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CORE VALUES AND BELIEFS 
 

The Trumbull School Community engages in an environment conducive to learning which 

believes that all students will read and write effectively, therefore communicating in an 

articulate and coherent manner.  All students will participate in activities that present problem-

solving through critical thinking. Students will use technology as a tool applying it to decision 

making. We believe that by fostering self-confidence, self-directed and student-centered 

activities, we will promote independent thinkers and learners. We believe ethical conduct to 

be paramount in sustaining the welcoming school climate that we presently enjoy. 

 

Approved 8/26/2011 

 
 

INTRODUCTION & PHILOSOPHY 
 

The Connecticut State Board of Education, based on its 2008 Position Statement on Science 

Education, has supported “a systematic approach to ensuring that every student in Connecticut 

receives a rich and coordinated PK-12 education in science. Science learning should focus 

simultaneously on developing an understanding of core concepts, as well as knowing how 

scientists work collaboratively to test ideas, analyze evidence, and solve problems. The 

realization of this vision is critical for our students’ futures, as well as for Connecticut’s place in 

the globally competitive economy.” 

In 2015, the Connecticut State Board of Education adopted the Next-Generation Science 

Standards (NGSS), which embody the National Research Council’s Framework for K-12 

Education (2011). The Grade 7 Integrated Life Sciences curriculum integrates the NGSS as 

listed for each unit of study. The NGSS architecture uses Science and Engineering Practices 

along with various components of Disciplinary Core Ideas and Crosscutting Concepts to 

comprise the performance expectations for students. Based on the NRC Framework, a core idea 

for science education should meet at least two of the following four criteria: 

 “Have broad importance across multiple sciences or engineering disciplines or be a key 

organizing principle of a single discipline.” 

 “Provide a key tool for understanding or investigating more complex ideas and solving 

problems.” 

 “Relate to the interests and life experiences of students or be connected to societal or 

personal concerns that require scientific or technological knowledge.” 

 “Be teachable and learnable over multiple grades at increasing levels of depth and 

sophistication.” 

The Grade 7 Integrated Life Sciences curriculum also follows the TPS guidelines for student 

safety in the classroom as represented in the National Science Education Standards, the Next-

Generation Science Standards, the National Science Teachers Association, and OSHA. The 

curriculum encourages and fosters a hands-on, process and inquiry-based approach to science 

education, with student safety first and foremost. Lab safety guidelines are implemented through 

the district. 
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COURSE GOALS 
 

The course goals derive from the 2013 Next-Generation Science Standards and the 2010 

Connecticut Core Standards. Goals are listed specific to each unit in this curriculum guide, and 

developed through unit lessons using the 5-E learning model (engage, explore, explain, 

elaborate, evaluate) in order to encourage student engagement and foster metacognitive learning 

strategies through a reflective process. An important role of science education is not to teach “all 

the facts,” but rather to prepare students with sufficient core knowledge so that they can later 

acquire additional information on their own. 

 
 

COURSE ENDURING UNDERSTANDINGS 
 

Students will understand that . . . 

 All living things are made up of cells, the smallest unit that can be said to be alive. Life is 

the quality that distinguishes living things (composed of cells) from nonliving objects or 

those that have died. An organism may consist of one single cell (unicellular) or many 

different numbers and types of cells (multicellular). Unicellular organisms 

(microorganisms), like multicellular organisms, need food, water, a way to dispose of 

waste, and an environment in which they can live. Organisms reproduce, either sexually 

or asexually, and transfer their genetic information to their offspring. Animals engage in 

characteristic behaviors that increase the odds of reproduction. Plants reproduce in a 

variety of ways, sometimes depending on animal behavior and specialized features for 

reproduction. Plant growth can continue throughout the plant’s life through production of 

plant matter in photosynthesis. Genetic factors as well as local conditions affect the size 

of the adult plant. Sustaining life requires substantial energy and matter inputs. Plants, 

algae, and many microorganisms use the energy from light to make sugars from carbon 

dioxide from the atmosphere and water through the process of photosynthesis, which also 

releases oxygen. Animals obtain food from eating plants or eating other animals. An 

organism’s ability to send and respond to its environment enhances its chance of 

surviving and reproducing. Each sense receptor responds to different inputs, transmitting 

them as signals that travel along nerve cells to the brain. The signals are then processed in 

the brain, resulting in immediate behaviors or memories. 

 

 Heredity refers to specific mechanisms by which characteristics or traits are passed from 

one generation to the next via genes. Genes are located in the chromosomes of cells, with 

each chromosome pair containing two variants of each of many distinct genes. 

Reproduction provides for transmission of genetic information to offspring through egg 

and sperm cells. Variations among individuals of the same species can be explained by 

both genetic and environmental factors. Individuals within a species have similar but not 

identical genes.  

 

 Biological evolution, the process by which all living things have evolved over many 

generations from shared ancestors, explains both the unity and diversity of a species. 

Fossils are mineral replacements, preserved remains, or traces of organisms that lived in 

the past. Fossils provide the history of Earth and the changes in organisms whose fossil 



Grade 7 Integrated Life Sciences  Draft for Pilot 2018-19 4 

remains have been found in sedimentary layers of rock. Genetic variation in a species 

results in individuals with a range of traits. Genetic variations among individuals in a 

population give some individuals an advantage in surviving and reproducing in their 

environment. This is known as natural selection. Environmental change causes 

subsequent shifts in the supply of resources or in the physical and biological challenges to 

survive. Adaptations by natural selection activating over generations is one important 

process by which species change over time in response to changes in environmental 

conditions. Biodiversity is the wide range of existing life forms that have adapted to the 

variety of conditions on Earth, from terrestrial to marine ecosystems. Changes in 

biodiversity can influence humans’ resources, such as food, energy, and medicines, as 

well as ecosystem services that humans rely on such as water purification and recycling.  

 

 Ecosystems are complex, interactive systems that include both biological communities 

(biotic) and physical (abiotic) components of the environment. Organisms and 

populations of organisms are dependent on their environmental interactions both with 

other living things and with nonliving factors. Growth of organisms and population 

increases are limited by access to resources. The cycling of matter and the flow of energy 

within ecosystems occur through interactions among different organisms and between 

organisms and the physical environment originating primarily from the sun. All living 

systems need matter and energy. Food webs are models that demonstrate how matter and 

energy is transferred between producers, consumers, and decomposers as the three groups 

interact within an ecosystem. Decomposers recycle nutrients from dead plant or animal 

matter back to the soil in terrestrial environments or to the water in aquatic environments.  

Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to 

any physical or biological component of an ecosystem can lead to shifts in all of its 

populations. Biodiversity describes the variety of species found in Earth's terrestrial and 

oceanic ecosystems. The completeness or integrity of an ecosystem's biodiversity is often 

used as a measure of its health. Group behaviors are found in organisms ranging from 

unicellular slime molds to ants to primates, including humans. Groups may form because 

of genetic relatedness, physical proximity, or other recognition mechanisms.  

 
 

COURSE ESSENTIAL QUESTIONS 
 

 How do the structures of organisms enable life’s functions?  

 How do organisms obtain and use matter and energy to grow and develop?  

 How do organisms detect, process, and use information about the environment? 

 How do organisms interact with the living and nonliving environments to obtain matter and 

energy?  

 How do matter and energy move through an ecosystem? 

 What happens to ecosystems when the environment changes?  

 How do organisms interact in groups so as to benefit individuals? 

 How are the characteristics of one generation passed to the next? 

 How can individuals of the same species and even siblings have different characteristics?  
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 How does biodiversity affect humans?  

 What evidence shows that different species are related?  

 How does genetic variation among organisms affect survival and reproduction? 

 How does the environment influence populations of organisms over multiple generations?  

 What is biodiversity, how do humans affect it, and how does it affect humans?  

 
 

COURSE KNOWLEDGE & SKILLS 

Students will understand . . . 

 Patterns. Observed patterns of forms and events guide organization and classification, 

and they prompt questions about relationships and the factors that influence them. 

 Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of science is investigating and explaining 

causal relationships and the mechanisms by which they are mediated. Such mechanisms 

can then be tested across given contexts and used to predict and explain events in new 

contexts. 

 Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what 

is relevant at different measures of size, time, and energy and to recognize how changes 

in scale, proportion, or quantity affect a system’s structure or performance.  

 Systems and system models. Defining the system under study – specifying its boundaries 

and making explicit a model of that system – provides tools for understanding and testing 

ideas that are applicable throughout science and engineering.  

 Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and 

matter into, out of, and within systems helps one understand the systems’ possibilities 

and limitations.  

 Structure and function. The way in which an object or living thing is shaped and its 

substructure determine many of its properties and functions.  

 Stability and change. For natural and built systems alike, conditions of stability and 

determinants of rates of change or evolution of a system are critical elements of study. 

Students will be able to . . . 

 ask questions (for science) and define problems (for engineering). 

 develop and use models. 

 plan and carry out investigations. 
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 analyze and interpret data. 

 use mathematics and computational thinking. 

 construct explanations (for science) and design solutions (for engineering). 

 engage in arguments from evidence. 

 obtain, evaluate, and communicate information. 
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UNIT 1 
Molecules to Organisms 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.MS-LS1-7 Develop a model to describe how food is rearranged 

through chemical reactions forming new molecules that 

support growth and/or release energy as this matter 

moves through an organism. 

 

NGSS.MS-LS1-1 Conduct an investigation to provide evidence that living 

things are made of cells, either one cell or many 

different numbers and types of cells. 

 

NGSS.MS-LS1-2 Develop and use a model to describe the function of a 

cell as a whole and ways the parts of cells contribute to 

the function. 

 

NGSS.MS-LS1-3 Use argument supported by evidence for how the body 

is a system of interacting subsystems composed of 

groups of cells. 

 

CCS.ELA-Literacy.RST.6-8.1 Cite specific textual evidence to support analysis of 

science and technical texts. 

 

CCS.ELA-Literacy.RST.6-8.2 Determine the central ideas or conclusions of a text; 

provide an accurate summary of the text distinct from 

prior knowledge or opinions. 

 

CCS.ELA-Literacy.RST.6-8.8 Distinguish among facts, reasoned judgment based on 

research findings, and speculation in a text. 

 

CCS.ELA-Literacy.WHST.6-8.1 Write arguments focused on discipline-specific content. 

 

CCS.ELA-Literacy.WHST.6-8.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 

 

CCS.ELA-Literacy.WHST.6-8.7 Conduct short research projects to answer a question 

(including a self-generated question), drawing on 

several sources and generating additional related, 

focused questions that allow for multiple avenues of 

exploration. 
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CCS.ELA-Literacy.WHST.6-8.8 Gather relevant information from multiple print and 

digital sources, using search terms effectively; assess 

the credibility and accuracy of each source; and quote 

or paraphrase the data and conclusions of others while 

avoiding plagiarism and following a standard format for 

citation. 

 

CCS.ELA-Literacy.WHST.6-8.9 Draw evidence from informational texts to support 

analysis, reflection, and research. 

 

CCS.ELA-Literacy.SL.7.5 Include multimedia components and visual displays in 

presentations to clarify claims and findings and 

emphasize salient points. 

 

CCS.Mathematics.6.EE.9 Use variables to represent two quantities in a real-world 

problems that change in relationship to one another; 

write an equation to express one quantity, thought of as 

the dependent variable, in terms of the other quantity, 

thought of as the independent variable. Analyze the 

relationship between the dependent and independent 

variables using graphs and tables, and relate these to the 

equation. 

 

CCS.Mathematics.6.SP.2 Understand that a set of data collected to answer a 

statistical question has a distribution which can be 

described by its center, spread, and overall shape. 

 

CCS.Mathematics.6.SP.5 Summarize numerical data sets in relation to their 

context. 

 

NGSS.MS.ETS1-1 Define the criteria and constraints of a design problem 

with sufficient precision to ensure a successful solution, 

taking into account relevant scientific principles and 

potential impacts on people and the natural 

environment that may limit possible solutions. 

 

NGSS.MS.ETS1-2 Evaluate competing design solutions using a systematic 

process to determine how well they meet the criteria 

and constraints of the problem. 

 

NGSS.MS.ETS1-3 Analyze data from tests to determine similarities and 

differences among several design solutions to identify 

the best characteristics of each that can be combined 

into a new solution to better meet the criteria for 

success. 
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NGSS.MS.ETS1-3 Develop a model to generate data for iterative testing 

and modification of a proposed object, tool, or process 

such that an optimal design can be achieved. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using 

Models: 

 Develop a model to 

describe unobservable 

mechanisms. (NGSS.MS-

LS1-7) 

 

Planning and Carrying Out 

Investigations: 

 Conduct an investigation to 

produce data to serve as the 

basis for evidence that meet 

the goals of an 

investigation. (NGSS.MS-

LS1-1) 

 

Engaging in Argument from 

Evidence: 

 Use an oral and written 

argument supported by 

evidence to support or 

refute an explanation or a 

model for a phenomenon. 

(NGSS.MS-LS1-3) 

 

Obtaining, Evaluating, and 

Communicating Information: 

 Gather, read, and 

synthesize information 

from multiple appropriate 

sources and assess the 

credibility, accuracy, and 

possible bias of each 

publication and methods 

used, and describe how 

they are supported or not 

supported by evidence. 

(NGSS.MS-LS1-8) 

 

Analyzing and Interpreting 

LS1.A: Structure and Function 

 All living things are made 

up of cells, which is the 

smallest unit that can be 

said to be alive. An 

organism may consist of 

one single cell (unicellular) 

or many different numbers 

and types of cells 

(multicellular). 

(NGSS.MS-LS1-1) 

 Within cells, special 

structures are responsible 

for particular functions, 

and the cell membrane 

forms the boundary that 

controls what enters and 

leaves the cell. 

(NGSS.MS-LS1-2) 

 In multicellular organisms, 

the body is a system of 

multiple interacting 

subsystems. These 

subsystems are groups of 

cells that work together to 

form tissues and organs 

that are specialized for 

particular body functions. 

(NGSS.MS-LS1-3) 

 

LS1.C: Organization for 

Matter and Energy Flow in 

Organisms: 

 Within individual 

organisms, food moves 

through a series of 

chemical reactions in 

which it is broken down 

and rearranged to form 

new molecules, to support 

Cause and Effect: 

 Cause and effect 

relationships may be used 

to predict phenomena in 

natural systems. 

(NGSS.MS-LS1-8) 

 

Scale, Proportion, and 

Quantity: 

 Phenomena that can be 

observed at one scale may 

not be observable at 

another scale. (NGSS.MS-

LS-1-1) 

 

Systems and System Models: 

 Systems may interact with 

other systems; they may 

have sub-systems and be a 

part of larger complex 

systems. (NGSS.MS-LS-1-

3) 

 

Energy and Matter: 

 Matter is conserved 

because atoms are 

conserved in physical and 

chemical processes. 

(NGSS.MS-LS-1-7) 

 

Structure and Function: 

 Complex and microscopic 

structures and systems can 

be visualized, modeled, and 

used to describe how their 

function depends on the 

relationships among its 

parts; therefore, complex 

natural structures/systems 

can be analyzed to 
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Data: 

 Analyze and interpret data 

to provide evidence for 

phenomena. (NGSS.MS-

ESS2-3) 

 

growth, or to release 

energy. (NGSS.MS-LS1-7) 

 

LS1.D: Information 

Processing: 

 Each sense receptor 

responds to different inputs 

(electromagnetic, 

mechanical, chemical), 

transmitting them as 

signals that travel along 

nerve cells to the brain. 

The signals are then 

processed in the brain, 

resulting in immediate 

behaviors or memories. 

(NGSS.MS-LS1-8) 

 

PS3.D: Energy in Chemical 

Processes and Everyday Life: 

 The chemical reaction by 

which plants produce 

complex food molecules 

(sugars) requires an energy 

input (i.e., from sunlight) 

to occur. In this reaction, 

carbon dioxide and water 

combine to form carbon-

based organic molecules 

and release oxygen. 

(secondary to NGSS.MS-

LS1-6) 

 Cellular respiration in 

plants and animals involve 

chemical reactions with 

oxygen that release stored 

energy. In these processes, 

complex molecules 

containing carbon react 

with oxygen to produce 

carbon dioxide and other 

materials. (secondary to 

NGSS.MS-LS1-7) 

determine how they 

function. (NGSS.MS-LS-1-

2) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Interdependence of Science, 

Engineering, and Technology: 

 Engineering advances have 

led to important discoveries 

in virtually every field of 

science, and scientific 

discoveries have led to the 

development of entire 

industries and engineered 

systems. (NGSS.MS-LS1-

1) 

 

Connections to Nature of 

Science: 

 

Science Is a Human Endeavor: 

 Scientists and engineers are 

guided by habits of mind 

such as intellectual honesty, 

tolerance of ambiguity, 

skepticism, and openness to 

new ideas. (NGSS.MS-

LS1-3) 
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Unit Essential Questions 

 How do the structures of organisms enable life’s functions? 

 How do organisms obtain and use matter and energy to grow and develop? 

 

Scope and Sequence 

1. Needs for human survival 

2. Body systems: Structure and function 

3. Cell structure and function 

 Phenomenon: Thailand Soccer Team Cave Rescue: How did being trapped in a cave for a 

prolonged period affect the body systems of the Thai soccer players? 

 What does the body need to survive? 

 What molecules are in food? 

 How are molecules rearranged? 

 How does food that is broken down provide the body with energy? 

 What happens to food (e.g., a slice of pizza) once it is in the body? 

 How do oxygen and nutrients enter and move through the body? 

 What is blood, and what is its function in the body? 

 Is our body 100% efficient? Does our body use everything it takes in? 

 How are wastes eliminated from the body? 

 What is the role of the three types of muscle in the movement of materials within the 

body? 

 How do organ systems interact with each other to carry out life functions? 

 What are the levels of organization for a multicellular organism? 

 What are the four body tissues, and what are their functions? 

 How do the different organelles contribute to the function of a cell as a whole? 

 How and where do plant and animal cells produce energy? (Cellular respiration) 

 What are the differences between a plant cell and an animal cell? 

 What characteristics define a living thing? 

 How is science dependent on engineering advances? (For example, cells could not be 

studied without the microscope.) 

 How does a multicellular organism compare to a unicellular organism? 

 How do materials, including water, move into and out of cells? 

 

Assured Assessments 

Formative Assessment: 

 Biomass laboratory 

 Nutrients quiz 

 Digestive system quiz 

 Surface area of lung laboratory 



Grade 7 Integrated Life Sciences  Draft for Pilot 2018-19 12 

 Building a heart model 

 Levels of organization quiz 

 Microscope quiz 

 Plant and animal microscope laboratory (with onion wet mount) 

 Single vs. multicellular organisms assessment 

 

Summative Assessment: 

 Waste Not Want Not Laboratory (Kidney Filtration Laboratory) 

 Interacting Body System Project 

 Cell Analogy Project 

 Potato Lab Conclusion 

 

Resources 

Core 

 Padilla, Michael J., Martha Cyr, and Ioannis Miaoulis. Science Explorer: Cells and 

Heredity. Upper Saddle River, NJ: Prentice Hall, 2007. Print. 

 Padilla, Michael J., Martha Cyr, and Ioannis Miaoulis. Science Explorer: Human Biology 

and Health. Upper Saddle River, NJ: Prentice Hall, 2007. Print. 

 

Time Allotment 

 Trimester 1  
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Units 2-4 follow a draft structure for the 2018-19 school year, with Unit Goals & Time 

Allotment included below, and the remainder of each unit plan to be developed during the 

2018-19 school year under the leadership of the Coordinator of STEM K-8. 

 

UNIT 2 
Heredity: Inheritance and Variation of Traits 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.MS-LS3-2 Develop and use a model to describe why asexual 

reproduction results in offspring with identical genetic 

information and sexual reproduction results in offspring 

with genetic variation. 

 

NGSS.MS-LS3-1 Develop and use a model to describe why structural 

changes to genes (mutations) located on chromosomes 

may affect proteins and may result in harmful, 

beneficial, or neutral effects to the structure and 

function of the organism. 

 

NGSS.MS-LS4-5 Gather and synthesize information about technologies 

that have changed the way humans influence the 

inheritance of desired traits in organisms. 

 

NGSS.MS-LS1-8 Gather and synthesize information that sensory 

receptors respond to stimuli by sending messages to the 

brain for immediate behavior or storage as memories. 

 

CCS.ELA-Literacy.RST.6-8.1 Cite specific textual evidence to support analysis of 

science and technical texts. 

 

CCS.ELA-Literacy.RST.6-8.4 Determine the meaning of symbols, key terms, and 

other domain-specific words and phrases as they are 

used in a specific scientific or technical context relevant 

to grades 6-8 texts and topics. 

 

CCS.ELA-Literacy.RST.6-8.7 Integrate qualitative or technical information expressed 

in words in a text with a version of that information 

expressed visually (e.g., in a flowchart, diagram, model, 

graph, or table). 

 

CCS.ELA-Literacy.RST.6-8.9 Compare and contrast the information gained from 

experiments, simulations, video, or multimedia sources 

with that gained from reading a text on the same topic. 
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CCS.ELA-Literacy.WHST.6-8.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 

 

CCS.ELA-Literacy.WHST.6-8.8 Gather relevant information from multiple print and 

digital sources, using search terms effectively; assess 

the credibility and accuracy of each source; and quote 

or paraphrase the data and conclusions of others while 

avoiding plagiarism and following a standard format for 

citation. 

 

CCS.ELA-Literacy.SL.7.1 Engage effectively in a range of collaborative 

discussions (one-on-one, in groups, and teacher-led) 

with diverse partners on grade 7 topics, texts, and 

issues, building on others’ ideas and expressing their 

own clearly. 

 

CCS.Mathematics.MP.4 Model with mathematics. 

 

CCS.Mathematics.6.SP.5 Summarize numerical data sets in relation to their 

context. 

 

CCS.Mathematics.6.EE.6 Use variables to represent numbers and write 

expressions when solving a real-world or mathematical 

problem; understand that a variable can represent an 

unknown number, or, depending on the purpose at 

hand, any number in a specified set. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using 

Models: 

 Develop a model to 

describe phenomena. 

(NGSS.MS-LS3-1, 

NGSS.MS-LS3-2) 

 

Obtaining, Evaluating, and 

Communicating Information: 

 Gather, read, and 

synthesize information 

from multiple appropriate 

sources and assess the 

credibility, accuracy, and 

possible bias of each 

LS1.B: Growth and 

Development of Organisms: 

 Organisms reproduce, 

either sexually or 

asexually, and transfer 

their genetic information to 

their offspring. (secondary 

to NGSS.MS-LS3-2) 

 

LS3.A: Inheritance of Traits: 

 Genes are located in the 

chromosomes of cells, with 

each chromosome pair 

containing two variants of 

each of many distinct 

Cause and Effect: 

 Cause and effect 

relationships may be used 

to predict phenomena in 

natural systems. 

(NGSS.MS-LS3-2) 

 Phenomena may have more 

than one cause, and some 

cause and effect 

relationships in systems can 

only be described using 

probability. (NGSS.MS-

LS4-4, NGSS.MS-LS4-5, 

NGSS.MS-LS4-6) 

 



Grade 7 Integrated Life Sciences  Draft for Pilot 2018-19 15 

publication and methods 

used, and describe how 

they are supported or not 

supported by evidence. 

(NGSS.MS-LS4-5) 

 

 

genes. Each distinct gene 

chiefly controls the 

production of specific 

proteins, which in turn 

affects the traits of the 

individual. Changes 

(mutations) to genes can 

result in changes to 

proteins, which can affect 

the structures and functions 

of the organisms and 

thereby change traits. 

(NGSS.MS-LS3-1) 

 Variations of inherited 

traits between parent and 

offspring arise from 

genetic differences that 

result from the subset of 

chromosomes (and 

therefore genes) inherited. 

(NGSS.MS-LS3-2) 

 

LS3.B: Variation of Traits: 

 In sexually reproducing 

organisms, each parent 

contributes half of the 

genes acquired (at random) 

by the offspring. 

Individuals have two of 

each chromosome and 

hence two alleles of each 

gene, one acquired from 

each parent. These versions 

may be identical or may 

differ from each other. 

(NGSS.MS-LS3-2) 

 In addition to variations 

that arise from sexual 

reproduction, genetic 

information can be altered 

because of mutations. 

Though rare, mutations 

may result in changes to 

the structure and function 

of proteins. Some changes 

are beneficial, others 

Structure and Function: 

 Complex and microscopic 

structures and systems can 

be visualized, modeled, 

and used to describe how 

their function depends on 

the shapes, composition, 

and relationships among its 

parts; therefore, complex 

natural structures/systems 

can be analyzed to 

determine how they 

function. (NGSS.MS-LS3-

1) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Interdependence of Science, 

Engineering, and Technology: 

 Engineering advances have 

led to important discoveries 

in virtually every field of 

science, and scientific 

discoveries have led to the 

development of entire 

industries and engineered 

systems. (NGSS.MS-LS4-

5) 

 

Connections to Nature of 

Science: 

 

Science Addresses Questions 

about the Natural and Material 

World: 

 Scientific knowledge can 

describe the consequences 

of actions but does not 

necessarily prescribe the 

decisions that society takes. 

(NGSS.MS-LS4-5) 
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harmful, and some neutral 

to the organism. 

(NGSS.MS-LS3-1) 

 

LS4.B: Natural Selection: 

 In artificial selection, 

humans have the capacity 

to influence certain 

characteristics of 

organisms by selective 

breeding. One can choose 

desired parental traits 

determined by genes, 

which are then passed on 

to offspring. (NGSS.MS-

LS4-5) 

 

Time Allotment 

 First segment of Trimester 2  
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UNIT 3 
Biological Unity and Diversity 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.MS-LS4-4 Construct an explanation based on evidence that 

describes how genetic variations of traits in a 

population increase some individuals’ probability of 

surviving and reproducing in a specific environment. 

 

NGSS.MS-LS1-4 Use argument based on empirical evidence and 

scientific reasoning to support an explanation for how 

characteristic animal behaviors and specialized plant 

structures affect the probability of successful 

reproduction of animals and plants respectively. 

 

NGSS.MS-LS4-6 Use mathematical representations to support 

explanations of how natural selection may lead to 

increases and decreases of specific traits in populations 

over time. 

 

NGSS.MS-LS4-3 Analyze displays of pictorial data to compare patterns 

of similarities in the embryological development across 

multiple species to identify relationships not evident in 

the fully formed anatomy. 

 

NGSS.MS-LS4-2 Apply scientific ideas to construct an explanation for 

the anatomical similarities and differences among 

modern organisms and between modern and fossil 

organisms to infer evolutionary relationships. 

 

NGSS.MS-LS4-1 Analyze and interpret data for patterns in the fossil 

record that document the existence, diversity, 

extinction, and change of life forms throughout the 

history of life on Earth under the assumption that 

natural laws operate today as in the past. 

 

CCS.ELA-Literacy.RST.6-8.1 Cite specific textual evidence to support analysis of 

science and technical texts. 

 

CCS.ELA-Literacy.RST.6-8.7 Integrate qualitative or technical information expressed 

in words in a text with a version of that information 

expressed visually (e.g., in a flowchart, diagram, model, 

graph, or table). 
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CCS.ELA-Literacy.RST.6-8.9 Compare and contrast the information gained from 

experiments, simulations, video, or multimedia sources 

with that gained from reading a text on the same topic. 

 

CCS.ELA-Literacy.WHST.6-8.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 

 

CCS.ELA-Literacy.WHST.6-8.8 Gather relevant information from multiple print and 

digital sources, using search terms effectively; assess 

the credibility and accuracy of each source; and quote 

or paraphrase the data and conclusions of others while 

avoiding plagiarism and following a standard format for 

citation. 

 

CCS.ELA-Literacy.WHST.6-8.9 Draw evidence from informational texts to support 

analysis, reflection, and research. 

 

CCS.ELA-Literacy.SL.7.1 Engage effectively in a range of collaborative 

discussions (one-on-one, in groups, and teacher-led) 

with diverse partners on grade 7 topics, texts, and 

issues, building on others’ ideas and expressing their 

own clearly. 

 

CCS.ELA-Literacy.SL.7.4 Present claims and findings, sequencing ideas logically 

and using pertinent descriptions, facts, and details to 

accentuate main ideas or themes; use appropriate eye 

contact, adequate volume, and clear pronunciation. 

 

CCS.Mathematics.MP.4 Model with mathematics. 

 

CCS.Mathematics.6.RP.1 Understand the concept of a ratio and use ratio 

language to describe a ratio relationship between two 

quantities. 

 

CCS.Mathematics.6.SP.5 Summarize numerical data sets in relation to their 

context. 

 

CCS.Mathematics.6.EE.6 Use variables to represent numbers and write 

expressions when solving a real-world or mathematical 

problem; understand that a variable can represent an 

unknown number, or, depending on the purpose at 

hand, any number in a specified set. 
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CCS.Mathematics.7.RP.2 Recognize and represent proportional relationships 

between quantities. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Analyzing and Interpreting 

Data: 

 Analyze and interpret data 

to determine similarities 

and differences in findings. 

(NGSS.MS-LS4-1) 

 

Using Mathematics and 

Computational Thinking: 

 Use mathematical 

representations to support 

scientific conclusions and 

design solutions. 

(NGSS.MS-LS4-6) 

 

Constructing Explanations and 

Designing Solutions: 

 Apply scientific ideas to 

construct an explanation for 

real-world phenomena, 

examples, or events. 

(NGSS.MS-LS4-2) 

 Construct an explanation 

that includes qualitative or 

quantitative relationships 

between variables that 

describe phenomena. 

(NGSS.MS-LS4-4) 

 

Obtaining, Evaluating, and 

Communicating Information: 

 Gather, read, and 

synthesize information 

from multiple appropriate 

sources and assess the 

credibility, accuracy, and 

possible bias of each 

publication and methods 

used, and describe how 

they are supported or not 

supported by evidence. 

LS4.A: Evidence of Common 

Ancestry and Diversity: 

 The collection of fossils 

and their placement in 

chronological order (e.g., 

through the location of the 

sedimentary layers in 

which they are found or 

through radioactive dating) 

is known as the fossil 

record. It documents the 

existence, diversity, 

extinction, and change of 

many life forms throughout 

the history of life on Earth. 

(NGSS.MS-LS4-1) 

 Anatomical similarities and 

differences between 

various organisms living 

today, and between them 

and organisms in the fossil 

record, enable the 

reconstruction of 

evolutionary history and 

the inference of lines of 

evolutionary descent. 

(NGSS.MS-LS4-2) 

 Comparison of the 

embryological 

development of different 

species also reveals 

similarities that show 

relationships not evidence 

in the fully-formed 

anatomy. (NGSS.MS-LS4-

3) 

 

LS4.B: Natural Selection: 

 Natural selection leads to 

the predominance of 

certain traits in a 

Patterns: 

 Patterns can be used to 

identify cause and effect 

relationships. (NGSS.MS-

LS4-2) 

 Graphs, charts, and images 

can be used to identify 

patterns in data. 

(NGSS.MS-LS4-1, 

NGSS.MS-LS4-3) 

 

Cause and Effect: 

 Phenomena may have 

more than one cause, and 

some cause and effect 

relationships in systems 

can only be described 

using probability. 

(NGSS.MS-LS4-4, 

NGSS.MS-LS4-5, 

NGSS.MS-LS4-6) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Interdependence of Science, 

Engineering, and Technology: 

 Engineering advances have 

led to important discoveries 

in virtually every field of 

science, and scientific 

discoveries have led to the 

development of entire 

industries and engineered 

systems. (NGSS.MS-LS4-

5) 

 

Connections to Nature of 

Science: 
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(NGSS.MS-LS4-5) 

 

Connections to Nature of 

Science: 

 

Scientific Knowledge Is Based 

on Empirical Evidence: 

 Science knowledge is based 

upon logical and conceptual 

connections between 

evidence and explanations. 

(NGSS.MS-LS4-1)  

population, and the 

suppression of others. 

(NGSS.MS-LS4-4) 

 In artificial selection, 

humans have the capacity 

to influence certain 

characteristics of 

organisms by selective 

breeding. One can choose 

desired parental traits 

determined by genes, 

which are then passed on 

to offspring. (NGSS.MS-

LS4-5) 

 

LS4.C: Adaptation: 

 Adaptation by natural 

selection acting over 

generations is one 

important process by 

which species change over 

time in response to changes 

in environmental 

conditions. Traits that 

support successful survival 

and reproduction in the 

new environment become 

more common; that that do 

not become less common. 

Thus, the distribution of 

traits in a population 

changes. (NGSS.MS-LS4-

6)  

Scientific Knowledge 

Assumes an Order and 

Consistency in Natural 

Systems: 

 Science assumes that 

objects and events in 

natural systems occur in 

consistent patterns that are 

understandable through 

measurement and 

observation. (NGSS.MS-

LS4-1, NGSS.MS-LS4-2) 

 

Science Addresses Questions 

about the Natural and Material 

World: 

 Scientific knowledge can 

describe the consequences 

of actions but does not 

necessarily prescribe the 

decisions that society takes. 

(NGSS.MS-LS4-5) 

 

 

 

 

Time Allotment 

 Second segment of Trimester 2 / First segment of Trimester 3  
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UNIT 4 
Ecosystems: Interactions, Energy, and Dynamics 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.MS-LS1-6 Construct a scientific explanation based on evidence for 

the role of photosynthesis in the cycling of matter and 

flow of energy into and out of organisms. 

 

NGSS.MS-LS2-3 Develop a model to describe the cycling of matter and 

flow of energy among living and nonliving parts of an 

ecosystem. 

 

NGSS.MS-LS2-4 Construct an argument supported by empirical evidence 

that changes to physical or biological components of an 

ecosystem affect populations. 

 

NGSS.MS-LS2-1 Analyze and interpret data to provide evidence for the 

effects of resource availability on organisms and 

populations of organisms in an ecosystem. 

 

NGSS.MS-LS2-2 Construct an explanation that predicts patterns of 

interactions among organisms across multiple 

ecosystems. 

 

NGSS.MS-LS2-5 Evaluate competing design solutions for maintaining 

biodiversity and ecosystem services. 

 

NGSS.MS-LS1-5 Construct a scientific explanation based on evidence for 

how environmental and genetic factors influence the 

growth of organisms. 

 

CCS.ELA-Literacy.RST.6-8.1 Cite specific textual evidence to support analysis of 

science and technical texts. 

 

CCS.ELA-Literacy.RST.6-8.7 Integrate qualitative or technical information expressed 

in words in a text with a version of that information 

expressed visually (e.g., in a flowchart, diagram, model, 

graph, or table). 

 

CCS.ELA-Literacy.RST.6-8.8 Distinguish among facts, reasoned judgment based on 

research findings, and speculation in a text. 
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CCS.ELA-Literacy.RST.6-8.9 Compare and contrast the information gained from 

experiments, simulations, video, or multimedia sources 

with that gained from reading a text on the same topic. 

 

CCS.ELA-Literacy.WHST.6-8.1 Write arguments focused on discipline-specific content. 

 

CCS.ELA-Literacy.WHST.6-8.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 

 

CCS.ELA-Literacy.WHST.6-8.9 Draw evidence from informational texts to support 

analysis, reflection, and research. 

 

CCS.ELA-Literacy.SL.7.1 Engage effectively in a range of collaborative 

discussions (one-on-one, in groups, and teacher-led) 

with diverse partners on grade 7 topics, texts, and 

issues, building on others’ ideas and expressing their 

own clearly. 

 

CCS.ELA-Literacy.SL.7.4 Present claims and findings, sequencing ideas logically 

and using pertinent descriptions, facts, and details to 

accentuate main ideas or themes; use appropriate eye 

contact, adequate volume, and clear pronunciation. 

 

CCS.ELA-Literacy.SL.7.5 Include multimedia components and visual displays in 

presentations to clarify claims and findings and 

emphasize salient points. 

 

CCS.Mathematics.MP.4 Model with mathematics. 

 

CCS.Mathematics.6.RP.3 Use ratio and rate reasoning to solve real-world and 

mathematical problems, e.g., by reasoning about tables 

of equivalent ratios, tape diagrams, double number line 

diagrams, or equations. 

 

CCS.Mathematics.6.EE.9 Use variables to represent two quantities in a real-world 

problems that change in relationship to one another; 

write an equation to express one quantity, thought of as 

the dependent variable, in terms of the other quantity, 

thought of as the independent variable. Analyze the 

relationship between the dependent and independent 

variables using graphs and tables, and relate these to the 

equation. 

 

CCS.Mathematics.6.SP.5 Summarize numerical data sets in relation to their 

context. 
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Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using 

Models: 

 Develop a model to 

describe phenomena. 

(NGSS.MS-LS2-3) 

 

Analyzing and Interpreting 

Data: 

 Analyze and interpret data 

to provide evidence for 

phenomena. (NGSS.MS-

LS2-1) 

 

Constructing Explanations and 

Designing Solutions: 

 Construct an explanation 

that includes qualitative or 

quantitative relationships 

between variables that 

predict phenomena. 

(NGSS.MS-LS2-2) 

 

Engaging in Argument from 

Evidence: 

 Construct an oral and 

written argument supports 

by empirical evidence and 

scientific reasoning to 

support or refute an 

explanation or a model for 

a phenomenon or a solution 

to a problem. (NGSS.MS-

LS2-4) 

 Evaluate competing design 

solutions based on jointly 

developed and agreed-upon 

design criteria. (NGSS.MS-

LS2-5) 

 

Connections to Nature of 

Science: 

 

Scientific Knowledge Is Based 

LS1.B: Growth and 

Development of Organisms: 

 Genetic factors as well as 

local conditions affect the 

growth of the adult plant. 

(NGSS.MS-LS1-5) 

 

LS1.C: Organization for 

Matter and Energy Flow in 

Organisms: 

 Plants, algae (including 

phytoplankton), and many 

microorganisms use the 

energy from light to make 

sugars (food) from carbon 

dioxide from the 

atmosphere and water 

through the process of 

photosynthesis, which also 

releases oxygen. These 

sugars can be used 

immediately or stored for 

growth or later use. 

(NGSS.MS-LS1-6) 

 

PS3.D: Energy in Chemical 

Processes and Everyday Life: 

 The chemical reaction by 

which plants produce 

complex food molecules 

(sugars) requires an energy 

input (i.e., from sunlight) 

to occur. In this reaction, 

carbon dioxide and water 

combine to form carbon-

based organic molecules 

and release oxygen. 

(secondary to NGSS.MS-

LS1-6) 

 

LS2.A: Interdependent 

Relationships in Ecosystems: 

 Organisms, and 

Patterns: 

 Patterns can be used to 

identify cause and effect 

relationships. (NGSS.MS-

LS2-2) 

 

Cause and Effect: 

 Cause and effect 

relationships may be used 

to predict phenomena in 

natural or designed 

systems. (NGSS.MS-LS2-

1) 

 

Energy and Matter: 

 The transfer of energy can 

be tracked as energy flows 

through a natural system. 

(NGSS.MS-LS2-3) 

 

Stability and Change: 

 Small changes in one part 

of a system might cause 

large changes in another 

part. (NGSS.MS-LS2-4, 

NGSS.MS-LS2-5) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Influence of Science, 

Engineering, and Technology 

on Society and the Natural 

World: 

 The use of technologies and 

any limitations on their use 

are driven by individual or 

societal needs, desires, and 

values; by the findings of 

scientific research; and by 

differences in such factors 

as climate, natural 
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on Empirical Evidence: 

 Science disciplines share 

common rules of obtaining 

and evaluating empirical 

evidence. (NGSS.MS-LS2-

4)  

populations of organisms, 

are dependent on their 

environmental interactions 

both with other living 

things and with nonliving 

factors. (NGSS.MS-LS2-1) 

 In any ecosystem, 

organisms and populations 

with similar requirements 

for food, water, oxygen, or 

other resources may 

compete with each other 

for limited resources, 

access to which 

consequently constrains 

their growth and 

reproduction. (NGSS.MS-

LS2-1) 

 Growth of organisms and 

population increases are 

limited by access to 

resources. (NGSS.MS-

LS2-1) 

 Similarly, predatory 

interactions may reduce the 

number of organisms or 

eliminate whole 

populations of organisms. 

Mutually beneficial 

interactions, in contrast, 

may become so 

interdependent that each 

organism requires the other 

for survival. Although the 

species involved in these 

competitive, predatory, and 

mutually beneficial 

interactions vary across 

ecosystems, the patterns of 

interactions of organisms 

with their environments, 

both living and nonliving, 

are shared. (NGSS.MS-

LS2-2) 

 

LS2.B: Cycle of Matter and 

resources, and economic 

conditions. Thus 

technology use varies from 

region to region and over 

time. (NGSS.MS-LS2-5) 

 

Connections to Nature of 

Science: 

 

Scientific Knowledge 

Assumes an Order and 

Consistency in Natural 

Systems: 

 Science assumes that 

objects and events in 

natural systems occur in 

consistent patterns that are 

understandable through 

measurement and 

observation. (NGSS.MS-

LS2-3) 

 

Science Addresses Questions 

about the Natural and Material 

World: 

 Scientific knowledge can 

describe the consequences 

of actions but does not 

necessarily prescribe the 

decisions that society takes. 

(NGSS.MS-LS2-5) 
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Energy Transfer in 

Ecosystems: 

 Food webs are models that 

demonstrate how matter 

and energy is transferred 

between producers, 

consumers, and 

decomposers as the three 

groups interact within an 

ecosystem. Transfers of 

matter into and out of the 

physical environment 

occur at every level. 

Decomposers recycle 

nutrients from dead plant 

or animal matter back to 

the soil in terrestrial 

environments or to the 

water in aquatic 

environments. The atoms 

that make up the organisms 

in an ecosystem are cycled 

repeatedly between the 

living and nonliving parts 

of the ecosystem. 

(NGSS.MS-LS2-3) 

 

LS2.C: Ecosystem Dynamics, 

Functioning, and Resilience: 

 Ecosystems are dynamic in 

nature; their characteristics 

can vary over time. 

Disruptions to any physical 

or biological component of 

an ecosystem can lead to 

shifts in all its populations. 

(NGSS.MS-LS2-4) 

 Biodiversity describes the 

variety of species found in 

Earth’s terrestrial and 

oceanic ecosystems. The 

completeness or integrity 

of an ecosystems’ 

biodiversity is often used 

as a measure of its health. 

(NGSS.MS-LS2-5) 
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LS2.D: Biodiversity and 

Humans: 

 Changes in biodiversity 

can influence humans’ 

resources, such as food, 

energy, and medicines, as 

well as ecosystem services 

that humans rely on – for 

example, water purification 

and recycling. (secondary 

to NGSS.MS-LS2-5) 

 

LS2.E: Developing Possible 

Solutions: 

 There are systematic 

processes for evaluating 

solutions with respect to 

how well they meet the 

criteria and constraints of a 

problem. (secondary to 

NGSS.MS-LS2-5) 

 

Time Allotment 

 Second segment of Trimester 3 
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CORE VALUES AND BELIEFS 
 

The Trumbull School Community engages in an environment conducive to learning which 

believes that all students will read and write effectively, therefore communicating in an 

articulate and coherent manner.  All students will participate in activities that present problem-

solving through critical thinking. Students will use technology as a tool applying it to decision 

making. We believe that by fostering self-confidence, self-directed and student-centered 

activities, we will promote independent thinkers and learners. We believe ethical conduct to 

be paramount in sustaining the welcoming school climate that we presently enjoy. 

 

Approved 8/26/2011 

 
 

INTRODUCTION & PHILOSOPHY 
 

Grade 9 Integrated Physical Science is consistent in the continued development of scientifically 

literate students. Authentic scientific and engineering experiences build on one another and 

increase in complexity throughout students’ K-12 education. In 2015, the Connecticut State 

Board of Education adopted the Next-Generation Science Standards (NGSS), which embody the 

National Research Council’s Framework for K-12 Science Education (2012). Both the 

Framework and the NGSS stress the importance of teaching classroom scientific inquiry as 

practiced by scientists and engineers. The Framework provides a vision for American science 

education in the 21st century, while the NGSS provide grade-level student performance 

expectations, disciplinary core ideas, and crosscutting concepts. The Framework and NGSS 

indicated a paradigm shift in science education, one in which teachers are to incorporate 

authentic learning experiences for students that reflect the nature of doing science and 

engineering. 
 

The Framework and NGSS provide clarity to classroom scientific inquiry by stressing the 

importance of the eight practices of science and engineering. The practices were designed to help 

students understand how scientific knowledge develops, and to stimulate students’ interest ing 

and continued study of science. Three-dimensional learning facilitates student engagement with 

Science and Engineering Practices and Crosscutting Concepts to deepen their understanding of 

Disciplinary Core Ideas in order to explain phenomena and solve problems. Three-dimensional 

learning promotes development of student skills in the following areas: 
 

 Knowing, using, and interpreting scientific explanations of the natural world 

(Disciplinary Core Ideas, and Crosscutting Concepts) 

 Generating and evaluating scientific evidence and explanations (Science and Engineering 

Practices) 

 Participating productively in scientific practices and discourse (Science and Engineering 

Practices) 

 Understanding the nature and development of scientific knowledge (Science and 

Engineering Practices, and Crosscutting Concepts) 
 

The shift of science education reflects the interconnected nature of science as it is practiced in 

the real world and builds coherently across grades K-12. The NGSS focus on deeper 
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understanding of content as well as application of content with an alignment to the Connecticut 

Core Standards. A deeper understanding and application of science and engineering practices 

prepare students for postsecondary success and citizenship in a world fueled by innovations in 

science and technology. 
 

 

Most systems or processes depend at some level on physical and chemical subprocesses that 

occur within, whether the system in question is a star, Earth’s atmosphere, a river, a bicycle, the 

human brain, or a living cell. Large-scale systems often have emergent properties that cannot be 

explained on the basis of atomic-scale processes; nevertheless, to understand the physical and 

chemical basis of a system, one must ultimately consider the structure of matter at the atomic and 

subatomic scales to discover how it influences the system’s larger-scale structures, properties, 

and functions. Similarly, understanding a process at any scale requires awareness of the 

interactions occurring – in terms of the forces between objects, the related energy transfers, and 

their consequences. Earth and space sciences have much in common with the other branches of 

science, but they also include a unique set of scientific pursuits. Inquiries into the physical 

sciences (e.g., forces, energy, gravity, magnetism) have been pursued in part as a means of 

understanding the size, age, structure, composition, and behavior of Earth, the sun, and the 

moon. 
 

Integrated Physical Science is offered at three separate course levels: Honors, Advanced College 

Preparatory (ACP), and College Preparatory (CP). All levels will explore each unit of study. The 

courses are differentiated by pacing of curriculum, rigor of exploration, depth of content 

knowledge, and the application of quantitative reasoning. The honors course will explore topics 

with the greatest depth, most rigorous exploration, deepest study of content, and furthest 

application of quantitative reasoning. More supports will be offered at the ACP course level, 

with the most supports offered at the CP course level.   

 
 

COURSE GOALS 
 

The course goals derive from the 2013 Next-Generation Science Standards, the 2010 

Connecticut Core Standards, and the ISTE (International Society for Technology in Education) 

Technology Standards. Goals are listed specific to each unit in this curriculum guide, and 

developed through unit lessons using the 5-E learning model (engage, explore, explain, 

elaborate, evaluate) in order to encourage student engagement and foster metacognitive learning 

strategies through a reflective process. An important role of science education is not to teach “all 

the facts,” but rather to prepare students with sufficient core knowledge so that they can later 

acquire additional information on their own. 

 
 

COURSE ENDURING UNDERSTANDINGS 
 

Students will understand that . . . 

 The planet Earth is a tiny part of a vast universe that has developed over a huge expanse 

of time. The history of the universe, and of the structures and objects within it, can be 

deciphered using observations of their present condition together with knowledge of 
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physics and chemistry. Similarly, the patterns of motion of the objects in the solar system 

can be described and predicted on the basis of observations and an understanding of 

gravity. 

 Earth’s surface is a complex and dynamic set of interconnected systems that interact over 

a wide range of temporal and spatial scales. All of Earth’s processes are the result of 

energy flowing and matter cycling within and among the systems. For example, the 

motion of tectonic plates is part of the cycles of convection in Earth’s mantle, driven by 

outflowing heat and the downward pull of gravity, which result in the formation and 

changes of many features of Earth’s land and undersea surface. Water is essential to the 

dynamics of most earth systems, and it plays a significant role in shaping Earth’s 

landscape. 

 

 Earth’s surface processes affect and are affected by human activities. Humans depend on 

all of the planet’s systems for a variety of resources, some of which are renewable or 

replaceable and some of which are not. Natural hazards and other geological events can 

significantly alter human populations and activities.  

 

 Matter can be understood in terms of the types of atoms present and the interactions both 

between and within them. Nuclear reactions involve changes in the types of atomic nuclei 

present and are key to the energy release from the sun and the balance of isotopes in 

matter. 

 

 Interactions between any two objects can cause changes in one or both of them. An 

understanding of the forces between objects is important for describing how their motions 

change, as well as for predicting stability or instability in systems at any scale. All forces 

between objects arise from a few types of interactions: gravity, electromagnetism, and the 

strong and weak nuclear interactions. 

 

 Interactions of objects can be explained and predicted using the concept of transfer of 

energy from one object or system of objects to another. The total energy within a defined 

system changes only by the transfer of energy into or out of the system. 

 

 Waves are a repeating pattern of motion that transfers energy from place to place without 

overall displacement of matter. Light and sound are wavelike phenomena.  

 
 

COURSE ESSENTIAL QUESTIONS 
 

 What methods do scientists employ to explore and model the universe? 

 How does energy flow and cycle within and between natural systems? How is energy 

conserved? 

 What evidence-based models can explain and predict the motions and interactions of objects 

in a system? 

 How do Earth’s internal and surface processes, which operate at different spatial and 

temporal scales, result in the formation of characteristic terrestrial features? 
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 How do the availability of natural resources and the occurrence of natural hazards influence 

human activity? 

 How can natural resources be used to efficiently generate electrical energy? 

 
 

COURSE KNOWLEDGE & SKILLS 

Students will understand . . . 

 Patterns. Observed patterns of forms and events guide organization and classification, 

and they prompt questions about relationships and the factors that influence them. 

 Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of science is investigating and explaining 

causal relationships and the mechanisms by which they are mediated. Such mechanisms 

can then be tested across given contexts and used to predict and explain events in new 

contexts. 

 Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what 

is relevant at different measures of size, time, and energy and to recognize how changes 

in scale, proportion, or quantity affect a system’s structure or performance.  

 Systems and system models. Defining the system under study – specifying its boundaries 

and making explicit a model of that system – provides tools for understanding and testing 

ideas that are applicable throughout science and engineering.  

 Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and 

matter into, out of, and within systems helps one understand the systems’ possibilities 

and limitations.  

 Structure and function. The way in which an object or living thing is shaped and its 

substructure determine many of its properties and functions.  

 Stability and change. For natural and built systems alike, conditions of stability and 

determinants of rates of change or evolution of a system are critical elements of study. 

Students will be able to . . . 

 ask questions (for science) and define problems (for engineering). 

 develop and use models. 

 plan and carry out investigations. 

 analyze and interpret data. 
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 use mathematics and computational thinking. 

 construct explanations (for science) and design solutions (for engineering). 

 engage in arguments from evidence. 

 obtain, evaluate, and communicate information. 
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UNIT 1 
Cosmic Evolution 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.HS-ESS1-1 Develop a model based on evidence to illustrate the life 

span of the sun and the role of nuclear fusion in the 

sun’s core to release energy that eventually reaches 

Earth in the form of radiation. 

 

NGSS.HS-PS1-8 Develop models to illustrate the changes in the 

composition of the nucleus of the atom and the energy 

released during the processes of fission, fusion, and 

radioactive decay. 

 

NGSS.HS-PS4-1 Use mathematical representations to support a claim 

regarding relationships among the frequency, 

wavelength, and speed of waves traveling in various 

media 

 

NGSS.HS-PS4-3 Evaluate the claims, evidence, and reasoning behind the 

idea that electromagnetic radiation can be described 

either by a wave model or a particle model, and that for 

some situations one model is more useful than the 

other. 

 

NGSS.HS-ESS1-2 Construct an explanation of the Big Bang theory based 

on astronomical evidence of light spectra, motion of 

distant galaxies, and composition of matter in the 

universe. 
 

NGSS.HS.ESS1-3 Communicate scientific ideas about the way stars, over 

their life cycle, produce elements.  

 

CCS.ELA-Literacy.RST.9-10.1 Cite specific textual evidence to support analysis of 

science and technical texts, attending to the precise 

details of explanations or descriptions. 

 

CCS.ELA-Literacy.RST.9-10.7 Translate quantitative or technical information 

expressed in words in a text into visual form (e.g., a 

table or chart) and translate information expressed 

visually or mathematically (e.g., in an equation) into 

words. 
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CCS.ELA-Literacy.RST.9-10.8 Assess the extent to which the reasoning and evidence 

in a text support the author’s claim or a 

recommendation for solving a scientific or technical 

problem. 

 

CCS.ELA-Literacy.WHST.9-10.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 

 

CCS.ELA-Literacy.SL.9-10.4 Present information, findings, and supporting evidence 

clearly, concisely, and logically such that listeners can 

follow the line of reasoning and the organization, 

development, substance, and style are appropriate to 

purpose, audience, and task. 

 

CCS.MP.2 Reason abstractly and quantitatively. 

 

CCS.MP.4 Model with mathematics. 

 

CCS.HSN-Q.A.1 Use units as a way to understand problems and to guide 

the solution of multi-step problems; choose and 

interpret units consistently in formulas; choose and 

interpret the scale and the origin in graphs and data 

displays. 

 

CCS.HSN-Q.A.2 Define appropriate quantities for the purpose of 

descriptive modeling.  

 

CCS.HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on 

measurement when reporting quantities. 

 

CCS.HSA-SSE.A.1 Interpret expressions that represent a quantity in terms 

of its context. 

 

CCS.HSA-SSE.B.3 Choose and produce an equivalent form of an 

expression to reveal and explain properties of the 

quantity represented by the expression. 

 

CCS.HSA-CED.A.2 Create equations in two or more variables to represent 

relationships between quantities; graph equations on 

coordinate axes with labels and scales. 

 

CCS.HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, 

using the same reasoning as in solving equations. 
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CCS.HSF-IF.B.5 Relate the domain of a function to its graph and, where 

applicable, to the quantitative relationship it describes. 

 

CCS.HSS-ID.B.6 Represent data on two quantitative variables on a 

scatter plot, and describe how those variables are 

related. 

 

ISTE Knowledge Constructor Plan and employ effective research strategies to locate 

(Standard 3a)  information and other resources for their intellectual or 

creative pursuits. 

 

ISTE Knowledge Constructor Curate information from digital resources using a 

(Standard 3c)  variety of tools and methods to create collections of 

artifacts that demonstrate meaningful connections or 

conclusions. 

 

ISTE Knowledge Constructor Build knowledge by actively exploring real-world  

(Standard 3d)  issues and problems, developing ideas and theories and 

pursuing answers and solutions. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using 

Models: 

 Develop a model based on 

evidence to illustrate the 

relationships between 

systems or between 

components of a system. 

(NGSS.HS-ESS1-1, 

NGSS.HS-PS1-8) 

 

Using Mathematics and 

Computational Thinking: 

 Use mathematical 

representations of 

phenomena or design 

solutions to describe and/or 

support claims and/or 

explanations. (NGSS.HS-

PS4-1) 

 

Engaging in Argument from 

Evidence: 

 Evaluate the claims, 

evidence, and reasoning 

ESS1.A: The Universe and Its 

Stars: 

 The star called the sun is 

changing and will burn out 

over a lifespan of 

approximately 10 billion 

years. (NGSS.HS-ESS1-1) 

 The study of stars’ light 

spectra and brightness is 

used to identify 

compositional elements of 

stars, their movements, and 

their distances from Earth. 

(NGSS.HS-ESS1-2, 

NGSS.HS-ESS1-3) 

 The Big Bang theory is 

supported by observations 

of distant galaxies receding 

from our own, of the 

measured composition of 

stars and non-stellar gases, 

and of the maps of spectra 

of the primordial radiation 

(cosmic microwave 

Energy and Matter: 

 In nuclear processes, atoms 

are not conserved, but the 

total number of protons 

plus neutrons is conserved. 

(NGSS.HS-PS1-8) 

 Energy cannot be created or 

destroyed – only moved 

between one place and 

another place, between 

objects and/or fields, or 

between systems. 

(NGSS.HS-ESS1-2) 

 

Systems and System Models: 

 Models (e.g., physical, 

mathematical, computer 

models) can be used to 

simulate systems and 

interactions – including 

energy, matter, and 

information flows – within 

and between systems at 

different scales. 
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behind currently accepted 

explanations or solutions to 

determine the merits of 

arguments. (NGSS.HS-

PS4-3) 

 

Constructing Explanations and 

Designing Solutions: 

 Construct an explanation 

based on valid and reliable 

evidence obtained from a 

variety of sources 

(including students’ own 

investigations, theories, 

simulations, peer review) 

and the assumption that 

theories and laws that 

describe the natural world 

operate today as they did in 

the past and will continue 

to do so in the future. 

(NGSS.HS-ESS1-2) 

 

Obtaining, Evaluating, and 

Communicating Information: 

 Communicate scientific 

ideas (e.g., about 

phenomena and/or the 

process of development and 

the design and performance 

of a proposed process or 

system) in multiple formats 

(including orally, 

graphically, textually, and 

mathematically). 

(NGSS.HS-ESS1-3) 

 

Connections to Nature of 

Science: 

 

Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena: 

 A scientific theory is a 

substantiated explanation of 

some aspect of the natural 

background) that still fills 

the universe. (NGSS.HS-

ESS1-2) 

 Other than the hydrogen 

and helium formed at the 

time of the Big Bang, 

nuclear fusion within stars 

produces all atomic nuclei 

lighter than and including 

iron, and the process 

releases electromagnetic 

energy. Heavier elements 

are produced when certain 

massive stars achieve a 

supernova stage and 

explode. (NGSS.HS-ESS1-

2) 

 

PS1.C: Nuclear Processes: 

 Nuclear processes, 

including fusion, fission, 

and radioactive decays of 

unstable nuclei, involve 

release or absorption of 

energy. The total number 

of neutrons plus protons 

does not change in any 

nuclear process. 

(NGSS.HS-PS1-8) 

 

PS3.D: Energy in Chemical 

Processes and Everyday Life: 

 Nuclear fusion processes in 

the center of the sun 

release the energy that 

ultimately reaches Earth as 

radiation. (secondary to 

NGSS.HS-ESS1-1) 

 

PS4.A: Wave Processes: 

 The wavelength and 

frequency of a wave are 

related to one another by 

the speed of travel of the 

wave, which depends on 

the type of wave and the 

(NGSS.HS-PS4-3) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Interdependence of Science, 

Engineering, and Technology: 

 Science and engineering 

complement each other in 

the cycle known as research 

and development (R&D). 

Many R&D projects may 

involve scientists, 

engineers, and others with 

wide ranges of expertise. 

(NGSS.HS-ESS1-2) 

 

Connections to Nature of 

Science: 

 

Scientific Assumes an Order 

and Consistency in Natural 

Systems: 

 Scientific knowledge is 

based on the assumption 

that natural laws operate 

today as they did in the past 

and they will continue to do 

so in the future. 

(NGSS.HS-ESS1-2) 

 Science assumes the 

universe is a vast single 

system in which basic laws 

are consistent. (NGSS.HS-

ESS1-2) 
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world, based on a body of 

facts that have been 

repeatedly confirmed 

through observation and 

experiment and the science 

community validates each 

theory before it is accepted. 

If new evidence is 

discovered that the theory 

does not accommodate, the 

theory is generally 

modified in light of this 

new evidence. (NGSS.HS-

ESS1-2, NGSS.HS-ESS1-

6, NGSS.HS-PS4-3) 

medium through which it is 

passing. (NGSS.HS-PS4-1) 

 Waves can add or cancel 

one another as they cross, 

depending on their relative 

phase (i.e., relative position 

of peaks and troughs of the 

waves), but they emerge 

unaffected by each other. 

(NGSS.HS-PS4-3) 

 

PS4.B: Electromagnetic 

Radiation: 

 Electromagnetic radiation 

(e.g., radio, microwaves, 

light) can be modeled as a 

wave of changing electric 

and magnetic fields or as 

particles called photons. 

The wave model is useful 

for explaining many 

features of electromagnetic 

radiation, and the particle 

model explains other 

features. (NGSS.HS-PS4-

3) 

 Atoms of each element 

emit and absorb 

characteristic frequencies 

of light. These 

characteristics allow 

identification of the 

presence of an element, 

even in microscopic 

quantities. (secondary to 

NGSS.HS-ESS1-2) 

 

Unit Essential Questions 

 Given the enormous scale of the universe, how is it possible for scientists to study and 

develop models that explain it? 

 What evidence exists to support the Big Bang as a model for the genesis of the universe? 

 Where do the elements that make up the Earth, and all life on it, come from? 

 How do stars produce energy? 

 How does energy travel from the sun (a star) to the Earth? 
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 What are the properties of electromagnetic waves, and how are these properties related? 

 What is the relationship between the wavelengths of light emitted from a star and its 

temperature? 

 How does interaction with different mediums affect the behavior of waves? 

 How can the distances to stars be determined to account for absolute brightness? 

 How do the properties of stars lead us to understand cosmic and stellar evolution? 

 

Scope and Sequence 

1. Nuclear fusion and atomic structure 

2. Electromagnetic energy 

3. Stellar emission spectra 

4. Stellar distance 

5. Stellar evolution and nucleosynthesis 

 

Assured Assessments 

Formative Assessment: 

 Students will investigate the properties of electromagnetic energy through a simulation; 

they will determine the relationship between frequency and wavelength through analysis 

of a mathematical model. 

 

Summative Assessment: 

 Students will participate in an assessment consisting of multiple-choice questions, and 

interpreting and analyzing data, related to cosmic and stellar evolution. 

 

Resources 

Core 

 Feather, Jr., Ralph M., Charles William McLaughlin, Marilyn Thompson, & Dinah Zike. 

Physical Science with Earth Science. Columbus: Glencoe, 2012. Print. 

 Hendrik, Marc S., Gray Thompson, & Jon Turk. Earth. Stamford: Cengage, 2015. Print. 

 “Doppler Shift Interactive.” 

http://highered.mheducation.com/sites/007299181x/student_view0/chapter6/doppler_shif

t_interactive.html#. Accessed July 30, 2018. Web. 

 “Emission Spectroscopy Laboratory.” Trumbull High School. 

 “Introduction to Scientific Modeling.” Trumbull High School. 

 “Natural Resonance, Frequency, and Wavelength Laboratory.” Trumbull High School. 

 “Nuclear Fusion Laboratory.” Trumbull High School. 

 PhET Interactive Simulations. “Wave on a String.” 

https://phet.colorado.edu/en/simulation/wave-on-a-string. Accessed July 30, 2018. Web. 

 

Supplemental 

 “New SAT Reading Practice Test 33: Sunspots Passage.”  

http://www.cracksat.net/sat/reading/test-33.html. Accessed July 30, 2018. Web. adapted. 

http://highered.mheducation.com/sites/007299181x/student_view0/chapter6/doppler_shift_interactive.html
http://highered.mheducation.com/sites/007299181x/student_view0/chapter6/doppler_shift_interactive.html
https://phet.colorado.edu/en/simulation/wave-on-a-string
http://www.cracksat.net/sat/reading/test-33.html
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 Ruth, Carolyn. “Where Do Chemical Elements Come From?” ChemMatters October 

2009: 6-8. Print. 

 “Stellar Helium.” The Science Teacher 70.4 (April 2003): 10. Print. 

 

Time Allotment 

 Approximately nine weeks  



Grade 9 Integrated Physical Science   14 

UNIT 2 
Planetary Motion, Forces, and Energy 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.HS.ESS1-4 Use mathematical or computational representations to 

predict the motion of orbiting objects in the solar 

system.  

 

NGSS.HS.PS2-1 Analyze data to support the claim that Newton’s second 

law of motion describes the mathematical relationship 

among the net force on a macroscopic object, its mass, 

and its acceleration.  

 

NGSS.HS.PS2-4 Use mathematical representations of Newton’s Law of 

Gravitation and Coulomb’s Law to describe and predict 

the gravitational and electrostatic force between 

objects.  

 

NGSS.HS.PS3-2 Develop and use models 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).  

 

NGSS.HS.PS2-2 Use mathematical representations to support the claim 

that the total momentum of a system of objects is 

conserved when there is no net force on the system.  

 

NGSS.HS.PS2-3 Apply scientific and engineering ideas to design, 

evaluate, and refine a device that minimizes the force 

on a macroscopic object during a collision. 

  

CCS.ELA-Literacy. RST.9-10.1 Cite specific textual evidence to support analysis of 

science and technical texts, attending to the precise 

details of explanations or descriptions. 

 

CCS.ELA-Literacy. RST.9-10.7 Translate quantitative or technical information 

expressed in words in a text into visual form (e.g., a 

table or chart) and translate information expressed 

visually or mathematically (e.g., in an equation) into 

words. 
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CCS.ELA-Literacy.WHST.9-10.7 Conduct short as well as more sustained research 

projects to answer a question (including a self-

generated question) or solve a problem; narrow or 

broaden the inquiry when appropriate; synthesize 

multiple sources on the subject, demonstrating 

understanding of the subject under investigation. 

 

CCS.ELA-Literacy.WHST.9-10.9 Draw evidence from informational texts to support 

analysis, reflection, and research. 

 

CCS.ELA-Literacy.SL.9-10.5 Make strategic use of digital media (e.g., textual, 

graphical, audio, visual, and interactive elements) in 

presentations to enhance understanding of findings, 

reasoning, and evidence and to add interest. 

  

CCS.MP.2 Reason abstractly and quantitatively. 

 

CCS.MP.4 Model with mathematics. 

 

CCS.HSN-Q.A.1 Use units as a way to understand problems and to guide 

the solution of multi-step problems; choose and 

interpret units consistently in formulas; choose and 

interpret the scale and the origin in graphs and data 

displays. 

 

CCS.HSN-Q.A.2 Define appropriate quantities for the purpose of 

descriptive modeling. 

 

CCS.HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on 

measurement when reporting quantities. 

 

CCS.HSA-SSE.A.1 Interpret expressions that represent a quantity in terms 

of its context. 

 

CCS.HSA-SSE.B.3 Choose and produce an equivalent form of an 

expression to reveal and explain properties of the 

quantity represented by the expression. 

 

CCS.HSA.CED.A.1 Create equations and inequalities in one variable and 

use them to solve problems. 

 

CCS.HSA-CED.A.2 Create equations in two or more variables to represent 

relationships between quantities; graph equations on 

coordinate axes with labels and scales.  
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CCS.HSA-CED.A.4 Rearrange formulas to highlight a quantity of interest, 

using the same reasoning as in solving equations. 

 

CCS.HSF-IF.C.7 Graph functions expressed symbolically and show key 

features of the graph, by in hand in simple cases and 

using technology for more complicated cases.  

  

CCS.HSS-IS.A.1 Represent data with plots on the real number line (dot 

plots, histograms, and box plots). 

 

ISTE Computational Thinker Collect data or identify relevant data sets, use digital 

(Standard 5b) tools to analyze them, and represent data in various 

ways to facilitate problem-solving and decision-

making. 

 

ISTE Computational Thinker Break problems into component parts, extract key 

(Standard 5c) information, and develop descriptive models to 

understand complex systems or facilitate problem-

solving. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Analyzing and Interpreting 

Data: 

 Analyze data using tools, 

technologies, and/or models 

(e.g., computational, 

mathematical) in order to 

make valid and reliable 

scientific claims or 

determine an optimal 

design. (NGSS.HS-PS2-1) 

 

Constructing Explanations and 

Designing Solutions: 

 Apply scientific ideas to 

solve a design problem, 

taking into account possible 

unanticipated effects. 

(NGSS.HS-PS2-3) 

 

Using Mathematics and 

Computational Thinking: 

 Use mathematical or 

computational 

representations of 

ESS1.B: Earth and the Solar 

System: 

 Kepler’s laws describe 

common features of the 

motions of orbiting objects, 

including their elliptical 

paths around the sun. 

Orbits may change due to 

the gravitational effects 

from, or collisions with, 

other objects in the solar 

system. (NGSS.HS-ESS1-

4) 

 

PS2.A: Forces and Motion: 

 Newton’s second law 

accurately predicts changes 

in the motion of 

macroscopic objects. 

(NGSS.HS-PS2-1) 

 Momentum is defined for a 

particular frame of 

reference; it is the mass 

times velocity of the 

Patterns: 

 Different patterns may be 

observed at each of the 

scales at which a system is 

studied and can provide 

evidence for causality in 

explanations of phenomena. 

(NGSS.HS-PS2-4) 

 

Cause and Effect: 

 Empirical evidence is 

required to differentiate 

between cause and 

correlation and make 

claims about specific 

causes and effects. 

(NGSS.HS-PS2-1) 

 Systems can be designed to 

cause a desired effect. 

(NGSS.HS-PS2-3) 

 

Scale, Proportion, and 

Quantity: 

 Algebraic thinking is used 
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phenomena to describe 

explanations. (NGSS.HS-

ESS1-4) 

 

Connections to Nature of 

Science: 

 

Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena: 

 Theories and laws provide 

explanations in science. 

(NGSS.HS-PS2-1, 

NGSS.HS-PS2-4) 

 Laws are statements or 

descriptions of the 

relationships among 

observable phenomena. 

(NGSS.HS-PS2-1, 

NGSS.HS-PS2-4) 

 

 

 

object. (NGSS.HS-PS2-2) 

 If a system interacts with 

objects outside itself, the 

total momentum of the 

system can change; 

however, any such change 

is balanced by changes in 

the momentum of objects 

outside the system. 

(NGSS.HS-PS2-2, 

NGSS.HS-PS2-3) 

 

PS2.B: Types of Interactions: 

 Newton’s law of universal 

gravitation and Coulomb’s 

law provide the 

mathematical models to 

describe and predict the 

effects of gravitational and 

electrostatic forces 

between distant objects. 

(NGSS.HS-PS2-4) 

 Forces at a distance are 

explained by fields 

(gravitational, electric, and 

magnetic) permeating 

space that can transfer 

energy through space. 

Magnets or electric 

currents cause magnetic 

fields; electric charges or 

changing magnetic fields 

cause electric fields. 

(NGSS.HS-PS2-4) 

 

PS3.A: Definitions of Energy: 

 Energy is a quantitative 

property of a system that 

depends on the motion and 

interactions of matter and 

radiation within that 

system. That there is a 

single quantity called 

energy is due to the fact 

that a system’s total energy 

is conserved, even as, 

to examine scientific data 

and predict the effect of a 

change in one variable on 

another (e.g., linear growth 

vs. exponential growth). 

(NGSS.HS-ESS1-4) 

 

Systems and System Models: 

 When investigating or 

describing a system, the 

boundaries and initial 

conditions of the system 

need to be defined. 

(NGSS.HS-PS2-2) 

 

Energy and Matter: 

 Energy cannot be created or 

destroyed – only moved 

between one place and 

another place, between 

objects and/or fields, or 

between systems. 

(NGSS.HS-PS3-2) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Energy and Matter: 

 Science and engineering 

complement each other in 

the cycle known as research 

and development (R&D). 

Many R&D projects may 

involve scientists, 

engineers, and others with 

wide ranges of expertise. 

(NGSS.HS-ESS1-4) 
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within the system, energy 

is continually transferred 

from one object to another 

and between its various 

possible forms. 

(NGSS.HS-PS3-2) 

 At the macroscopic scale, 

energy manifests itself in 

multiple ways, such as in 

motion, sound, light, and 

thermal energy. 

(NGSS.HS-PS3-2) 

 These relationships are 

better understood at the 

macroscopic scale, at 

which all of the different 

manifestations of energy 

can be modeled as a 

combination of energy 

associated with the 

configuration (relative 

position of the particles). 

In some cases the relative 

position energy can be 

thought of as stored in 

fields (which mediate 

interactions between 

particles). This last concept 

includes radiation, a 

phenomenon in which 

energy stored in fields 

moves across space. 

(NGSS.HS-PS3-2) 

 

ETS1.A: Defining and 

Delimiting Engineering 

Problems: 

 Criteria and constraints 

also include satisfying any 

requirements set by 

society, such as taking 

issues of risk migration 

into account, and they 

should be quantified to the 

extent possible and stated 

in such a way that one can 
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tell if a given design meets 

them. (NGSS.HS-ETS1-1) 

 

ETS1.C: Optimizing the 

Design Solution: 

 Criteria may need to be 

broken down into simpler 

ones that can be 

approached systematically, 

and decisions about the 

priority of certain criteria 

over others (trade-offs) 

may be needed. 

(NGSS.HS-ETS1-2) 

 

Unit Essential Questions 

 What evidence-based models can be studied and developed to explain and predict the 

motion and interaction of objects in a system? 

 What causes objects to move and interact the way that they do? 

 How do Kepler’s Laws provide a basis to understand motions of orbiting objects? 

 How can Kepler’s Laws of Motion be used to predict changes in the motion of 

macroscopic objects? 

 How can Newton’s Law of Universal Gravitation describe and predict the effects of 

gravitational force between distant objects? 

 What is the role of force in the motion of an object? 

 If an object interacts with another object (collision), how is the motion of the object(s) 

affected? 

 What factors need to be considered in designing a means to reduce the force in a 

collision? 

 What is the role of energy in a system? 

 How can energy be modeled and applied to objects in a system? 

 

Scope and Sequence 

1. Kepler’s Laws of Planetary Motion 

2. Newton’s Law of Universal Gravitation 

3. Newton’s Second Law of Motion 

4. Forms of energy and energy conservation 

5. Momentum, conservation of momentum, and impulse  

6. Engineering Design Challenge: Egg Drop 
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Assured Assessments 

Formative Assessment: 

 Students will model the relationship between the time a force is applied and the distance 

a projectile will travel; through the laboratory investigation, students will define the 

scientific principle of impulse. 

 

Summative Assessment: 

 Students will design, construct, and test a device to reduce the force of impact on an 

object. Students will be assessed on their ability to mathematically model the velocity, 

momentum, and impulse of their device, and will evaluate the overall effectiveness of 

their design in relation to applicable scientific and engineering principles. 

 

Resources 

Core 

 Feather, Jr., Ralph M., Charles William McLaughlin, Marilyn Thompson, & Dinah Zike. 

Physical Science with Earth Science. Columbus: Glencoe, 2012. Print. 

 Hendrik, Marc S., Gray Thompson, & Jon Turk. Earth. Stamford: Cengage, 2015. Print. 

 “Comparing Work and Energy Laboratory.” Trumbull High School. 

 “Modeling the Development of Planetary Systems Laboratory.” Trumbull High School. 

 “Modeling Constant Velocity Laboratory.” Trumbull High School. 

 “Modeling Gravitational Force Laboratory.” Trumbull High School 

 “Modeling Impulse Laboratory.” Trumbull High School. 

 “Modeling Newton’s Second Law of Motion Laboratory.” Trumbull High School. 

 “Modeling Planetary Motion Laboratory (Kepler’s Laws).” Trumbull High School. 

 PhET Interactive Simulations. “The Moving Man.” 

https://phet.colorado.edu/en/simulation/moving-man. Accessed July 30, 2018. Web. 

 the Physics Classroom. “Egg Drop Interactive.” 

http://www.physicsclassroom.com/Physics-Interactives/Momentum-and-Collisions/Egg-

Drop/Egg-Drop-Interactive. Accessed July 30, 2018. Web. 

 

Supplemental 

 PhET Interactive Simulations. “Collision Lab.” 

https://phet.colorado.edu/en/simulation/collision-lab. Accessed July 30, 2018. Web. 

 PhET Interactive Simulations. “Gravity Force Lab.” 

https://phet.colorado.edu/en/simulation/gravity-force-lab. Accessed July 30, 2018. Web. 

 Sechrist, Darren. “Sudden Impact.” Current Science Nov. 8, 2002: 10-11. 

 “Solar System – Planet Movement Animation.” YouTube, uploaded by Michal4767, Jan. 

7, 2012, https://www.youtube.com/watch?v=gvSUPFZp7Yo. Accessed July 30, 2018. 

Web. 

 

Time Allotment 

 Approximately nine weeks 

  

https://phet.colorado.edu/en/simulation/moving-man
http://www.physicsclassroom.com/Physics-Interactives/Momentum-and-Collisions/Egg-Drop/Egg-Drop-Interactive
http://www.physicsclassroom.com/Physics-Interactives/Momentum-and-Collisions/Egg-Drop/Egg-Drop-Interactive
https://phet.colorado.edu/en/simulation/collision-lab
https://phet.colorado.edu/en/simulation/gravity-force-lab
https://www.youtube.com/watch?v=gvSUPFZp7Yo
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UNIT 3 
Terrestrial Processes and Cycling of Matter 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.HS.ESS1-6 Apply scientific reasoning and evidence from ancient 

Earth materials, meteorites, and other planetary surfaces 

to construct an account of Earth’s formation and early 

history.  

 

NGSS.HS.PS1-8 Develop models to illustrate the changes in the 

composition of the nucleus of the atom and the energy 

released during the processes of fission, fusion, and 

radioactive decay. 

  

NGSS.HS.ESS2-1 Develop a model to illustrate how Earth’s internal and 

surface processes operate at different spatial and 

temporal scales to form continental and ocean-floor 

features.  

 

NGSS.HS.ESS2-3 Develop a model based on evidence of Earth’s interior 

to describe the cycling of matter by thermal convection. 

 

NGSS.HS.PS3-4 Plan and conduct an investigation to provide evidence 

that 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).  

  

NGSS.HS ESS2-5 Plan and conduct an investigation of the properties of 

water and its effects on Earth materials and surface 

processes. 

 

NGSS.HS ESS3-1 Construct an explanation based on evidence for how the 

availability of natural resources, occurrence of natural 

hazards, and changes in climate have has influenced 

human activity. 

 

CCS.ELA-Literacy.RST.9-10.1 Cite specific textual evidence to support analysis of 

science and technical texts, attending to the precise 

details of explanations or descriptions. 

 



Grade 9 Integrated Physical Science   22 

CCS.ELA-Literacy.RST.9-10.8 Assess the extent to which the reasoning and evidence 

in a text support the author’s claim or a 

recommendation for solving a scientific or technical 

problem. 

 

CCS.ELA-Literacy.WHST.9-10.1 Write arguments focused on discipline-specific content.  

 

CCS.ELA-Literacy.WHST.9-10.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 

 

CCS.ELA-Literacy.WHST.9-10.7 Conduct short as well as more sustained research 

projects to answer a question (including a self-

generated question) or solve a problem; narrow or 

broaden the inquiry when appropriate; synthesize 

multiple sources on the subject, demonstrating 

understanding of the subject under investigation. 

 

CCS.ELA-Literacy.WHST.9-10.8 Gather relevant information from multiple authoritative 

print and digital sources, using advanced searches 

effectively; assess the usefulness of each source in 

answering the research question; integrate information 

into the text selectively to maintain the flow of ideas, 

avoiding plagiarism and following a standard format for 

citation. 

 

CCS.ELA-Literacy.WHST.9-10.9 Draw evidence from informational texts to support 

analysis, reflection, and research. 

 

CCS.ELA-Literacy.SL.9-10.5 Make strategic use of digital media (e.g., textual, 

graphical, audio, visual, and interactive elements) in 

presentations to enhance understanding of findings, 

reasoning, and evidence and to add interest. 

  

CCS.MP.2 Reason abstractly and quantitatively. 

 

CCS.MP.4 Model with mathematics. 

 

CCS.HSN-Q.A.1 Use units as a way to understand problems and to guide 

the solution of multi-step problems; choose and 

interpret units consistently in formulas; choose and 

interpret the scale and the origin in graphs and data 

displays. 

  

CCS.HSN-Q.A.2 Define appropriate quantities for the purpose of 

descriptive modeling.   



Grade 9 Integrated Physical Science   23 

 

CCS.HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on 

measurement when reporting quantities.  

 

CCS.HSF-IF.B.5 Relate the domain of a function to its graph and, where 

applicable, to the quantitative relationship it describes.  

  

CCS.HSS-ID.B.6 Represent data on two quantitative variables on a 

scatter plot, and describe how those variables are 

related. 

 

ISTE Computational Thinker Break problems into component parts, extract key 

(Standard 5c) information, and develop descriptive models to 

understand complex systems or facilitate problem-

solving. 

 

ISTE Creative Communicator Communicate complex ideas clearly and effectively by 

(Standard 6c) creating or using a variety of digital objects such as 

visualizations, models, or simulations. 

 

  ISTE Global Collaborator Use collaborative technologies to work with others, 

(Standard 7b) including peers, experts, or community members, to 

examine issues and problems from multiple viewpoints. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using 

Models: 

 Develop a model based on 

evidence to illustrate the 

relationships between 

systems or between 

components of a system. 

(NGSS.HS-PS1-8, 

NGSS.HS-ESS2-1, 

NGSS.HS-ESS2-3) 

 

Planning and Carrying Out 

Investigations: 

 Plan and conduct an 

investigation individually 

and collaboratively to 

produce data to serve as the 

basis for evidence, and in 

the design: decide on types, 

how much, and accuracy of 

ESS1.C: The History of Planet 

Earth: 

 Although active geologic 

processes, such as plate 

tectonics and erosion, have 

destroyed or altered most 

of the very early rock 

record on Earth, other 

objects in the solar system, 

such as lunar rocks, 

asteroids, and meteorites, 

have changed little over 

billions of years. Studying 

these objects can provide 

information about Earth’s 

formation and early 

history. (NGSS.HS-ESS1-

6) 

 

ESS2.A: Earth Materials and 

Energy and Matter: 

 In nuclear processes, atoms 

are not conserved, but the 

total number of protons 

plus neutrons is conserved. 

(NGSS.HS-PS1-8) 

 Energy drives the cycling 

of matter within and 

between systems. 

(NGSS.HS-ESS2-3) 

 

Structure and Function: 

 The functions and 

properties of natural and 

designed objects and 

systems can be inferred 

from their overall structure, 

the way their components 

are shaped and used, and 

the molecular substructures 
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data needed to produce 

reliable measurements and 

consider limitations on the 

precision of the data (e.g., 

number of trials, cost, risk, 

time), and refine the design 

accordingly. (NGSS.HS-

PS3-4, NGSS,HS-ESS2-5) 

 

Constructing Explanations and 

Designing Solutions: 

 Apply scientific reasoning 

to link evidence to the 

claims to assess the extent 

to which the reasoning and 

data support the 

explanation or conclusion. 

(NGSS.HS-ESS1-6) 

 Construct an explanation 

based on valid and reliable 

evidence obtained from a 

variety of sources 

(including students’ own 

investigations, models, 

theories, simulations, peer 

review) and the assumption 

that theories and laws that 

describe the natural world 

operate today as they did in 

the past and will continue 

to do so in the future. 

(NGSS.HS-ESS3-1) 

 

Connections to Nature of 

Science: 

 

Scientific Knowledge Is Based 

on Empirical Evidence: 

 Science knowledge is based 

on empirical evidence. 

(NGSS.HS-ESS2-3) 

 Science disciplines share 

common rules of evidence 

used to evaluate 

explanations about natural 

systems. (NGSS.HS-ESS2-

Systems: 

 Earth’s systems, being 

dynamic and interacting, 

cause feedback effects that 

can increase or decrease 

the original changes. 

(NGSS.HS-ESS2-1) 

 Evidence from deep probes 

and seismic waves, 

reconstructions of 

historical changes in 

Earth’s surface and its 

magnetic field, and an 

understanding of physical 

and chemical processes 

lead to a model of Earth 

with a hot but solid inner 

core, a liquid outer core, a 

solid mantle and crust. 

Motions of the mantle and 

its plates occur primarily 

through thermal 

convection, which involves 

the cycling of matter due to 

the outward flow of energy 

from Earth’s interior and 

gravitational movement of 

denser materials toward the 

interior. (NGSS.HS-ESS2-

3) 

 

ESS2.B: Plate Tectonics and 

Large-Scale System 

Interactions: 

 The radioactive decay of 

unstable isotopes 

continually generates new 

energy within Earth’s crust 

and mantle, providing the 

primary source of the heat 

that drives mantle 

convection. Plate tectonics 

can be viewed as the 

surface expression of 

mantle convection. 

(NGSS.HS-ESS2-3) 

of its various materials. 

(NGSS.HS-ESS2-5) 

 

Cause and Effect: 

 Empirical evidence is 

required to differentiate 

between cause and 

correlation and make 

claims about specific 

causes and effects. 

(NGSS.HS-ESS3-1) 

 

Systems and System Models: 

 When investigating or 

describing a system, the 

boundaries and initial 

conditions of the system 

need to be defined and their 

inputs and outputs analyzed 

and described using 

models. (NGSS.HS-PS3-4) 

 

Stability and Change: 

 Change and rates of change 

can be quantified and 

modeled over very short or 

very long periods of time. 

Some system changes are 

irreversible. (NGSS.HS-

ESS2-1) 

 Much of science deals with 

constructing explanations 

of how things change and 

how they remain stable. 

(NGSS.HS.ESS1-6) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Interdependence of Science, 

Engineering, and Technology: 

 Science and engineering 

complement each other in 

the cycle known as research 

and development (R&D). 
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3) 

 Science includes the 

process of coordinating 

patterns of evidence with 

current theory. (NGSS.HS-

ESS2-3) 

 

Science Models, Laws, 

Mechanisms, and Theories 

Explain Natural Phenomena: 

 A scientific theory is a 

substantiated explanation of 

some aspect of the natural 

world, based on a body of 

facts that have been 

repeatedly confirmed 

through observation and 

experiment and the science 

community validates each 

theory before it is accepted. 

If new evidence is 

discovered that the theory 

does not accommodate, the 

theory is generally 

modified in light of this 

new evidence. (NGSS.HS-

ESS1-6) 

 Models, mechanisms, and 

explanations collectively 

serve as tools in the 

development of a scientific 

theory. (NGSS.HS-ESS1-6) 

 

 

 

 

 Plate tectonics is the 

unifying theory that 

explains the past and 

current movements of the 

rocks at Earth’s surface 

and provides a framework 

for understanding its 

geologic history. Plate 

movements are responsible 

for most continental and 

ocean-floor features and 

for the distribution of most 

rocks and minerals within 

Earth’s crust. (NGSS.HS-

ESS2-1) 

 

ESS2.C: The Roles of Water 

in Earth’s Surface Processes: 

 The abundance of liquid 

water on Earth’s surface 

and its unique combination 

of physical and chemical 

properties are central to the 

planet’s dynamics. These 

properties include water’s 

exceptional capacity to 

absorb, store, and release 

large amounts of energy, 

transmit sunlight, expand 

upon freezing, dissolve and 

transport materials, and 

lower the viscosities and 

melting points of rocks. 

(NGSS.HS-ESS2-5) 

 

ESS3.A: Natural Resources: 

 Resource availability has 

guided the development of 

human society. (NGSS.HS-

ESS3-1) 

 

ESS3.B: Natural Hazards: 

 Natural hazards and other 

geologic events have 

shaped the course of 

human history; they have 

Many R&D projects may 

involve scientists, 

engineers, and others with 

wide ranges of expertise. 

(NGSS.HS-ESS1-4, 

NGSS.HS-ESS2-3) 

 

Influence of Science, 

Engineering, and Technology 

on Society and the Natural 

World: 

 Modern civilization 

depends on major 

technological systems. 

(NGSS.HS-ESS3-1) 
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significantly altered the 

sizes of human populations 

and have driven human 

migrations. (NGSS.HS-

ESS3-1) 

 

PS1.C: Nuclear Processes: 

 Nuclear processes, 

including fusion, fission, 

and radioactive decay of 

unstable nuclei, involve 

release or absorption of 

energy. The total number 

of neutrons plus protons 

does not change in any 

nuclear process. 

(NGSS.HS-PS1-8) 

 Spontaneous radioactive 

decays follow a 

characteristic exponential 

decay law. Nuclear 

lifetimes allow radiometric 

dating to be used to 

determine the ages of rocks 

and other materials. 

(secondary to NGSS.HS-

ESS1-6) 

 

PS3.B: Conservation of 

Energy and Energy Transfer: 

 Energy cannot be created 

or destroyed, but it can be 

transported from one place 

to another and transferred 

between systems. 

(NGSS.HS-PS3-4) 

 Uncontrolled systems 

always evolve toward more 

stable states – that is, 

toward more uniform 

energy distribution (e.g., 

water flows downhill, 

objects hotter than their 

surrounding environment 

cool down). (NGSS.HS-

PS3-4) 
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PS3.D: Energy in Chemical 

Processes: 

 Although energy cannot be 

destroyed, it can be 

converted to less useful 

forms – for example, to 

thermal energy in the 

surrounding environment. 

(NGSS.HS-PS3-4) 

 

PS4.A: Wave Properties:  

 Geologists use seismic 

waves and their reflection 

at interfaces between 

layers to probe structures 

deep in the planet. 

(secondary to NGSS.HS-

ESS2-3) 

 

Unit Essential Questions 

 Why are the surfaces of the Earth and the Moon different? 

 What is the relationship between geographic features of the Earth’s crust and its internal 

processes? 

 What is the Plate Tectonic Theory, and what evidence supports it? 

 What are the characteristics of different plate boundaries? 

 How is seismic activity related to tectonism? 

 What is “Deep Time”? 

 What is radiometric dating, and how can it be utilized to determine absolute age of crustal 

materials? 

 How is volcanic activity related to tectonism? 

 What is convection, and how is this process related to volcanism? 

 What are the difference characteristics of the three main types of rocks, and how do they 

form? 

 What is the Hydrologic Cycle? 

 How do the properties and behavior of water shape the Earth’s surface? 

 How is human development impacted by natural hazards (seismic and volcanic events, 

flooding, drought, and mass wasting)? 

 

Scope and Sequence 

1. Characteristics of Earth’s surface features 

2. Tectonism 
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3. Relative/absolute ages of terrains 

4. Cycling of matter and thermal energy 

5. Hydrologic processes 

6. Geohazards 

 

Assured Assessments 

Formative Assessment: 

 Students will use the Incorporated Institutions of Seismology (IRIS) Earthquake Browser 

to monitor seismic activity around the world, observing the distribution, magnitude, 

frequency, and depth of earthquakes in various locations, and defining the tectonic plate 

boundary for each location based on their seismic characteristics. 

 

Summative Assessment: 

 Students will participate in an assessment consisting of multiple-choice questions, and 

interpreting and analyzing data, related to tectonism. Aspects of temporal and spatial 

scales of Earth’s processes, the formation of terrestrial features, and the cycling of matter 

due to tectonism will be assessed. 

 

Resources 

Core 

 Feather, Jr., Ralph M., Charles William McLaughlin, Marilyn Thompson, & Dinah Zike. 

Physical Science with Earth Science. Columbus: Glencoe, 2012. Print. 

 Hendrik, Marc S., Gray Thompson, & Jon Turk. Earth. Stamford: Cengage, 2015. Print. 

 “Comparing the Specific Heat Capacities of Different Substances Laboratory.” Trumbull 

High School. 

 “Incorporated Institutes of Seismology (IRIS) Earthquake Browser.” 

http://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-

01&endtime=2025-01-

01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-

desc&limit=1000&maxlat=85.96&minlat=-85.96&maxlon=180.00&minlon=-

180.00&zm=1&mt=ter. Web. 

 “Modeling Thermal Energy Laboratory.” Trumbull High School. 

 “Natural Hazards Impact on Human Population Activity.” Trumbull High School. 

 NOAA National Centers for Environmental Information. “Marine Geology and 

Geophysics Surface of the Earth (ETOPO2v2).” 

https://www.ngdc.noaa.gov/mgg/image/2minrelief.html. Web. 

 “Near Side Mercator Image of the Moon.” Rand McNally, 1981. Print. 

 

Supplemental 

 “Absolute Dating.” Science Learning Hub, May 20, 2011. 

https://www.sciencelearn.org.nz/resources/1486-absolute-dating. Accessed July 30, 2018. 

Web. 

 Bell, Michael. The Face of Connecticut: People, Geology, and the Land. Hartford: 

Connecticut Department of Environmental Protection, 1985. Print. 

http://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-01&endtime=2025-01-01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-desc&limit=1000&maxlat=85.96&minlat=-85.96&maxlon=180.00&minlon=-180.00&zm=1&mt=ter
http://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-01&endtime=2025-01-01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-desc&limit=1000&maxlat=85.96&minlat=-85.96&maxlon=180.00&minlon=-180.00&zm=1&mt=ter
http://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-01&endtime=2025-01-01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-desc&limit=1000&maxlat=85.96&minlat=-85.96&maxlon=180.00&minlon=-180.00&zm=1&mt=ter
http://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-01&endtime=2025-01-01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-desc&limit=1000&maxlat=85.96&minlat=-85.96&maxlon=180.00&minlon=-180.00&zm=1&mt=ter
http://ds.iris.edu/ieb/index.html?format=text&nodata=404&starttime=1970-01-01&endtime=2025-01-01&minmag=0&maxmag=10&mindepth=0&maxdepth=900&orderby=time-desc&limit=1000&maxlat=85.96&minlat=-85.96&maxlon=180.00&minlon=-180.00&zm=1&mt=ter
https://www.ngdc.noaa.gov/mgg/image/2minrelief.html
https://www.sciencelearn.org.nz/resources/1486-absolute-dating
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 “Kinetic Molecular Theory.” SAT practice article adapted from “Kinetic Molecular 

Theory.” World of Physics. Farmington Hills, MI: Gale, 2014. Print. 

 “New SAT Reading Practice Test 7.”  http://www.cracksat.net/sat/reading/test-7.html. 

Accessed July 30, 2018. Web. adapted from Science World, about continental drift and 

plate tectonics. 

 Terry, Travis. “Going DEEP with Plate Tectonics: Study Guide and Practice,” 2003. 

https://www.teacherspayteachers.com/Product/Worksheet-Plate-Tectonics-Study-Guide-

and-Practice-1204872. Accessed July 30, 2018. Web. 

 

Time Allotment 

 Approximately nine weeks 

  

http://www.cracksat.net/sat/reading/test-7.html
https://www.teacherspayteachers.com/Product/Worksheet-Plate-Tectonics-Study-Guide-and-Practice-1204872
https://www.teacherspayteachers.com/Product/Worksheet-Plate-Tectonics-Study-Guide-and-Practice-1204872
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UNIT 4 
Natural Resources and Energy Production 

 

Unit Goals 

 

At the completion of this unit, students will: 

 

NGSS.HS ESS3-1 Construct an explanation based on evidence for how the 

availability of natural resources, occurrence of natural 

hazards, and changes in climate have has influenced 

human activity. 

 

NGSS.HS.ESS3-2 Evaluate competing design solutions for developing, 

managing, and utilizing energy and mineral resources 

based on cost-benefit ratios. 

 

NGSS.HS.ESS3-4 Evaluate or refine a technological solution that reduces 

impacts of human activities on natural systems. 

  

NGSS.HS.PS3-3 Design, build, and refine a device that works within 

given constraints to convert one form of energy into 

another form of energy. 

  

NGSS.HS.PS3-5 Develop and use a model of two objects interacting 

through electric or magnetic fields to illustrate the 

forces between objects and the changes in energy of the 

objects due to the interaction.  

 

NGSS.HS.PS2-5 Plan and conduct an investigation to provide evidence 

that an electric current can produce a magnetic field and 

that a changing magnetic field can produce an electric 

current.  

  

CCS.ELA-Literacy.RST.9-10.1 Cite specific textual evidence to support analysis of 

science and technical texts, attending to the precise 

details of explanations or descriptions. 

 

CCS.ELA-Literacy.RST.9-10.8 Assess the extent to which the reasoning and evidence 

in a text support the author’s claim or a 

recommendation for solving a scientific or technical 

problem. 

 

CCS.ELA-Literacy.WHST.9-10.2 Write informative/explanatory texts, including the 

narration of historical events, scientific procedures/ 

experiments, or technical processes. 
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CCS.ELA-Literacy.WHST.9-10.7 Conduct short as well as more sustained research 

projects to answer a question (including a self-

generated question) or solve a problem; narrow or 

broaden the inquiry when appropriate; synthesize 

multiple sources on the subject, demonstrating 

understanding of the subject under investigation. 

 

CCS.ELA-Literacy.WHST.9-10.8 Gather relevant information from multiple authoritative 

print and digital sources, using advanced searches 

effectively; assess the usefulness of each source in 

answering the research question; integrate information 

into the text selectively to maintain the flow of ideas, 

avoiding plagiarism and following a standard format for 

citation. 

 

CCS.ELA-Literacy.WHST.9-10.9 Draw evidence from informational texts to support 

analysis, reflection, and research. 

 

CCS.ELA-Literacy.SL.9-10.5 Make strategic use of digital media (e.g., textual, 

graphical, audio, visual, and interactive elements) in 

presentations to enhance understanding of findings, 

reasoning, and evidence and to add interest. 

  

CCS.MP.2 Reason abstractly and quantitatively. 

 

CCS.MP.4 Model with mathematics. 

 

CCS.HSN-Q.A.1 Use units as a way to understand problems and to guide 

the solution of multi-step problems; choose and 

interpret units consistently in formulas; choose and 

interpret the scale and the origin in graphs and data 

displays. 

  

CCS.HSN-Q.A.2 Define appropriate quantities for the purpose of 

descriptive modeling.   

 

CCS.HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on 

measurement when reporting quantities.   

 

ISTE Innovative Designer Know and use a deliberate design process for 

(Standard 4a) generating ideas, testing theories, creating innovative 

artifacts, or solving authentic problems. 
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ISTE Computational Thinker Break problems into component parts, extract key 

(Standard 5c) information, and develop descriptive models to 

understand complex systems or facilitate problem-

solving. 

 

ISTE Creative Communicator Communicate complex ideas clearly and effectively by 

(Standard 6c) creating or using a variety of digital objects such as 

visualizations, models, or simulations. 

 

ISTE Global Collaborator Contribute constructively to project teams, assuming 

(Standard 7c) various roles and responsibilities to work effectively 

toward a common goal. 

 

Science & Engineering 

Practices 
Disciplinary Core Ideas Crosscutting Concepts 

Engaging in Argument from 

Evidence: 

 Evaluate competing design 

solutions to a real-world 

problem based on scientific 

ideas and principles, 

empirical evidence, and 

logical arguments regarding 

relevant factors (e.g., 

economic, societal, 

environmental, ethical 

considerations). 

(NGSS.HS-ESS3-2) 

 

Planning and Carrying Out 

Investigations: 

 Plan and conduct an 

investigation individually 

and collaboratively to 

produce data to serve as the 

basis for evidence, and in 

the design: decide on types, 

how much, and accuracy of 

data needed to produce 

reliable measurements and 

consider limitations on the 

precision of the data (e.g., 

number of trials, cost, risk, 

time), and refine the design 

accordingly. (NGSS.HS-

PS2-5) 

ESS3.A: Natural Resources: 

 Resource availability has 

guided the development of 

human society. (NGSS.HS-

ESS3-1) 

 All forms of energy 

production and other 

resource extraction have 

associated economic, 

social, environmental, and 

geopolitical costs and risks 

as well as benefits. New 

technologies and social 

regulations can change the 

balance of these factors. 

(NGSS.HS-ESS3-2) 

 

ESS3.B: Natural Hazards: 

 Natural hazards and other 

geologic events have 

shaped the course of 

human history; they have 

significantly altered the 

sizes of human populations 

and have driven human 

migrations. (NGSS.HS-

ESS3-1) 

 

ESS3.C: Human Impacts on 

Earth Systems: 

 Scientists and engineers 

Cause and Effect: 

 Empirical evidence is 

required to differentiate 

between cause and 

correlation and make 

claims about specific 

causes and effects. 

(NGSS.HS-PS2-5, 

NGSS.HS-ESS3-1) 

 Cause and effect 

relationships can be 

suggested and predicted for 

complex natural and human 

designed systems by 

examining what is known 

about smaller scale 

mechanisms within the 

system. (NGSS.HS-PS3-5) 

 

Stability and Change: 

 Feedback (negative or 

positive) can stabilize or 

destabilize a system. 

(NGSS.HS-ESS3-4) 

 

Energy and Matter: 

 Changes of energy and 

matter in a system can be 

described in terms of 

energy and matter flows 

into, out of, and within that 
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Constructing Explanations and 

Designing Solutions: 

 Design, evaluate, and/or 

refine a solution to a 

complex real-world 

problem, based on scientific 

knowledge, student-

generated sources of 

evidence, prioritized 

criteria, and tradeoff 

considerations. (NGSS.HS-

PS3-3, NGSS.HS-ESS3-4) 

 Construct an explanation 

based on valid and reliable 

evidence obtained from a 

variety of sources 

(including students’ own 

investigations, models, 

theories, simulations, peer 

review) and the assumption 

that theories and laws that 

describe the natural world 

operate today as they did in 

the past and will continue 

to do so in the future. 

(NGSS.HS-ESS3-1) 

 

Developing and Using 

Models: 

 Develop and use a model 

based on evidence to 

illustrate the relationships 

between systems or 

between components of a 

system. (NGSS.HS-PS3-5) 

 

Analyzing and Interpreting 

Data: 

 Analyze data using tools, 

technologies, and/or models 

(e.g., computational, 

mathematical) in order to 

make valid and reliable 

scientific claims or 

determine an optimal 

can make major 

contributions by 

developing technologies 

that produce less pollution 

and waste and that 

preclude ecosystem 

degradation. (NGSS.HS-

ESS3-4) 

 

PS2.B: Types of Interactions: 

 Newton’s law of universal 

gravitation and Coulomb’s 

law provide the 

mathematical models to 

describe and predict the 

effects of gravitational and 

electrostatic forces 

between distant objects. 

(NGSS.HS-PS2-4) 

 Forces at a distance are 

explained by fields 

(gravitational, electric, and 

magnetic) permeating 

space that can transfer 

energy through space. 

Magnets or electric 

currents cause magnetic 

fields; electric charges or 

changing magnetic fields 

cause electric fields. 

(NGSS.HS-PS2-5) 

 

PS3.A: Definitions of Energy: 

 At the macroscopic scale, 

energy manifests itself in 

multiple ways, such as in 

motion, sound, light, and 

thermal energy. 

(NGSS.HS-PS3-3) 

 “Electrical energy” may 

mean energy stored in a 

battery or energy 

transmitted by electric 

currents. (secondary to 

NGSS.HS-PS2-5) 

 

system. (NGSS.HS-PS3-3) 

 

Connections to Engineering, 

Technology, and Applications 

of Science: 

 

Influence of Science, 

Engineering, and Technology 

on Society and the Natural 

World: 

 Modern civilization 

depends on major 

technological systems. 

(NGSS.HS-ESS3-1, 

NGSS.HS.ESS3-3) 

 Engineers continuously 

modify these technological 

systems by applying 

scientific knowledge and 

engineering design 

practices to increase 

benefits while decreasing 

costs and risks. (NGSS.HS-

PS3-3, NGSS.HS-ESS3-2, 

NGSS.HS-ESS3-4) 
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design solution. 

(NGSS.HS-ESS3-2) 

 

 

PS3.C: Relationship between 

Energy and Forces: 

 When two objects 

interacting through a field 

change relative position, 

the energy stored in the 

field is changed. 

(NGSS.HS-PS3-5) 

 

PS3.D: Energy in Chemical 

Processes: 

 Although energy cannot be 

destroyed, it can be 

converted to less useful 

forms – for example, to 

thermal energy in the 

surrounding environment. 

(NGSS.HS-PS3-3) 

 

ETS1.A: Defining and 

Delimiting Engineering 

Problems: 

 Criteria and constraints 

also include satisfying any 

requirements set by 

society, such as taking 

issues of risk mitigation 

into account, and they 

should be quantified to the 

extent possible and stated 

in such a way that one can 

tell if a given design meets 

them. (secondary to 

NGSS.HS-PS3-3) 

 

ETS1.B: Developing Possible 

Solutions:  

 When evaluating solutions, 

it is important to take into 

account a range of 

constraints, including cost, 

safety, reliability, and 

aesthetics, and to consider 

social, cultural, and 

environmental impacts. 

(secondary to NGSS.HS-
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ESS3-2, secondary to 

NGSS.HS-ESS3-4) 

 

Unit Essential Questions 

 How is the distribution of mineral resources and fossil fuels related to depositional 

processes? 

 How have human activities been influenced by the occurrence of natural resources? 

 What methods are utilized to obtain natural resources, and what best practices can be 

employed to exploit resources while minimizing detrimental effects on the environment? 

 What is electricity? 

 What is the relationship between electricity and magnetism? 

 How can natural resources be used to generate electrical energy? 

 

Scope and Sequence 

1. Mineral resources and fossil fuels 

2. Electromagnetism 

3. Electrical generation 

 

Assured Assessments 

Formative Assessment: 

 Students will demonstrate an understanding of the proportional relationship between 

electrical current and the strength of a magnetic field by constructing and evaluating the 

performance of an electromagnet. 

 

Summative Assessment: 

 Students will select a source of energy, and design, construct, and test a device to 

generate electricity. Students will be assessed on their ability to explain and evaluate 

aspects of their design and to evaluate the device’s performance. 

 

Resources 

Core 

 Feather, Jr., Ralph M., Charles William McLaughlin, Marilyn Thompson, & Dinah Zike. 

Physical Science with Earth Science. Columbus: Glencoe, 2012. Print. 

 Hendrik, Marc S., Gray Thompson, & Jon Turk. Earth. Stamford: Cengage, 2015. Print. 

 “Constructing an Electromagnet.” Trumbull High School. 

 Office of Energy Efficiency & Renewable Energy. Office of Energy Efficiency & 

Renewable Energy Video Gallery. https://www.energy.gov/eere/videos. Accessed July 

30, 2018. Web. 

 “Ohm’s Law Laboratory.” Trumbull High School. 

 

Supplemental 

 “Cookie Mining Laboratory.” Trumbull High School. 

https://www.energy.gov/eere/videos
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 “New SAT Reading Practice Test 42: Paired Passages – Solar Farming.”  

http://www.cracksat.net/sat/reading/test-42.html. Accessed July 30, 2018. Web. adapted. 

 “New SAT Reading Practice Test 43: Carbon Dioxide Passage.”  

http://www.cracksat.net/sat/reading/test-43.html. Accessed July 30, 2018. Web. adapted. 

 “New SAT Reading Practice Test 53: Hydrogen Passage.”  

http://www.cracksat.net/sat/reading/test-53.html. Accessed July 30, 2018. Web. adapted. 

 “Renewable Power Sources.” 

https://online.kidsdiscover.com/unit/electricity/topic/renewable-power-

sources?ReturnUrl=/unit/electricity/topic/renewable-power-sources. Web. 

 “Water, Wind, and Other Sources of Energy.” 

https://online.kidsdiscover.com/unit/energy/topic/water-wind-and-other-sources-of-

energy?ReturnUrl=/unit/energy/topic/water-wind-and-other-sources-of-energy. Web. 

 

Time Allotment 

 Approximately nine weeks 

  

http://www.cracksat.net/sat/reading/test-42.html
http://www.cracksat.net/sat/reading/test-43.html
http://www.cracksat.net/sat/reading/test-53.html
https://online.kidsdiscover.com/unit/electricity/topic/renewable-power-sources?ReturnUrl=/unit/electricity/topic/renewable-power-sources
https://online.kidsdiscover.com/unit/electricity/topic/renewable-power-sources?ReturnUrl=/unit/electricity/topic/renewable-power-sources
https://online.kidsdiscover.com/unit/energy/topic/water-wind-and-other-sources-of-energy?ReturnUrl=/unit/energy/topic/water-wind-and-other-sources-of-energy
https://online.kidsdiscover.com/unit/energy/topic/water-wind-and-other-sources-of-energy?ReturnUrl=/unit/energy/topic/water-wind-and-other-sources-of-energy
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COURSE CREDIT 

One THS credit in Science 

One class period daily for a full year 

 

 

ASSURED STUDENT PERFORMANCE RUBRICS 

 Trumbull High School School-Wide Writing Rubric (attached) 

 Trumbull High School School-Wide Problem-Solving Rubric (attached) 

 Trumbull High School School-Wide Independent Learning and Thinking Rubric (attached) 
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Trumbull High School School-Wide Writing Rubric 

 

Category/ 

Weight 
Exemplary 

4 
Student work: 

Goal 
3 

Student work: 

Working Toward Goal 
2 

Student work: 

Needs Support 
1-0 

Student work: 

Purpose 
X_______ 

 Establishes and 

maintains a clear 

purpose 
 Demonstrates an 

insightful understanding 

of audience and task 

 Establishes and 

maintains a purpose 
 Demonstrates an 

accurate awareness of 

audience and task 

 Establishes a purpose 
 Demonstrates an 

awareness of audience 

and task 

 Does not establish a 

clear purpose 
 Demonstrates 

limited/no awareness 

of audience and task 

Organization 
X_______ 

 Reflects sophisticated 

organization throughout 
 Demonstrates logical 

progression of ideas 
 Maintains a clear focus 
 Utilizes effective 

transitions 

 Reflects organization 

throughout 
 Demonstrates logical 

progression of ideas 
 Maintains a focus 
 Utilizes transitions 

 Reflects some 

organization throughout 
 Demonstrates logical 

progression of ideas at 

times 
 Maintains a vague focus 
 May utilize some 

ineffective transitions 

 Reflects little/no 

organization 
 Lacks logical 

progression of ideas 
 Maintains little/no 

focus 
 Utilizes ineffective or 

no transitions 

Content 
X_______ 

 Is accurate, explicit, and 

vivid 
 Exhibits ideas that are 

highly developed and 

enhanced by specific 

details and examples 

 Is accurate and 

relevant 
 Exhibits ideas that are 

developed and 

supported by details 

and examples 

 May contain some 

inaccuracies 
 Exhibits ideas that are 

partially  supported by 

details and examples  

 Is inaccurate and 

unclear 
 Exhibits limited/no 

ideas supported by 

specific details and 

examples 

Use of 

Language 
X_______ 

 Demonstrates excellent 

use of language 
 Demonstrates a highly 

effective use of standard 

writing that enhances 

communication 
 Contains few or no 

errors. Errors do not 

detract from meaning 

 Demonstrates 

competent use of 

language 
 Demonstrates 

effective use of 

standard writing 

conventions 
 Contains few errors 

Most errors do not 

detract from meaning 

 Demonstrates use of 

language 
 Demonstrates use of 

standard writing 

conventions 
 Contains errors that 

detract from meaning 

 Demonstrates limited 

competency in use of 

language 
 Demonstrates limited 

use of standard 

writing conventions 
 Contains errors that 

make it difficult to 

determine meaning 
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Trumbull High School School-Wide Problem-Solving Rubric 

 

Category/ 

Weight 
Exemplary 

4 
Goal 

3 
Working Toward Goal 

2 
Needs Support 

1-0 

Understanding 
X_______ 

 Student demonstrates 

clear understanding of 

the problem and the 

complexities of the task 

 Student demonstrates 

sufficient 

understanding of the 

problem and most of 

the complexities of 

the task 

 Student demonstrates 

some understanding 

of the problem but 

requires assistance to 

complete the task 

 Student demonstrates 

limited or no 

understanding of the 

fundamental problem 

after assistance with 

the task 

Research 
X_______ 

 Student gathers 

compelling information 

from multiple sources 

including digital, print, 

and interpersonal 

 Student gathers 

sufficient 

information from 

multiple sources 

including digital, 

print, and 

interpersonal 

 Student gathers some 

information from few 

sources including 

digital, print, and 

interpersonal 

 Student gathers 

limited or no 

information 

Reasoning and 

Strategies 
X_______ 

 Student demonstrates 

strong critical thinking 

skills to develop a 

comprehensive plan 

integrating multiple 

strategies 

 Student demonstrates 

sufficient critical 

thinking skills to 

develop a cohesive 

plan integrating 

strategies 

 Student demonstrates 

some critical 

thinking skills to 

develop a plan 

integrating some 

strategies 

 Student demonstrates 

limited or no critical 

thinking skills and no 

plan 

Final Product 

and/or 

Presentation 
X_______ 

 Solution shows deep 

understanding of the 

problem and its 

components 
 Solution shows 

extensive use of 21st-

century technology 

skills 

 Solution shows 

sufficient 

understanding of the 

problem and its 

components 
 Solution shows 

sufficient use of 21st-

century technology 

skills 

 Solution shows some 

understanding of the 

problem and its 

components 
 Solution shows some 

use of 21st-century 

technology skills 

 Solution shows 

limited or no 

understanding of the 

problem and its 

components 
 Solution shows 

limited or no use of 

21st-century 

technology skills 
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Trumbull High School School-Wide 

Independent Learning and Thinking Rubric 

 

Category/ 

Weight 
Exemplary 

4 
Goal 

3 
Working Toward 

Goal 
2 

Needs Support 
1-0 

Proposal 
X_______ 

 Student demonstrates a 

strong sense of initiative 

by generating 

compelling questions, 

creating uniquely 

original projects/work 

 Student demonstrates 

initiative by 

generating 

appropriate questions, 

creating original 

projects/work 

 Student demonstrates 

some initiative by 

generating questions, 

creating appropriate 

projects/work 

 Student demonstrates 

limited or no initiative 

by generating few 

questions and creating 

projects/work 

Independent 

Research & 

Development 
X_______ 

 Student is analytical, 

insightful, and works 

independently to reach a 

solution 

 Student is analytical, 

and works 

productively to reach 

a solution 

 Student reaches a 

solution with 

direction 

 Student is unable to 

reach a solution 

without consistent 

assistance 

Presentation of 

Final Product 
X_______ 

 Presentation shows 

compelling evidence of 

an independent learner 

and thinker 
 Solution shows deep 

understanding of the 

problem and its 

components 
 Solution shows 

extensive and 

appropriate application 

of 21st-century skills 

 Presentation shows 

clear evidence of an 

independent learner 

and thinker 
 Solution shows 

adequate 

understanding of the 

problem and its 

components 
 Solution shows 

adequate application 

of 21st-century skills 

 Presentation shows 

some evidence of an 

independent learner 

and thinker 
 Solution shows some 

understanding of the 

problem and its 

components 
 Solution shows some 

application of 21st-

century skills 

 Presentation shows 

limited or no 

evidence of an 

independent learner 

and thinker 
 Solution shows 

limited or no 

understanding of the 

problem and its 

components 
 Solution shows 

limited or no 

application of 21st-

century skills 
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