments about sustainability. Students can also evaluate existing sustainability 
arguments or other students’ arguments. Example argument: To live sustainably, Earth’s resources must be used at a rate at which they can be 
replenished. Without the development of technologies, such as alternative fuels, as well as a change in the attitudes and activities of the people 
living here, Earth may not reach a sustainable level.  
 
Since any engineered solution to the problem is dependent on an understanding of the cause and effect relationship between the events, 
students should be able to argue from evidence when attributing negative impacts on Earth’s systems to increases in human population and per-
capita consumption of natural resources.   

Lesson Level Performance Expectations 

• Students can construct an explanation describing how humans depend on Earth’s natural resources to live. 
• Students can analyze data to determine that Earth’s natural resources are found in the atmosphere, biosphere, land, and oceans.   
• Students can engage in argument from evidence that some resources can be regenerated for our use, while others are either renewable 

or replaceable over human lifetimes. 



	  

 

• http://hub.mspnet.org/media/data/MiTEP_List_of_Common_Geoscience_Misconceptions.pdf?media_000000007297.pdf: 
• United Nations Population Division, Department of Economic and Social Affairs, United Nation Secretariat. The World at Six Billion. 12 Oct. 1999. 

http://www.un.org/esa/population/publications/sixbillion/sixbilcover.pdf   

• Students can construct an explanation based on evidence that various physical processes Earth has undergone in the past have resulted in 
the formation of natural resources that are distributed unevenly around the planet.  

• Students can construct an argument that supports the claim that as the human population grows, so does its effect on the environment. 
• Students can analyze data to determine that an increase in per-capita consumption of natural resources can result in negative impacts on 

Earth. 
• Students can evaluate competing data, hypotheses, and/or conclusions in scientific texts and other forms of media to determine whether 

activities and technologies (e.g. recycling, conservation and the development of new alternative energy sources) are reducing negative 
impacts on Earth’s natural resources. 

Misconceptions Accurate Concept 

1.  If we run out of oil and gas, we will just find more.  
2. "Man-made" materials do not come from mineral resources.   
3. Green energy leaves no carbon footprint.   
4. Few products we use every day have anything to do with taking 

rocks and minerals from the ground.  
5. Earth and its systems are too big to be affected by human actions. 
6. Earth is both an endless supply of resources and a limitless sink for 

the waste products of our society. 

1. Fossil fuels are a finite resource at the rate that they are being 
consumed. 

2. Minerals are used to make many “man-made” materials. 
3. Green energy still leaves a carbon footprint, although much 

smaller than other types of energy sources. 
4. Rocks are composed of minerals. Minerals are used to make 

many “man-made” materials. 
5. Human actions are capable of effecting the Earth and its 

systems. 
6.  Most of Earth’s resources are limited and finite and the Earth 

is not a limitless sink for society’s waste products. 

References 



	  

 

Bundle: Waves and Their Application for Information Transfer 

MS-PS4-1  
Students who demonstrate understanding can: 
Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the 
energy in a wave. 
 
MS-PS4-2 
Students who demonstrate understanding can: 
Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. 
 
MS-PS4-3 
Students who demonstrate understanding can: 
Integrate qualitative scientific and technical information to support the claim that digitized signals (sent as wave pulses) are a more 
reliable way to encode and transmit information. 

  In Lay Terms 

 A wave is a disturbance involving the transfer of energy from place to place. Each wave has a repeating pattern of wavelengths, frequency, and 
amplitude that allows for energy or information to travel distances. By understanding how waves work and how to use waves, students are able to 
apply that knowledge to situations associated with advancements in communication. 

 Three Dimensional Storyline  

In this bundle, the properties of mechanical waves and electromagnetic waves can be investigated using the crosscutting concepts of patterns as 
well as structure and function. Most waves need a medium (air, water or solid material) to travel through. These waves are called mechanical 
waves and form when an energy source causes a medium to vibrate. A simple wave has a repeating pattern with a specific wavelength, 
frequency, and amplitude. The distance between two corresponding parts of a wave is its wavelength. The frequency is the number of waves that 
pass a given point during a given amount of time. The amplitude of a wave is the maximum distance the medium vibrates from the resting 
position. The energy transported by a wave is directly proportional to the square of the amplitude of the wave. In other words, a high energy 
wave is characterized by a high amplitude. Students can use mathematical representations to describe a simple model for waves that includes 
how the amplitude of a wave is related to the energy in a wave. Students can analyze data to identify patterns indicating the increase in energy 
transported by a wave when the amplitude increases by units of one.  



	  

 
Sound waves are mechanical waves and need a medium, such as air, to travel through. Light waves, however, are a form of electromagnetic 
waves and do not require a medium. Electromagnetic waves are made up of vibrating electric and magnetic fields that can move through space 
or a medium.  Types of electromagnetic waves include radio waves, microwaves, infrared rays, ultraviolet rays, X-rays, and gamma rays as well as 
visible light. Two different models are needed to explain the behavior of light waves. The particle model explains light as a stream of tiny 
particles of energy called photons. When a beam of high frequency light shines on some metals, it causes electrons to move so much they can be 
knocked out of the metal. A wave model is useful for explaining brightness, color, and the frequency-dependent bending of light at a surface 
between media.  For example, when light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the 
object’s material and the frequency (color) of the light. Also, the path that light travels can be traced as straight lines, except at surfaces between 
different transparent materials (e.g., air and water, air and glass) where the light path bends. Using this information, students can develop and use 
models to describe that waves are reflected, absorbed, or transmitted through various materials.  Examples of models could include drawings, 
simulations, and written descriptions. Through an understanding that structures can be designed to serve particular functions by taking into 
account properties of different materials, students can design structures that absorb, reflect, and refract light.  
 
Each type of electromagnetic wave has properties that make it more useful for some purposes than others. They have different wavelengths and 
frequencies. Some waves can be used for communication purposes. Radio waves carry information from the antenna of a broadcasting station to 
the receiving antenna on a radio. Cell phones transmit and receive signals using high-frequency microwaves. Students can explore the structure 
and function of various modes of wireless communication and integrate qualitative scientific and technical information to support the claim that 
digitized signals (sent as wave pulses) are a more reliable way to encode and transmit information. Examples could include using fiber optic cable 
to transmit light pulses, radio wave pulses in Wi-Fi devices, and conversion of stored binary patterns to make sound or text on a computer screen. 

Lesson Level Performance Expectations 

• Students can analyze and interpret graphical displays of data to identify that a simple wave has a repeating pattern with a specific 
wavelength, frequency, and amplitude. 

• Students can use mathematical concepts to describe that the energy transported by the waves is directly proportional to the amplitude of 
the wave. 

• Students can develop a model to describe how sound waves require a medium in order to be transmitted and how the type of medium 
affects the characteristics of the sound waves. 

• Students can analyze data to construct an explanation that light can travel through space and does not need to travel through a medium. 
• Students can plan and conduct an investigation to describe, test, and predict the behavior of light when it shines on an object, is 

reflected, absorbed, or transmitted through the object, depending on the object’s material and the frequency (color) of the light. 
• Students can plan and carry out investigations that describe, test and predict the path that light travels when it passes between different 

transparent materials (e.g., air and water, air and glass). 



	  

• Students can use a wave model to describe how the path of light is affected when it moves from one medium to another (e.g. air to water) 
and how this difference in medium can affect the brightness and color (i.e. frequency-dependency) of the light traveling through the 
various mediums. 

• Students can use models to describe that light behaves as both a wave and a particle. 
• Students can obtain information and evaluate the merit and validity of the claim that digitized signals (sent as wave pulses) are a more 

reliable way to encode and transmit information. 

Misconceptions Accurate Concept 

1. Waves transport matter. 
2. There must be a medium for a wave to travel 

through. 
3. Waves do not have energy. 
4. Big waves travel faster than small waves in the same 

medium. 
5. Different colors of light are different types of waves. 
6. Light “just is” and has no origin. 
7. Light is a particle. 
8. The addition of all colors yields black. 
9. Light is a mixture of particles and waves. 
10. In refraction, the characteristics of light change. 
11. There is no interaction between light and matter. 

1. Waves travel through a medium. 
2. Waves travel through a medium. 
3. Wave amplitude is related to the amount of energy contained in a wave. 
4. Waves travel the same speed if in the same medium.  
5. Different colors are actually different wavelengths of light.  
6. Light has an origin from which it travels outward.  
7. Light behaves as both a particle and a wave. 
8. The addition of all wavelengths of light yields white light. 
9. Light behaves as both a wave and a particle. 
10. Refraction is the change in direction of propagation of a wave due to a 

change in its transmission medium. 
11. Light interacts with matter in different ways. 

References 
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Bundle: Motion and Forces 

MS-PS2-1 
Students who demonstrate understanding can: 
Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects. 
 
MS-PS2-2  
Students who demonstrate understanding can: 
Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on the object and the 
mass of the object. 

In Lay Terms 

Force is required in order to change the speed or direction of an object’s motion. The change in motion of an object is affected by the mass of 
the object and the size of the force applied. Forces between objects occur in pairs known as action/reaction pairs. Whenever an object pushes or 
pulls another object, it gets pushed or pulled back in the opposite direction with an equal force. 

Three Dimensional Storyline 

In this bundle, Newton’s First and Third Laws of Motion can be investigated together as students examine and explain how balanced and 
unbalanced forces along with varying strengths of forces impact the stability in motion of objects. The motion of an object is determined by the 
sum of the forces acting on it. When the forces acting on an object are all equal and produce a net force of zero, the forces are balanced. When 
forces are balanced objects at rest remain at rest and a moving object’s motion remains unchanged. For example, if two students having the 
same mass, push on opposite ends of a piano with the same amount of force, the piano will not move.   
 
However, when the total force applied to an object is unequal and not zero, the forces are unbalanced and results in a change of motion. For 
example, if two teams are tugging on the opposite ends of a rope and one team has more mass and/or is pulling with more force, the rope will 
move in the direction of that team. This is known as Newton’s First Law of Motion (or the Law of Inertia) and is stated, “An object at rest remains 
at rest and an object in motion maintains its velocity unless it is acted upon by an unbalanced force.” Students can plan and carry out 
investigations to collect data that proves that the greater the mass of an object, the greater the force needed to achieve a change in motion of 
that object. Providing students with opportunities to collect evidence from multiple investigations, manipulating one variable at a time, will allow 
them to use data to support the claim that a larger force will cause a greater change in the motion of an object when compared to a smaller 
force. 
Newton’s First Law supports students in their understanding of Newton’s Third Law, which can be summarized by the following statement, “for 
any pair of interacting objects, the force exerted by the first object on the second object is equal in strength to the force that the second object 



	  

exerts on the first, but in the opposite direction.” For example, when a book is sitting on a table, the book is pushing down on the table with the 
same force the table is pushing back up on the book. Students can explore this concept by modeling how energy flows through systems of 
colliding objects. Example systems could include: (1) a low mass cart and a high mass cart colliding (2) two carts of the same mass colliding (3) or 
the impact of a cart and a stationary object colliding. Students can use physical models of colliding objects or they can diagram models (free 
body diagrams) to explain the interaction of the objects and discuss the energy inputs and outputs involved in the systems. Students can use the 
models to construct an explanation for the phenomena they observe with Newton’s Third Law. 
 
Students can then apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects. For example, 
students could design a solution to a problem in order to minimize the impact on an object during a collision. It is beneficial to engage students 
in engineering design projects in which they can use science concepts to explain why a designed solution works or does not work.   

Lesson Level Performance Expectations 

• Students can construct an explanation using models to show that for any pair of interacting objects, the force exerted by the first object 
on the second object is equal in strength to the force that the second object exerts on the first, but in the opposite direction. 

• Students can ask questions to identify the relationship between forces that are balanced and unbalanced. 
• Students can carry out investigations to provide evidence that the motion of an object is determined by the sum of the forces acting on it. 
• Students can use mathematical and computational thinking to explain that if the total of the forces applied to an object is not zero, its 

motion will change. 
• Students can collect and utilize data as evidence to test Newton’s First Law of Motion (also known as the Law of Inertia), which states that 

an object in motion will remain in motion and an object at rest will remain at rest unless acted upon by an unbalanced force.  
• Students can plan an investigation to provide evidence that the greater the mass of an object, the greater its inertia, requiring a greater 

force to achieve a change in motion.  
• Students can plan an investigation to show that for any given object, a larger force causes a larger change in motion.  
• Students can use mathematical representations to describe the speed, velocity and acceleration of an object. 

Misconceptions Accurate Concept 

1.  The terms “energy” and “force” are interchangeable. 
2. An object at rest has no energy. 
3. If an object is at rest, no forces are acting on the object.  
4. An object with a constant (non-zero) net force will have a 

constant speed. 
5. Faster moving objects have a larger force acting on them. 

1. Energy and force are different, distinct terms. Energy is required 
to apply a force. 

2. An object at rest has potential energy.  
3. An object at rest still has forces acting on it, for example gravity.  
4. An object with a constant net force will have a positive or 

negative acceleration.  
5.  Force is proportional to mass times acceleration.   
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