
New approaches to teaching ocean 
acidification
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“What the heck is ocean acidification?” writes a 
student on his pre-survey. This question reflects 
a larger trend: While scientific knowledge of 

ocean acidification has increased dramatically over the past de-
cade, most Americans know little about it.

Ocean acidification is the progressive decrease in marine pH 
and carbonate ion concentrations that result when the ocean 
absorbs anthropogenic CO

2
 from the atmosphere (Frisch et al. 

2015). It is already affecting the shellfish industry in the Pacific 
Northwest (Barton et al. 2015), and over the next few decades, 
it is predicted to have major cascading effects on marine ecosys-
tems and the humans reliant on them.

Since 2008, educators have created over 90 teaching resourc-
es on ocean acidification, including some previously published 
in NSTA journals  (Bruno et al. 2011; Kapsenberg et al. 2015; 
Ludwig et al. 2015; Bielik, Damelin, and Krajcik 2018). These 

resources are essential tools for raising awareness and building 
support for action. However, in reviewing the existing resourc-
es, we found that few give more than a passing mention of solu-
tions to the problem, and many imply that the main effect of 
ocean acidification will be dissolution of coral reefs and shelled 
organisms.

The high school module outlined here builds on the 
strengths of existing resources by incorporating many of their 
approaches. However, we intentionally avoid the most common 
ocean acidification lab (placing shells in vinegar and watching 
them dissolve) because we have found evidence that this ex-
periment reinforces misconceptions about pH and the effects 
of ocean acidification. 

Instead, we consider solutions to ocean acidification and 
encourage students to maximize and expand their impact. We 
hope to help teachers demonstrate that ocean acidification is a 
large environmental issue that we can address if we work to-
gether. While these lessons relate to ocean acidification, they 
could be incorporated into a larger unit on climate change or 
human environmental impacts.

This article provides a brief overview of the Changing Ocean 
Chemistry module. The complete curriculum, available online 
(see “On the web”), provides numerous resources for teach-
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ers, including a downloadable PDF (with lesson plans, sample 
scripting, teacher answer keys, educator background informa-
tion, standards addressed, student handouts, video clips, and 
PowerPoint presentations). Additionally, on our website we 
provide a link to our review of existing resources and highlight 
our favorite resources.  

Curriculum overview
We created the curriculum module introduced here accord-
ing to the Understanding by Design framework (Wiggins 
and McTighe 2006), and most of the lessons rely on the 
5E Instructional Model. In establishing the goals for this 
curriculum (see Figure 1), we identified links to Next Gen-
eration Science Standards (NGSS Lead States 2013), inter-
viewed ocean acidification researchers, reviewed scientific 
literature on the topic, and evaluated 90 existing teaching 
resources using a curriculum merit checklist developed by 
Kowalski (2016). We developed the module using a reitera-
tive process, making revisions after each major phase: pi-
lot study, teacher focus group, and classroom implementa-
tion. We have taught this module to over 300 high school 
students in a variety of science classes in a coastal Oregon 
school district. While the original version required four 

FIGURE 1

Overarching goals for the Changing 
Ocean Chemistry curriculum.

Essential Question
To what degree do humans and natural ecosystems 
rely on each other for survival?

Enduring Understandings
• Marine ecosystems and the humans that rely on 

them are interconnected.
• Human actions lead to changes in ecosystems.
• Changes in one portion of a system can lead to 

multiple changes in the rest of the system.
• Individual and collective actions are needed to 

effectively manage resources for all.

Big Ideas
• Anthropogenic CO2 emissions are leading to multiple 

changes in the ocean’s chemistry in a process called 
ocean acidification.

• Ocean acidification is impacting marine organisms 
and the humans that rely on them.

• There are ways to reduce ocean acidification.

Objectives
Students will be able to:
• define ocean acidification.
• provide evidence of ocean acidification’s current 

impacts in the Pacific Northwest.
• describe how atmospheric CO2 concentrations vary 

over short and long timescales.
• discuss the relationship between pH and [H+].
• explain how the addition of CO2 to seawater lowers 

the pH.
• describe how adding CO2 to seawater changes 

ocean chemistry.
• explain how natural processes (photosynthesis, 

respiration, upwelling) influence local water 
chemistry.

• explain patterns in water quality data collected at 
Whiskey Creek Shellfish Hatchery.

• describe some ways ocean acidification could 
impact organisms, food webs, and humans.

• communicate research findings to classmates and 
other audiences.

• identify potential solutions to ocean acidification. 
• discuss the impact and feasibility of various actions 

to reduce ocean acidification.
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FIGURE 2

Approximate duration, grouping used, and additional materials needed for each lesson. 
Small groups = 2–4 students per group. Student handouts and PowerPoint slides are available for all lessons. Lesson 
plans, teacher answer keys, videos, and more are available online (see “On the web”).

ESTIMATED TIME REQUIRED GROUPING ADDITIONAL MATERIALS

Lesson 1 Two 60-minute classes OR one 
60-minute class and homework

Full class

Small groups (discussions)

Individual

Postcards from the Oregon Coast video

Projector and speakers

Student computers with internet

Lesson 2 
(Optional)

Two 60-minute classes OR one 
60-minute class with Elaborate 
section as homework

Full class

(demo and lecture)

Individual or small groups

Student computers with internet

For demo:

Soda Stream

Aquarium tubing (1–2 ft)

250 ml Erlenmeyer flasks (3)

Universal indicator

Pipette

Distilled water

Seawater

Vinegar

Ammonia

Sodium bicarbonate powder 

(Optional) aquatic plant

Lesson 3 
(Optional)

Two 60-minute classes Full class or small groups (demo)

Individual reflection

Full class (lecture)

Small groups

For demo:

Universal indicator

Distilled water

2 clear salad bowls / aquarium with lid

Lighter/matches

Floating candles (2–3)

Lesson 4 Two 60-minute classes

(Students may need to complete 
research outside of class.)

Small groups then full class 
(Formative probe)

Individual or small groups (research)

Ecosystem impacts video

Projector and speakers

Student computers with internet (for 
research)

Lesson 5 One 60-minute class

(Students may need to complete 
the carbon footprint activity at 
home.)

Individual then full class (video and 
brainstorm)

Small groups (card sort activity)

Individual (carbon footprint)

Solutions video

Projector and speakers

CO2 reduction actions cards

Student computers with internet (for 
carbon footprint calculation)

Call-to-Action 
project

Varies depending on whether you 
provide time for in-class work and 
presentations

Individual or small groups Needs will vary depending on 
persuasive message medium

58 JANUARY 2019



50-minute lessons, the revised curriculum 
presented here is estimated to last 6–10 
days (see Figure 2).

The curriculum begins by exploring 
the story of the near collapse of the Pacific 
Northwest’s oyster industry in 2007–2009, 
and continues with an overview of ocean 
acidification and exploration of how hu-
mans have altered the carbon cycle. Op-
tional chemistry-focused lessons have 
students explore how CO

2
 lowers pH and 

carbonate ion concentrations and interpret 
water quality data from the Whiskey Creek 
Shellfish Hatchery in Tillamook, Oregon. 

Subsequent lessons have students conduct research on the 
possible effects of ocean acidification to ecosystems and humans, 
share their findings with classmates, and examine solutions to 
ocean acidification by exploring which household actions lead 
to the greatest energy savings. The curriculum culminates with 
a Call-to-Action project.

Lesson 1: Introduction to ocean acidification
Lesson 1 begins with a five-minute video about the near col-
lapse of the Pacific Northwest oyster industry; studies show 

that narratives can be powerful tools to mo-
tivate environmental action (Kelly, Cooley, 
and Klinger 2014). The Postcard from the Or-
egon Coast video (see “On the web”) presents 
ocean acidification as an environmental issue 
that is already affecting people, and high-
lights the connections between humans and 
natural systems.

The lesson continues by introducing an 
explanatory chain (see Figure 3) allowing 
students to connect the dots between the 
causes of ocean acidification (anthropogen-
ic CO

2
) and its broad impact (Aubrun and 

Grady 2005; Bales, Sweetland, and Volmert 
2015). Students explore short-term carbon cycling via pho-
tosynthesis and respiration and are challenged to answer the 
question: “Does human breathing significantly increase CO

2
 

in the atmosphere?” This question preemptively confronts 
the misconception, expressed by some students, that human 
breathing contributes to ocean acidification. 

Lesson 1 concludes with an in-class or homework assign-
ment. Students watch as CO

2
 concentrations increase and de-

crease over the course of a year in a NASA simulation (see “On 
the web”). They interpret graphs of atmospheric CO

2
 concen-

FIGURE 3

Explanatory and descriptive chains. 
(a) Example of describing versus explaining ocean acidification. Reproduced with permission from Bales (2015). 

(b) Our explanatory chain on ocean acidification, modified based on feedback from ocean acidification scientists.

a) b) 1. Human activities release CO2.

2. The ocean absorbs ~25% of 
anthropogenic CO2.

3. Changing ocean chemistry.

4. Carbonate, used for shell building, 
becomes less available. It takes more 
energy to make shells, leading to fewer 
and smaller shellfish.

5. Shellfish filter water. Fewer shellfish 
could lead to cloudier water. Cloudy 
water makes it harder for seagrasses 
to do photosynthesis. Seagrass beds 
are important habitat for young fish.

6. Less seagrass could mean fewer fish 
to catch.

7. This could impact humans who rely on 
fish for food and jobs.

DESCRIPTION EXPLANATION

When we burn fossil fuels like 
coal and gas, we release carbon 
dioxide into the air. When excess 
CO2 from the air gets absorbed 
into the ocean it causes ocean 
acidification. Ocean acidification 
makes it hard for shellfish to 
build their shells. The loss of 
these organisms affects the 
whole ecosystem.

When we burn fossil fuels like 
coal and gas, we release carbon 
dioxide into the air. The ocean 
absorbs a lot of this carbon 
dioxide, which is changing the 
ocean’s chemistry—a process 
called ocean acidification. One 
result of this change in chemistry 
is that carbonate—something 
shellfish use to build their 
shells—becomes scarce. This 
means there will be fewer 
shellfish in the food chain for 
other creatures to eat, which then 
affects the whole ecosystem.

The students’ 
reflections...  

reinforced... the need  
to conclude with a 

hopeful and  
solutions-focused  

final lesson
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trations over different time scales (60 to 800,000 years) and 
identify evidence for natural and human-caused variations in 
atmospheric CO

2
.

Lessons 2 and 3: Chemistry of ocean 
acidification
These optional lessons are included for teachers looking to go 
deeper into the chemistry of ocean acidification. Lesson 2 begins 
with a teacher-led demonstration of adding CO

2
 to water with 

a SodaStream and measuring the change in pH with a universal 
indicator. (The curriculum’s Educator Background section for 
this lesson, see “On the web,” includes alternatives to using a 
SodaStream, which costs about $90). The lesson continues with 
an introduction to acids and bases. To reinforce key ideas on 
pH, students use the PhET online pH Scale simulation (see “On 
the web”) to explore the molecular basis of acids and bases. The 
student handout in our online curriculum includes step-by-step 
instructions for using the simulation.

Lesson 3 begins with a demonstration that uses candles float-
ing in indicator solution as a model for ocean acidification (see 
“On the web”). As the candles burn, they generate CO

2
, which 

eventually lowers the pH of the solution’s surface layer. As an 
assessment, students explain their observations through anno-
tated drawings. After targeted instruction, students synthesize 
their learning by analyzing water quality data from a Pacific 
Northwest shellfish hatchery that we modified from an existing 
multiday lab (see Palevsky’s lab in “On the web”). 

Our version has students interpret pH graphs over the course 
of a week, observing the daily fluctuations due to the interplay 
of photosynthesis and respiration. Additionally, students exam-
ine graphs of the upwelling index, water temperature, pH, and 
omega (a measure of the carbonate ion concentration) over the 
entire summer. Ultimately, students are asked to consider, “why 
do you think scientists concluded that ocean acidification was 
causing the oysters to die? Wouldn’t it make more sense to con-
clude that upwelling caused the [larval oyster] deaths?”

Lesson 4: Effects of ocean acidification
Lesson 4 starts with a formative probe, inspired by the Uncovering 
Student Ideas in Science series (Keeley, Eberle, and Farrin 2005), to 
identify students’ existing understandings of ocean acidification. 
Students are told that a class is discussing the effects of ocean acid-
ification. They must choose which of four claims they agree with 
(it will make the ocean become an acid; it will hurt some marine 
organisms and help others; it will completely dissolve the shells 
of most marine organisms; it will damage the skin of people, like 
fishermen, who spend long periods of time at sea) and then ex-
plain, in writing and small-group discussion, why they agree with 
the claim they selected and disagree with the other claims. 

Next, students watch a four-minute video featuring scientists 
describing some of the possible effects of ocean acidification. 
We were surprised to find that many students expressed fear or 

anxiety after watching this clip. For example, when asked how 
it feels to hear scientists say, “We don’t know what the impacts 
will be for ecosystems,” one student wrote, “It makes me anx-
ious for the future of the Earth and what events could happen. 
…” Another student explained, “It makes me feel like the prob-
lem is an unsolvable situation because no one knows what will 
happen and how to solve it.” The students’ reflections reminded 
us of the possible unintended consequences of instruction on en-
vironmental problems and reinforced, in our minds, the need 
to conclude with a hopeful and solutions-focused final lesson. 

Following the video, students conduct research on the ef-
fects of ocean acidification on specific organisms in order to 
gain a broader, more complex understanding of the possible ef-
fects of ocean acidification, thus moving beyond the traditional 
dissolution-only narrative. We added this mini-research proj-
ect to the curriculum after we found that our initial approach 
(a brief lecture followed by small-group discussions of four 
research-based scenarios describing possible impacts of ocean 
acidification) failed to change student preconceptions. 

This project incorporates online research into the science 
classroom and allows students to practice summarizing find-
ings to others. By choosing an organism from a list of suggested 
marine species and predicting how it could be affected by ocean 
acidification, students see the scope of predicted impacts, con-
nections to people, and the complexity involved in predicting 
future ocean conditions (see “On the web” for additional details, 
suggested species, and handouts). 

Instead of one set of all-class presentations, we recommend 
a modified jigsaw approach. Give small groups of four to six 

FIGURE 4

Student brainstorm of actions to 
reduce CO2 and barriers to taking 
these actions.
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FIGURE 5

Household CO2 reduction action cards.
Actions modified from Gardner and Stern (2008).

students 10 minutes to share their findings with each other. As 
students listen, they take notes in their student handout. When 
the time is up, have students form new groups and repeat the 
process. This approach allows students to practice presenting 
information in a low-stakes environment and exposes them to 
multiple and varying predicted effects of ocean acidification.

Lesson 5: Ways to address ocean 
acidification
This lesson begins with a brainstorming session to suggest actions 
that could be taken to reduce carbon dioxide emissions (see Figure 
4). Brainstorming, however, may unintentionally reinforce mis-
conceptions about which actions will lead to the greatest reduction 
in emissions. Unlike other curricula, we also ask students to think 
of reasons why someone might not take one or more of these ac-
tions. By asking students to consider barriers, we are priming stu-
dents to think about motivations for their final project.  

Unfortunately, research has shown that most of us are un-
aware of which of our actions use the most energy and, con-
sequently, which changes would have the most impact on our 
carbon footprint (Attari et al. 2010). Our curriculum challenges 
students’ preconceptions on household energy use through an 
activity we developed from Gardner and Stern (2008). Student 

pairs are given 12 cards, each of which has an action on it that 
reduces energy use (see Figure 5). Students arrange these cards 
from actions that save the most to the least amount of energy. 
After an initial attempt, students are shown data about house-
hold energy use in the United States (see Figure 6, p. 62), and 
are given an opportunity to adjust their answers. Then, the or-
der of actions is revealed, which leads to a class discussion. This 
activity’s key message is that the actions we think will have the 
greatest impact might not be the most effective. 

Following this activity, students calculate their carbon foot-
print using Berkeley’s Cool Climate calculator (see “On the 
web”), identify three actions they would be most likely to take, 
and consider the challenges they may face in taking these ac-
tions. While multiple carbon footprint calculators exist, we 
found the Cool Climate calculator easy to navigate and appre-
ciated that the action list allows students to compare and fine-
tune actions being considered to match their unique situation.

The end of lesson 5 leads into a final Call-to-Action project 
where students choose a target audience, identify an action they 
want their target audience to take, and create a persuasive mes-
sage (e.g., poster, video, ad, flyer, letter) to convince their tar-
get audience to act. Many of our students expressed that ocean 
acidification was beyond their control, and in response, we de-
veloped this final project to give students an opportunity to try 
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to persuade those they think do have control and power to 
make a difference. While there is no grading rubric currently 
available, we recommend teachers at least include the follow-
ing criteria to assess the project: current and accurate infor-
mation on ocean acidification, clear ask/Call to Action, action 
justified with evidence, messaging appropriate to audience, 
and neatness/attractiveness of product. 

Conclusion
Our ocean acidification curriculum module adds to existing 
resources by introducing new ways to teach about the effects 
of and solutions to ocean acidification. We hope that it helps 
you and your students develop a realistic understanding of 
the potential effects of ocean acidification and the numerous 
actions that could help reduce or reverse the problem. By 
talking about solutions and encouraging students to create 
Calls to Action, more students may view ocean acidification 
as an environmental problem that can be addressed. As one 
of our students wrote, “We can all change this, but we have to 
try. Someone else isn’t going to do it for you.” ■

ON THE WEB

Changing Ocean Chemistry module: http://tinyurl.com/y83oznr4
BIOACID / GEOMAR Helmholtz Centre for Ocean Research Kiel. Ocean 

Acidification—The other CO2 problem: http://tinyurl.com/yaqqwa8n 
Greenpeace USA. Postcard from the Oregon Coast: https://youtu.be/IFwrkQ-eZ3E
NASA. A Year in the Life of Earth’s CO2: https://youtu.be/x1SgmFa0r04.
Palevksy Ocean Acidification and Oysters Lab. http://tinyurl.com/y8ou5nwp
pH Scale PhET simulation: http://tinyurl.com/mc4m4b3
University of California, Berkeley. CoolClimate Calculator: http://tinyurl.com/

yctbxdxz
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FIGURE 6

Slides shown after initial card sort showing 
data on U.S. household energy use.
Data modified from Gardner and Stern (2008).
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Connecting to the Next Generation Science Standards (NGSS Lead States 2013)

Standards
HS-ESS3 Human Sustainability 
HS-LS2 Interdependent Relationships in Ecosystems

Performance Expectations
• The chart below makes one set of connections between the instruction outlined in this article and the NGSS. Other valid connections are 

likely; however, space restrictions prevent us from listing all possibilities.
• The materials, lessons, and activities outlined in the article are just one step toward reaching the performance expectations listed below.
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers 
and types of organisms in stable conditions, but changing conditions may result in a new ecosystem.
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.

DIMENSIONS CLASSROOM CONNECTIONS

Science and Engineering Practices

Constructing Explanations and Designing Solutions
Design, or refine a solution to a complex real-world problem, based on 
scientific knowledge, student-generated sources of evidence, prioritized 
criteria, and tradeoff considerations.

Students justify their reasoning for promoting a specific 
solution to ocean acidification in their Call-to-Action project.

Engaging in Argument From Evidence 
Evaluate the claims, evidence, and reasoning behind currently accepted 
explanations or solutions to determine the merits of arguments.
Construct an oral and written argument or counterarguments based on 
data and evidence. 

Students analyze data and empirical evidence related to the 
causes and effects of ocean acidification.

Students justify their position in student handouts and a 
formative probe.

Disciplinary Core Ideas

LS2.C: Ecosystem Dynamics, Functioning, and Resilience 
Moreover, anthropogenic changes (induced by human activity) in the 
environment—including habitat destruction, pollution, introduction of 
invasive species, overexploitation, and climate change—can disrupt an 
ecosystem and threaten the survival of some species. 

Students research the predicted impacts of ocean acidification 
on various organisms and synthesize individual findings to 
develop a conclusion about what the problem might mean for 
ecosystems.

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.

Students consider various possible solutions and justify the 
solution they advocate for in their Call-to-Action project.

Crosscutting Concept

Cause and Effect 
Empirical evidence is required to differentiate between cause and 
correlation and make claims about specific causes and effects.

Students examine graphs and demonstrations connecting CO2 
concentrations in the atmosphere and ocean with ocean pH. 
Students compare cycles of natural variation and linear trends 
of ocean acidification.
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