
Alignment of Ocean Literacy Framework to NGSS for Grades 9–12
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Disciplinary Core Ideas (DCIs)

HS-ESS1 Earth’s Place in the Universe 4 1 ESS1.C; ESS2.B

HS-ESS2 Earth’s Systems 1 1 1 2 1 ESS2.A; ESS2.C; ESS2.D; ESS2.E

HS-ESS3 Earth and Human Activity 1 1 1 ESS2.D; ESS3.B; ESS3.C; ESS3.D

HS-LS1 From Molecules to Organisms: 
Structures and Processes

4 LS1.C

HS-LS2 Ecosystems: 
Interactions, Energy, and Dynamics

2 1 2 3 2 1 3 LS2.A; LS2.B; LS2.C; LS4.D; PS3.D

HS-LS3 Heredity: 
Inheritance and Variation of Traits

HS-LS4 Biological Evolution: 
Unity and Diversity

2 3 1 LS4.A; LS4.C; LS4.D

HS-PS1 Matter and Its Interactions

HS-PS2 Motion and Stability: 
Forces and Interactions

4 PS1A; PS2.A; PS2.B

HS-PS3 Energy 3 3 PS3.A; PS3.B; PS3.C; PS3.D

HS-PS4 Waves and Their Applications 
in Technologies for Information 
Transfer

4 3 PS4.A; PS4.B; PS4.C

HS-ETS 1 Engineering Design 3 ETS1.A; ETS1.B; ETS1.C
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RATING SCALE for Alignment of Ocean Literacy Framework to Next Generation Science Standards (NGSS)

Verbatim or nearly verbatim language in both OL Framework (Guide or Scope & Sequence) and NGSS

This rating is self-explanatory. The connection and alignment should be obvious and not in need of any explanation.

Understanding these Ocean Literacy Principles and/or Fundamental Concepts is essential to helping students to 

achieve full understanding of these DCIs and/or PEs. 

This rating is given for all the DCIs that have a terrestrial bias or ignore the uniqueness of ocean systems, such as: 

decomposition breaks things down into soil; references to only terrestrial habitats, ecosystems and food webs, etc. This 

rating says that a learner cannot achieve full understanding of the DCI without understanding the ocean component of 

the concept, e.g., you don’t fully understand primary productivity if you don’t understand chemosynthesis; you don’t 

fully understand decomposition if you only understand how it relates to soil, but not to detritus and marine snow in 

the water column; you don’t fully understand food webs and trophic levels unless you understand about microbes in 

the ocean because they play a very different role than plants do on land. The ocean “examples” are more than just 

examples; they illustrate different aspects of the concept than the terrestrial examples do.

Examples from the Ocean Literacy Framework (not just any ocean examples) are excellent for teaching and 

understanding these DCIs and/or PEs

This rating is given when an Ocean Literacy Framework example could be used to explain a general science DCI and/or 

PE, but using that example to explain that concept is not essential to ocean literacy, nor is it essential to understanding 

DCI, such as, ocean waves, as mentioned in some OLPs, are good examples of the physical properties of waves.

These DCIs and/or PEs are building blocks or foundational ideas that help students to understand these Ocean 

Literacy Principles and/or Fundamental Concepts

This rating is given for general science concepts that help students understand the mechanisms behind OL concepts, 

such as, force and motion helping to explain currents or phase change, and conservation of matter helping to explain 

the water cycle.

Examples of a 4: 

K-PS2 Motion and Stability: Forces and Interactions.

Ocean Literacy Essential Principle 2: These basic ideas are important conceptual building blocks that help 

us understand waves, erosion, and landforms of the coast.

1-LS3 Heredity: Inheritance and Variation of Traits.

Ocean Literacy Essential Principle 5: DCI introduces concept of inheritance and variation and provides 

introduction to the concept of diversity described in OLP 5A & C.

[blank] No substantive or helpful relationship

No rating is given when there does not appear to be any plausible, helpful, or meaningful relationship between the OL 

Principles and/or Fundamental Concepts and the DCIs and/or PEs.

Example of a 5:

K-PS2 Motion and Stability: Forces and Interactions

Ocean Literacy Essential Principle 5: No relationship
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Explanation for Ratings

HS-ESS1 Earth’s Place in the Universe

OLP 1. This is a 4 because one needs to understand geologic features and geologic activities 
on the ocean floor (OLP 1b; S&S P1 A.3) in order to understand past and current movements 
of Earth’s crust (PE HS-ESS1-5; DCI ESS1.C) and one needs to understand plate tectonics (DCI 
ESS2.B) in order to understand geologic features on the ocean floor (S&S P1 A). 

OLP 2. This is a 1 because the same concepts about plate tectonics and large scale system 
interactions are described in the Ocean Literacy Principles and the Earth’s Place in the Universe 
and Earth Systems standards. The Ocean Literacy Principles provide specific ocean-related 
examples: (OLP 2a; S&S P2 A and PE HS-ESS1–5 and DCI ESS2.B).

HS-ESS2 Earth’s Systems

OLP 1. This is a 1 because OLP 1e includes and builds on the concepts of the unique properties of 
water, found in DCI ESS2.C.

OLP 2. This is a 1 because the concepts of co-evolution of Earth’s surface and the life on it in DCI 
ESS2.E are also found in OLP 2, which is focused on the ocean and life in the ocean shaping the 
features of the Earth.

OLP 3. This is a 1 because both the Ocean Literacy Principles and DCI’s are addressing Earth’s 
systems, in particular the ocean system and its influence on climate, and Earth’s surface 
processes (DCI ESS2.A ; ESS2.C; ESS2.D and OLP 3b and f).
 
OLP 4. This is a 2 because in order to fully understand the concepts of changes in Earth’s 
atmosphere and feedbacks between Earth’s systems, (DCI ESS2.D and DCI ESS2.E), one must 
have an understanding of the influence of the ocean on the formation of and changes to Earth’s 
atmosphere (OLP 4a). 

OLP 6. This is a 1 because concepts addressing changes in the atmosphere due to human 
activity are described in both DCI ESS2.D and S&S P6 (D1 and D2), and  OLP 6.

HS-ESS3 Earth and Human Activity

OLP 3. This is a 1 because the concepts of weather and climate are addressed in both DCI 
ESS2.D, OLP 3f a; OLP 3g, and S&S P3 (B1, B2, B5, & B6); the Ocean Literacy connections extend 
understanding, with descriptions of the ocean’s influence on weather and climate. In addition, 
one would need to understand how changes to the ocean/atmosphere system have many 
consequences, including ocean-related natural hazards (DCI ESS3.B; and S&S P3 (C strand).

OLP 6. This is a 1 because both the Earth and Human Activity Standard (PE  HS-ESS3-1, 3, 4, 
5, 6; DCI ESS3.B, C) connect to Ocean Literacy Principle 6—that the ocean and humans are 
inextricably interconnected—in particular OLP 6d and g, S&S P6  (A, S&S P6 D.4, and S&S P6 E) 
address concepts about connections between humans and Earth’s systems.
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OLP 7. This is a 1 because DCIs (ESS2.D, ESS3.D) make explicit mention of “ocean.” The PEs (HS-
ESS3-5, 3-6) are related to models and computational tools. OLP (7d, e) are about technology 
and mathematical models. There are strong connections in the Scope and Sequence (P7 A, A.1., 
A.3., A.5. A.6, P7 C) to both these DCIs and these PEs. Therefore OLP 7 is more than an example 
to support understanding of these DCIs and PEs; it is an integral part of the standard. If the HS-
ESS3 PEs are taught without ocean content, students will not fully understand them.
 

HS-LS1 From Molecules to Organisms: Structures and Processes

OLP 4. This is a 4 because in order to understand oxygen production and the effect of 
oxygen on life on Earth (OLP 4a; S&S P4 A), students will need to know about the process of 
photosynthesis as described in the DCI (LS1.C).

HS-LS2 Ecosystems: Interactions, Energy, and Dynamics

OLP 1. This is a 2 because in order to fully understand cycles of matter and energy transfer 
in ecosystems and ecosystem dynamics (DCI LS2.B, C ), an understanding of how ocean 
circulation transports energy (heat) and matter and how changes to it affect climate and climate 
stability are needed, (OLP 1c).

OLP 2. This is a 1 because concepts about the carbon cycle and photosynthesis are described 
in (OLP 2 a, d; S&S B; DCI LS2.B, DCI PS3.D). The Ocean Literacy Principles extend student 
understanding by describing these processes in the ocean.

OLP 3. This is a 2 because in order to fully understand ecosystem dynamics, functioning and 
resilience (DCI LS2.C) an understanding of the ocean’s influence on climate change and stability 
is needed (OLP 3e, f, g). Additionally, in order to fully understand cycles of matter and energy 
transfer in ecosystems, (DCI LS2.B) students need to understand the ocean’s role in the carbon 
cycle, (OLP 3e). 

OLP 4. This is a 3 because the example of Earth’s changing atmosphere (OLP 4c and S&S P4 A 
strand) provide an example of ecosystem dynamics, functioning, and resilience (LS2.C) 

OLP 5. This is a 2 because in order to fully understand matter and energy transfer in 
ecosystems (DCI LS2.B) an understanding of the role that microbes (e.g., bacteria) play as 
primary producers in the ocean ecosystem (OLP 5b) is needed. Understanding the uniqueness 
and diversity of ocean organisms and deep ocean ecosystems (OLP 5 e, g) and the relevant 
ocean examples (OLP 5 f, h) are essential to comprehending how ecosystems are defined by 
environmental factors and the community of organisms living there (DCI LS2.A). 

OLP 6. This is a 1 because the interconnectedness between ocean and humans (OLP 6 a, b, c, d, 
e, g ; S&S P6 D) is directly correlated to the DCI’s  emphasis on complex ecosystem interactions, 
stability vs extreme fluctuations, and anthropogenic effects on ecosystem disruptions (DCI 
LS2.C). Also, human dependence on living resources and benefits from biodiversity, which 
correlates to the food, medicine, resources, and other benefits provided by the ocean to humans 
is reflected in DCI LS4.D; OLP 6 b, d).

OLP 7. This is a 3 because the DCIs either explicitly or implicitly reference the ocean or ocean 
ecosystems DCI LS2.A, B, C) and the SEP 5 emphasizes using mathematical and computational 
thinking, therefore ocean examples, as well as the importance of mathematical models, are 
helpful in more fully understanding ecosystem relationships and ecosystem dynamics (OLP 7e).
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HS-LS4 Biological Evolution: Unity and Diversity

OLP 4. This is a 2 because understanding that the earliest evidence of life is found in the ocean is 
essential to fully understanding evidence of common ancestry and diversity (OLP 4b; DCI LS4.A).

OLP 5.  This is a 3 because the DCI (LS4.C ) focuses on adaptation, the process, and connections 
to environmental change. The ocean provides excellent and diverse examples of adaptation as 
well as environmental conditions and variations (OLP5 d, g, h; S&S P5 B, C).

OLP 6. This is a 1 because humans are dependent on natural resources and other benefits 
provided by biodiversity and on preserving landscapes for recreation and inspiration (DCI LS4.C, 
D). Humans are interconnected to their environment and human activity is having adverse 
impacts on biodiversity and resources (OLP6 d, e).

HS-PS1 Matter and Its Interactions

HS-PS2 Motion and Stability: Forces and Interactions

OLP 1. This is a 4 because students need to have a firm grasp of the structure and property of 
matter, as well as forces and motion (DCI PS1.A; DCI PS2.A, B) in order to understand thermal 
expansion and the forces at play in ocean circulation and structure (OLP 1c, d; S&S P1 C).   

HS-PS3 Energy

OLP 3. This is a 3 because the energy transfer between the ocean and atmosphere provides an 
important practical example of these physical energy principles (DCI PS3.A, B, C, D; OLP 3a, b, c, 
d; S&S P3 A., A.1., A.4., A.5., A.6., A.7., A.8, A.13).  

HS-PS4 Waves and Their Applications in Technologies for Information Transfer

OLP 3. This is a 3 because understanding electromagnetic radiation, absorption, and converting 
to thermal energy and wave properties are linked to solar radiation and heat exchange between 
the ocean and atmosphere (DCI PS4.A, B; OLP 3b, c).

OLP 7. This is a 3 because information technologies in ocean exploration will invariably depend 
on understandings of waves and their interactions with matter (OLP 7d; DCI PS4.C).

HS-ETS1 Engineering Design

OLP 6. This is a 3 because the DCI and OLP are focused on resources, societal information, and 
engineering solutions (DCI ETS1.A, B, and C; OLP 6c, d).
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