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Explanation of Project 
 

The purpose of this project is to create a set of sub-competencies (Learning Targets) for 
Kreiva Academy, a new grades 6-12 charter school in Manchester, NH. These Learning Targets 
will serve a clear link between the state-adopted standards and the competencies (credits) earned 
by students. In addition, they clarify learning so that students can more readily understand the 
purpose of--and track their progress towards--their understanding of topics. This also allows 
teachers to hone in on the important aspects of what they are teaching, setting a transparent 
standard for the minimum acceptable level of understanding. Because all classes at Kreiva 
Academy are interdisciplinary, this project sets the foundation for targets from all core subjects 
to be mixed and matched based on topics relevant to students. These topics will drive our 
modules (5-8 week classes), which make up the rigorous, engaging curriculum.  

These science targets were created from the Framework for K-12 Science Education 
published by the National Research Council. This framework serves as the basis for the Next 
Generation Science Standards, which are the New Hampshire-adopted state standards. The 
targets were then vetted to ensure coverage of the Disciplinary Core Idea endpoints that were 
synthesized by the NGSS project. Additionally, rubrics were created from and reviewed with the 
limitations set forth in each NGSS standard in order to comply with the specific rigor inherent to 
each standard. These are clearly delineated in each standard’s Evidence Statement, which are 
used to populate the Assessment Rubrics. Because Kreiva takes an interdisciplinary approach in 
its classes, the authors noted the links to Mathematics and English Language Arts & Literacy 
CCSS, but chose edit them from Kreiva’s science rubrics, as they do not relate clearly to science 
content, process, or thinking. The author’s do, however, regard them as relevant to and even 
essential in a traditional K-12 setting.  

Kreiva’s graduation requirements indicate one (1) credit in Life Science, one (1) credit in 
Physical Science, and one (1) credit in Earth/Space Science. Additionally, we consider our half 
(.5) credit in Health a science credit. This exceeds the state-required science credits, and was 
approved by the NH Board of Education. Moreover, we offer another half (.5) credit in 
Chemistry and one (1) credit in Physics to cover those topics needed to advance to a 4-year 
collegiate institution. As of publication date, the integration of the Engineering Targets has not 
yet been completed. 

At the date of this publication, there is continued political discourse on the topic of global 
climate change and human impact on the environment. Though the author’s acknowledge this 
contemporary controversial issue, the state-adopted standards clearly identify these topics as 
required science content, and thus we have included them. 

After their creation, experts reviewed the Learning Targets, pre-requisites, rubrics, and 
assessment rubrics. The pre-requisites are required targets to be completed previous to a 
student’s taking another target. The rubrics will be used for student portfolios in addition to 
being shown to parents/students to make decisions about taking an assessment for mastery. They 
will also be on the one-page course syllabus. Assessment rubrics are used by the teachers, 
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students in a module, and by students/mentors working on Extended Learning Opportunity 
credit. The authors then integrated the multiple rounds of feedback and finalized this document. 
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Targets by Competency 
 

Life Sciences 
Middle School 

8 Learning Targets 
 

Class 
Code 

Target 

MBIO.1 I can explain the structure and function of organisms. 

MBIO.2 I can explain how specialized cells create body systems that are used for sensory 
information. 

MBIO.3   I can describe how organisms interact with their environments. 

MBIO.4  I can explain the importance of biodiversity to the function of a food web. 

MBIO.5   I can explain how reproductive processes affect genetic variation and the success 
of a species. 

MBIO.6  I can summarize evidence for macroevolution. 

MBIO.7  I can explain how and why a species changes over time. 

MBIO.8  I can explain how selective breeding leads to traits expressed in a population. 
 

High School 
8 Learning Targets 

 

Class 
Code 

Target 

BIO.1 I can explain what drives the chemical and structural foundations of organisms.  

BIO.2 I can explain the role of biochemical processes in the exchange of matter and 
energy within Earth's ecosystems. 

BIO.3   I can describe how matter and energy flows through life and affects Earth’s 
spheres.  

BIO.4  I can illustrate how ecosystems have interdependent relationships. 

BIO.5   I can design a solution to reduce the negative effects of human activity on 
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biodiversity. 

BIO.6  I can explain how cellular division and differentiation produce and maintain a 
complex organism. 

BIO.7  I can summarize the causes and evidence for evolution. 

BIO.8  I can describe how natural selection and adaptation bear on group behavior and 
trait variation within a population. 

 
Physical Sciences 

Middle School 
7 Learning Targets 

 

Class 
Code 

Target 

MPHYS.1 I can explain how atoms combine in a variety of ways for different uses.  

MPHYS.2 I can solve a problem using knowledge of thermal energy.  

MPHYS.3  I can explain how force, mass, and motion affect an object. 

MPHYS.4  I can describe the transfer of energy from various forces interacting on objects.  

MPHYS.5  I can relate kinetic energy to mass and speed.  

MPHYS.6  I can design a thermal energy transfer solution.  

MPHYS.7  I can describe the properties of waves and how they store and transfer information.  

 
Physical Sciences 

High School 
8 Learning Targets 

 

Class 
Code 

Target 

PHYS.1 I can explain how the structure and interaction of matter is determined by electrical 
forces within and between atoms.  

PHYS.2 I can can predict what will happen in a chemical reaction and its impact. 
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PHYS.3  I can solve stoichiometric calculations. 

PHYS.4  I can apply knowledge of force and momentum to a collision design. 

PHYS.5  I can explain electrostatic, gravitational, and magnetic forces. 

PHYS.6  I can explain how matter and energy interact to achieve stability within a system. 

PHYS.7  I can apply central concepts of light waves. 

PHYS.8 I can describe the structure and impact of electromagnetic radiation. 

 
Earth/Space Science 

Middle School 
 Learning Targets 

 

Class 
Code 

Target 

MESS.1  I can discuss evidence for major theories about changes over time in Earth's 
geosphere and its origin. 

MESS.2  I can describe how energy and matter cycle through each of Earth's major systems. 

MESS.3  I can explain how weather and climate interact with geography. 

MESS.4  I can explain the importance of the complex interactions between humans and 
Earth's systems. 

MESS.5 I can describe the scale and structure of the universe. 

MESS.6 I can describe observable natural phenomena that relate to the Earth-moon-sun 
System. 

 
Earth/Space Science 

High School 
 Learning Targets 

 

Class 
Code 

Target 

ESS.1  I can describe Earth’s creation, early history, and geosphere processes.  
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ESS.2  I can evaluate the impact of human activity on Earth’s water cycle.  

ESS.3  I can evaluate the causes and effects of climate change on Earth.  

ESS.4  I can explain the complexity of the coevolution of Earth and life. 

ESS.5 I can explain the complexity of the coevolution of Earth and life. 

ESS.6 I can explain major principles of space. 
 
 
 

Health 
Middle School 

2 Learning Targets 
 

Class 
Code 

Target 

MHLTH.1  I can describe the process of how humans get energy.  

MHLTH.2 I can explain how organisms develop to reproductive maturity. 
 

High School 
2 Learning Targets 

 

Class 
Code 

Target 

HLTH.1  I can explain the physiological effects of different types of drugs on the human 
body.  

HLTH.2  I can explain the transference of STIs and their physiological effects on the human 
body.  
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Targets by Grade-band: 6-8 
 

Life Sciences 
8 Learning Targets 

 

Class 
Code 

Target 

MBIO.1 I can explain the structure and function of organisms. 

MBIO.2 I can explain how specialized cells create body systems that are used for sensory 
information. 

MBIO.3   I can describe how organisms interact with their environments. 

MBIO.4  I can explain the importance of biodiversity to the function of a food web. 

MBIO.5   I can explain how reproductive processes affect genetic variation and the success 
of a species. 

MBIO.6  I can summarize evidence for macroevolution. 

MBIO.7  I can explain how and why a species changes over time. 

MBIO.8  I can explain how selective breeding leads to traits expressed in a population. 

 
Physical Sciences 
7 Learning Targets 

 

Class 
Code 

Target 

MPHYS.1 I can explain how atoms combine in a variety of ways for different uses.  

MPHYS.2 I can solve a problem using knowledge of thermal energy.  

MPHYS.3  I can explain how force, mass, and motion affect an object. 

MPHYS.4  I can describe the transfer of energy from various forces interacting on objects.  

MPHYS.5  I can relate kinetic energy to mass and speed.  

MPHYS.6  I can design a thermal energy transfer solution.  

MPHYS.7  I can describe the properties of waves and how they store and transfer information.  
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Earth/Space Science 
 Learning Targets 

 

Class 
Code 

Target 

MESS.1  I can discuss evidence for major theories about changes over time in Earth's 
geosphere and its origin. 

MESS.2  I can describe how energy and matter cycle through each of Earth's major systems. 

MESS.3  I can explain how weather and climate interact with geography. 

MESS.4  I can explain the importance of the complex interactions between humans and 
Earth's systems. 

MESS.5 I can describe the scale and structure of the universe. 

MESS.6 I can describe observable natural phenomena that relate to the Earth-moon-sun 
System. 

 
Health 

2 Learning Targets 
 

Class 
Code 

Target 

MHLTH.1  I can describe the process of how humans get energy.  

MHLTH.2 I can explain how organisms develop to reproductive maturity. 
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Targets by Grade-band: 9-12 
 

Life Science 
8 Learning Targets 

 

Class 
Code 

Target 

BIO.1 I can explain what drives the chemical and structural foundations of organisms.  

BIO.2 I can explain the role of biochemical processes in the exchange of matter and 
energy within Earth's ecosystems. 

BIO.3   I can describe how matter and energy flows through life and affects Earth’s 
spheres.  

BIO.4  I can illustrate how ecosystems have interdependent relationships. 

BIO.5   I can design a solution to reduce the negative effects of human activity on 
biodiversity. 

BIO.6  I can explain how cellular division and differentiation produce and maintain a 
complex organism. 

BIO.7  I can summarize the causes and evidence for evolution. 

BIO.8  I can describe how natural selection and adaptation bear on group behavior and 
trait variation within a population. 

 
Physical Sciences 
8 Learning Targets 

 

Class 
Code 

Target 

PHYS.1 I can explain how the structure and interaction of matter is determined by electrical 
forces within and between atoms.  

PHYS.2 I can can predict what will happen in a chemical reaction and its impact. 

PHYS.3  I can solve stoichiometric calculations. 
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PHYS.4  I can apply knowledge of force and momentum to a collision design. 

PHYS.5  I can explain electrostatic, gravitational, and magnetic forces. 

PHYS.6  I can explain how matter and energy interact to achieve stability within a system. 

PHYS.7  I can apply central concepts of light waves. 

PHYS.8 I can describe the structure and impact of electromagnetic radiation. 

 
Earth/Space Science 

 Learning Targets 
 

Class 
Code 

Target 

ESS.1  I can describe Earth’s creation, early history, and geosphere processes.  

ESS.2  I can evaluate the impact of human activity on Earth’s water cycle.  

ESS.3  I can evaluate the causes and effects of climate change on Earth.  

ESS.4  I can explain the complexity of the coevolution of Earth and life. 

ESS.5 I can explain the complexity of the coevolution of Earth and life. 

ESS.6 I can explain major principles of space. 
 

Health 
2 Learning Targets 

 

Class 
Code 

Target 

HLTH.1  I can explain the physiological effects of different types of drugs on the human 
body.  

HLTH.2  I can explain the transference of STIs and their physiological effects on the human 
body.  

 



 

Copyright Kreiva Academy, 2018 
 
12 

Middle School Rubrics 
 

Life Sciences 
Pre-Requisites and Preferred Requisites 

 

 Target Pre-Req. Preferred 
Req. 

MBIO.1 I can explain the structure and function of 
organisms. 

  

MBIO.2 I can explain how specialized cells create body 
systems that are used for sensory information. 

MBIO.1  

MBIO.3   I can describe how organisms interact with their 
environments. 

 MBIO.2; 
MPHYS.5 

MBIO.4  I can explain the importance of biodiversity to 
the function of a food web. 

MBIO.3  

MBIO.5   I can explain how reproductive processes affect 
genetic variation and the success of a species. 

MBIO.1  

MBIO.6  I can summarize evidence for macroevolution. MBIO.5; 
MESS.1 

 

MBIO.7  I can explain how and why a species changes 
over time. 

MBIO.5 MBIO.3 

MBIO.8  I can explain how selective breeding leads to 
traits expressed in a population. 

MBIO.7  

MHLTH.1  I can describe the process of how humans get 
energy.  

MBIO.1 MBIO.3 

MHLTH.2 I can explain how organisms develop to 
reproductive maturity. 

 MBIO.3; 
MBIO.5 
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MBIO.1 I can explain the structure and function of organisms. 
NGSS: MS-LS1-1; MS-LS1-2 
 
Rubric: 
___ Identifies the parts of a cell 
___ Describes relationship between parts of cells in terms of cellular function 
___ Explains key differences in cellular structure between plant and animal cells, including 
their function 
___ Identifies and describes the relevant hierarchy of parts and processes of body systems 
in multicellular organisms.  
___ Describes the relationships between and within TWO (2) major body systems. 
___ Explains the different tools used for observation of phenomena at different magnification 
levels  
 
 
Assessment rubric: 
Parts of cell: nucleus, chloroplasts, cell wall, mitochondria, cell membrane; function of cell as a 
whole 
Relationship between parts: cell membrane/wall and each organelle; cells internal processes; 
maintaining structure of cell; controlling what enters/leave cell; organelles functioning together 
Key differences: cell wall (vs. just membrane) for structure; chloroplasts (for photosynthesis) 
Hierarchy of Parts: organ system, organs, tissues, cells 
Processes of body systems: transportation of fluids, motion, etc. 
Major body systems: 
a. The functions of at least two major body systems (not nervous or reproductive) in terms of 
overall function of organism;  
b. Ways the functions of two different systems affect one another; and  
c. A system’s function and how that relates both to the system’s parts and to the overall function 
of the organism.  
Different Tools: 
a. Explains the use of different microscopes and their magnification levels. 
 
 
MBIO.2 I can explain how specialized cells create body systems that 
are used for sensory information. 
NGSS: MS LS1-3; MS LS1-8 
Pre-Requisite: MBIO.1 
 
Rubric: 
___ Explains and gives examples of specialized cells, tissues, and organs 
___ Provides examples of how the body is a system of interacting subsystems composed of 
groups of specialized cells. 
___ Provides examples and purpose of body systems working with each other 
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___ Explains the relationship between sensory receptors and the storage and usage of sensory 
information by organisms 
___ Illustrates with evidence the options for sensory information processing 
 
Assessment Rubric: 
Specialized: 
a. Specialized groups of cells work together to form tissues (e.g., evidence from data about the 
kinds of cells found in different tissues, such as nervous, muscular, and epithelial, and their 
functions).  
b. Specialized tissues comprise each organ, enabling the specific organ functions to be carried 
out (e.g., the heart contains muscle, connective, and epithelial tissues that allow the heart to 
receive and pump blood).  
Interacting Subsystems: 
a. Every scale (e.g., cells, tissues, organs, organ systems) of body function is composed of 
systems of interacting components. 
b. Organs are composed of interacting tissues. Each tissue is made up of specialized cells. 
These interactions at the cellular and tissue levels enable the organs to carry out specific 
functions.  
c. A body is a system of specialized organs that interact with each other and their subsystems to 
carry out the functions necessary for life.  
Body Systems: 
a. Different organs can work together as subsystems to form organ systems that carry out 
complex functions (e.g., the heart and blood vessels work together as the circulatory system to 
transport blood and materials throughout the body).  
b. The body contains organs and organ systems that interact with each other to carry out all 
necessary functions for survival and growth of the organism (e.g., the digestive, respiratory, and 
circulatory systems are involved in the breakdown and transport of food and the transport of 
oxygen throughout the body to cells, where the molecules can be used for energy, growth, etc).  
Sensory Information: 
a. Different types of sensory receptors and the types of inputs to which they respond (e.g., 
electromagnetic, mechanical, chemical stimuli).  
b. Sensory information transmission along nerve cells from receptors to the brain.  
Sensory Information Processing: 
a. Memories (i.e., stored information).  
b. Immediate behavioral responses (i.e., immediate use). 
 
 
MBIO.3 I can describe how organisms interact with their 
environments. 
NGSS: MS-LS1-6; MS-LS2-1; MS-LS2-3  
Preferred Requisite: MBIO.2; MPHYS.1 
 
Rubric: 
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___ Identifies essential components of a food web 
___ Identifies the energy transfer between non-living and living things 
___ Explains how photosynthesis cycles matter and energy into and out of organisms 
___ Determines the relationships between the size of a population, the growth and survival of 
individual organisms, and resource availability in an ecosystem 
___ Defines the boundaries of an ecosystem 
 
Assessment Rubric:  
Ecosystem: 
a. Populations (e.g., sizes, reproduction rates, growth information) of organisms as a function of 
resource availability.  
b. Growth of individual organisms as a function of resource availability.  
c. Changes in the amount and availability of a given resource (e.g., less food) may result in 
changes in the population of an organism (e.g., less food results in fewer organisms).  
d. Changes in the amount or availability of a resource (e.g., more food) may result in changes in 
the growth of individual organisms (e.g., more food results in faster growth).  
e. Constraints on resource availability drives competition among organisms, both within a 
population as well as between populations.  
f. Resource availability may have effects on a population’s rate of reproduction. 
Food Web: 
a. Organisms can be classified as producers, consumers, and/or decomposers.  
b. Nonliving parts of an ecosystem (e.g., water, minerals, air) that can provide matter to living 
organisms or receive matter from living organisms.  
Boundaries: 
a. Clarify boundaries of the ecosystem under consideration in their model (e.g., pond, part of a 
forest, meadow; a whole forest, which contains a meadow, pond, and stream). 
Energy Transfer: 

i. Energy transfer into and out of the system.  
ii. Energy transfer and matter cycling (cycling of atoms):  

1. Among producers, consumers, and decomposers (e.g., decomposers break 
down consumers and producers via chemical reactions and use the energy released 
from rearranging those molecules for growth and development).  

2. Between organisms and the nonliving parts of the system (e.g., producers use 
matter from the nonliving parts of the ecosystem and energy from the sun to produce 
food from non-food materials).  
iii. When organisms consume other organisms, there is a transfer of energy and a 

cycling of atoms that were originally captured from the nonliving parts of the ecosystem by 
producers.  

vi. The transfer of matter (atoms) and energy between living and nonliving parts of the 
ecosystem at every level within the system, which allows matter to cycle and energy to flow 
within and outside of the system.  
Photosynthesis 

i. Plants, algae, and photosynthetic microorganisms require energy (in the form of 
sunlight) and must take in carbon dioxide and water to survive.  
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ii. Energy from sunlight is used to combine simple non-food molecules (e.g., carbon 
dioxide and water) into food molecules (e.g., sugar) and oxygen, which can be used 
immediately or stored by the plant.  

iii. Plants, algae, and photosynthetic microorganisms take in matter (in the form of 
carbon dioxide and water) and use energy from the sun to produce carbon-based organic 
molecules (food), which they can use immediately or store, and release oxygen into the 
environment through photosynthesis.  

iv. Plants use the food they have made for energy, growth, and other necessary 
functions (e.g., repair, seed production).  

 v. The process of photosynthesis has an important role in energy and matter cycling 
within plants (i.e., the conversion of carbon dioxide and water into complex carbon-
based molecules (sugars) and oxygen, the contribution of sugars to plant growth and 
internal processes) as well as from plants to other organisms.  

 
 
MBIO.4 I can explain the importance of biodiversity to the function of 
a food web. 
NGSS: MS-LS2-2; MS-LS2-4; MS-LS2-5 
Pre-Requisite: MBIO.3 
 
Rubric: 
___ Describes similarities in patterns of interactions which occur between organisms and their 
environment 
___ Predicts interactions between organisms and their environment 
___ Explains different changes in physical or biological components of an ecosystem 
___ Gives examples of how changes in physical or biological components of an ecosystem can 
affect the populations living there 
___ Predicts issues in ecosystem stability 
___ Compares ecosystem service solutions for ecosystem stability 
 
Assessment Rubric: 
Patterns of Interactions: 
a. Competitive relationships occur when organisms within an ecosystem compete for shared 
resources (e.g., data about the change in population of a given species when a competing 
species is introduced).  
b. Predatory interactions occur between organisms within an ecosystem.  
c. Mutually beneficial interactions occur between organisms within an ecosystem. Organisms 
involved in these mutually beneficial interactions can become so dependent upon one another 
that they cannot survive alone.  
d. Resource availability, or lack thereof, can affect interactions between organisms (e.g., 
organisms in a resource-limited environment may have a competitive relationship, while those 
same organisms may not be in competition in a resource-rich environment).  
d. Competitive, predatory, and mutually beneficial interactions occur across multiple, different, 
ecosystems  
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Predicts interactions: 
a. Given specific organisms in a given environment with specified resource availability, which 
organisms in the system will exhibit which patterns of interaction. Predict the following types of 
interactions:  

i. Predatory interactions.  
ii. Competitive interactions.  
iii. Mutually beneficial interactions.  

Different Changes: 
a. Changes in the physical or biological components of an ecosystem, including the magnitude 
of the changes (e.g., data about rainfall, fires, predator removal, species introduction).  
b. Changes in the populations of an ecosystem, including the magnitude of the changes (e.g., 
changes in population size, types of species present, and relative prevalence of a species within 
the ecosystem).  
c. Evidence of causal and correlational relationships between changes in the components of an 
ecosystem with the changes in populations.  
Affect Populations: 
a. Specific changes in the physical or biological components of an ecosystem cause changes 
that can affect the survival and reproductive likelihood of organisms within that ecosystem (e.g., 
scarcity of food or the elimination of a predator will alter the survival and reproductive probability 
of some organisms).  
b. Factors that affect the survival and reproduction of organisms can cause changes in the 
populations of those organisms.  
c. Patterns in the evidence suggest that many different types of changes (e.g., changes in 
multiple types of physical and biological components) are correlated with changes in organism 
populations.  
d. Evidence from both correlational patterns and causal relationships suggest that many 
changes in physical or biological components of ecosystems can cause changes in populations 
of organisms.  
e. Some small changes in physical or biological components of an ecosystem are associated 
with large changes in a population, suggesting that small changes in one component of an 
ecosystem can cause large changes in another component. 
Ecosystem Stability: 
a. Definition of Ecosystem Stability. 
b. Affected by the variety of species (biodiversity) found in the given ecosystem.  
c. Factors that affect the stability of the biodiversity of the given ecosystem.  
Ecosystem Services: 
a. Describe multiple ‘ecosystem services’ (e.g., water purification, nutrient recycling, prevention 
of soil erosion) that the ecosystems provide and which affect the stability of the system.  
b. Explain why biodiversity and/or ecosystem services are necessary to maintaining a healthy 
ecosystem.  
c. Compare the ability of different competing design solutions to maintain ecosystem stability 
and biodiversity.  
d. Clarify the strengths and weaknesses of the competing designs with respect to each criterion 
and constraint (e.g., scientific, social, and economic considerations).  
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e. Assess possible side effects of the given design solutions on other aspects of the ecosystem, 
including the possibility that a small change in one component has a large impact on the 
ecosystem as a whole. 
 
 
MBIO.5 I can explain how reproductive processes affect genetic 
variation and the success of a species. 
NGSS: MS-LS1-4; MS-LS3-2 
Pre-Requisite: MBIO.1 
 
Rubric: 
___ Explains how characteristic animal behaviors and specialized plant structures affect the 
probability of successful reproduction of animals and plants, respectively 
___ Compare the processes of asexual and sexual reproduction 
___ Compare sources of genetic variation in asexual and sexual reproduction 
 
Assessment Rubric: 
Successful Reproduction: 
a. Characteristic animal behaviors that increase the probability of reproduction.  
b. Specialized plant and animal structures that increase the probability of reproduction.  
c. Cause-and-effect relationships between:  

i. Specialized plant structures and the probability of successful reproduction of plants 
that have those structures.  

ii. Animal behaviors and the probability of successful reproduction of animals that exhibit 
those behaviors.  

iii. Plant reproduction and the animal behaviors related to plant reproduction.   
d. Because successful reproduction has several causes and contributing factors, the cause-and-
effect relationships between any of these characteristics, separately or together, and 
reproductive likelihood can be accurately reflected only in terms of probability.  
Asexual and Sexual Reproduction: 
a. Develop a model (e.g., Punnett squares, diagrams, simulations) for a given phenomenon 
involving the differences in genetic variation that arise from sexual and asexual reproduction. 
Identify and describe the relevant components, including:  

i. Chromosome pairs, including genetic variants, in asexual reproduction:  
1. Parents.  
2. Offspring.  

ii. Chromosome pairs, including genetic variants, in sexual reproduction:  
1. Parents.  
2. Offspring.  

b. During reproduction (both sexual and asexual), parents transfer genetic information in the 
form of genes to their offspring.  
c. Under normal conditions, offspring have the same number of chromosomes, and therefore 
genes, as their parents.  
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d. During asexual reproduction, a single parent’s chromosomes (one set) are the source of 
genetic material in the offspring.  
e. During sexual reproduction, two parents (two sets of chromosomes) contribute genetic 
material to the offspring.  
Genetic Variation 
a Describe a causal account for why sexual and asexual reproduction result in different amounts 
of genetic variation in offspring relative to their parents, including that:  

i. In asexual reproduction:  
1. Offspring have a single source of genetic information, and their chromosomes 

are complete copies of each single parent pair of chromosomes.  
2. Offspring chromosomes are identical to parent chromosomes.  

ii. In sexual reproduction:  
1. Offspring have two sources of genetic information (i.e., two sets of 

chromosomes) that contribute to each final pair of chromosomes in the offspring.  
2. Because both parents are likely to contribute different genetic information, 

offspring chromosomes reflect a combination of genetic material from two sources and 
therefore contain new combinations of genes (genetic variation) that make offspring 
chromosomes distinct from those of either parent.  

b Predict that more genetic variation occurs in organisms that reproduce sexually compared to 
organisms that reproduce asexually.  
 
 
MBIO.6 I can summarize evidence for macroevolution. 
NGSS: MS-LS4-1; MS-LS4-2; MS-LS4-3 
Pre-Requisite: MBIO.5; MESS.1 
 
Rubric: 
___ Explains the link between time, the fossil record, and the sedimentary layers 
___ Identifies the pattern of changes in rock layers and explains how those pattern could be 
used to date fossils found in the layers. 

___ Interprets evidence for the existence, diversity, extinction, and change in life forms 
throughout the history of Earth 

___ Describes the significance of anatomical similarities and differences amongst organisms 
as evidence of evolution.  
___ Explains organisms’ evolutionary relationships 
___ Explains patterns of similarities and changes in embryo development to describe evidence 
for relatedness among apparently diverse species 
 
Assessment Rubric: 
Link: 
a. Organize data regarding the appearance of specific types of fossilized organisms in the fossil 
record as a function of time, as determined by their locations in the sedimentary layers or the 
ages of rocks.  
Patterns of Changes: 
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a. Patterns between any given set of sedimentary layers and the relative ages of those layers.  
b. The time period(s) during which a given fossil organism is present in the fossil record.  
c. Periods of time for which changes in the presence or absence of large numbers of organisms 
or specific types of organisms can be observed in the fossil record (e.g., a fossil layer with very 
few organisms immediately next to a fossil layer with many types of organisms).  
d. Patterns of changes in the level of complexity of anatomical structures in organisms in the 
fossil record, as a function of time.  
Existence, Diversity, Extinction: 
a. When mass extinctions occurred.  
b. When organisms or types of organisms emerged, went extinct, or evolved.  
c. The long-term increase in the diversity and complexity of organisms on Earth. 
Anatomical Similarities and Differences: 
a. Anatomical similarities and differences among organisms can be used to infer evolutionary 
relationships, including:  

i. Among modern organisms.  
ii. Between modern and fossil organisms.  

b. Modern, living organisms (e.g., skulls of modern crocodiles, skeletons of birds; features of 
modern whales and elephants).  
c. Fossilized organisms (e.g., skulls of fossilized crocodiles, fossilized dinosaurs).  
Evolutionary Relationships: 
a. Organisms that share a pattern of anatomical features are likely to be more closely related 
than are organisms that do not share a pattern of anatomical features, due to the cause-and-
effect relationship between genetic makeup and anatomy (e.g., although birds and insects both 
have wings, the organisms are structurally very different and not very closely related; the wings 
of birds and bats are structurally similar, and the organisms are more closely related; the limbs 
of horses and zebras are structurally very similar, and they are more closely related than are 
birds and bats or birds and insects).  
b. Changes over time in the anatomical features observable in the fossil record can be used to 
infer lines of evolutionary descent by linking extinct organisms to living organisms through a 
series of fossilized organisms that share a basic set of anatomical features.  
Embryo Development: 
a. Identify linear and nonlinear relationships, including:  

i. Patterns of similarities in embryos across species (e.g., early mammal embryos and 
early fish embryos both contain gill slits, whale embryos and the embryos of land animals — 
even some snakes — have hind limbs).  

ii. Patterns of changes as embryos develop (e.g., mammal embryos lose their gill slits, 
but the gill slits develop into gills in fish).  

iii. Similarities that are not evident in the fully formed anatomy (e.g., mammals and fish 
are more closely related than they appear to be based on their adult features, whales are 
related to land animals).  
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MBIO.7 I can explain how and why a species changes over time. 
NGSS: MS-LS3-1; MS-LS4-6 
Pre-Requisite: MBIO.5 
Preferred Requisite: MBIO.3 
 
___ Explains how distribution of traits shifts in a population 
___ Explains how adaptation and natural selection work as a function of time 
___ Explains the relationship between mutations and their effects on the organism 
___ Explains how a mutation’s effect can be observed in an organism 
 
Distribution of Traits: 
a. Characteristics of a species change over time (i.e., over generations) through adaptation by 
natural selection in response to changes in environmental conditions.  
b. Traits that better support survival and reproduction in a new environment become more 
common within a population in that environment.  
c. Traits that do not support survival and reproduction as well become less common within a 
population in that environment.  
Natural Selection: 
a. When environmental shifts are too extreme, populations do not have time to adapt and may 
become extinct.  
b. Through natural selection, traits that better support survival and reproduction are more 
common in a population than those traits that are less effective.  
c.  Because there are multiple cause-and-effect relationships contributing to the phenomenon, 
for each different cause, it is not possible to predict with 100% certainty what will happen.  
Mutation’s Effects: 
a. May affect protein structure and function.  
 i. Every gene has a certain structure which determines specific proteins 
b. May affect how proteins contribute to observable structures and functions in organisms.  
 i. Protein structure influences protein function (e.g., the structure of some blood proteins 
allows them to attach to oxygen, the structure of a normal digestive protein allows it to break 
down particular food molecules).  
c. May result in trait changes that are beneficial, harmful, or neutral for the organism.  
 
 
MBIO.8 I can explain how selective breeding leads to traits expressed 
in a population. 
NGSS: MS-LS4-4; MS-LS4-5 
Pre-Requisite: MBIO.7 
 
Rubric 
___ Articulates why inheriting traits increases the chances of an organism’s success 
___ Explains how genetic variation increases the chances of an population’s success 
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___ Explains how (at least) two technologies have changed the way humans influence the 
inheritance of desired traits through artificial selection  
 
Assessment Rubric 
Inheriting Traits: 
a. Individuals in a species have genetic variation that can be passed on to their offspring.  

i. Genetic variation increases the probability of a species surviving and reproducing in a 
specific environment.  
b. Understands the cause-and-effect relationships between traits (i.e., specific variations of a 
characteristic) and the probability of survival and reproduction of a given organism in a specific 
environment.  
d. Describes the particular genetic variations (associated with specific traits) that are carried by 
an organism.  
Genetic Variation: 
a. Any population in a given environment contains a variety of available, inheritable genetic 
traits.  
b. For a specific environment , some traits confer advantages that make it more probable that 
an organism will be able to survive and reproduce there (e.g., different environments may have 
limited food availability, predators, nesting site availability, light availability).  
c. Variation of traits is a result of genetic variations occurring in the population.  
d. The proportion of individual organisms that have genetic variations and traits that are 
advantageous in a particular environment will increase from generation to generation due to 
natural selection because the probability that those individuals will survive and reproduce is 
greater.  
e. Similarly, the proportion of individual organisms that have genetic variations and traits that 
are disadvantageous in a particular environment will be less likely to survive, and the 
disadvantageous traits will decrease from generation to generation due to natural selection 
Artificial Selection: 
a. Describes breeding plants and animals by artificial selection (which means choosing desired 
parental traits determined by genes, which are then passed onto offspring). Examples could 
include gene therapy, genetic modification, and selective breeding of plants and animals.  
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Health Targets 
 
MHLTH.1 I can describe the process of how humans get energy.  
NGSS: MS LS1-6; MS LS1-7 
Pre-Requisite: MBIO.1 
Preferred Requisite: MBIO.3 
 
Rubric: 
___ Explains how food molecules are rearranged to provide energy in animals 
___ Explains how plant intake provides energy for its growth and survival 
___ Explains the symbiosis between animals and plants 
 
Assessment Rubric:  
Animal: 
a. Animals take in food and oxygen to provide energy and materials for growth and survival. 

i. During cellular respiration, molecules of food undergo chemical reactions with oxygen, 
releasing stored energy.  

b. The atoms in food are rearranged through chemical reactions to form new molecules.  
i. The number of each type of atom being the same before and after chemical reactions, 
indicating that the matter ingested as food is conserved as it moves through an organism 
to support growth.  
ii. That all matter (atoms) used by the organism for growth comes from the products of 
the chemical reactions involving the matter taken in by the organism.  

c. Food molecules taken in by the organism are broken down and can then be rearranged to 
become the molecules that comprise the organism (e.g., the proteins and other molecules in a 
hamburger can be broken down and used to make a variety of tissues in humans).  

i. Molecules of food, which are complex carbon-containing molecules.  
ii. Oxygen.  
iii. Energy that is released or absorbed during chemical reactions between food and 
oxygen to support processes within organism. 
iv. New types of molecules produced through chemical reactions involving food.  

Plant: 
a. The process of photosynthesis has an important role in energy and matter cycling within 
plants (i.e., the conversion of carbon dioxide and water into complex carbon-based molecules 
(sugars) and oxygen, the contribution of sugars to plant growth and internal processes) as well 
as from plants to other organisms.  
Symbiosis: 
a. Some animals eat plants, algae, and photosynthetic microorganisms, and some animals eat 
other animals, which have themselves eaten photosynthetic organisms.  
b. Animals depend on matter from plants for growth and survival, including:  

i. Eating photosynthetic organisms (or other organisms that have eaten photosynthetic 
organisms), thus acquiring the matter they contain, the production of which was driven 
by photosynthesis.  
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ii. Breathing in oxygen, which was released when plants used energy to rearrange 
carbon dioxide and water during photosynthesis. 

c. Because animals acquire their food from photosynthetic organisms (or from other animals 
that have eaten those organisms) and their oxygen from the products of photosynthesis, all food 
and most of the oxygen animals use for life processes are the results of energy from the sun 
driving matter through the process of photosynthesis. 

  
 
 
MHLTH.2 I can explain how organisms develop to reproductive 
maturity. 
NGSS: MS LS1-5 
Preferred Requisite: MBIO.3; MBIO.5 
 
Rubric: 
___ Explains how environmental and genetic factors simultaneously influence organisms.  
ADD ON: Wellness (eg: human sexual reproduction) 
 
Assessment Rubric: 
Simultaneously influence:  

i.  Availability of light, space, water, food; size of habitat influence growth.  
ii. Specific breeds of plants and animals and their typical sizes can influence growth.  
iii. Changes in the growth of organisms result from changes in specific environmental 

and genetic factors (not every fish in a large pond grows to the same size) 
iv. Because organism growth can have several genetic and environmental causes, the 

contributions of specific causes or factors to organism growth can be described only using 
probability  
ADD ON Wellness: Human sexual reproduction 
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Physical Sciences 
 

Pre-Requisites and Preferred Requisites 
 

Target Pre-Req. Preferred Req. 

MPHYS.1 Chemical Reactions/Molecules   

MPHYS.2 Motion of Objects   

MPHYS.3 Kinetic Energy MPHYS.2; PALG.4  

MPHYS.4 Thermal Energy Pt I MPHYS.1 MPHYS.3 

MPHYS.5 Thermal Energy Pt. II MPHYS.4  

MPHYS.6 Gravitational and Magnetic Fields   

MPHYS.7 Waves   

 
 
 
MPHYS.1 I can explain how atoms combine in a variety of ways and 
how those combinations produce different results. 
 
I can explain how atoms combine in a variety of ways for different 
uses.  
MS-PS1-1; MS-PS1-2; MS-PS-1-3; MS-PS1-5 
 
Rubric: 
____ Models atomic composition of atoms in a molecule 
____ Explains the process of a chemical reaction 
____ Organizes data about physical and chemical processes 
____ Describes the creation process, structure of, and impact of synthetic molecules 
 
Assessment Rubric: 
Molecule 
a. Model of atomic composition of simple molecules and extended structures.  

i. Individual atoms.  
ii. Molecules.  
 a. Individual atoms, from two to thousands, combine to form molecules, which 

can be made up of the same type or different types of atom.  
b. Some molecules can connect to each other.  
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iii. Extended structures with repeating subunits.  
 a. In some molecules, the same atoms of different elements repeat; in other 

molecules, the same atom of a single element repeats 
iv. Substances (e.g., solids, liquids, and gases at the macro level).  

b. Pure substances are made up of a bulk quantity of individual atoms or molecules. Each pure 
substance is made up of one of the following:  

i. Individual atoms of the same type that are connected to form extended structures.  
ii. Individual atoms of different types that repeat to form extended structures (e.g., 

sodium chloride).  
iii. Individual atoms that are not attracted to each other (e.g., helium).  
iv. Molecules of different types of atoms that are not attracted to each other (e.g., carbon 

dioxide).  
v. Molecules of different types of atoms that are attracted to each other to form extended 

structures (e.g., sugar, nylon).  
vi. Molecules of the same type of atom that are not attracted to each other (e.g., 

oxygen).  
vii. Behavior of bulk substances depends on their structures at atomic and molecular 

levels, which are too small to see.  
Organizes Data:  
a. The characteristic physical and chemical properties (e.g., density, melting point, boiling point, 
solubility, flammability, odor) of pure substances before, during, and after they interact.  
b. Determine whether a chemical reaction has occurred.  
c. The change in properties of substances is related to the rearrangement of atoms in the 
reactants and products in a chemical reaction (e.g., when a reaction has occurred, atoms from 
the substances present before the interaction must have been rearranged into new 
configurations, resulting in the properties of new substances).  
Chemical Reaction: 
a. Describe a chemical reaction: that the atoms that make up the reactants rearrange and come 
together in different arrangements to form the products of a reaction:  

i. Each molecule in each of the reactants is made up of the same type(s) and number of 
atoms. 
  a. Identify the types and number of molecules that make up the reactants.  

ii. When a chemical reaction occurs, the atoms that make up the molecules of reactants 
rearrange and form new molecules (i.e., products).  

iii. The number and types of atoms that make up the products are equal to the number 
and types of atoms that make up the reactants.  

 a. Conservation of Mass: Identify the types and number of molecules that make 
up the products.  

iv. Each type of atom has a specific mass, which is the same for all atoms of that type.  
Synthetic Molecules: 
a. Synthetic materials and the natural resources from which they are derived.  

i. The properties of the synthetic material(s) that make it different from the natural 
resource(s) from which it was derived.  
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ii. How those physical and chemical properties contribute to the function of the synthetic 
material.  
b. Chemical processes used to create synthetic materials from natural resources (e.g., burning 
of limestone for the production of concrete).  

i. How synthetic materials are formed, including the natural resources and chemical 
processes used.  
c. The effects of making and using synthetic materials on natural resources and society 

i. How the synthetic material satisfies a societal need or desire through the properties of 
its structure and function. (e.g., the need for concrete as a building material).  

ii. The effects of the production and use of synthetic resources on society.  
 
 
PHYS.2 I can solve a problem using knowledge of thermal energy.  
MS-PS1-4; MS-PS1-6 
Pre-Req: PHYS.1 
 
Rubric: 
___ Details relationships between particles, kinetic energy, temperature, pressure, and state 
changes at the atomic level 
___ Designs a viable solution to a heating or cooling problem  
 
Assessment Rubric: 
State Changes: 
a. Develop a model: 

i. Particles, including their motion, and relationship to kinetic energy.  
ii. The system within which the particles are contained.  
iii. The average kinetic energy of particles in the system and its causal relationship to 

temperature.  
iv. Thermal energy of the system.   
 a. The transfer of thermal energy from one system to another and:  

A. A change in kinetic energy of the particles in that new system, or  
B. A change in state of matter of the pure substance.  

v. Temperature of the system and its relationship to kinetic energy, and how an increase 
in temperature creates an increase of pressure.  

vi. A pure substance in one of the states of matter (e.g., solid, liquid, gas at the macro 
scale).  

 a. Motions of molecules in the gaseous phase.  
b. Connects the state of matter of the pure substance (gas, liquid, solid) and the 

particle motion (freely moving and not in contact with other particles, freely moving and 
in loose contact with other particles, vibrating in fixed positions relative to other 
particles).  

b. When thermal energy is transferred into a system:  
i. An increase in kinetic energy of the particles can cause:  
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1. An increase in the temperature of the system as the motion of the particles 
relative to each other increases, or  

2. A substance to change state from a solid to a liquid or from a liquid to a gas.  
ii. The motion of molecules in a gaseous state increases, causing the moving molecules 

in the gas to have greater kinetic energy, thereby colliding with molecules in surrounding 
materials with greater force (i.e., the pressure of the system increases).  
c. When thermal energy is transferred from a substance:  

i. Decreased kinetic energy of the particles can cause:  
1. A decrease in the temperature of the system as the motion of the particles 

relative to each other decreases, or  
2. A substance to change state from a gas to a liquid or from a liquid to a solid.  

ii. The pressure that a gas exerts decreases because the kinetic energy of the gas 
molecules decreases, and the slower molecules exert less force in collisions with other 
molecules in surrounding materials.  
Solution: 
a Design and construct a solution (i.e., a device):  

i. Components within the system related to the design solution, including:  
1. The components within the system to or from which energy will be transferred 

to solve the problem.  
2. The chemical reaction(s) and the substances that will be used to either release 

or absorb thermal energy via the device.  
ii. How the transfer of thermal energy between the device and other components within 

the system will be tracked and used to solve the given problem.  
iii. Features of the given problem that are to be solved by the device.  
iv. The absorption or release of thermal energy by the device via a chemical reaction.  
v. Delineates constraints: cost, safety, time 
vi. Tests design solution 
vii. Modify based on testing 

 
 
MPHYS.3 I can explain how force, mass, and motion affect an object. 
MS-PS2-1; MS-PS2-3 
 
Rubric: 
___ Designs a solution for a problem involving a collision of two objects that shows an 
understanding of Newton’s Third Law 
___ Details the change in motion of an object 
 
Assessment Rubric: 
Change in Motion: 
a. The change in an object’s motion is due to the following factors:  

i. Balanced or unbalanced forces acting on the object.  
ii. The mass of the object.  

b. Plans for the investigation:  
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i. That the following data will be collected:  
1. Data on the motion of the object.  
2. Data on the total forces acting on the object.  
3. Data on the mass of the object.  

ii. Which data are needed to provide evidence for each of the following:  
1. An object subjected to balanced forces does not change its motion (sum of 

F=0).  

2. An object subjected to unbalanced forces changes its motion over time (sum 

of F≠0).  
3. The change in the motion of an object subjected to unbalanced forces 

depends on the mass of the object.  
iii. How the following factors will be determined and measured:  

1. The motion of the object, including a specified reference frame and 
appropriate units for distance and time.  

2. The mass of the object, including appropriate units.  
3. The forces acting on the object, including balanced and unbalanced forces.  

ii. Which factors will serve as independent and dependent variables in the investigation 
(e.g., mass is an independent variable, forces and motion can be independent or dependent).  

iii. The controls for each experimental condition.  
iv. The number of trials for each experimental condition 

Solution 
a Given a problem to solve involving a collision of two objects, students design a solution (e.g., 
an object, tool, process, or system).   

i. The components within the system that are involved in the collision. 
ii. The force that will be exerted by the first object on the second object.  
iii. How Newton’s third law will be applied to design the solution to the problem.  
iv. The technologies (i.e., any human-made material or device) that will be used in the 

solution.  
b. Describe how the criteria are appropriate to solve the given problem.  
c. Describe the constraints, which may include:  

i. Cost.  
ii. Mass and speed of objects.  
iii. Time.  
iv. Materials.  

d. Systematically determine how well the design solution meets the criteria and constraints 
using Newton’s third law.  
e. Students identify the value of the device for society.  
f. Students determine how the choice of technologies that are used in the design is affected by 
the constraints of the problem and the limits of technological advances.  
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MPHYS.4 I can describe the transfer of energy from various forces 
interacting on objects.  
MS-PS2-2; MS-PS2-4; MS-PS2-5; MS-PS3-2 
 
Rubric: 
___ Creates hypotheses that predict the strength of electric and magnetic forces 
___ Designs an investigation of the force field interactions between objects 
___ Models the actions of forces on objects to change potential energy 
___ Describes the gravitational interactions between objects 
 
Assessment Rubric: 
Hypothesis 
a. Examine objects (which can include particles) interacting through electric and magnetic 
forces. Formulate questions that arise from this examination, the answers to which would clarify:  

i. The cause-and-effect relationships that affect magnetic forces due to:  
1. The magnitude of any electric current present in the interaction, or other 

factors related to the effect of the electric current (e.g., number of turns of wire in a coil).  
2. The distance between the interacting objects.  
3. The relative orientation of the interacting objects.  
4. The magnitude of the magnetic strength of the interacting objects.  

ii. The cause-and-effect relationship that affect electric forces due to:  
1. The magnitude and signs of the electric charges on the interacting objects.  
2. The distances between the interacting objects.  
3. Magnetic forces.  

b. Frame hypotheses that can be used to predict the strength of electric and magnetic forces 
due to cause-and-effect relationships.  
Investigation 
a. Investigate to find that fields exist between objects exerting forces on each other even though 
the objects are not in contact.  

i. Evidence that two interacting objects can exert forces on each other even though the 
two interacting objects are not in contact with each other.  

ii. Evidence that distinguishes between electric and magnetic forces.  
iii. Evidence that the cause of a force on one object is the interaction with the second 

object (e.g., evidence for the presence of force disappears when the second object is removed 
from the vicinity of the first).  
b. Investigation includes: 

i. Changing the distance between objects.  
ii. Changing the charge or magnetic orientation of objects.  
iii. Changing the magnitude of the charge on an object or the strength of the magnetic 

field.  
iv. A means to indicate or measure the presence of electric or magnetic forces.  

c. Make and record observations according to the given plan. The data recorded may include 
observations of:  

i. Motion of objects.  
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ii. Suspension of objects.  
iii. Simulations of objects that produce either electric or magnetic fields through space 

and the effects of moving those objects closer to or farther away from each other.  
iv. A push or pull exerted on the hand of an observer holding an object.  

d. Assess whether or not the data produced by the investigation can provide evidence that fields 
exist between objects that act on each other even though the objects are not in contact. 
Model: 
a. The amount of potential energy in a system of objects changes when the distance between 
stationary objects interacting in the system changes because:  

i. A force has to be applied to move two attracting objects farther apart, transferring 
energy to the system.  

ii. A force has to be applied to move two repelling objects closer together, transferring 
energy to the system 
b. Model includes 

i. When two stationary objects interact at a distance, each one exerts a force on the 
other that can cause energy to be transferred to or from an object.  
  a. Forces (electric, magnetic, or gravitational) through which the two objects 
interact.  

ii. As the relative position of two objects (neutral, charged, magnetic) changes, the 
potential energy of the system (associated with interactions via electric, magnetic, and 
gravitational forces) changes (e.g., when a ball is raised, energy is stored in the gravitational 
interaction between the Earth and the ball).  

iii. Potential energy.  
Describes 
a Support claim that gravitational interactions are attractive and depend on the masses of 
interacting objects.  

i. Systems of objects can be modeled as a set of masses interacting via gravitational 
forces.  

ii. In systems of objects, larger masses experience and exert proportionally larger 
gravitational forces.   

iii. In every case for which evidence exists, gravitational force is attractive.  
b Present oral or written argument concerning the direction of gravitational forces and the role of 
the mass of the interacting objects. 
 
 
MPHYS.5 I can relate kinetic energy to mass and speed.  
MS-PS3-1; MS-PS3-5 
Pre-Requisites: MPHYS.3; PALG.7; PALG.8  (linear and exponential relationships) 
 
Rubric: 
___ Organize data describing kinetic energy’s relationship to speed and mass 
___ Describe changes in kinetic energy 
 
Assessment Rubric: 
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Organize Data: 
a. Graphically organize data:  

i. Mass of the object.  
ii. Speed of the object.  
iii. Kinetic energy of the object.  

b. Kinetic energy:  
i. Increases if either the mass or the speed of the object increases or if both increase.  
ii. Decreases if either the mass or the speed of the object decreases or if both decrease.  

c. Mathematical Connection: 

i. The relationship between kinetic energy and mass as a linear proportional relationship 

(KE ∝ m) in which:  
1. The kinetic energy doubles as the mass of the object doubles.  
2. The kinetic energy halves as the mass of the object halves.  

ii. The relationship between kinetic energy and speed as a nonlinear (square) 

proportional relationship (KE ∝ v2) in which:  
1. The kinetic energy quadruples as the speed of the object doubles.  
2. The kinetic energy decreases by a factor of four as the speed of the object is 

cut in half. 
Kinetic Energy 
 a. When the kinetic energy of an object changes, energy is transferred to or from that object.  

i. The change in observable features (e.g., motion, temperature, sound) of an object 
before and after the interaction that changes the kinetic energy of the object.  

ii. The change in observable features of other objects or the surroundings in the defined 
system.  

ii. When the kinetic energy of the object increases or decreases, the energy (e.g., 
kinetic, thermal, potential) of other objects or the surroundings within the system increases or 
decreases, indicating that energy was transferred to or from the object.  
 
 
MPHYS.6 I can design a thermal energy transfer solution.  
MS-PS-3-3; MS-PS3-4 
Pre-Requisite: MPHYS.2 
 
Rubric: 
___ Creates an investigation to analyze relationships in thermal energy transfers 
___ Designs a solution to minimize or maximize thermal energy in a system 
 
Assessment Rubric: 
Investigation: 
a. Investigates relationships between temperature, mass, types of matter, and kinetic energy 

i. The transfer of thermal energy. 
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ii. The type of matter.  
iii. The mass of the matter involved in thermal energy transfer.  
iv. The change in the average kinetic energy of the particles.  

b. The following data are to be collected:  
i. Initial and final temperatures of the materials used in the investigation.  
ii. Types of matter used in the investigation.  
iii. Mass of matter used in the investigation.  

c. How the collected data will be used to:  
i. Provide evidence of proportional relationships between changes in temperature of 

materials and the mass of those materials.  
ii. Relate the changes in temperature in the sample to the types of matter and to the 

change in the average kinetic energy of the particles.  
d. How the mass of the materials are to be measured and in what units.  
e. How and when the temperatures of the materials are to be measured and in what units.  
f. Details of the experimental conditions that will allow the appropriate data to be collected to 
address the purpose of the investigation (e.g., time between temperature measurements, 
amounts of sample used, types of materials used), including appropriate independent and 
dependent variables and controls.  
Solution: 
a. Generate design solutions. 

i. Identify that thermal energy is transferred from hotter objects to colder objects.  
ii. Describe different types of materials used in the design solution and their properties 

(e.g., thickness, heat conductivity, reflectivity) and how these materials will be used to minimize 
or maximize thermal energy transfer.  

iii. Specify how the device will solve the problem.  
b. Describe criteria and constraints:  

i. The minimum or maximum temperature difference that the device is required to 
maintain.  

ii. The amount of time that the device is required to maintain this difference.  
iii. Whether the device is intended to maximize or minimize the transfer of thermal 

energy.  
iv. Constraints: Materials, Safety, Time, Cost.  

c. Test the device to determine its ability to maximize or minimize the flow of thermal energy, 
using the rate of temperature change as a measure of success.  
d. Evaluate the design systematically against the criteria and constraints 
 
 
MPHYS.7 I can describe the properties of waves and how they store 
and transfer information.   
MS-PS4-1; MS-PS4-2; MS-PS4-3 
 
Rubric: 
___ Identify characteristics and patterns of a mathematical wave model 
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___ Create a model of a wave 
 
Assessment Rubric: 
a. Characteristics:  

i. Waves represent repeating quantities.  
ii. Frequency, as the number of times the pattern repeats in a given amount of time (e.g., 

beats per second).  
iii. Amplitude, as the maximum extent of the repeating quantity from equilibrium (e.g., 

height or depth of a water wave from average sea level).  
iv. Wavelength, as a certain distance in which the quantity repeats its value (e.g., the 

distance between the tops of a series of water waves).  
b. Apply the simple mathematical wave model to a physical system or phenomenon to identify 
how the wave model characteristics correspond with physical observations (e.g., frequency 
corresponds to sound pitch, amplitude corresponds to sound volume).  
c. Identify patterns: 

i. That the energy of the wave is proportional to the square of the amplitude (e.g., if the 
height of a water wave is doubled, each wave will have four times the energy).  

ii. That the amount of energy transferred by waves in a given time is proportional to 
frequency (e.g., if twice as many water waves hit the shore each minute, then twice as much 
energy will be transferred to the shore).  
d. Students predict the change in the energy of the wave if any one of the parameters of the 
wave is changed 
Model: 
a. Students develop a model to make sense of a given phenomenon. In the model, students 
identify the relevant components, including:  

i. Type of wave.  
1. Matter waves (e.g., sound or water waves) and their amplitudes and 

frequencies.  
2. Light, including brightness (amplitude) and color (frequency).  

ii. Various materials through which the waves are reflected, absorbed, or transmitted.  
iii. Relevant characteristics of the wave after it has interacted with a material (e.g., 
frequency, amplitude, wavelength).  
iv. Position of the source of the wave.  
v. Reflection, absorption, transmission of light and matter waves 
vi. Waves interact with materials by being: 1. Reflected. 2. Absorbed. 3. Transmitted.  
vii. Light travels in straight lines, but the path of light is bent at the interface between 

materials when it travels from one material to another.  
viii. Light does not require a material for propagation (e.g., space), but matter waves do 

require a material for propagation.  
b. Use model about phenomena involving light and/or matter waves to describe* the differences 
between how light and matter waves interact with different materials.  
c. Use model to describe why materials with certain properties are well-suited for particular 
functions (e.g., lenses and mirrors, sound absorbers in concert halls, colored light filters, sound 
barriers next to highways) 



 

Copyright Kreiva Academy, 2018 
 
35 

Digital: 
a. Using waves to carry digital signals is a more reliable way to encode and transmit information 
than using waves to carry analog signals.  
b. Specific features that make digital transmission of signals more reliable than analog 
transmission of signals, including that, when in digitized form, information can be:  

i. Recorded reliably.  
ii. Stored for future recovery.  
iii. Transmitted over long distances without significant degradation.  

c. At least one technology that uses digital encoding and transmission of information. Students 
should describe* how the digitization of that technology has advanced science and scientific 
investigations (e.g., digital probes, including thermometers and pH probes; audio recordings).  
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Earth/Space Science 
 

Pre-Requisites and Preferred Requisites 
 

Target Pre-Req. Preferred Req. 

MESS.1 Geosphere Changes Over Time   

MESS.2 Energy and Matter in Earth’s Systems  MPHYS.3 

MESS.3 Weather and Climate MESS.2  

MESS.4 Human Interactions MESS.1; MESS.3  

MESS.5 Structure of Universe MPHYS.2 MPHYS.6 

MESS.6 Earth-moon-sun System   
 
 
 
MESS.1 I can discuss evidence for major theories about changes over 
time in Earth's geosphere and its origin. 
MS-ESS1-4; MS-ESS2-2; MS-ESS2-3 
 
Rubric: 
___ Explains how the geologic timescale is used to construct a timeline of Earth’s history 
___ Explains how geologic processes have changed Earth’s surface over time 
___ Interpret data regarding Earth’s distribution and ages of fossils 
 
 
Assessment Rubric: 
Geologic Timescale  
a. How the relative order of events is determined on the geologic time scale using:  

i. Types and order of rock strata and relative ages of rock units (e.g., patterns of layering).  
 a. Unless they have been disturbed by subsequent activity, newer rock layers sit on top 

of older rock layers, allowing for a relative ordering in time of the formation of the layers (i.e., older 
sedimentary rocks lie beneath younger sedimentary rocks). 

  b. Any rocks or features that cut existing rock strata are younger than the rock strata that 
they cut (e.g., a younger fault cutting across older, existing rock strata). 

ii. The fossil record  
 a. The fossil record can provide relative dates based on the appearance or 

disappearance of organisms (e.g., fossil layers that contain only extinct animal groups are usually older 
than fossil layers that contain animal groups that are still alive today, and layers with only microbial fossils 
are typical of the earliest evidence of life).  

iii. Major events in the Earth’s history and/or specific changes in fossils over time (e.g., formation 
of mountain chains, formation of ocean basins, volcanic eruptions, glaciations, asteroid impacts, 
extinctions of groups of organism).  
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a. Specific major events (e.g., extensive lava flows, volcanic eruptions, asteroid impacts) 
can be used to indicate periods of time that occurred before a given event from periods that 
occurred after it.  

b. Using a combination of the order of rock layers, the fossil record, and evidence of major geologic 
events, the relative time ordering of events can be constructed as a model for Earth’s history, even 
though the timescales involved are immensely vaster than the lifetimes of humans or the entire history of 
humanity. 
Geologic Processes: 
a. Changes at Earth’s surface at varying time and spatial scales. 

i. The slow and large-scale motion of the Earth’s plates and the results of that motion.  
ii. Surface weathering, erosion, movement, and the deposition of sediment ranging from large to 

microscopic scales (e.g., sediment consisting of boulders and microscopic grains of sand, raindrops 
dissolving microscopic amounts of minerals).  

iii. Rapid catastrophic events (e.g., earthquakes, volcanoes, meteor impacts).  
b. Represent changes that occur on very large or small spatial and/or temporal scales (e.g., stream tables 
to illustrate erosion and deposition, maps and models to show the motion of tectonic plates).  

i. The motion of the Earth’s plates produces changes on a planetary scale over a range of time 
periods from millions to billions of years. Evidence for the motion of plates can explain large-scale 
features of the Earth’s surface (e.g., mountains, distribution of continents) and how they change.  

ii. Surface processes such as erosion, movement, weathering, and the deposition of sediment 
can modify surface features, such as mountains, or create new features, such as canyons. These 
processes can occur at spatial scales ranging from large to microscopic over time periods ranging from 
years to hundreds of millions of years.  

iii. Catastrophic changes can modify or create surface features over a very short period of time 
compared to other geoscience processes, and the results of those catastrophic changes are subject to 
further changes over time by processes that act on longer time scales (e.g., erosion of a meteor crater).  

iv. A given surface feature is the result of a broad range of geoscience processes occurring at 
different temporal and spatial scales.  

v. Surface features will continue to change in the future as geoscience processes continue to 
occur. 
Fossils: 
a. Organize given data that represent the distribution and ages of fossils and rocks, continental shapes, 
seafloor structures, and/or age of oceanic crust.  

i. Regions of different continents that share similar fossils and similar rocks suggest that, in the 
geologic past, those sections of continent were once attached and have since separated.  

ii. The shapes of continents, which roughly fit together (like pieces in a jigsaw puzzle) suggest 
that those land masses were once joined and have since separated.  

iii. The separation of continents by the sequential formation of new seafloor at the center of the 
ocean is inferred by age patterns in oceanic crust that increase in age from the center of the ocean to the 
edges of the ocean.  

iv. The distribution of seafloor structures (e.g., volcanic ridges at the centers of oceans, trenches 
at the edges of continents) combined with the patterns of ages of rocks of the seafloor (youngest ages at 
the ridge, oldest ages at the trenches) supports the interpretation that new crust forms at the ridges and 
then moves away from the ridges as new crust continues to form and that the oldest crust is being 
destroyed at seafloor trenches.  
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MESS.2 I can describe how energy and matter cycle through each of 
Earth's major systems. 
MS-ESS2-1; MS-ESS3-1; MS-ESS2-4 
 
Rubric: 
___ Defines processes that relate to energies coming from the Earth and sun. 
___ Explains the temporal and spatial scales for these processes 
___ Explains how geosphere processes over time have created an uneven distribution of resources 
___ Models the water cycle on Earth 
 
Assessment rubric: 
Earth and Sun 
a. Energy from the Earth’s interior drives Earth processes that cause matter cycling through different 
forms of Earth materials.  

i. General types of Earth materials that can be found in different locations, including:  
1. Those located at the surface (exterior) and/or in the interior.  
2. Those that exist(ed) before and/or after chemical and/or physical changes that occur 

during Earth processes (e.g., melting, sedimentation, weathering, crystallization).  
ii. The Earth’s internal heat energy drives processes such as melting, crystallization, and 

deformation that change the atomic arrangement of elements in rocks and that move and push rock 
material to the Earth’s surface where it is subject to surface processes like weathering and erosion. 
b. Energy from the the sun drives Earth processes that cause matter cycling through different forms of 
Earth materials.  
 i. Energy flows from the sun cause matter cycling via processes that produce weathering, 
erosion, and sedimentation (e.g., wind, rain).  
Scales 
a. The temporal and spatial scales over which the relevant Earth processes operate.  

i. These changes are consistently occurring but that landforms appear stable to humans because 
they are changing on time scales much longer than human lifetimes.  

iii. Given the right setting, any rock on Earth can be changed into a new type of rock by processes 
driven by the Earth’s internal energy or by energy from the sun.  
Distribution of Resources 

i. That the uneven distributions of the Earth’s mineral, energy, and groundwater resources are the 
results of past and current geologic processes (eg: volcanic activity, sedimentary processes) 

ii. That resources are typically limited and nonrenewable due to factors such as the long amounts 
of time required for some resources to form or the environment in which resources were created forming 
once or only rarely in the Earth’s history.  

  a. Because many resources continue to be formed in the same ways that they were in 
the past, and because the amount of time required to form most of these resources (e.g., minerals, fossil 
fuels) is much longer than timescales of human lifetimes, these resources are limited to current and near-
future generations. Some resources (e.g., groundwater) can be replenished on human timescales and are 
limited based on distribution 

iii. The extraction and use of resources by humans decreases the amounts of these resources 
available in some locations and changes the overall distribution of these resources on Earth. 
Water Cycle 
a. Relationships between components, including:  

i. Energy transfer from the sun warms water on Earth, which can evaporate into the atmosphere.  
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ii. Water vapor in the atmosphere forms clouds, which can cool and condense to produce 
precipitation that falls to the surface of Earth.  

iii. Gravity causes water on land to move downhill (e.g., rivers and glaciers) and much of it 
eventually flows into oceans.  

iv. Some liquid and solid water remains on land in the form of bodies of water and ice sheets.  
v. Some water remains in the tissues of plants and other living organisms, and this water is 

released when the tissues decompose.  
b. Energy from light and the force of gravity driving water cycling between oceans, the atmosphere, and 
land, including that:  

i. Energy from the sun drives the movement of water from the Earth (e.g., oceans, landforms, 
plants) into the atmosphere through transpiration and evaporation.  

ii. Water vapor in the atmosphere can cool and condense to form rain or crystallize to form snow 
or ice, which returns to Earth when pulled down by gravity.  

iii. Some rain falls back into the ocean, and some rain falls on land. Water that falls on land can:   
1. Be pulled down by gravity to form surface waters such as rivers, which join together 

and generally flow back into the ocean.  
2. Evaporate back into the atmosphere.  
3. Be taken up by plants, which release it through transpiration and also eventually 

through decomposition.  
4. Be taken up by animals, which release it through respiration and also eventually 

through decomposition.  
5. Freeze (crystallize) and/or collect in frozen form, in some cases forming glaciers or ice 

sheets.  
6. Be stored on land in bodies of water or below ground in aquifers.  

c. The transfer of energy between water and its environment drives the phase changes that drive water 
cycling through evaporation, transpiration, condensation, crystallization, and precipitation.  
d. How gravity interacts with water in different phases and locations to drive water cycling between the 
Earth’s surface and the atmosphere.  
 

 
MESS.3 I can explain how weather and climate interact with 
geography. 
MS-ESS2-5; MS-ESS2-6 
Pre-Requisite: MESS.2 
 
Rubric 
___ Describes the relationships between air mass interactions and weather conditions 
___ Explains the differences climate regions  
___ Explains regional climate patterns 
 
Assessment Rubric: 
Air Mass Interactions 
a. How motions and complex interactions of air masses result in changes in weather conditions. The data 
to be collected and the evidence to be derived from the data that would indicate relationships between air 
mass movement and changes in weather, including:  

i. Patterns in weather conditions in a specific area (e.g., temperature, air pressure, humidity, wind 
speed) over time.  



 

Copyright Kreiva Academy, 2018 
 
40 

ii. The relationship between the distribution and movement of air masses and landforms, ocean 
temperatures, and currents. 

iii. The relationship between observed, large-scale weather patterns and the location or 
movement of air masses, including patterns that develop between air masses (e.g., cold fronts may be 
characterized by thunderstorms).  
b. Because weather patterns are so complex and have multiple causes, weather can be predicted only 
probabilistically.  
c. Students make observations and record data, either firsthand and/or from professional weather 
monitoring services.  
Climate Regions 
a. Differences in the distribution of solar energy and temperature changes:  

i. Higher latitudes receive less solar energy per unit of area than do lower latitudes, resulting in 
temperature differences based on latitude.  

ii. Smaller temperature changes tend to occur in oceans than on land in the same amount of time.  
iii. In general, areas at higher elevations have lower average temperatures than do areas at lower 

elevations.  
iv. Features on the Earth’s surface, such as the amount of solar energy reflected back into the 

atmosphere or the absorption of solar energy by living things, affect the amount of solar energy 
transferred into heat energy.  

v. Climates at higher altitudes have lower temperatures than climates at lower altitudes. Because 
of the direct relationship between temperature and pressure, given the same amount of thermal energy, 
air at lower pressures (higher altitudes) will have lower temperatures than air at higher pressures (lower 
altitudes).  
b. Motion of ocean waters and air masses (matter):  

i. Fluid matter (i.e., air, water) flows from areas of higher density to areas of lower density (due to 
temperature or salinity). The density of a fluid can vary for several different reasons (e.g., changes in 
salinity and temperature of water can each cause changes in density). Differences in salinity and 
temperature can, therefore, cause fluids to move vertically and, as a result of vertical movement, also 
horizontally because of density differences.  

ii. The pattern of differing climates in continental areas as compared to the oceans. Because 
water can absorb more solar energy for every degree change in temperature compared to land, there is a 
greater and more rapid temperature change on land than in the ocean. At the centers of landmasses, this 
leads to conditions typical of continental climate patterns.  

iii. The pattern that climates near large water bodies, such as marine coasts, have comparatively 
smaller changes in temperature relative to the center of the landmass. Land near the oceans can 
exchange thermal energy through the air, resulting in smaller changes in temperature. At the edges of 
landmasses, this leads to marine climates. 

iv. The general latitudinal pattern of drier and wetter climates caused by the shift in the amount of 
air moisture during precipitation from rising moisture-rich air and the sinking of dry air.   
c. Factors affecting the motion of wind and currents:  

i. The Earth’s rotation causes oceanic and atmospheric flows to curve when viewed from the 
rotating surface of Earth (Coriolis force).  

ii. The geographical distribution of land limits where ocean currents can flow.  
iii. Landforms affect atmospheric flows (e.g., mountains deflect wind and/or force it to higher 

elevation).  
d. Thermal energy transfer:  

i. Thermal energy moves from areas of high temperature to areas of lower temperature either 
through the movement of matter, via radiation, or via conduction of heat from warmer objects to cooler 
objects.  
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ii. Absorbing or releasing thermal energy produces a more rapid change in temperature on land 
compared to in water.  

iii. Absorbing or releasing thermal energy produces a more rapid change in temperature in the 
atmosphere compared to either on land or in water so the atmosphere is warmed or cooled by being in 
contact with land or the ocean.  
Regional Climates 
vi. Regional patterns of climate (e.g., temperature or moisture) related to a specific pattern of water or air 
circulation, including the role of the following in contributing to the climate pattern:  
1. Air or water moving from areas of high temperature, density, and/or salinity to areas of low 
temperature, density, and/or salinity.  
2. The Earth’s rotation, which affects atmospheric and oceanic circulation.  
3. The transfer of thermal energy with the movement of matter.  
4. The presence of landforms (e.g., the rain shadow effect).  
b Students use the model to describe* the role of each of its components in producing a given regional 
climate. 
 
 
MESS.4 I can explain the importance of the complex interactions 
between humans and Earth's systems. 
MS-ESS3-2; MS-ESS3-3; MS-ESS3-5 
Pre-Requisites: MESS.1; MESS.3 
 
Rubric 
___ Identify patterns in data that connect natural processes and human activities on changes in Earth’s 
atmosphere 
___ Identify patterns in natural hazard events 
___ Evaluates how increases in the size of the human population and per-capita consumption of natural 
resources affect Earth systems 
___ Evaluates how engineering designs can mitigate the effect of human activities on Earth’s systems 
 
Assessment Rubric 
Changes in Earth’s Atmosphere: 
a. The relevant ways in which natural processes and/or human activities may have affected the patterns 
of gradual or sudden change in global temperatures over the past century.  

I. Patterns in data that connect the changes in natural processes and/or human activities related 
to greenhouse gas production to changes in global temperatures. 
b. The influence of natural processes and/or human activities on changes in the concentration of carbon 
dioxide and other greenhouse gases in the atmosphere over the past century.  

i. Patterns in data that connect the changes in natural processes and/or human activities related 
to greenhouse gas production to changes in the concentrations of carbon dioxide and other greenhouse 
gases in the atmosphere.  
Natural Hazard: 
a. Organize given data that represent the type of natural hazard event and features associated with that 
type of event, including: 

i. The location of natural hazard events relative to geographic and/or geologic features.  
ii. Frequency of natural hazard events.  
iii. Severity of natural hazard events.  
iv. Types of damage caused by natural hazard events.  
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 v. Location or timing of features and phenomena (e.g., aftershocks, flash floods) associated with 
natural hazard events.  
b.  

i. Areas that are susceptible to the natural hazard events, including areas designated as at the 
greatest and least risk for severe events.  

ii. How frequently areas, including areas experiencing the highest and lowest frequency of events, 
are at risk.  

iii. What type of damage each area is at risk of during a given natural hazard event.  
iv. What features, if any, occur before a given natural hazard event that can be used to predict the 

occurrence of the natural hazard event and when and where they can be observed.  
c. Forecast the potential of a natural hazard event to affect an area in the future, including information on 
frequency and/or probability of event occurrence; how severe the event is likely to be; where the event is 
most likely to cause the most damage; and what events, if any, are likely to precede the event.  
d At least three examples of the technologies that engineers have developed to mitigate the effects of 
natural hazards (e.g., the design of buildings and bridges to resist earthquakes, warning sirens for 
tsunamis, storm shelters for tornados, levees along rivers to prevent flooding).  
Human Population 
a. Determine causal relationships between consumption of natural resources and the impact on Earth 
systems.  

i. Increases in the size of the human population or in the per-capita consumption of a given 
population cause increases in the consumption of natural resources.  
  a. Changes in the size of human population(s) in a given region or ecosystem over a 
given timespan.  
  b. Per-capita consumption of resources by humans in a given region or ecosystem over a 
given timespan. 

ii. Natural resource consumption causes changes in Earth systems.  
iii. Because human population growth affects natural resource consumption and natural resource 

consumption has an effect on Earth systems, changes in human populations have a causal role in 
changing Earth systems.  

iv. Engineered solutions alter the effects of human populations on Earth systems by changing the 
rate of natural resource consumption or mitigating the effects of changes in Earth systems.  
Engineering Design 
a Generate a design solution related to human impact on the environment that:  

i. Addresses the results of the particular human activity.  
ii. Incorporates technologies that can be used to monitor and minimize negative effects that 

human activities have on the environment.  
b Identify relationships between the human activity and the negative environmental impact based on 
scientific principles, and distinguish between causal and correlational relationships to facilitate the design 
of the solution.  
c Define and quantify, when appropriate, criteria and constraints for the solution, including:  

i. Individual or societal needs and desires.  
ii. Constraints imposed by economic conditions (e.g., costs of building and maintaining the 

solution).  
d. Describe how well the solution meets the criteria and constraints, including monitoring or minimizing a 
human impact based on the causal relationships between relevant scientific principles about the 
processes that occur in, as well as among, Earth systems and the human impact on the environment.  

i.  Students identify limitations of the use of technologies employed by the solution. 
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MESS.5 I can describe the scale and structure of the universe. 
MS-ESS1-2; MS-ESS1-3 
 
Rubric: 
____ Models the gravitational relationship between galaxies in the universe 
____ Interprets data regarding the scale and characteristics of the solar system 
 
Assessment Rubric 
Galaxies 
a. Indicate the relative spatial scales of solar systems and galaxies in a model: 

i. Gravity.  
ii. The solar system as a collection of bodies, including the sun, planets, moons, and asteroids.  
 a. The orbital motion of objects in our solar system (e.g., moons orbit around planets, all 

objects within the solar system orbit the sun).  
iii. The Milky Way galaxy as a collection of stars (e.g., the sun) and their associated systems of 

objects.  
 a. The orbital motion, in the form of a disk, of vast numbers of stars around the center of 

the Milky Way.  
b. Our solar system is one of many systems orbiting the center of the larger system of the 

Milky Way galaxy.  
iv. Other numerous galaxies in the universe.  

b. Gravity as an attractive force between solar system and galaxy objects that:  
i. Increases with the mass of the interacting objects increases.  
ii. Decreases as the distances between objects increases.  
iii. Is a predominantly inward-pulling force that can keep smaller/less massive objects in orbit 

around larger/more massive objects 
c. Gravity causes a pattern of smaller/less massive objects orbiting around larger/more massive objects 
at all system scales in the universe, including that:  

i. Gravitational forces from planets cause smaller objects (e.g., moons) to orbit around planets.  
ii. The gravitational force of the sun causes the planets and other bodies to orbit around it, holding 
the solar system together.  
iii. The gravitational forces from the center of the Milky Way cause stars and stellar systems to 

orbit around the center of the galaxy.  
iv. The hierarchy pattern of orbiting systems in the solar system was established early in its 

history as the disk of dust and gas was driven by gravitational forces to form moon-planet and planet-sun 
orbiting systems.  

vi. Objects too far away from the sun do not orbit it because the sun’s gravitational force on those 
objects is too weak to pull them into orbit.  
d. What a given phenomenon might look like without gravity (e.g., smaller planets would move in straight 
paths through space, rather than orbiting a more massive body).  
Solar System 
a. Organize data on solar system objects (e.g., surface features, object layers, orbital radii) from various 
Earth- and space-based instruments to allow for analysis and interpretation (e.g., transforming tabular 
data into pictures, diagrams, graphs, or physical models that illustrate changes in scale).  
 i. Draw conclusions about the identifying characteristics of different categories of solar system 
objects (e.g., planets, meteors, asteroids, comets) based on their features, composition, and locations 
within the solar system (e.g., most asteroids are rocky bodies between Mars and Jupiter, while most 
comets reside in orbits farther from the sun and are composed mostly of ice).  
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b. Students describe* that different representations illustrate different characteristics of objects in the 
solar system, including differences in scale.  

i. Distance from the sun.  
ii. Diameter.  
iii. Surface features (e.g., sizes of volcanoes).  
iv. Structure.  
v. Composition (e.g., ice versus rock versus gas).  
vi. Two objects may be similar when viewed at one scale (e.g., types of surface features) but may 

appear to be quite different when viewed at a different scale (e.g., diameter or number of natural 
satellites).  
c. Advances in solar system science made possible by improved engineering (e.g., knowledge of the 
evolution of the solar system from lunar exploration and space probes) and new developments in 
engineering made possible by advances in science (e.g., space-based telescopes from advances in 
optics and aerospace engineering).  
 
 
MESS.6 I can describe observable natural phenomena that relate to 
the Earth-moon-sun System. 
MS-ESS1.1 
Rubric 
____ Models the relationship between the Earth and the moon 
____ Models the relationship between the Earth-moon system and the sun 
____ Explains different eclipses 
____ Explains the seasons 
 
Assessment Rubric: 
Earth and the Moon 
a. Earth rotates on its tilted axis once an Earth day.  
b. The moon rotates on its axis approximately once a month.  
c. Relationships between Earth and the moon:  

i. The moon orbits Earth approximately once a month.  
ii. The moon rotates on its axis at the same rate at which it orbits Earth so that the side of the 

moon that faces Earth remains the same as it orbits.  
iii. The moon’s orbital plane is tilted with respect to the plane of the Earth’s orbit around the sun.  

d. Moon phases:  
i. Solar energy coming from the sun bounces off of the moon and is viewed on Earth as the bright 

part of the moon.  
ii. The visible proportion of the illuminated part of the moon (as viewed from Earth) changes over 

the course of a month as the location of the moon relative to Earth and the sun changes.  
iii. The moon appears to become more fully illuminated until “full” and then less fully illuminated 

until dark, or “new,” in a pattern of change that corresponds to what proportion of the illuminated part of 
the moon is visible from Earth.  

iv. Predicts the phase of the moon when given the relative locations of the Earth, sun, and moon.  
v. Predicts the relative positions of the Earth, sun, and moon when given a moon phase.  

Sun:  
a. Earth-moon system orbits the sun once an Earth year. 
b. Solar energy travels in a straight line from the sun to Earth and the moon so that the side of Earth or 
the moon that faces the sun is illuminated.  
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c. Solar energy reflects off of the side of the moon that faces the sun and can travel to Earth.  
d. The distance between Earth and the sun stays relatively constant throughout the Earth’s orbit.  
e. Solar energy travels in a straight line from the sun and hits different parts of the curved Earth at 
different angles — more directly at the equator and less directly at the poles.  
7. The Earth’s rotation axis is tilted with respect to its orbital plane around the sun. Earth maintains the 
same relative orientation in space, with its North Pole pointed toward the North Star throughout its orbit.  
Eclipses:  
a. Solar energy is prevented from reaching the Earth during a solar eclipse because the moon is located 
between the sun and Earth.  
b. Solar energy is prevented from reaching the moon (and thus reflecting off of the moon to Earth) during 
a lunar eclipse because Earth is located between the sun and moon.  
c. Because the moon’s orbital plane is tilted with respect to the plane of the Earth’s orbit around the sun, 
for a majority of time during an Earth month, the moon is not in a position to block solar energy from 
reaching Earth, and Earth is not in a position to block solar energy from reaching the moon.  
d.  Predicts whether an eclipse will occur, given the relative locations of the Earth, sun, and moon and a 
position on Earth from which the moon or sun can be viewed (depending on the type of eclipse).  
d. Predicts the relative positions of the Earth, sun, and moon, given a type of eclipse and a position on 
Earth from which the moon/sun can be viewed.   
Seasons:  
a. Because the Earth’s axis is tilted, the most direct and intense solar energy occurs over the summer 
months, and the least direct and intense solar energy occurs over the winter months.  
b. The change in season at a given place on Earth is directly related to the orientation of the tilted Earth 
and the position of Earth in its orbit around the sun because of the change in the directness and intensity 
of the solar energy at that place over the course of the year.  

i. Summer occurs in the Northern Hemisphere at times in the Earth’s orbit when the northern axis 
of Earth is tilted toward the sun. Summer occurs in the Southern Hemisphere at times in the Earth’s orbit 
when the southern axis of Earth is tilted toward the sun.  

ii. Winter occurs in the Northern Hemisphere at times in the Earth’s orbit when the northern axis 
of Earth is tilted away from the sun. Summer occurs in the Southern Hemisphere at times in the Earth’s 
orbit when the southern axis of Earth is tilted away from the sun.  
c. Predicts the season on Earth, given the relative positions of Earth and the sun (including the orientation 
of the Earth’s axis) and a position on Earth.  
d. Predicts the relative positions of Earth and the sun when given a season and a relative position (e.g. 
far north, far south, equatorial) on Earth.  
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High School Rubrics 
 

Life Sciences 
 

Pre-Requisites and Preferred Requisites 
 
 

Target Pre-Req. Preferred Req. 

BIO.1 DNA and Homeostasis   

BIO.2 Biochemical Processes   

BIO.3 Matter/Energy through Earth’s Spheres  BIO.2 

BIO.4 Ecosystems   

BIO.5 Humans Effect on Environment BIO.4  

BIO.6 Cellular Division BIO.1  

BIO.7 Evolution BIO.6  

BIO.8 Natural Selection BIO.7 probability 

HLTH.1 Drugs’ Effects on Body BIO.2  

HLTH.2 STIs Effects on Body  BIO.1; BIO.2 
 
 
Leaving out HS-LS1-2--completely covered in MS--HSers transferring in will need it though. (Body 
systems) 
 
BIO.1 I can explain what drives the chemical and structural 
foundations of organisms.  
HS-LS1-1; HS-LS1-3; HS-LS3-1 
Pre-requisites: MBIO.2; MBIO.6 
 
Rubric: 
___ Genes determine the structure of proteins, which carry out the essential functions of life through 
systems of specialized cells 
___ Explains effects of gene sequence on organism 
___ Explains how feedback mechanisms within a system maintain homeostasis 
 
Assessment Rubric: 
Structure of Proteins: 
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i. All cells contain DNA;  
ii. DNA contains regions that are called genes;  
iii. The sequence of genes contains instructions that code for proteins 
iv. Groups of specialized cells (tissues) use proteins to carry out functions that are essential to the 
organism.  
Gene Sequence: 
i. Because all cells contain DNA, all cells contain genes that can code for the formation of proteins.  
ii. Body tissues are systems of specialized cells with similar structures and functions, each of whose 
functions are mainly carried out by the proteins they produce.  
iii. Proper function of many proteins is necessary for the proper functioning of the cells.  
iv. Gene sequence affects protein function, which in turn affects the function of body tissues.  
Homeostasis: 
i. Changes within a chosen range in the external environment of a living system trigger stabilizing 
responses within the system. 
ii. Homeostasis: Responses within a living system, that establish a positive or negative feedback 
mechanism, in order to stabilize and maintain its internal conditions, despite changes in external 
conditions. 
iii. Food molecules and oxygen transfer energy to the cell to sustain life’s processes, including the 
maintenance of body temperature despite ongoing energy transfer to the surrounding environment.  
 
 
BIO.2 I can explain the role of biochemical processes in the exchange 
of matter and energy within Earth's ecosystems. 
LS1-5; LS1-6; LS2-3 (partial) 
Pre-Requisites:  PHYS.2 
 
Rubric: 
___ Explains how carbon-based molecules are formed during biochemical processes 
___ Explains how organisms rearrange atoms in chemical reactions 
___ Illustrates the transfer of matter and energy during photosynthesis 
___ Illustrates the transfer of matter and energy during cellular respiration 
 
Assessment Rubric: 
Carbon-based Molecules: 
a. The link between the carbon, hydrogen, and oxygen atoms from sugar molecules formed in or ingested 
by an organism and those same atoms found in amino acids and other large carbon-based molecules; 
and 
b. That larger carbon-based molecules and amino acids can be a result of chemical reactions between 
sugar molecules (or their component atoms) and other atoms.  
c. The atoms in sugar molecules can provide most of the carbon atoms that comprise amino acids and 
other complex carbon-based molecules.  
d. The energy released in respiration can be used to drive chemical reactions between sugars and other 
substances, and the products of those reactions can include amino acids and other complex carbon-
based molecules.  
e. The flow of matter in cellular processes is primarily the result of the rearrangement of the atoms in 
sugar molecules because those are the molecules whose reactions release the energy needed for 
cellular processes.  
Rearrange: 
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a. Cellular respiration involves chemical reactions between sugar molecules and other molecules in which 
energy is released that can be used to drive other chemical reactions.  
b. Sugar molecules are composed of carbon, oxygen, and hydrogen atoms.  
c. Amino acids and other complex carbon-based molecules are composed largely of carbon, oxygen, and 
hydrogen atoms.  
d. Chemical reactions can create products that are more complex than the reactants or more simple.  
e. Chemical reactions involve changes in the energy held in the bonds of the molecules involved in the 
reaction.  
b Students use a variety of valid and reliable sources for evidence (e.g., theories, simulations, students’ 
own investigations). 
Photosynthesis:  
a. Interface between organism and its environment. Photosynthesis captures energy in sunlight to create 
chemical products that can be used as food in cellular respiration. Converts carbon dioxide plus water 
into sugars plus released oxygen:  

i. Energy in the form of light; 
ii. Breaking of chemical bonds to absorb energy;  
iii. Formation of chemical bonds to release energy; and  
iv. Matter in the form of carbon dioxide, water, sugar, and oxygen 
v. Photosynthesis results in the storage of energy in the difference between the energies of the 

chemical bonds of the inputs (carbon dioxide and water) and outputs (sugar and oxygen).  
Cellular Respiration: 

a. Cellular respiration:Process by which the matter in food (sugars, fats) reacts chemically with 
other compounds, rearranging and releasing bond energy to be used by the cell for essential life 
processes.i.  Matter Input: Food molecules (sugar) and oxygen 
ii. Matter Output: Carbon dioxide and water  
iii. The chemical reaction of oxygen and food molecules releases energy as the matter is 

rearranged, existing chemical bonds are broken, and new chemical bonds are formed, but matter and 
energy are neither created nor destroyed.  

v. Cellular respiration releases energy because the energy released when the bonds in sugar are 
broken is greater than the energy used to form CO2 and H20. The remaining energy is available for use 
by the organism. 
 
 

BIO.3 I can describe how matter and energy flows through life and 
affects Earth’s spheres.  
LS2-3 (partial); LS2-4; LS2-5 
 
Preferred Requisite: BIO.2 
 
Rubric: 
___ Explains how energy from photosynthesis and respiration drives the cycling of matter and flow of 
energy within an ecosystem 
___ Describes how matter and energy move upward through trophic levels  
___ Contribution of photosynthesis and cellular respiration to the exchange of carbon within and among 
the biosphere, atmosphere, hydrosphere, and geosphere  
 
Assessment Rubric: 
Cycling: 
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a. Under aerobic or anaerobic conditions. 
i. Anaerobic respiration occurs primarily in conditions where oxygen is not available.  
ii. All cells must take in energy by either photosynthesis or food and access the energy through 

respiration. Matter flows through the cells along with the energy transfer. 
iii. The flow of matter and energy must occur whether respiration is aerobic or anaerobic.  

Trophic Levels 
a. Energy flows from one trophic level to another as well as through the environment.  

i. Describe the transfer of matter (as atoms and molecules) and flow of energy upward between 
organisms and their environment. 

ii. Identify the transfer of energy and matter between trophic levels; and  
iii. Identify the relative proportion of organisms at each trophic level by correctly identifying 

producers as the lowest trophic level having the greatest biomass and energy and consumers 
decreasing in numbers at higher trophic levels.  

iv. Account for the energy not transferred to higher trophic levels but which is instead used for 
growth, maintenance, or repair, and/or transferred to the environment, and the inefficiencies in 
transfer of matter and energy.  

Exchange of Carbon 
a. Models the contribution of photosynthesis and cellular respiration to the exchange of carbon within and 

among the biosphere, atmosphere, hydrosphere, and geosphere. 
i. The carbon-containing inputs and outputs of photosynthesis. 
ii. The carbon-containing inputs and outputs of cellular respiration. 
iii. The transfer of carbon in the biosphere, atmosphere, hydrosphere, and geosphere. 
iv. The exchange of carbon (through carbon-containing compounds) between organisms and the 

environment 
v. The role of organisms in the storage and conversion of carbon compounds as part of the 

carbon cycle.  
vi. Make a distinction between the model’s simulation and the actual cycling of carbon via 

photosynthesis and cellular respiration. 
 
(topic: recent discoveries of life surrounding deep sea ocean vents have shown that photosynthesis is not 
the only driver for cycling matter and energy in ecosystems). 

 
 
BIO.4 I can illustrate how ecosystems have interdependent 
relationships. 
NGSS: HS-LS2-1; LS2-2; LS2-6 
 
Rubric: 
____ Explains major factors that affect carrying capacities of ecosystems at different scales 
____ Identifies changes over time in a given population 
____ Delineates major factors that affect biodiversity and ecosystems 
____ Explains the relationship between resiliency and change in an ecosystem  
 
Assessment Rubric: 
Carrying Capacities: 
a. Explains the interrelated factors (boundaries, resources, climate, and competition) affect carrying 
capacity of an ecosystem 
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i. Some factors have larger effects than do others.  
ii. The significance of a factor is dependent on the scale (e.g., a pond vs. an ocean) at which it 

occurs. 
b. Identifies changes over time in the numbers and types of organisms in ecosystems of different scales.  

i. Identify the interdependence of factors (both living and nonliving) and resulting effect on carrying 
capacity. 

 ii. Identify the factors that have the largest effect on the carrying capacity of an ecosystem for a 
given population. 

Population: 
a. Identifies changes over time in the numbers and types of organisms in ecosystems of different scales.  

i. Ecosystems can exist in the same location on a variety of scales (e.g., plants and animals vs. 
microbes), and these populations can interact in ways that significantly change these ecosystems  

b. Identifies factors affecting biodiversity and population levels:  
i. The populations and number of organisms in ecosystems vary as a function of the physical and 

biological dynamics of the ecosystem.  
ii. Populations and the ecosystems in which they live impact each other through complex feedback 

mechanisms. Small changes to an ecosystem will likely have little effect on individual populations. 
Large changes can affect populations on many scales. 

Biodiversity: 
a. Identifies the most important factors (eg: Overpopulation; Overexploitation; Habitat destruction; 
Pollution; Introduction of invasive species)  

i . Changes in climate. that determine biodiversity and population numbers of an ecosystem.  
ii. Effects of both living and nonliving factors on biodiversity and population size, as well as the 

interactions of ecosystems on different scales.  
iii. Factors affecting ecosystems at one scale (eg: microscopic) can cause observable changes in 

ecosystems at a different scale (eg: macroscopic).  
Resiliency: 

a. Explains that the resiliency of an ecosystem is subject to the degree of change in the biological and 
physical environment of an ecosystem.  

i. Modest biological or physical disturbances in an ecosystem result in maintenance of relatively 
consistent numbers and types of organisms. 

ii. Extreme fluctuations in conditions or the size of any population can challenge the functioning of 
ecosystems in terms of resources and habitat availability, and changing conditions may result in a 
new ecosystem.  

iii. Complex interactions in ecosystems maintain relatively consistent numbers and types of 
organisms in stable conditions; some ecosystems are very resilient, and others, not.  

Iv. Biodiversity enhances resilience in an ecosystem.  
 
 

BIO.5 I can design a solution to reduce the negative effects of human 
activity on biodiversity. 
LS2-7; LS4-6  
Pre-Requisite: BIO.4 
 
Rubric: 

____ Identifies the negative effects of human activity on the environment and biodiversity 
____ Models the negative effects of human activity on the environment and biodiversity 
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____ Identifies options to reduce the negative effects of human activities on the environment and 
biodiversity 
____ Evaluates proposed solution(s) for reduction of negative effects 

 
Assessment Rubric: 
Identifies: 
One or more of the following (not an inclusive list): 
Overpopulation, overexploitation, adverse habitat alterations, pollution, invasive species, changes in 
climate 
Negative Effects: 
Models effects of human activity on a threatened or endangered species and to the genetic variation 
within a species. 

a. Provides quantitative information about the effect on threatened or endangered species.  
b. Explains effect on biodiversity 

Reduce: 
a. Describes factors affecting changes and stability in biodiversity (not limited to nor required to know all 
of):  

i. Overpopulation;  
ii. Overexploitation;  
iii. Habitat destruction;  
iv. Pollution;  
v. Introduction of invasive species;  
vi. Changes in climate.  

b. Clarifies the ways the proposed solution decreases the negative effects of human activity on the 
environment and biodiversity.  
Evaluates: 
a. Analyze the simulation results to determine whether the simulation provides sufficient information to 
evaluate the solution.  

i. Use logical and realistic inputs for the simulation that show an understanding of the reliance of 
ecosystem function and productivity on biodiversity, and that take into account the constraints of 
cost, safety, and reliability as well as cultural, and environmental impacts.  

ii. Use the simulation to identify possible negative consequences of solutions that would outweigh 
their benefits.  

iii. Compare the simulation results to expected results.  
iv. Identify the simulation’s limitations.  
v. Interpret the simulation results, and predict the effects of the specific design solutions on 

biodiversity based on the interpretation.  
vi. Revise the simulation as needed to provide sufficient information to evaluate the solution. 

b. Evaluate the proposed solution for its impact on overall environmental stability and changes. 
i. Describe and quantify (when appropriate) the criteria (amount of reduction of impacts and human 

activities to be mitigated) and constraints (for example, cost, safety, reliability; human needs: 
social, cultural  and environmental impacts) for the solution to the problem, along with the 
tradeoffs in the solution.  

ii. Refine and/or optimize the proposed solution by prioritizing the criteria and making tradeoffs as 
necessary to further reduce environmental impact and loss of biodiversity while addressing 
human needs.  
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BIO.6 I can explain how cellular division and differentiation produce 
and maintain a complex organism. 
HS-LS1-4; HS-LS3-1; HS-LS3-2 
Prereq: BIO.1 
 
Rubric: 
___ Illustrates the role of meiosis, mitosis, and differentiation in producing and maintaining complex 
organisms. 

___ Explains multiple possibilities for inheritable genetic variations 
___ Describes the usage of different parts of DNA in cell differentiation. 
 
Assessment Rubric: 
Meiosis (Cell division): 

a.  Knows the parent cell copies its genetic information (46 chromosome pairs) into two cells (23 
chromosome pairs each). The two cells divide that genetic material into a total of four distinct daughter 
cells (23 chromatids each).  

b.  Understands meiosis creates the gametes necessary for sexual reproduction with potential for greater 
genetic variation. 

Mitosis (Cell replication) 
a. Knows parent cell copies its genetic material (46 chromosome pairs) making two identical daughter 
cells with identical genetic material (46 chromatids each).  
b. Knows mitotic cell division results in more cells that:  

i. Allow growth of the organism; 
ii. Can then differentiate to create different cell types; and 
iii. Can replace dead cells to maintain a complex organism. 

Differentiation: 
a.  Explains that gene expression (which parts of the DNA are being used) causes differentiation: the 

differences between cell types within a multicellular organism— not different genetic material within that 
organism. 

b.  Describes that differentiation is the result of: 
i. The cause and effect relationships (including distinguishing between causal and correlational 

relationships) between DNA, the proteins it codes for, and the resulting traits observed in an organism; 
ii. That the DNA and chromosomes that are used by the cell can be regulated in multiple ways; 

and 
iii. The relationship between the non-protein coding sections of DNA and their functions (e.g., 

regulatory functions) in an organism 
c.  A multi-cellular organism is a collection of differentiated cells. 

Inheritable Genetic Variations 
a. Students describe that new combinations of DNA can arise from several sources, including meiosis, 

errors during mitosis (cell replication), and mutations caused by environmental factors. 
i. Variations in genetic material naturally result during meiosis when corresponding sections of 

chromosome pairs exchange places. 
ii. Genetic mutations can occur due to:  

1. errors during replication; and/or 
2. environmental factors. 

iii. Genetic material is inheritable.  
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BIO.7 I can summarize the causes and evidence for evolution. 
Prereq: BIO.6 
LS4-1; LS4-2; LS4-5 
 
Rubric: 
___ Describes how common ancestry and biological evolution are supported by evidence 
___ Explains the causes of evolution 
___ Describes how changes in an environment may change the species living there 
 
Assessment Rubric: 
Common Ancestry: 

a.  Identify and communicate evidence for common ancestry and biological evolution, including:  
i. Information derived from DNA sequences, which vary among species but have many similarities 

between species;  
ii. Similarities of the patterns of amino acid sequences, even when DNA sequences are slightly 

different, including the fact that multiple patterns of DNA sequences can code for the same amino 
acid; 

iii. Patterns in the fossil record (e.g., presence, location, and inferences possible in lines of 
evolutionary descent for multiple specimens); and  

iv. The pattern of anatomical and embryological similarities. 
b.  Show how the patterns observed at multiple spatial and temporal scales provide evidence for causal 

relationships relating to biological evolution and common ancestry (e.g., DNA sequences, 
embryological development, fossil records)  

Evolution: 
a. Evolution is caused primarily by one or more of four factors:  

i. the potential for a species to increase in number,  
ii. the heritable genetic variation of individuals in a species due to mutation and sexual reproduction, 

1.  Genetic variation can lead to variation of expressed traits in individuals in a population. 
2.  Individuals with traits that give competitive advantages can survive and reproduce at higher 

rates than individuals without the traits because of the competition for limited resources.  
3.  Individuals that survive and reproduce at a higher rate will provide their specific genetic 

variations to a greater proportion of individuals in the next generation.  
iii. competition for limited resources 

1.  As a species grows in number, competition for limited resources can arise.  
iv. the proliferation of those organisms that are better able to survive and reproduce in the 

environment. 
1.  Individuals in a species have genetic variation (through mutations and sexual reproduction) 

that is passed on to their offspring.  
2.  Individuals can have specific traits that give them a competitive advantage relative to other 

individuals in the species. 
3.  Over many generations, groups of individuals with particular traits that enable them to 

survive and reproduce in distinct environments using distinct resources can evolve into a 
different species.  

b.  There is a cause and effect relationship between genetic variation, the selection of traits that provide 
comparative advantages, and the evolution of populations that all express the trait.  

i. The difference between natural selection and biological evolution:  
1.  Natural selection is a process based on advantage 
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2.  Biological evolution can result from that selection process influencing the genes that are 
reproduced over time. 

Changes: 
a. Changes in environmental conditions may result in:  

i. Increases in the number of individuals of some species;  
ii. The emergence of new species over time; and 
iii. The extinction of other species.  

b. Assess the ability of the given evidence/data to be used to determine causal or correlational effects 
between environmental changes, the changes in the number of individuals in each species, the number of 
species in an environment, and/or the emergence or extinction of species.  

i. Interpret data indicating the change over time in: 
a) The number of individuals in each species;  
b) The number of species in an environment; and  
c) The environmental conditions.  

c. Environmental factors that can determine the ability of individuals in a species to survive and 
reproduce.   
d. Identify causal links between environmental changes and changes in the number of individuals or 
species based on environmental factors that can determine the ability of individuals in a species to 
survive and reproduce 
 
 

BIO.8 I can describe how natural selection and adaptation bear on 
group behavior and trait variation within a population. 
HS-LS2-8; HS-LS3-3; HS-LS4-3; HS-LS4-4 
Pre-Req: BIO.7 
 
Rubric: 
___ Relates natural selection to adaptation 
___ Interprets data sets relating to natural selection 
___ Explains how group behavior relates to natural selection 
___ Interprets datasets relating to trait variation in a population 
 
Assessment Rubric: 
Adaptation: 
a. Identifies the cause and effect relationship between natural selection and adaptation by analyzing: 

i. Changes in a population when some feature of the environment changes;  
ii. Relative survival rates of organisms with different traits in a specific environment;  
iii. The fact that individuals in a species have genetic variation (through mutations and sexual 

reproduction) that is passed on to their offspring; and  
iv. The fact that individuals can have specific traits that give them a competitive advantage relative 

to other individuals in the species.  
Natural Selection: 

a. How natural selection provides a mechanism for species to adapt to changes in their environment, 
including the following elements:  

i. Biotic and abiotic differences in ecosystems contribute to changes in gene frequency over time 
through natural selection.  

ii. Increasing gene frequency in a population results in an increasing fraction of the population in 
each successive generation that carries a particular gene and expresses a particular trait.  
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iii. Over time, this process leads to a population that is adapted to a particular environment by the 
widespread expression of a trait that confers a competitive advantage in that environment.  

Data sets 
a. Organize data by the distribution of genetic traits over time. (e.g., using tables, graphs and charts)  
b. Describe what each data set represents  

i. Perform and use appropriate statistical analyses of data, including probability measures, to 
determine patterns of change in numerical distribution of traits over various time and population 
scales.  

c. Use the data analyses as evidence to support explanations about the following:  
i. Positive or negative effects on survival and reproduction of individuals as relating to their 

expression of a variable trait in a population;  
ii. Natural selection as the cause of increases and decreases in heritable traits over time in a 

population, but only if it affects reproductive success; and  
iii. The changes in distribution of adaptations of anatomical, behavioral, and physiological traits in 

a population. 
Group Behavior: 
a. Group behavior can increase the chances for an individual and a species to survive and reproduce. 

i. Identify additional evidence (in the form of data, information, or other appropriate forms) that 
was not provided, but is relevant to the explanation and to evaluating the given evidence, and 
which includes evidence for causal relationships between specific group behaviors (e.g., 
flocking, schooling, herding, cooperative hunting, migrating, swarming) and individual survival 
and reproduction rates.  

ii. Use additional evidence to assess the validity, reliability, strengths, and weaknesses of the 
given evidence along with its ability to support logical and reasonable arguments about the 
outcomes of group behavior.  

Trait Variation: 
a. Organize given data by the frequency, distribution, and variation of expressed traits in a population.  

i. Use appropriate statistical analyses of data, including probability measures, to determine the 
relationship between a trait’s occurrence within a population and environmental factors.  

ii. Explain the distribution of expressed traits, including:  
1. Recognition and use of patterns in the statistical analysis to predict changes in trait 

distribution within a population if environmental variables change; and  
2. Describe the expression of a chosen trait and its variations as causative or correlational to 

some environmental factor based on reliable evidence.  
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Physical Sciences 
 
 

Physical Science Targets and Rubrics 
 

 

Target Pre-Req. Preferred Req. 

PHYS.1 Elements and Molecules   

PHYS.2 Chemical Reactions PHYS.1  

PHYS.3 Stoichiometry PHYS.2; ALG.1 ALG.2 

PHYS.4 Collision Forces PALG.8 ALG.1 

PHYS.5 Forces PHYS.4  

PHYS.6 Systems Energy PHYS.5; PHYS.2  

PHYS.7 Waves PALG.8; PHYS.6 ALG.1 

PHYS.8 Radiation Effect  PHYS.7; MBIO.2 BIO.5 

 
 
PHYS.1 I can explain how the structure and interaction of matter is 
determined by electrical forces within and between atoms.  
HS-PS1-1; HS-PS1-3; PS1-8; HS-PS2-6 
 
Rubric: 
___ Describes basic tenets of atoms and their interactions 
___ Models major nuclear processes 
___ Describes relationship between properties of a substance and the strength of its electrical forces 
___ Explains link between molecular structure and function of materials 
 
Assessment Rubric: 
Atoms 
a. Basic Tenets: 

i. Elements and their arrangement in the periodic table;  
ii. A positively-charged nucleus composed of both protons and neutrons, surrounded by 

negatively-charged electrons;  
iii. Electrons in the outermost energy level of atoms (i.e., valence electrons); and 
iv. The number of protons in each element.  
iv The arrangement of the main groups of the periodic table reflects the patterns of outermost 

electrons.  
vi. Elements in the periodic table are arranged by the numbers of protons in atoms.  
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b. Interactions: Use periodic table to predict the patterns of behavior of the elements based on the 
attraction and repulsion between electrically charged particles and the patterns of outermost electrons 
that determine the typical reactivity of an atom.  

i. The number and types of bonds formed (i.e. ionic, covalent, metallic) by an element and 
between elements;  

ii. The number and charges in stable ions that form from atoms in a group of the periodic table;   
iii. The trend in reactivity and electronegativity of atoms down a group, and across a row in the 

periodic table, based on attractions of outermost (valence) electrons to the nucleus; and  
iv. The relative sizes of atoms both across a row and down a group in the periodic table. 

Nuclear Processes 
a. Develop five distinct models to illustrate the relationships between components underlying the nuclear 
processes of 1) fission, 2) fusion and 3) three distinct types of radioactive decay.  

i. In all five models:  
a. The total number of neutrons plus protons is the same both before and after the 

nuclear process, although the total number of protons and the total number of neutrons may be 
different before and after.  

b. The scale of energy changes in a nuclear process is much larger (hundreds of 
thousands or even millions of times larger) than the scale of energy changes in a chemical 
process.  
ii. Develop a fusion model that illustrates a process in which two nuclei merge to form a single, 

larger nucleus with a larger number of protons than were in either of the two original nuclei.  
 a. Illustrate that this processes may release energy and may require initial energy for the 

reaction to take place.  
iii. Develop a fission model that illustrates a process in which a nucleus splits into two or more 

fragments that each have a smaller number of protons than were in the original nucleus.  
a. Illustrate that this processes may release energy and may require initial energy for the 

reaction to take place.  
iv. Develop radioactive decay models that illustrate the differences in type of energy (e.g., kinetic 

energy, electromagnetic radiation) and type of particle (e.g., alpha particle, beta particle) released during 
alpha, beta, and gamma radioactive decay, and any change from one element to another that can occur 
due to the process.  

a. Radioactive decay model describes that alpha particle emission is a type of fission 
reaction, and that beta and gamma emission are not. 

Relationship 
a. The relationship between the measurable properties (e.g., melting point, boiling point, vapor pressure, 
surface tension) of a substance and the strength of the electrical forces between the particles of the 
substance.   

i. The spacing of the particles of the chosen substances can change as a result of the 
experimental procedure even if the identity of the particles does not change (e.g., when water is boiled 
the molecules are still present but further apart).  

ii. Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles 
to keep the particles close together. Thus, as more energy is added to the system, the forces of attraction 
between the particles can no longer keep the particles close together.  

iii. The patterns of interactions between particles at the molecular scale are reflected in the  
patterns of behavior at the macroscopic scale. 

iv. Together, patterns observed at multiple scales can provide evidence of the causal 
relationships between the strength of the electrical forces between particles and the structure of 
substances at the bulk scale. 
b. Investigation includes: 
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i. A rationale for the choice of substances to compare and a description* of the composition of 
those substances at the atomic molecular scale.  

ii. A description of how the data will be collected, the number of trials, and the experimental set up 
and equipment required. 

iii. How the data will be collected, the number of trials, the experimental set up, and the 
equipment required.  

iv. Collect and record data — quantitative and/or qualitative — on the bulk properties of 
substances.  
c. Assess investigation: 

i. Assessing the accuracy and precision of the data collected, as well as the limitations of the 
investigation; and 

ii. The ability of the data to provide the evidence required.  
iii. Refine the plan to produce more accurate, precise, and useful data. 

Function of Materials 
a. Molecular level structure is important in the functioning of designed materials, including: 

i. How the structure and properties of matter and the types of interactions of matter at the atomic 
scale determine the function of the chosen designed material(s); and 

ii. How the material’s properties make it suitable for use in its designed function. 
b. Students explicitly identify the molecular structure of the chosen designed material(s) (using a 
representation appropriate to the specific type of communication — e.g., geometric shapes for drugs and 
receptors, ball and stick models for long-chained molecules), and link this to the intended function and 
macroscopic properties (e.g., material strength, conductivity, reactivity, state of matter, durability) and 
each of the following: 

i. Molecular level structure of the material; 
ii. Intermolecular forces and polarity of molecules; and  
iii. The ability of electrons to move relatively freely in metals.  

c. Attractive and repulsive electrical forces between molecules have on the arrangement (structure) of the 
chosen designed material(s) of molecules (e.g., solids, liquids, gases, network solid, polymers).  
d. For all materials, electrostatic forces on the atomic and molecular scale results in contact forces (e.g., 
friction, normal forces, stickiness) on the macroscopic scale.  
 

 
PHYS.2 I can can predict what will happen in a chemical reaction and 
its impact. 
HS-PS1-2; HS-PS1-4; HS-PS1-5; HS-PS1-6 
Pre-Requisite: PHYS.1 
 
Rubric: 
___ Explains outcomes of reactions 
___ Details the transfer of energy in a reaction 
___ Describe the relationship between kinetic energy and the reaction rate 
___ Applies Le Chetalier’s principle 
 
Assessment Rubric: 
Outcomes 
a. An explanation of the outcome of the given reaction, including: 
 i. The idea that the total number of atoms of each element in the reactant and products is 
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the same; 
 ii. The numbers and types of bonds (i.e., ionic, covalent) that each atom forms, as 
determined by the outermost (valence) electron states and the electronegativity; 
 iii. The outermost (valence) electron state of the atoms that make up both the reactants and 
the products of the reaction is based on their position in the periodic table; and 
 iv. A discussion of how the patterns of attraction allow the prediction of the type of reaction 
that occurs (e.g., formation of ionic compounds, combustion of hydrocarbons). 
b. Main Concepts: 
 i. Identification of the products and reactants, including their chemical formulas and the 
arrangement of their outermost (valence) electrons; 
 ii. Identification that the number and types of atoms are the same both before and after a 
reaction; 
 iii. Identification of the numbers and types of bonds (i.e., ionic, covalent) in both the 
reactants and the products; 
 iv. The patterns of reactivity (e.g., the high reactivity of alkali metals) at the macroscopic 
level as determined by using the periodic table; and 
 v. The outermost (valence) electron configuration and the relative electronegativity of the 
atoms that make up both the reactants and the products of the reaction based on their 
position in the periodic table. 
c. The causal relationship between the observable macroscopic patterns of reactivity of elements in the 
periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 
d. Given new evidence or context, students construct a revised or expanded explanation about the 
outcome of a chemical reaction and justify the revision. 
Transfer of Energy 
a. The energy change within the system is accounted for by the change in the bond energies of the 
reactants and products. (Note: This does not include calculating the total bond energy changes.)  
b. Breaking bonds requires an input of energy from the system or surroundings, and forming bonds 
releases energy to the system and the surroundings. 
c. The energy transfer between systems and surroundings is the difference in energy between the bond 
energies of the reactants and the products.  
d. The overall energy of the system and surroundings is unchanged (conserved) during the reaction.  
e. Energy transfer occurs during molecular collisions.  
f. The relative total potential energies of the reactants and products can be accounted for by the changes 
in bond energy. 

i. The transformation of potential energy from the chemical system interactions to kinetic energy 
in the surroundings (or vice versa) by molecular collisions; 

ii. The relative potential energies of the reactants and the products. 
iii. The release or absorption of energy depends on whether the relative potential energies of the 

reactants and products decrease or increase. 
Reaction Rate 
a. As the kinetic energy of colliding particles increases and the number of collisions increases, the 
reaction rate increases. 

i. Molecules that collide can break bonds and form new bonds, producing new molecules. 
ii. The probability of bonds breaking in the collision depends on the kinetic energy of the collision 

being sufficient to break the bond, since bond breaking requires energy.  
iii. Since temperature is a measure of average kinetic energy, a higher temperature means that 

molecular collisions will, on average, be more likely to break bonds and form new bonds. 
iv. At a fixed concentration, molecules that are moving faster also collide more frequently, so 

molecules with higher kinetic energy are likely to collide more often. 
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v. A high concentration means that there are more molecules in a given volume and thus more 
particle collisions per unit of time at the same temperature.  
Le Chetalier’s Principle 
a. Potential changes in a component of the given chemical reaction system that will increase the amounts 
of particular species at equilibrium. Describe the relative quantities of a product before and after changes 
to a given chemical reaction system (e.g., concentration increases, decreases, or stays the same), and 
will explicitly use Le Chatelier’s principle, including: 

i. How, at a molecular level, a stress involving a change to one component of an equilibrium 
system affects other components; 

ii. That changing the concentration of one of the components of the equilibrium system will 
change the rate of the reaction (forward or backward) in which it is a reactant, until the forward and 
backward rates are again equal; and 

iii. A description of a system at equilibrium that includes the idea that both the forward and 
backward reactions are occurring at the same rate, resulting in a system that appears stable at the 
macroscopic level.  
b. Criteria and constraints, including quantification when appropriate. Examples of constraints to be 
considered are cost, energy required to produce a product, hazardous nature and chemical properties of 
reactants and products, and availability of resources. 
c. Evaluate the proposed refinements to the design of the given chemical system. The potential 
refinements are evaluated by comparing the redesign to the list of criteria (i.e., increased product) and 
constraints (e.g., energy required, availability of resources).  
d. Refine the given designed system by making tradeoffs that would optimize the designed system to 
increase the amount of product, and describe the reasoning behind design decisions. 

 
 
PHYS.3 I can solve stoichiometric calculations. 
HS-PS1-7 
Pre-Requisite: ALG.1; PHYS.2 
 
Rubric: 
___ Balances equations to show conservation of mass during a chemical reaction 
 
Assessment Rubric: 
Balances Equations: 
a. Use the mole to convert between the atomic and macroscopic scale in the analysis. 
b. Given a chemical reaction, students use the mathematical representations to  

i. Predict the relative number of atoms in the reactants versus the products at the atomic 
molecular scale; and 

ii. Calculate the mass of any component of a reaction, given any other component. 
iii. Atoms, and therefore mass, are conserved during a chemical reaction.  

c.  Mathematical representations (e.g., stoichiometric calculations to show that the number of atoms or 
number of moles is unchanged after a chemical reaction where a specific mass of reactant is converted to 
product) support the claim that atoms, and therefore mass, are conserved during a chemical reaction.  
d. Students describe* how the mass of a substance can be used to determine the number of atoms, 
molecules, or ions using moles and mole relationships (e.g., macroscopic to atomic molecular scale 
conversion using the number of moles and Avogadro’s number).  
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PHYS.4 I can apply knowledge of force and momentum to a collision 
design. 
HS-PS2-1; HS-PS2-2; HS-PS2-3; HS-PS3-5 
Pre-Requisite: PALG.8 
 
Rubric: 
___ Describes the relationship between force, mass, and acceleration 
___ Describes the relationship between momentum, mass, and velocity 
___ Illustrates the forces and changes in energy involved when two objects interact 
___ Designs a device that minimizes the force on an object during a collision 
 
Assessment Rubric: 
Force: 
a. Organize data that represent the net force on a macroscopic object, its mass (which is held constant), 
and its acceleration (e.g., via tables, graphs, charts, vector drawings).  

i. A more massive object experiencing the same net force as a less massive object has a smaller 
acceleration, and a larger net force on a given object produces a correspondingly larger acceleration; and  

ii. The result of gravitation is a constant acceleration on macroscopic objects as evidenced by the 
fact that the ratio of net force to mass remains constant. 
b. Interpreting data  

i. The relationship between the observed quantities is accurately modeled across the range of 
data by the formula a = Fnet/m (e.g., double force yields double acceleration, etc.). 

ii. Use data as empirical evidence to distinguish between causal and correlational relationships 
linking force, mass, and acceleration. 
c. Students express the relationship Fnet=ma in terms of causality, namely that a net force on an object 
causes the object to accelerate.  
Momentum: 
a. The momentum of each object in the system is the product of its mass and its velocity, p = mv (p and v 
are restricted to one-dimensional vectors). 

i. The total momentum of a system of two interacting objects is constant if there is no net force on 
the system. 

ii. The physical interaction of the two objects in terms of the change in the momentum of each 
object as a result of the interaction.  
iii. Find the total momentum of the system by calculating the vector sum of momenta of the two 

objects in the system.  
iv. Use the analysis of the motion of the objects before the interaction to identify a system with 

essentially no net force on it.  
v. The momentum of the system is the same before and after the interaction between the objects 

in the system, so that momentum of the system is constant. 
vi. Any change in momentum of one object is balanced by a change in the momentum of the 

other object, so that the total momentum is constant.  
Two Objects Interact: 
a.  Models the forces and changes in energy involved when two objects interact, including: 

i. The two objects in the system, including their initial positions and velocities (limited to one 
dimension). 

ii. The nature of the interaction (electric or magnetic) between the two objects. 
iii. The relative magnitude and the direction of the net force on each of the objects. 
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iv. Representation of a field as a quantity that has a magnitude and direction at all points in space 
and which contains energy.  

v. Determine whether the energy stored in the field increased, decreased, or remained the same 
when the objects interacted.  

a. The change in the energy stored in the field (which is qualitatively determined to be 
either positive, negative, or zero) is consistent with the change in energy of the objects. 

b. Describe the cause and effect relationships on a qualitative level between forces produced by electric 
or magnetic fields and the change of energy of the objects in the system. 
Collision: 
a. Design: 

i. Incorporates the concept that for a given change in momentum, force in the direction of the 
change in momentum is decreased by increasing the time interval of the collision (FΔt = mΔv); and 

ii. Explicitly makes use of the principle above so that the device has the desired effect of reducing 
the net force applied to the object by extending the time the force is applied to the object during the 
collision. 

iii. Describes the scientific rationale for their choice of materials and for the structure of the 
device.  
b. Describe and quantify (when appropriate) the criteria and constraints, along with the tradeoffs implicit in 
these design solutions. Examples of constraints to be considered are cost, mass, the maximum force 
applied to the object, and requirements set by society for widely used collision-mitigation devices (e.g., 
seatbelts, football helmets).  
c. Evaluate the proposed device design or design solution, including describing the rationales for the 
design and comparing the design to the list of criteria and constraints. 

i. Test and evaluate the device based on its ability to minimize the force on the test object during 
a collision. Students identify any unanticipated effects or design performance issues that the device 
exhibits. 

ii. Refine and/or optimizing the design solution  
iii. Use the test results to improve the device performance by extending the impact time, reducing 

the device mass, and/or considering cost-benefit analysis. 
 
 

PHYS.5 I can predict electrostatic, gravitational, and magnetic forces. 
HS-PS2-4; HS-PS2-5 
Pre-Requisites: ALG.1; HS-PS2-5 
 
Rubric: 
___ Applies the inverse square law to predict the force on an object  
___ Explains how magnetic fields create electric current 
 
Assessment Rubric: 
Force: 
a. Using the given mathematical representations, students identify and describe* the gravitational 

attraction between two objects as the product of their masses divided by the separation distance squared 

(Fg = −G m1m2 d2 ), where a negative force is understood to be attractive. 
b. Using the given mathematical representations, students identify and describe* the electrostatic force 
between two objects as the product of their individual charges divided by the separation distance squared 
(Fe = k q1q2 d2 ), where a negative force is understood to be attractive.  
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c. Describes that the ratio between gravitational and electric forces between objects with a given charge 
and mass is a pattern that is independent of distance.  
d. Describes that the mathematical representation of the gravitational field (Fg = −G m1m2 d2 ) only 

predicts an attractive force because mass is always positive.  
e. Describes that the mathematical representation of the electric field (Fe = k q1q2 d2 ) predicts both 
attraction and repulsion because electric charge can be either positive or negative.  
f. Describes that the change in the energy of objects interacting through electric or gravitational forces 
depends on the distance between the objects.  
Electric Currents: 
a. An electric current produces a magnetic field and that a changing magnetic field produces an electric 
current.  
b. Students develop an investigation plan and describe* the data that will be collected and the evidence to 
be derived from the data about  

i. An observable effect of a magnetic field that is uniquely related to the presence of an electric 
current in the circuit, and  

ii. An electric current in the circuit that is uniquely related to the presence of a changing magnetic 
field near the circuit. Describes why these effects seen must be causal and not correlational, citing 
specific cause-effect relationships.  
c. Planning for the investigation a In the investigation plan, students include: 

i. The use of an electric circuit through which electric current can flow, a source of electrical 
energy that can be placed in the circuit, the shape and orientation of the wire, and the types and positions 
of detectors; 

ii. A means to indicate or measure when electric current is flowing through the circuit; 
iii. A means to indicate or measure the presence of a local magnetic field near the circuit;  
iv. A design of a system to change the magnetic field in a nearby circuit and a means to indicate 

or measure when the magnetic field is changing. 
Evaluate and Refine: 

i. The accuracy and precision of the data collected, as well as limitations of the investigation; and 
ii. The ability of the data to provide the evidence required.  
iii. Refine the investigation plan to produce more accurate, precise, and useful data such that the 

measurements or indicators of the presence of an electric current in the circuit and a magnetic field near 
the circuit can provide the required evidence. 
 

 
PHYS.6 I can explain how matter and energy interact to achieve 
stability within a system. 
HS-PS3-1; HS-PS3-2; HS-PS3-4 
Pre-Requisites: PALG.8; PHYS.2 
 
Rubric: 
___ Creates a computational model for energy flows and states in a model 
___ Models energy within a system 
___ Investigates thermal energy equilibrium 
 
Assessment Rubric: 
Computational Model 
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a. Use the algebraic descriptions of the initial and final energy state of the system, along with the energy 
flows to create a computational model (e.g., simple computer program, spreadsheet, simulation software 
package application) that is based on the principle of the conservation of energy. 

i. Use the computational model to calculate changes in the energy of one component of the 
system when changes in the energy of the other components and the energy flows are known.  

ii. Use the computational model to predict the maximum possible change in the energy of one 
component of the system for a given set of energy flows. 

iii. Note the limitations of the computational model, based on the assumptions that were made in 
creating the algebraic descriptions of energy changes and flows in the system.  
b. Identify:  

i. The boundaries of the system and that the reference level for potential energy = 0 (the potential 
energy of the initial or final state does not have to be zero);  

ii. The initial energies of the system’s components (e.g., energy in fields, thermal energy, kinetic 
energy, energy stored in springs — all expressed as a total amount of Joules in each component), 
including a quantification in an algebraic description to calculate the total initial energy of the system;  

iii. The energy flows in or out of the system, including a quantification in an algebraic description 
with flow into the system defined as positive; and 

iv. The final energies of the system components, including a quantification in an algebraic 
description to calculate the total final energy of the system.  
Model: 
a. Model shows that in closed systems the energy is conserved on both the macroscopic and 
molecular/atomic scales so that as one form of energy changes, the total system energy remains 
constant, as evidenced by the other forms of energy changing by the same amount or changes only by 
the amount of energy that is transferred into or out of the system.  
 i. Changes in the relative position of objects in gravitational, magnetic or electrostatic fields can 
affect the energy of the fields (e.g., charged objects moving away from each other change the field 
energy).  

ii. Thermal energy includes both the kinetic and potential energy of particle vibrations in solids or 
molecules and the kinetic energy of freely moving particles (e.g., inert gas atoms, molecules) in liquids 
and gases. 

iii. The total energy of the system and surroundings is conserved at a macroscopic and 
molecular/atomic level. 

iv. Chemical energy can be considered in terms of systems of nuclei and electrons in electrostatic 
fields (bonds). 

v. As one form of energy increases, others must decrease by the same amount as energy is 
transferred among and between objects and fields.  
b. Use model to illustrate that energy at the macroscopic scale can be accounted for as a combination of 
energy associated with the motions of particles/objects and energy associated with the relative positions 
of particles/objects on both the macroscopic and microscopic scales. 
Thermal Energy: 
a. The transfer of thermal energy when two components of different temperature are combined within a 
closed system results in a more uniform energy distribution among the components in the system 
(second law of thermodynamics).  
b. Develop an investigation plan and describe* the data that will be collected and the evidence to be 
derived from the data, including:  

i. The measurement of the reduction of temperature of the hot object and the increase in 
temperature of the cold object to show that the thermal energy lost by the hot object is equal to the 
thermal energy gained by the cold object and that the distribution of thermal energy is more uniform after 
the interaction of the hot and cold components; and  
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ii. The heat capacity of the components in the system (obtained from scientific literature). 
iii. Plan describes how a nearly closed system will be constructed, including the boundaries and 

initial conditions of the system;  
iv. Plan describes how the data that will be collected, including masses of components and initial 

and final temperatures; and  
v. The experimental procedure, including how the data will be collected, the number of trials, the 

experimental set up, and equipment required. 
c. Collect and record data that can be used to calculate the change in thermal energy of each of the two 
components of the system. 
d. Refining the design a Students evaluate their investigation, including: 

i. The accuracy and precision of the data collected, as well as the limitations of the investigation;  
ii. The ability of the data to provide the evidence required; and 
iii. Refine the plan to produce more accurate, precise, and useful data that address the 

experimental question. 
iv. Students identify potential causes of the apparent loss of energy from a closed system (which 

should be zero in an ideal system) and adjust the design of the experiment accordingly 
 

 
PHYS.7 I can apply central concepts of light waves. 
HS-PS3-3; HS-PS4-1; HS-PS4-2; HS-PS4-5 
Pre-Requisite: PALG.8; PHYS.5; PHYS.6 
 
Rubric: 
___ Calculates relationship between wavelength and speed through different media 
___ Explains the importance of digital information usage and storage on daily life 
___ Describes how two ‘everyday devices’ change energy from one form to another 
___ Designs a device to change energy into a different form 
 
Assessment Rubric: 
Calculates 
a. Show that the product of the frequency and the wavelength of a particular type of wave in a given 
medium is constant, and identify this relationship as the wave speed according to the mathematical 
relationship 𝑣 = 𝑓𝜆. 
b. Use the data to show that the wave speed for a particular type of wave changes as the medium 
through which the wave travels changes.  
c. Predict the relative change in the wavelength of a wave when it moves from one medium to another 
(thus different wave speeds using the mathematical relationship 𝑣 = 𝑓𝜆). Students express the relative 
change in terms of cause (different media) and effect (different wavelengths but same frequency).  
d. Assess claims about any of the three quantities when the other two quantities are known for waves 
travelling in various specified media.  
Digital Information: 
a. Provides examples of features associated with digital transmission and storage of information (e.g., 
can be stored reliably without degradation over time, transferred easily, and copied and shared rapidly; 
can be easily deleted; can be stolen easily by making a copy; can be broadly accessed); and 

i. Describes the stability and importance of the systems that employ digital information as they 
relate to the advantages and disadvantages of digital transmission and storage of information; and  
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ii. Discusses the relevance of the answers to the question to real-life examples (e.g., emailing 
your homework to a teacher, copying music, using the internet for research, social media).  
b. Evaluates whether given features are advantages or disadvantages. 
Everyday Devices: 
a. Describes at least two devices and the physical principles upon which the devices depend. One of the 
devices must depend on the photoelectric effect for its operation. Cite the origin of the information as 
appropriate. 

i. Identifies the wave behavior utilized by the device or the absorption of photons and production 
of electrons for devices that rely on the photoelectric effect, and qualitatively describe how the basic 
physics principles were utilized in the design through research and development to produce this 
functionality (e.g., absorbing electromagnetic energy and converting it to thermal energy to heat an 
object; using the photoelectric effect to produce an electric current). 
  ii. For each device, discusses the real-world problem it solves or need it addresses, and how 
civilization now depends on the device.  
Designs: 
a. Plans this device as an example of how the application of scientific knowledge and engineering design 
can increase benefits for modern civilization while decreasing costs and risk.  

i. Identifies what scientific principles provide the basis for the energy conversion design;  
ii. Identifies the forms of energy that will be converted from one form to another in the designed 

system; 
iii. Identifies losses of energy by the design system to the surrounding environment;  
iv. Describes the scientific rationale for choices of materials and structure of the device, including 

how student-generated evidence influenced the design;  
b. Describe and quantify (when appropriate) prioritized criteria and constraints for the design of the 
device, along with the tradeoffs implicit in these design solutions. Examples of constraints to be 
considered are cost and efficiency of energy conversion.  
c. Evaluates and refines 

i. Evaluate the performance of the device against the criteria and constraints.  
ii. Use the results of the tests to improve the device performance by increasing the efficiency of 

energy conversion, keeping in mind the criteria and constraints, and noting any modifications in tradeoffs. 
 
 

PHYS.8 I can describe the structure and impact of electromagnetic 
radiation. 
HS-PS4-3; HS-PS4-4 
Pre-Requisites: PHYS.7; MBIO.2 
Preferred Requisite: BIO.6 (cellular reproduction) 
 
Rubric: 
___ Discerns between when it’s useful to categorize electromagnetic radiation as a wave or a particle 
___ Describes electromagnetic radiation’s effect on matter  
 
Assessment Rubric: 
Electromagnetic Radiation: 
a. Electromagnetic radiation can be described either by a wave model or a particle model, and for some 
situations one model is more useful than the other.  

i. Interference behavior by electromagnetic radiation (wave model); and 
ii. The photoelectric effect (particle model).  
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b. Evaluate the reasoning for modeling electromagnetic radiation as both a wave and particle, considering 
the transfer of energy and information within and between systems, and why for some aspects the wave 
model is more useful and for other aspects, the particle model is more useful.  
Radiation’s Effect on Matter: 
a. Obtains at least two claims proposed in published material (using at least two sources per claim) 
regarding the effect of electromagnetic radiation that is absorbed by matter. One of these claims deals 
with the effect of electromagnetic radiation on living tissue. 
b. Uses reasoning about the data presented, including the energies of the photons involved (i.e., relative 
wavelengths) and the probability of ionization, to analyze the validity and reliability of each claim.  
c. Describes the cause and effect reasoning in each claim, including the extrapolations to larger scales 
from cause and effect relationships of mechanisms at small scales (e.g., extrapolating from the effect of a 
particular wavelength of radiation on a single cell to the effect of that wavelength on the entire organism).  
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Earth/Space Science 
Pre-Requisites and Preferred Requisites 

 
Target Pre-Req. Preferred Req. 

ESS.1 Earth’s History PHYS heat transfer 
(thermal energy), 
radioactivity 

 

ESS.2 Human Activity Effect on H2O Cycle PHYS (molecular 
structure) 

 

ESS.3 Climate Change ESS.2; BIO.3  

ESS.4 Co-Evolution of Earth and Life ESS.1  

ESS.5 Structure of Universe ALG.1  
 
 
ESS.1 I can describe Earth’s creation, early history, and geosphere 
processes.  
HS-ESS1-5; HS-ESS1-6; HS-ESS2-1; HS-ESS-2-3 
 
Rubric 
___ Describes how Earth was created and its early history 
___ Explains how crustal materials on Earth’s surface can be attributed to plate tectonic activity 
___ Models the processes on Earth’s surface 
___ Models the processes on Earth’s interior 
 
Assessment Rubric 
Created: 
a Students construct an account of Earth’s formation and early history that includes that: 

i. Earth formed along with the rest of the solar system 4.6 billion years ago.  
a. Radiometric ages of lunar rocks, meteorites and the oldest Earth rocks point to an 

origin of the solar system 4.6 billion years ago, with the creation of a solid Earth crust about 4.4 
billion years ago.  

b. The age and composition of Earth’s oldest rocks, lunar rocks, and meteorites as 
determined by radiometric dating;  
ii. The early Earth was bombarded by impacts just as other objects in the solar system were 

bombarded. 
a. Other planetary surfaces and their patterns of impact cratering can be used to infer 

that Earth had many impact craters early in its history.   
  b. Observations of the size and distribution of impact craters on the surface of Earth and 
on the surfaces of solar system objects (e.g., the moon, Mercury, and Mars); 
  c. The composition of solar system objects. 
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iii. Erosion and plate tectonics (eg: volcanism) on Earth have destroyed much of the evidence of 
this bombardment, explaining the relative scarcity of impact craters on Earth.   

iv. The relative lack of impact craters and the age of most rocks on Earth compared to other 
bodies in the solar system can be attributed to processes such as volcanism, plate tectonics, and erosion 
that have reshaped Earth’s surface, and that this is why most of Earth’s rocks are much younger than 
Earth itself. 
Crustal Materials: 
a Crustal materials of different ages are arranged on Earth’s surface in a pattern that can be attributed to 
plate tectonic activity and formation of new rocks from magma rising where plates are moving apart.  

i. Measurement of the ratio of parent to daughter atoms produced during radioactive decay as a 
means for determining the ages of rocks;  

ii. Ages and locations of continental rocks;  
iii. Ages and locations of rocks found on opposite sides of mid-ocean ridges;  
iv. The type and location of plate boundaries relative to the type, age, and location of crustal 

rocks. 
b. Patterns observed from the evidence support the explanation about the ages of crustal rocks: 

i. The pattern of the continental crust being older than the oceanic crust;  
ii. The pattern that the oldest continental rocks are located at the center of continents, with the 

ages decreasing from their centers to their margin;  
iii. The pattern that the ages of oceanic crust are greatest nearest the continents and decrease in 

age with proximity to the mid-ocean ridges. 
c. Relationship between the motion of continental plates and the patterns in the ages of crustal rocks, 
including that:  

i. At boundaries where plates are moving apart, such as mid-ocean ridges, material from the 
interior of the Earth must be emerging and forming new rocks with the youngest ages.  

ii. The regions furthest from the plate boundaries (continental centers) will have the oldest rocks 
because new crust is added to the edge of continents at places where plates are coming together, such 
as subduction zones.  

iii. The oldest crustal rocks are found on the continents because oceanic crust is constantly being 
destroyed at places where plates are coming together, such as subduction zones.  
Earth’s Surface: 
Creation of Earth’s surface: 

i. Specific internal processes, mainly volcanism, mountain building or tectonic uplift, are identified 
as causal agents in building up Earth’s surface over time.  

ii. Specific surface processes, mainly weathering and erosion, are identified as causal agents in 
wearing down Earth's surface over time.  

iii. Interactions and feedbacks between processes are identified (e.g., mountain-building changes 
weather patterns that then change the rate of erosion of mountains).  

iv. The rate at which the features change is related to the time scale on which the processes 
operate. Features that form or change slowly due to processes that act on long time scales (e.g., 
continental positions due to plate drift) and features that form or change rapidly due to processes that act 
on short time scales (e.g., volcanic eruptions) are identified.  
Scale and Specificity: 

i. Descriptions and locations of specific continental features and specific ocean-floor features;  
ii. A geographic scale, showing the relative sizes/extents of continental and/or ocean-floor 

features;  
iii. A temporal scale showing the relative times over which processes act to produce continental 

and/or ocean-floor features.  
Earth’s Interior: 
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a Model the components based on both seismic and magnetic evidence (e.g., the pattern of the 
geothermal gradient or heat flow measurements) from Earth’s interior, including:  

i. Earth’s interior in cross-section and radial layers (crust, mantle, liquid outer core, solid inner 
core) determined by density;  

ii. The plate activity in the outer part of the geosphere;  
iii. Significant radioactive decay and residual thermal energy from the formation of the Earth 

drives the flow of matter in the mantle, and as a source of energy;   
iv. The loss of heat at the surface of the earth as an output of energy; and  
v. The process of convection that causes hot matter to rise (move away from the center) and cool 

matter to fall (move toward the center). 
b. Concepts: 

ii. Thermal energy is released at the surface of the Earth as new crust is formed and cooled.  
iii. The flow of matter by convection in the solid mantle and the sinking of cold, dense crust back 

into the mantle exert forces on crustal plates that then move, producing tectonic activity, and causing 
crustal plates to move.  

iv. The flow of matter by convection in the liquid outer core generates the Earth’s magnetic field.  
v. Matter is cycled between the crust and the mantle at plate boundaries. Where plates are 

pushed together, cold crustal material sinks back into the mantle, and where plates are pulled apart, 
mantle material can be integrated into the crust, forming new rock.  

vi. The flow of matter in the liquid outer core that generates the Earth’s magnetic field, including 
evidence of polar reversals (e.g., seafloor exploration of changes in the direction of Earth’s magnetic 
field);  
 
 

ESS. 2 I can evaluate the impact of human activity on Earth’s water 
cycle.  
 HS-ESS2-5; HS-ESS3-4; HS-ESS3-6 
 
Rubric 
____ Connects the properties of water and its effects on Earth’s materials and surface processes 
____ Performs an investigation to explore the interactions between two of Earth’s systems 
____ Generates refinements to an existing technology 
 
Assessment Rubric 
Effects on Earth: 
a Investigate the connection between the properties of water and its effects on Earth materials and 
surface processes. 

i. Properties of water, including:  
a) The heat capacity of water;  
b) The density of water in its solid and liquid states; and  
c) The polar nature of the water molecule due to its molecular structure.  

ii. The effect of the properties of water on energy transfer that causes the patterns of temperature, 
the movement of air, and the movement and availability of water at Earth’s surface.  

iii. Mechanical effects of water on Earth materials that can be used to infer the effect of water on 
Earth’s surface processes. Examples can include: a) Stream transportation and deposition using a stream 
table, which can be used to infer the ability of water to transport and deposit materials; b) Erosion using 
variations in soil moisture content, which can be used to infer the ability of water to prevent or facilitate 
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movement of Earth materials; and c) The expansion of water as it freezes, which can be used to infer the 
ability of water to break rocks into smaller pieces.  

iv. Chemical effects of water on Earth materials that can be used to infer the effect of water on 
Earth’s surface processes. Examples can include: a) The solubility of different materials in water, which 
can be used to infer chemical weathering and recrystallization; b) The reaction of iron to rust in water, 
which can be used to infer the role of water in chemical weathering; c) Data illustrating that water lowers 
the melting temperature of most solids, which can be used to infer melt generation; and d) Data 
illustrating that water decreases the viscosity of melted rock, affecting the movement of magma and 
volcanic eruptions.  
Investigation: 
a. Collect and record measurements or indications of the predicted effect of a property of water on Earth’s 
materials or surface.  
b. Evaluate the accuracy and precision of the collected data.  
c. Students evaluate whether the data can be used to infer the effect of water on processes in the natural 
world.  
d. If necessary, students refine the plan to produce more accurate and precise data. 
Model 
a. Relationships among at least two of Earth’s systems, including how the relevant components in each 
individual Earth system can drive changes in another, interacting Earth system.  
b. Use evidence from the computational representation to describe how human activity could affect the 
relationships between the Earth’s systems under consideration. 
Refinements: 
a. Students use scientific information to generate a number of possible refinements to a given 
technological solution. Students: 

i. Describe the system being impacted and how the human activity is affecting that system; 
ii. Identify the scientific knowledge and reasoning on which the solution is based; 
iii. Describe how the technological solution functions and may be stabilizing or destabilizing the 

natural system; 
iv. Refine a technological solution that reduces human impacts on natural systems; and  
v. Describe that the solution being refined comes from scientists and engineers who develop 

technologies to solve problems of environmental degradation.  
2 Describe criteria and constraints: 

i. Criteria and constraints for the solution to the problem;  
ii. The tradeoffs in the solution, considering priorities and other kinds of research-driven tradeoffs 

in explaining why this particular solution is or is not needed.  
3 Evaluate potential refinements  

i. How the refinement will improve the solution to increase benefits and/or decrease costs or risks 
to people and the environment.  

ii Students evaluate the proposed refinements for:  
a.  Their effects on the overall stability of and changes in natural systems; 
b. Cost, safety, aesthetics, and reliability, as well as cultural and environmental impacts. 
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ESS.3 I can evaluate the causes and effects of climate change on 
Earth.  
HS-ESS2-4; HS-ESS2-6; HS-ESS3-1; HS-ESS3-5 
Pre-Requisite: ESS.2; BIO.3 
 
Rubric 
___ Model the Carbon Cycle 
___ Defines the interactions between factors that affect the storage and redistribution of Earth’s energy 
___ Analyze the effects climate change has on the Earth 
___ Describes the interplay between human activities and climate change, including mitigating 
technologies 
 
Assessment Rubric 
Carbon Cycle: 
a. Students use evidence to develop a model in which they represent the following relationships: 

i. The biogeochemical cycles that occur as carbon flows from one sphere to another;  
ii. The relative amount of and the rate at which carbon is transferred between spheres;  
iii. The capture of carbon dioxide by plants; and  
iv. The increase in carbon dioxide concentration in the atmosphere due to human activity and the 

effect on climate.  
b. Identify the conservation of matter as carbon cycles through various components of Earth’s systems.  
c. Students identify the limitations of the model in accounting for all of Earth’s carbon.  
Earth’s Energy: 
a. From a model, identify at least one factor that affects the input of energy, at least one factor that affects 
the output of energy, and at least one factor that affects the storage and redistribution of energy.  
Factors are derived from the following list:  

i. Changes in Earth’s orbit and the orientation of its axis;  
ii. Changes in the sun’s energy output;  
iii. Configuration of continents resulting from tectonic activity;  
iv. Ocean circulation;  
v. Atmospheric composition (including amount of water vapor and CO2);  
vi. Atmospheric circulation;  
vii. Volcanic activity;  
viii. Glaciation;  
ix. Changes in extent or type of vegetation cover; and  
x. Human activities.  

b Identify the relevant different time scales on which the factors operate.  
c. Organize the factors into three groups:  

i. Those that affect the input of energy;  
ii. Those that affect the output of energy; and 
iii. Those that affect the storage and redistribution of energy  

d. Provide a mechanistic account of the relationship between energy flow in Earth’s systems and changes 
in climate, including:  

i. The specific cause and effect relationships between the factors and the effect on energy flow 
into and out of Earth’s systems; and  

ii. The net effect of all of the competing factors in changing the climate.  
Climate Change: 
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a Relate the effect of climate change on the physical parameters or chemical composition of the 
atmosphere, geosphere, hydrosphere, or cryosphere.  

i. Changes over time on multiple scales; and  
ii. Relationships between quantities in the given data.  

b. Describe a selected aspect of present or past climate and the associated physical parameters (e.g., 
temperature, precipitation, sea level) or chemical composition (e.g., ocean pH) of the atmosphere, 
geosphere, hydrosphere or cryosphere.  
b Based on data, predict the future effect of a selected aspect of climate change on the physical 
parameters (e.g., temperature, precipitation, sea level) or chemical composition (e.g., ocean pH) of the 
atmosphere, geosphere, hydrosphere or cryosphere. Explain whether the predicted effect on the system 
is reversible or irreversible.  
c Students identify one source of uncertainty in the prediction of the effect in the future of a selected 
aspect of climate change.  

i. Make a statement regarding how variation or uncertainty in the data (e.g., limitations, accuracy, 
any bias in the data resulting from choice of sample, scale, instrumentation, etc.) may affect the 
interpretation of the data; and  

ii. Identify the limitations of the models that provided the simulation data and ranges for their 
predictions.  
Interplay: 
a. Relationships between environmental factors (natural hazards, changes in climate, and the availability 
of natural resources) and features of human societies including population size and migration patterns. 

i. Natural hazard occurrences that can affect human activity and have significantly altered the 
sizes and distributions of human populations in particular regions;  

ii. Changes in climate that affect human activity (e.g., agriculture) and human populations, and 
that can drive mass migrations;  

iii. Features of human societies that have been affected by the availability of natural resources.  
b. That technology in modern civilization has mitigated some of the effects of natural hazards, climate, 
and the availability of natural resources on human activity. 

i. Evidence of the dependence of human populations on technological systems to acquire natural 
resources and to modify physical settings.   

ii. How technology has changed the cause and effect relationship between the development of 
human society and natural hazards, climate, and natural resources.  
 

 
ESS.4 I can explain the complexity of the coevolution of Earth and life. 
HS-ESS2-2; HS-ESS2-7; HS-ESS3-2; HS-ESS3-3 
 
Rubric 
____ Explains the simultaneous coevolution of Earth’s systems and life on Earth 
____ Details how Earth’s systems change based on a change of Earth’s surface 
____ Evaluates designs related to energy and natural resources 
 
Assessment Rubric 
Coevolution: 
a The evolution of photosynthetic organisms led to a drastic change in Earth’s atmosphere and oceans in 
which the free oxygen produced caused worldwide deposition of iron oxide formations, increased 
weathering due to an oxidizing atmosphere and the evolution of animal life that depends on oxygen for 
respiration. 
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i. Scientific explanations about the composition of Earth’s atmosphere shortly after its formation;  
ii. Current atmospheric composition;  
iii. Evidence for the emergence of photosynthetic organisms;  
iv. Evidence for the effect of the presence of free oxygen on evolution and processes in other 

Earth systems;  
v. In the context of the selected example(s), other evidence that changes in the biosphere affect 

other Earth systems.  
vi. Identify causal links and feedback mechanisms between changes in the biosphere and 

changes in Earth’s other systems. 
b. Evaluates related data. 

i. A statement regarding how variation or uncertainty in the data (e.g., limitations, low signal-to-
noise ratio, collection bias, etc.) may affect the usefulness of the data as sources of evidence; 

ii. The ability of the data to be used to determine causal or correlational effects between changes 
in the biosphere and changes in Earth’s other systems.  
Earth’s Surface: 
a Organize data that represent measurements of changes in hydrosphere, cryosphere, atmosphere, 
biosphere, or geosphere in response to a change in Earth’s surface.  

i. The relationships between the changes in one system and changes in another (or within the 
same) Earth system;  

 a. Mechanism for the feedbacks between two of Earth’s systems and whether the 
feedback is positive or negative, increasing (destabilizing) or decreasing (stabilizing) the original changes.   

ii. Possible feedbacks, including one example of feedback to the climate.  
iii. Effects of human activity and specific technologies on Earth’s systems if present.  

b. Create a computational simulation 
i. Illustrate the effect on one component by altering other components in the system or the 

relationships between components;  
ii. Identify the effects of technology on the interactions between human populations, natural 

resources, and biodiversity;  
 a. The sustainability of human populations in a given ecosystem;  
iii. Identify feedbacks between the components and whether or not the feedback stabilizes or 

destabilizes the system.  
ii. The sustainability of human populations in a given ecosystem;  

a. The effect of a technology on a given ecosystem.  
c.  Computational modeling  

i. Describe relationships between simulation variables to indicate an understanding of the factors 
(e.g., costs, availability of technologies) that affect the management of natural resources, human 
sustainability, and biodiversity. [For example, a relationship could be described that the amount of a 
natural resource does not affect the sustainability of human populations in a given ecosystem without 
appropriate technology that makes use of the resource; or a relationship could be described that if a given 
ecosystem is not able to sustain biodiversity, its ability to sustain a human population is also small.] 

ii. Model each component and its simplified mathematical relationship to other components. 
[Examples could include:  

i. S=C*B*R*T, where S is sustainability of human populations, C is a constant, B is biodiversity, R 
is the natural resource, and T is a technology used to extract the resource so that if there is zero natural 
resource, zero technology to extract the resource, or zero biodiversity, the sustainability of human 
populations is also zero; and  

ii. B=B1+C*T, where B is biodiversity, B1 is a constant baseline biodiversity, C is a constant that 
expresses the effect of technology, and T is a given technology, so that a given technology could either 
increase or decrease biodiversity depending on the value chosen for C. ] 
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c The simulation contains user-controlled variables that can illustrate relationships among the 
components (e.g., technology having either a positive or negative effect on biodiversity).  
Designs:  
a Explain the problem each design solution addresses.  
b Identify the solution that has the most preferred cost-benefit ratios.  
c Students identify evidence for the design solutions, including:  

i. Societal needs for that energy or mineral resource;  
ii. The cost of extracting or developing the energy reserve or mineral resource;  
iii. The costs and benefits of the given design solutions; and  
iv. The feasibility, costs, and benefits of recycling or reusing the mineral resource, if applicable.  

d. Evaluate the given design solutions, including:  
i. The relative strengths of the given design solutions, based on associated economic, 

environmental, and geopolitical costs, risks, and benefits;  
ii. The reliability and validity of the evidence used to evaluate the design solutions; and  
iii. Constraints, including cost, safety, reliability, aesthetics, cultural effects environmental effects.  

e Students describe* that a decision on the “best” solution may change over time as engineers and 
scientists work to increase the benefits of design solutions while decreasing costs and risks. 
 
 

ESS.6 I can explain major principles of space. 
HS-ESS1-1; HS-ESS1-2; HS-ESS1-3; HS-ESS1-4 
Pre-Requsite: Alg??? 
 
Rubric 
____ Models the sun’s energy cycle 
____ Describes how the sun creates elements 
____ Analyzes evidence for the Big Bang Theory 
____ Apply Laws of Motion to orbits 
 
Assessment Rubric 
Sun’s Energy: 
a. Hydrogen as the sun’s fuel;  
b. Helium and energy as the products of fusion processes in the sun 

i. The scale of the energy released by the fusion process as being much larger than the scale of 
the energy released by chemical processes.  

ii. Identify that chemical processes are unable to produce the amount of energy flowing out of the 
sun over long periods of time, thus requiring fusion processes as the mechanism for energy release in the 
sun. 
c. That the sun, like all stars, has a life span based primarily on its initial mass, and that the sun’s lifespan 
is about 10 billion years.  
d. Predict how the relative proportions of hydrogen to helium change as the sun ages.  
e. How energy released by the sun reaches Earth’s system. 
Stars: 
a. Relationships between the life cycle of the stars, the production of elements, and the conservation of 
the number of protons plus neutrons in stars. 

i. Helium and a small amount of other light nuclei (i.e., up to lithium) were formed from high-
energy collisions starting from protons and neutrons in the early universe before any stars existed.  



 

Copyright Kreiva Academy, 2018 
 
76 

ii. More massive elements, up to iron, are produced in the cores of stars by a chain of processes 
of nuclear fusion, which also releases energy.  

iii. Supernova explosions of massive stars are the mechanism by which elements more massive 
than iron are produced.  

iv. There is a correlation between a star’s mass and stage of development and the types of 
elements it can create during its lifetime.  

v. Electromagnetic emission and absorption spectra are used to determine a star’s composition, 
motion and distance to Earth.  

vi. Atoms are not conserved in nuclear fusion, but the total number of protons plus neutrons is 
conserved.  
Big Bang Theory: 
a. The universe is expanding and that thus it was hotter and denser in the past, and that the entire visible 
universe emerged from a very tiny region and expanded.  

ii. The composition (hydrogen, helium and heavier elements) of stars;  
ii. The hydrogen-helium ratio of stars and interstellar gases;  
iii. Redshifts indicate that an object is moving away from the observer, thus the observed redshift 

for most galaxies and the redshift vs. distance relationship is evidence that the universe is expanding.and  
iv. The observed background cosmic radiation and the ratio of hydrogen to helium have been 

shown to be consistent with a universe that was very dense and hot a long time ago and that evolved 
through different stages as it expanded and cooled (e.g., the formation of nuclei from colliding protons 
and neutrons predicts the hydrogen-helium ratio [numbers not expected from students], later formation of 
atoms from nuclei plus electrons, background radiation was a relic from that time).  

v. An expanding universe must have been smaller in the past and can be extrapolated back in 
time to a tiny size from which it expanded. 
Orbits: 
a. Identify components of orbital motion: the trajectories of orbiting bodies, including planets, moons, or 
human-made spacecraft; each of which depicts a revolving body’s eccentricity e = f/d, where f is the 
distance between foci of an ellipse, and d is the ellipse’s major axis length (Kepler’s first law of planetary 
motion).  

i. Represent orbital motion to depict that the square of a revolving body’s period of revolution is 
proportional to the cube of its distance to a gravitational center (𝑇 2 ∝ 𝑅 3 , where T is the orbital period 
and R is the semimajor axis of the orbit — Kepler’s third law of planetary motion).  

ii. Represent Kepler’s second law of planetary motion (an orbiting body sweeps out equal areas in 
equal time) to predict the relationship between the distance between an orbiting body and its star, and the 
object’s orbital velocity (i.e., that the closer an orbiting body is to a star, the larger its orbital velocity will 
be).  

iii. Use Newton’s law of gravitation plus his third law of motion to predict how the acceleration of a 
planet towards the sun varies with its distance from the sun, and to argue qualitatively about how this 
relates to the observed orbits. 
 

 
 

 


