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OCEANOGRAPHY CURRICULUM 

 
Unit 1: Introduction to Oceanography 

 
OVERVIEW 

 
Summary 

In this unit students will be introduced to the field of oceanography.  They will explore the technologies that 
have helped make ocean exploration and ocean science more accurate over time.  They will begin by 
reviewing a brief history of the exploration of the oceans, including some of the notable discoveries made 
during those travels.  They will briefly gain common understanding of the dimensions of the oceans, as well 
as latitude and longitude, so that all students have the same foundational understanding as they explore the 
later topics in detail.  Finally, students will focus on various navigation techniques and the advancements in 
technology that have improved those techniques.  This brief introductory unit will provide perspective as to 
why it is important to study the oceans.  

 
Content to Be Learned 

● Define oceanography. 
● Explore historical and recent technologies that support the field of oceanography.  
● Describe notable discoveries in, on, or under the ocean. 
● Discuss the advancement of navigation techniques. 
● Identify the dimensions of the ocean, including distribution of water at various latitudes, volume, area, 

and depth of various oceans. 
● Identification of uses of the grid system referred to as latitude and longitude. 

 
  Practices 

● Obtaining, evaluating and communicating information. 
● Developing and using models. 
● Analyzing and interpreting data. 

 
Crosscutting Concepts 

● Systems and system models. 
● Scale, proportion, and quantity. 

 
Essential Questions 

● Historically, how has the field of oceanography changed due to advances in technology?  
● How can the position of an object on Earth be identified using latitude and longitude? 
● What are the reasons for the increased interest in resources of the sea? 
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Next Generation Science Standards 
          No Standards Applicable. 

 
Unit 2: Geologic Oceanography 

 
OVERVIEW 

 
Summary 

Students will begin this unit learning about plate tectonics and a review of the Earth’s layers. They will then                   
investigate the relationship between the age of crustal rock and the past and current movements of the crustal                  
plates. They will review plate boundaries and the geologic events that occur at each. Students will apply this                  
knowledge to explaining how various features of the seafloor are created. Students will identify the major                
features of seafloor bathymetry and will investigate the technologies used to identify those structures. They               
will also look at the influence of plate tectonics on the creation of hydrothermal vents and will further                  
investigate the unique environments that are created due to the warming of the water in these areas. Next,                  
they will look at the various types of seafloor sediments, their distribution and the rates of sedimentation.                 
They will compare lithogenous and biogenous sediments. Students will learn how scientists collect sediment              
cores and how the layering of sediments can be useful to scientist in their study of geologic oceanography.                  
Students will also identify seafloor resources, and their uses. Finally, students will make connections              
between the drilling for natural resources, and the human impact that has resulted. They will focus on why                  
humans drill, and the results of drilling on the environment and biodiversity. (A case study of an example of                   
drilling that has gone wrong, such as the Deepwater Horizon oil spill of 2010 may be used.) 
  
Content to Be Learned 

● Review the layers of the Earth, as defined by composition as well as by physical properties. 
● Explain the influence of the mantle on the movement of the crustal plates. 
● Discuss the movement of the plates of the crust, as it pertains to continental drift. 
● Identify the three types of boundaries and the events that occur at each. 
● Identify evidence for seafloor spreading. 
● Identify locations and characteristics of the unique environment known as hydrothermal vents. 
● Discuss major features of the bathymetry of the seafloor, how they are discovered, and how they 

formed. 
● Discuss types of sediments found on the seafloor, their distribution, and rates of sedimentation. 
● Explain the differences in sources and chemistry of various seafloor sediments. 
● Explain how sediment cores are collected, and how the layering of sediments can be studied with these 

cores. 
● Discuss human uses of seafloor resources, including sand and gravel, minerals, and fossil fuels. 

 
Practices 

● Constructing explanations and designing solutions. 
● Engaging in argument from evidence. 
● Developing and using models. 
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Crosscutting Concepts 
● Stability and change. 
● Patterns. 

 
Essential Questions 

● How can the age of the seafloor be explained, using evidence from the theory of plate tectonics and 
oceanic plate movement? 

● How have both the drilling for oil, as well as the errors that have occurred, impacted the environment 
and biodiversity? 

● How are seafloor features a result of both constructive forces as well as destructive mechanisms? 
● What are the reasons that scientists study the sea floor?  What techniques do they use to collect data? 

 
Next Generation Science Standards 
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Unit 3:  Coastal Geology 

 
OVERVIEW 

 
Summary 

In this unit students will transition to focusing on the geology of the coasts.  Students will begin by observing 
the diversity of coasts that exist on the planet and the geomorphology that created and influences them.  They 
will identify beach anatomy and observe the cyclic changes that occur to these structures.  They will analyze 
geoscience data for evidence of sea level rise, and will discuss the impact of sea level rise on both a local and 
global scale.  They will look at connections between climate change and sea level rise.  Students will look at 
the movement of Earth materials through the processes of erosion and sediment transport, and explain how 
beach dynamics represent the gross movement of materials on and off a beach.  Finally, students will identify 
human influence on the coasts and how the structures built by man cause changes to the natural processes of 
the area.  (A case study of an area, such as the erosion of Matunuck Beach, is suggested.) 

 
Content to Be Learned 

● Identify reasons for sea level rise and effects of sea level rise on the coasts. 
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● Discuss the influence of climate change on sea level rise. 
● Analyze geoscience data for evidence of sea level changes. 
● Explain how Earth materials are transported using erosion and sediment transport. 
● Identify features of beach anatomy and explain how they are influenced by seasonal environmental 

changes. 
● Analyze the influence of storm events on the processes that affect coastal structures, and on the 

structures themselves. 
● Identify modifications made by humans to the coasts, and discuss the impact those structures have on 

the geography of the surrounding areas. 
● Discuss human influence on the natural coastlines, both as a function of the reasons for the influences, 

as well as results of the change. 
 
Practices 

● Using mathematics and computational thinking. 
● Constructing explanations and designing solutions. 
● Planning and carrying out investigations. 

 
Crosscutting Concepts 

● Cause and effect. 
● Structure and function. 
● Stability and change. 

 
Essential Questions 

● How does beach anatomy exhibit both stability and change? 
● How has climate change affected the volume of the oceans, and how has the change in volume affected 

the coasts? 
● How do storm events disrupt the natural cycle of changes that occur to a coast of beach?  How does a 

beach rebound after a storm event? 
● Going forward, what is something that can be done to reduce the impact of human activities on the 

coastal environment and the unique biodiversity that exists in this ecosystem? 
● How does water influence the anatomy of a beach? 
● How have changes in climate influenced the activities of humans along the coasts? 
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Next Generation Science Standards 
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Unit 4: Chemical Oceanography 
 

OVERVIEW 
  

Summary 
This unit will focus on the chemistry of seawater. Students will begin by describing the chemical and                 
physical properties of water and will focus on hydrogen bonding and its influence on the other properties.                 
They will have opportunities to demonstrate these properties in various laboratory experiences. They will              
then look at the pH and salinity of seawater. They will discuss the pH scale and hydrogen and hydroxide                   
ions influence the pH of a substance. They will learn the chemical formula that represents the stable pH of                   
seawater and will discuss how buffers are used to keep the water in a relatively stable state, regardless of                   
outside influences. Students will then focus on sources of seawater salts and look at factors, on both a global                   
and local scale, that cause salinity to fluctuate. Next they will identify dissolved gases that are abundant in                  
seawater, focusing primarily on carbon dioxide and oxygen. They will review the carbon cycle and discuss                
how photosynthetic organisms are able to influence the concentrations of both gases in seawater. Finally,               
students will focus on pollution and its influence on both seawater chemistry and the resulting effect on                 
ocean biology.  (A case study, perhaps focusing on one type of pollution, is suggested.) 
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Content to Be Learned 

● Describe the properties of water at the atomic level, including, but not limited to: 
○ Bonding. 
○ Polarity. 
○ Adhesion, cohesion, surface tension. 
○ Light transparency. 
○ Density. 
○ Heat capacity. 
○ Heat of fusion and heat of vaporization. 

● Describe the pH scale. 
● Explain how a substance becomes more acidic or basic. 
● Describe the role of buffers in the reaction that maintains a constant pH in seawater. 
● Identify the salinity of the major ocean basins. 
● Discuss the relationship between latitude and salinity. 
● Identify sources of salt that contribute to the salinity of seawater. 
● Identify abundant gases in the ocean and their source and uses. 
● Explain how the process of photosynthesis affects the concentrations of dissolved gasses in the ocean. 
● Explain the carbon cycle as it appears in the oceans. 
● Identify and describe chemical resources that can be gleaned from the oceans. 
● Explain how resources, like salt, or fresh water, can be extracted from seawater. 
● Analyze available data to describe the impact of carbon dioxide emissions on seawater. 
● Describe the types of waste found in the oceans and explain how they affect water quality. 
● Research and describe what we are doing now to mitigate the damage done to the past with regards to 

ocean pollution. 
 
  Practices 

● Constructing explanations and designing solutions. 
● Analyzing and interpreting data. 
● Developing and using models. 
● Using mathematics and computational thinking. 

 
Crosscutting Concepts 

● Cause and effect. 
● Systems and system models. 
● Energy and matter. 
● Stability and change. 

 
Essential Questions 

● How does the arrangement of water molecules change as water moves from a solid to a liquid to a gas? 
● How does hydrogen bonding influence the rest of the properties of water? 
● What roles do photosynthesis and cellular respiration play in the cycling of carbon? 
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● Using data and information on global climate change, how do meteorologists create a forecast for the 
rate of temperature change in the oceans on a global scale? 

● How does the concentration of carbon dioxide in the atmosphere influence ocean temperature? 
● Using data to support your answer, in your opinion, are humans doing more or less damage to the 

oceans now as compared to one hundred years ago? 
 
Next Generation Science Standards 
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Unit 5: Physical Oceanography 

 
OVERVIEW 

 
Summary 

During this unit, students will focus on the physical nature of the oceans. They will learn about the                  
movement of water on many scales, from global ocean currents, to waves crashing on the shores. They will                  
look at the energy that comes from moving water and how humans can and are using the moving water as an                     
energy source. Students will compare surface and deep water currents, and look at the influence of wind and                  
temperature on the current patterns in the major ocean basins. They will briefly review the anatomy of a                  
wave, and then look at wave motion in the open ocean and along the shores. Finally, they will study how the                     
sun and moon influence the bulging of water on Earth and how the movement of those celestial objects create                   
high and low tides, as well as spring and neap tides. Finally, students will look at how human waste,                   
specifically plastics, have collected at the centers of most major ocean basins, due to the movement of water.                  
(A case study, perhaps on the Great Pacific Garbage Patch, is suggested.) 
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Content to Be Learned 
● Describe the pattern of water movement in the oceans. 
● Compare surface transport with density-driven transport. 
● Describe upwelling and downwelling zones. 
● Research and discuss how ocean engineers harness the power of ocean circulation. 
● Describe the process of Ekman transport. 
● Explain how surface currents, combined with Ekman transport create the gyres in the ocean basins. 
● Explain the influence of wind patterns in the movement of surface currents. 
● Describe the process of Western Intensification. 
● Review the anatomy of a wave and discuss wave motion in the open water and as it reaches shore. 
● Differentiate between deep-water waves and shallow-water waves. 
● Explain how waves exhibit refraction, reflection and diffraction. 
● Research how humans can harness energy of waves. 
● Differentiate between the three tidal patterns. 
● Explain how the interaction between the sun, moon and earth creates high and low tides, spring and 

neap tides. 
● Research how plastics are swept out to sea and form “islands” due to ocean current patterns. 

 
  Practices 

● Using mathematics and computational thinking. 
● Constructing explanations and designing solutions. 
● Analyzing and interpreting data. 
● Developing and using models. 

 
Crosscutting Concepts 

● Stability and change. 
● Cause and effect. 

 
Essential Questions  

● How does temperature influence the movement of water? 
● If Ekman transport is driving water towards the center of a gyre, why does the current not flow toward 

the center, but rather in a clockwise pattern around the gyre? 
● How do refraction, reflection, and diffraction affect a wave? 
● If you were sailing at night in the trade-wind belt, how could you use the waves to keep you on a 

course of constant direction? 
● Why do the three different tidal patterns exist?  What conditions are needed for each one? 
● What would happen if there were no force counteracting the Sun’s gravitational force on the center of 

mass of the Earth-Moon system? 
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Next Generation Science Standards 
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Unit 6: Biological Oceanography 
 

OVERVIEW 
 

Summary 
In this unit, students will focus on life in the oceans. They will begin with a brief overview of the diversity                     
that exists in the oceans, and discuss how and why certain features can exist in organisms that live in water                    
while those same features do not exist on land. They will also discuss the constraints that exist on organisms                   
that live in the oceans. Students will learn about the level of organizations and about ocean-specific food                 
webs. They will focus on ocean producers, mainly phytoplankton, and their essential role in maintaining the                
food webs of the oceans. They will have opportunities to measure primary productivity in a lab setting and                  
will discuss influences on productivity. Finally, students will research the adverse affects, on both a local                
and global scale, of commercial fishing. Students should look at the situation from multiple perspectives,               
including how fishing impacts the food webs of the oceans. (A case study, on the impacts of commercial                  
fishing of a particular species, is suggested.) 

 
Content to Be Learned 

● Describe the diversity of habitats available in the oceans. 
● Discuss the need for organisms to be able to survive in the oceans, and how they are able to deal with 

physical parameters, including buoyancy, salinity, temperature, pressure, gas concentrations, nutrient 
availability, light availability, and circulation patterns. 
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● Identify organisms at each taxonomic level, both in a food chain and a food web. 
● Discuss the importance of primary producers in maintaining the ocean food web. 
● Review the process of photosynthesis and discuss primary productivity in terms of carbon dioxide 

intake and oxygen output. 
 
  Practices 

● Using mathematics and computational thinking. 
● Constructing explanations and designing solutions. 
● Analyzing and interpreting data. 
● Developing and using models. 

 
Crosscutting Concepts 

● Stability and change. 
● Cause and effect. 

 
Essential Questions  

● Using examples, how do organisms cope with the constraints of living in the ocean? 
● How do humans impact the diversity of the ocean? 
● How is global climate change impacting primary productivity? 
● What is the role of primary producers in maintaining balance in the ocean food web? 
● How do organisms interact with each other to create communities in the ocean? 
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Next Generation Science Standards 
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Narragansett Bay and Rhode Island Coasts Capstone Project 
It is the recommendation of the curriculum writing team that the Oceanography course pay particular attention 
to the local region, as a vast and awesome resource for students to learn, in detail, about their own community. 
There are partnership opportunities to be had with the University of Rhode Island’s School of Oceanography. 
There is also large amounts of research and data that has been collected on Narragansett Bay and there are many 
opportunities to apply the knowledge learned in this course to the local areas.  It is our recommendation that the 
instructors of this course culminate the semester with a Capstone Project, focusing on how the disciplines of 
Oceanography (geological, physical, chemical, biological) are intertwined and interdependent.  While learning 
about Oceanography on a global scale has much value, it is the sincere hope of the curriculum writers, that the 
instructors take advantage of the unique opportunities that living in southern Rhode Island offers.  
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