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Ocean acidification (OA), the change in ocean chemistry due to increasing concentrations 

of anthropogenic carbon dioxide in the atmosphere, is an environmental problem that is an active 

area of scientific research yet 

assumed that if we raise OA awareness, then the public will support and take action to help 

mitigate the problem. This research project examines this assumption through the lens of 

educating high school students about OA. The research included three phases: (i) review of 

existing teaching resources on OA, (ii) development and refinement of a new OA curriculum 

based on strengths and gaps identified during the review process, and (iii) a longitudinal 

experiment testing the impacts to knowledge and attitudes of two approaches to teaching about 

OA.  

This study has implications for those engaging in OA outreach and education efforts 

specifically, and for environmental education campaigns in general. During this study, we found 

that at least 90 teaching resources focused on OA are already available. These resources provide 

teachers with multiple approaches to teaching about OA, yet do not adequately address the 

multiple impacts of OA nor teach students about ways to help address the problem. We developed 

our own curriculum that underwent four rounds of revisions before appearing in the form 

presented here. Our experiment found that our teaching intervention increased knowledge but that 

attitudinal changes, when present, did not persist over time. Despite this lack of attitude change, 

student attitudes were generally sufficient to support mitigation actions.  
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CHAPTER 2:   CURRICULUM REVIEW 

Before developing the ocean acidification (OA) curriculum outlined in chapters 3 and 4 

of this thesis, I conducted a needs assessment to understand the existing landscape of freely 

available, online instructional materials on OA and to assess the merit of those materials. 

LOCATING EXISTING CURRICULUM 

Multiple steps were taken to find freely available, online instructional materials related to 

ocean acidification. Online teaching resources were used since teachers often resort to internet 

sources to find instructional resources and ideas. A keyword search using a search engine 

(Google) was conducted. To locate curriculum published in academic journals, the online library 

library are not necessarily freely available to educators, they were included to provide a more 

comprehensive understanding of the landscape of existing resources. Also, references and links 

appearing in identified teaching resources were used to find additional resources. Finally, 

websites of organizations that were likely to provide resources on ocean acidification were 

searched, including: Better Lesson, Virginia Institute of Marine Science (VIMS Bridge), National 

Ocean and Atmospheric Administration (NOAA), Center for Microbial Oceanography: Research 

& Education (C-MORE), Systems Education Experiences (SEE), Oregon Coast Education 

Program (OCEP) and others. 

This search process located over 155 potential instructional materials. Since this project 

ultimately sought to develop a high school level curriculum on ocean acidification, resources that 

did not mention "ocean acidification" or were geared towards a college-level audience were 

excluded from evaluation. Additionally, resources that did not provide ideas on instruction, such 

as resource hubs (websites that only linked to other teaching resources but did not provide novel 

content), podcasts, videos, and radio segments, were not evaluated. In total, 90 resources from 59 

different organizations were included in the final analysis (see Table 2.1), although one resource, 

NOAA's Data in the Classroom Ocean Acidification module, was under revision for the duration 

of this project and thus could not be evaluated. 
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Table 2.1 - Instructional resources included in the curriculum merit review. 
All hyperlinks to available resources begin with http://tinyurl.com, which is followed by the text listed in 
the table. Grades: E= Elementary, K-5; M= Middle, 6-8; H= High, 9-12; G= General audience. L# = 

 Bolded resource titles indicate our 12 favorite resources. 

Organization Resource Title Summary Date Grade Days TinyUrl 

Aquarium of the 
Bay 

HS Chemistry 
Teacher 
Resource 
Guide 

L1: Discuss pH and test pH of 
solutions. L2 lecture on ocean 
acidification equations. L3 use a 
carbon calculator to determine 
carbon footprint; CO2 in water 
demo using dry ice. L4 is a student 
designed experiment of (egg)shells 
in acid.  

Good discussion guidance; no 
timing provided. No overarching set 
of instructions about the collection 
of lessons; unclear if they are meant 
to be taught in sequence or are 
supposed to be stand alone.  

 H 7-9 /ydaopym8 

Around the 
Americas 

Coral, Carbon 
Dioxide and 
Calcification 

Students act out parts of the 
carbonate system as it relates to 
coral. Main message: CO2 enters 
water, coral use carbonate to build 
their skeleton, and the ocean 
dissolves their skeleton.  

Active way for younger kids to 
learn about the carbonate system, 
but content may be too advanced. 
Would likely require a lot of teacher 
coaching and discussion, and the 
conclusion would likely be corals 
will dissolve. 

2010 E, M 1 /yas64r5v 

Bermuda Institute 
of Ocean 
Sciences 

You be the 
Chemist: 
Investigation 
of Ocean 
Acidification 

Experimental procedure for testing 
how lower pH impacts brine shrimp 
hatching.  

A novel idea for something to 
explore possible impacts on non-
calcifying organisms. Some details 
and guidance are missing; this 
would be tough for elementary 
students. Could be a good starting 
point for high schoolers to design an 
experiment. No background on OA 
for students. 

2012 E, M 2  
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Organization Resource Title Summary Date Grade Days TinyUrl 

Better Lesson 

Acid Alert! The 
Effects of 
Climate 
Change on 
Ocean Ecology 

Walkthrough of how to use 
Stanford  Virtual Urchin lab. 
Finishes with a discussion of how 
climate change impacts marine 
organisms.  

This would be a helpful resource for 
teachers trying to figure out how to 
implement the online lab. It 
includes student work samples, a 
hook, and tips for the teacher. 

 H 1 /y82x25uw 

Acid Oceans part 
1 & 2 

Part1: Lesson on pH with slight OA 
connections. Includes: reading, PPT 
on acids/bases; make cabbage juice 
indicator; test pH of solutions; 
complete writing prompt on why 
soda won't make an upset stomach 
feel better. Part 2: review acids & 
bases with foldable; blow into 
cabbage juice indicator; use Virtual 
Urchin intro to connect to OA.  

Sample video shows student 
explaining that the CO2 in their 
breath causes OA (possible 
misconception from demo). 

 M 2 /ybo2nfm6 

The Chemistry of 
Ocean 
Acidification: 
Exploring the 
Basics of pH 

This lesson follows the Acid Alert 
lesson (see above). Brainstorm what 
students know about pH; quick 
lecture/PPT; test pH of solutions in 
lab; At end, students discuss the 
connections between pH and 
climate change.  
Revisiting the intro slides from 
Virtual Urchin after pH lab seems 
like a good way to make the 
connection. Teacher has also 
already done a carbon footprint 
analysis, which helps students make 
connections between OA and 
climate change.  

 H 1 /yamujjpa 
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Organization Resource Title Summary Date Grade Days TinyUrl 

BIOACID / 
GEOMAR 
Helmholtz 
Centre for 
Ocean 
Research 

Ocean 
Acidification: 
The Other 
CO2-
Problem: 
Eight 
Experiments 
for Students 
and Teachers 

L1: Blow into indicator; place into 
varying temperature water baths. 
L2: Light candles floating on 
indicator. L3: Create CO2 with 
TUMs, funnel to indicator solution. 
L4: Fill graduated cylinders with 
varying temperature water; place 
over a TUMs, see less air space 
form in cold water, suggesting it is 
holding more CO2. L5: Explore 
alkalinity and buffering by lighting 
candles and aerate water (seawater 
vs tap) in beakers, measure pH 
change with probes. See that 
alkalinity buffers pH change. L6- 
compare color (indicator) of DI and 
seawater with Na2CO3, NaHCO3, 
and plain. Blow into them and see 
how they change. Another look at 
buffering/alkalinity. L7- growing 
microalgae with CO2 variation to 
show some plants may benefit from 
extra CO2 (seems more intensive 
lab setup). L8- Using handheld CO2 
loggers, students track CO2 levels in 
class (and baseline around 
school/outside) over the course of a 
few weeks.  

Clear explanations, straight forward 
experiments with increasingly 
difficult concepts. L8 may reinforce 
misconception that breathing causes 
OA. Similar to CarboSchools 
writeups, but more polished. Each 
experiment has extension ideas. 

2012 M, H >8 /yaqqwa8n 

Birch Aquarium Got Shells? 

Aquarium activity/demo. After brief 
intro, visitors dropper different 
solutions onto baking soda and look 
for signs of dissolution (bubbling). 
Then ask- what do they think will 
happen to shell building animals if 
oceans become too acidic? Discuss 
possible solutions.  

Modified shells in acid demo, but 
with extreme language. Does try to 
bring up solutions, but the actions 
aren't specific, and it isn't clear why 
certain actions are being suggested. 

2008 G <1 /ycl4nvue 
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Organization Resource Title Summary Date Grade Days TinyUrl 

British Columbia 
Teachers 
Federation 

Exploring Ocean 
Acidification: 
Climate 
Heroes Lesson 
Plans: Grades 
8-12 

Brainstorm: what is OA? Review 
pH (no script); Blow into indicator; 
discuss and debrief; 4-minute free-
write; write poem in groups with 
phrases from their writing; research 
OA online; discuss findings & 
possible solutions (no guidance); 
listen to a song about salmon; read 
about low salmon runs and 
hypothesize why and how to help.  

Eclectic and unfocused. Supposedly 
spend time thinking of solutions to 
OA, but not clear when or to what 
depth. Biased language and tone. 

 M, H 2 /ybmrpzn9 

Bureau of Ocean 
Energy 
Management 

Lesson 4 - Ocean 
Acidification 
and Its Effect 
on Lophelia 

Brainstorm about OA, then blow 
into indicator. Review requirements 
for deep sea coral survival, setup 
shells in acid experiment with dead 
coral pieces. Explain how corals 
calcify, that OA is an energy issue, 
and that they do survive in the wild 
(but with extra energy cost). Finish 
with discussion, then reading.  

Lesson from larger problem-based 
unit on deep sea corals. Same 
experiments as elsewhere but with 
better information. Heavy on 
vocabulary and coral biology in 
parts but provides an even-handed 
presentation of why OA impacts 
coral growth. Not sure how 
engaging students would find this; it 
seems content heavy. 

 H 3-4 /ya8ofso2 

California 
Academy of 
Sciences 

Ocean 
Acidification 
Mock 
Conference 

After a teacher presentation on pH, 
ocean acidification, and possible 
impacts (in 15 minutes, without any 
guiding presentation provided), 
students are divided into 
stakeholder groups. They prepare 
for a mock conference, where they 
present how they are affected by 
OA and how they affect OA. Then 
they come together to brainstorm 
the biggest challenges and possible 
solutions as task forces.  

Fun, engaging way for students to 
engage in thinking about challenges 
and possible solutions to OA. What 
solutions do they come up with in 
this quick brainstorm? Reinforces 
the idea that corals and shelled 
organisms will dissolve due to OA. 

2011 M, H 2 /y9rva9ts 



14
 

Organization Resource Title Summary Date Grade Days TinyUrl 

CarboSchools 

Atmospheric 
CO2 can 
produce ocean 
acidification 

Write-ups of a few experiments: 
measuring pH change when blow in 
seawater; float candles in water and 
cover, measure pH change; put 
shells in low-pH water, measured 
change in mass after 2-weeks; 
blowing into jar.  

One of the only demonstrations 
showing CO2 can leave water (gas 
exchange goes in both directions). 

2010  1 /yb37asyb 

Comparison of 
the Effects of 
Increased CO2 
in the Air to 
Seawater and 
Distilled Water 

Examines how different waters 
respond to the addition of CO2. 
Candles are lit inside an aquarium; 
use probes to monitor changes.  

Complicated setup; clever way to 
show that combustion changes pH. 
Leads into discussions of alkalinity 
and how lakes and oceans differ. 

2010 E, M 1 /ybnpnqgb 

Interaction at the 
Air-Water 
Interface II 

Write up of floating candles in 
water and detecting a pH change at 
the boundary layer. Also includes 
ice cubes/temperature and a 
suggestion for showing deep-water 
formation.  

2009 E, M 1 /ybzxd6l2 

pH Regulation of 
Seawater: The 
Role of 
Carbonate 
(CO3) and 
Bicarbonate 
(HCO3) 

Examines how the pH of different 
water samples responds to addition 
of CO2 (via a straw). Uses 
indicators; students add Na2CO3 and 
NaHCO3 to distilled and seawater.  

An easier way to explore the 
buffering capacity of seawater and 
distilled water. A bit quantitative; 
shows how different buffers impact 
buffering capacity. Good extension 
for chemistry teachers. 

2010 
E, M, 

H 
1 /ybjnanpos 

Uptake of 
Carbon 
Dioxide from 
Water by 
Plants 

Two experiments measuring 
impacts of aquatic plants on pH (via 
an indicator). L1: Cabomba, a 
freshwater aquarium plant, 
indicator, and samples in light, 
wrapped in foil, and a control with 
no plants. L2: marine 
phytoplankton, seawater, and a pH 
meter. Students blow into a flask, 
measure the pH change, then expose 
phytoplankton to light and watch 
the pH rise.  

Simple ways to show that plants 
uptake CO2, which raises pH. Might 
be harder to culture or obtain 
phytoplankton, but they seem to 
alter CO2 more quickly. Possible 
extension/inquiry lab. 

2009 E, M <1 /ybhzjfda 
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Organization Resource Title Summary Date Grade Days TinyUrl 

Carnegie Mellon 
University 

Ocean 
Acidification 

OA Brainstorm, then show egg 
bubbling in vinegar; examine an 
egg that sat in vinegar overnight. 
Blow into indicator, then grind 
shells and add in until color 
changes, finish with discussion.  

Loosely compiled outline. Scope of 
discussions unclear. 

2013  1 /y7e339md 

Center for 
Microbial 
Oceanography: 
Research & 
Education 

C-More Science 
Kits: Ocean 
Acidification 

L 1: pre-survey, students drop 
vinegar on different sands, watch 
calcium carbonate sand bubble. 
Then present/play narrated 
PowerPoint on OA, and if time, 
have students begin reading. L2: 
experiment using yeast, chambers, 
and CO2/pH probes to simulate OA.  
To save time, the first day could be 
demo instead of an experiment and 
the second day could use baking 
soda and vinegar to create CO2 
instead of yeast. The materials 
border on alarmist tone at times. 

 M, H 2 /ydhvf3lb 

Centers for Ocean 
Sciences 
Education 
Excellence 

Ocean 
Acidification 

Show pictures of shelled marine 
organisms and discussing what they 
have in common (CaCO3 shells). 
Discuss that CO2 makes soda 
bubbly. Setup 5 solutions and put 
chalk into each. Finish with a 
discussion of what happened.  

There is supposedly a discussion 
about what can be done, but this 
takes place at the end of the 60-
minute lesson and does not provide 
clear guidance to teachers. 

2010  1 /ybg5tue6 

Centers for Ocean 
Sciences 
Education 
Excellence

Ocean 
Acidification 
Demonstration 

A simple demonstration showing 
that adding CO2 to water (in this 
case dry ice) changes the pH via an 
indicator solution.  

 

Oceanic Carbon 
Chemistry and 
pH 
Relationship 
Lessons and 
Labs 

L1: pH lab with cabbage juice 
indicator and pH strips. L2: add dry 
ice to a flask, siphon CO2 to flask; 
watch pH change; shells in acid lab; 
blow into CaOH solution and watch 
pH change. L3: brief reading on 
OA, then students graph CO2, pH, 
and carbonate data from Hawaii.  
I like the version of the dry ice 
demo and good to have students 
graph data. Info on impacts is just 
student inferences. Reading has 
good info but not sure students 
would remember it b/c it isn't 
reinforced. 
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Organization Resource Title Summary Date Grade Days TinyUrl 

pH, Carbon 
Cycle and 
Ocean 
Acidification 

L1: KWL chart then lecture about 
pH. L2: students measure the pH 
change of river and seawater when 
dry ice is added for 5 min. L3: 
lecture about the carbon cycle that 
slightly touches on impacts of OA.  
OA is never explicitly explained. 
Impacts are only hinted at. 

 M, H 3  

Shells and the 
Impacts of 
Ocean 
Acidification 

A variation on the idea that shells 
dissolve in acids. Uses egg shells in 
cola/vinegar, water, soap, and other 
solutions. Suggests you can weigh 
the shells before and after, and has 
students guess what possible 
consequences of OA (not explained) 
might be. Background info is 
confusing. 

 - 1  

Channel Islands 
National Park/ 
Marine 
Sanctuary 

Ocean 
Acidification 
Curriculum 

L1: Examines local biodiversity via 
reading, underwater video, and food 
web activity. L2: Introduces 
upwelling via demo: blow across 
water surface and watch dye rise. 
L3: Students color a sea surface 
temperature map then read. L4: 
Introduce OA; combustion demo 
with candle and indicator; students 
illustrate steps of OA. L5: review 
OA with video; shells in acid lab 
(chalk into vinegar then weigh after 
1 and 5 minutes). L6: Discuss 
differences between tropical, 
temperate, and polar marine 
environments, abiotic vs biotic 
factors, and connect photosynthesis 
and pH. L7: Students interpret pH 
graphs from different ocean regions 
and determine origins of a mystery 
graph. L8: Examine carbon sources 
and sinks, take a carbon footprint 
test, and brainstorm ways to lower 
footprint; group Call to Action 
project. 

Solid curriculum. Some lessons 
could be shortened, and it reinforces 
shells dissolve misconception. 
Coloring may not be the best way 
for students to engage with data. 

 M 9 /ybjldgbk 
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Organization Resource Title Summary Date Grade Days TinyUrl 

Cool Australia 

Activity: Acid 
oceans 

Teacher draws and explains" the 
carbon cycle; students brainstorm 
carbon sources/sinks; discuss 
impacts of increasing C on land and 
ocean; watch 3-min Acid Test 
video. Students adjust carbon cycle 
drawing. Suggested extension: 
students research on an organism or 
ecosystem impacted by OA.  

Might be hard for students to 
synthesize all these discrete pieces 
of information into something 
meaningful. Good extension idea. 

 H 1 /yd8nb736 

Activity: Blue: 
Ocean 
Acidification 
Science 

Watch Climate Change 101 video 
(Bill Nye) at home. Part A: Discuss 
video; agree-disagree in responses 
to statements. Part B: watch OA 
video; outline OA equation/ steps. 
Part C: 2 experiment options: shells 
in vinegar (3-4 days) or OA in a cup 
(10-15 min). Create posters of 
experiment, peer-review posters 
using rubric. Part D- OA vs Coral 
bleaching: Show video and respond. 
Discuss what we can do to stop 
bleaching and OA.  
Seems biased. Focused on making 
kids feel scared not on 
understanding OA. Teacher 
background isn't about the science; 
it is a threat statement. Lacks clear 
distinction between OA and climate 
change  coral 
bleaching is. Unclear if all students 
do the same experiment or if they 
do different ones. If different ones, 
the timing is very different. 

2017 M 2 /yba675p7 

Activity: Blue: 
Ocean changes 
affecting coral 
reefs 

Part A: watch short video and 
discuss; brainstorm what they 
already know about OA, climate 
change, and coral loss. Part B: 
jigsaw- students read about OA or 
coral bleaching; share with partner. 
Finish by making a poster on how 
increasing CO2 impacts reefs. Part 
C: watch coral bleaching video.  

A lot of time spent brainstorming. 
Readings feel more like propaganda 
than informative text. No clear 
guidance on what students should 
take away from this lesson; no 
checks for understanding. 
Underestimates timing. 

2017 H 1 /yd2o9so3 
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Organization Resource Title Summary Date Grade Days TinyUrl 

Weather Makers: 
Oceans and 
Sinks 

Brainstorm ocean's role in C-cycle; 
watch 3-minute Acid Test video and 
discuss; make OA infographic.  
Acid Test video is main source of 
info; biased. Like infographic 
creation and that they explain why 
the term OA might be misleading. 

2017 H 1 /y9myxt28 

Weather Makers: 
Understanding 
ocean 
acidification 

Students look at OA equations and 
write an explanation for a 5-6-year 
old; design experiment on the role 
of temperature; create an ad 
campaign on keeping the ocean 
cool.  

Very little concrete here. Wrongly 
implies that OA will get less bad 
over time as the ocean warms. 

2017  1-2 /y75rb849 

CPALMS 
(Florida State 
University) 

Changing World 
Oceans - An 
Ocean 
Acidification 
Simulation 

L1: Discuss prior knowledge; 
teacher presentation on OA; read 
about the rate of OA for HW and 
lab prep. L2: 3 simultaneous 
experiments: funnel CO2 into 
covered aquarium and measure pH 
and CO2 change; shells in vinegar 
for a day; fish fillets in lemon juice 
for a day. L4-5: write up results.   

May underestimates timing.  

2014 H 5-7 /y934ufmk 

Creative 
Discovery 
Museum 

Ocean 
Acidification 

Put an egg shell in water and acid 
and observe for 3 days. Potential 
discussion ensues. 

 E, M 3 /ya357wfv 

Digital Explorer 

Frozen Oceans: 
An Ocean 
Acidification 
Case Study for 
GCSE Science 

L1- Acid Test video & questions; 
slideshow on OA equations; blow 
into indicator or test pH of still and 
sparkling water; reflect. L2- Work 
with Hawaii data on pH change 
(differentiated options for activity). 
L3- show pH vs temperature maps; 
show video on Catlin Survey; day in 
the life of an arctic scientist; 
present. L4- introduce copepods 
(via fact sheet and PPT); work with 
copepod data (differentiated 
options). L5- Share research: 
present on how scientists 
communicate findings; analyze 
scientific paper vs press release; 
debate how science could be of 
more use to society. L6- poster 
session.  

Use a real arctic research expedition 
as the organizing theme. Multiple 
opportunities to work with data. 
Day in the life of an arctic scientist 
is good for career exposure. 

2014 H 6-10 /yd5zx69k 
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Organization Resource Title Summary Date Grade Days TinyUrl 

EarthLabs - 

Carleton College 
Lab 7: Ocean 

Acidification 

Video on PNW oysters; examines 
pH; students blow into indicator; 
look at data from atmosphere, 
ocean, and pH; introduces carbonate 
system via ACE video. Part B- 
watch Khan Academy video on 
impacts; read short article on 
exposure experiments; Virtual 
Urchin lab to connect impacts to 
carbon cycling.  

Well put together, thorough 
presentation of OA. Fits into larger 
discussion of C-cycle (prior 
lessons). Rigorous. Good for self-
directed students. Purposeful use of 
online lab as application learning. 

 H 2-4 /yacxtvlw 

Exploratorium 

Ocean 
acidification in 
a cup 

Demo where baking soda + vinegar 
creates CO2, changes color of 
indicator below.  

Well-done, simple demo. Good 
video explanation; Tries to address 
shells dissolve misconception, but 
likely insufficient. 

  <1 /y7unbfkt 

Shell Shifts 

Shell into vinegar. Demo how 
baking soda into water makes 
bicarbonate; adding CaCl2 releases 
Ca; mixing the two forms calcium 
carbonate; adding vinegar dissolves 
precipitate, add OH and precipitate 
returns.  

While the explanation is 
scientifically correct, reinforces the 
shells dissolve misconception. 

  <1 /yb76l69bs 

Hawai`i Institute 
of Marine 
Biology 

Engaging 
Students in the 
Pacific and 
Beyond Using 
an Inquiry-
Based Lesson 
in Ocean 
Acidification 

L1- test pH of household solutions; 
bubble CO2 from soda into 
solutions of tap, sea, and DI water; 
record pH change. L2- lecture on 
OA (possible script provided); 
students design experiment; record 
pH and Ca ion concentration 
(calcium test kit) after 30 minutes of 
incubation. L3- interpret and 
present results.  

This is an article writing up the 
HIMB curriculum. Less dramatic 
version of shells in acid. 
Opportunity to design an 
experiment. Reinforces shells 
dissolve misconception but calls out 
the other experiments that use HCl 
or vinegar as extreme. If someone is 
going to do the shells in acid lab, 
this would be a better one to do. 

2013 H 3 /ya4dqbrc 



20
 

Organization Resource Title Summary Date Grade Days TinyUrl 

International 
Fund for 
Animal 
Welfare 

Climate Change 
and the Marine 
Environment: 
Lesson 2: 
Ocean Acidity 

Intro on pH; test pH of water, 
vinegar, and soap with indicator; 
blow into indicator; show partially 
dissolved shell compared to shell in 
water and discuss what OA would 
mean (supposed to conclude harder 
to grow shell and grow more 
slowly, but students will likely 
conclude shells and corals will 
dissolve).  

After a slightly informative and 
biased intro on ocean circulation, 
temperature rise, and OA, the lesson 
itself lacks teaching materials. 

 M, H 1 /y9qxlfzm 

Jonathan Bird's 
Blue World 

Coral Reefs in 
Danger: Ocean 
Acidification 
Lesson 

Background reading on 
acids/bases/pH; egg in vinegar 
demo, says this serves as a model 
for what marine organisms will face 
with OA. Part 2- blow into 
indicator; introduce OA equations; 
watch video (dead link); read a 
National Geographic article; look at 
data from atmosphere and ocean 
pH.  

Lots of info, not really clear if 
students read or if teacher presents. 
Not clear when/if the webisode 
(doesn't mention OA) is shown. 

 M 4 /y7xvxh97 

Lawrence Hall of 
Science 

Ocean 
Acidification! 

A series of exploration activities for 
an aquarium/science center; guiding 
questions/script for a presenter. Part 
A: blow into indicator. Part B: put 
"low pH water" (white vinegar) on 
different substances (gelatin, shells, 
seaweed, rocks), and see what 
happens; blow into lime water & 
lime water with vinegar; precipitate 
forms more readily without vinegar. 
Part C: Shows maps, then science 
on a sphere images of pH/omega 
over time. Part D: Discuss ways to 
decrease CO2 via EPA solutions 
sheet; action plan worksheet to plan 
to do one or two of the things.  

Good scripting and scientifically 
accurate background info at end. 
Good background on C-cycle and 
description of impact on calcifiers 
(activities don't communicate this 
same idea). 

2015 
E, M, 
H, G 

1 /ycz7uc9n 

Massachusetts 
Marine 
Educators 

pH, CO2, and 
Ocean 
Acidification 

Egg in vinegar, blow into indicator, 
then discussion defining OA.  

Standard activities lumped into a 
lesson. 

2014 M 1 /y9owhmla 
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MERITO 
Academy 

Marine 
Osteoporosis 

Start with reading (not provided) 
then two experiments: shells in tap 
water and vinegar, then shells in tap 
water and carbonated water. Then 
watch Acid Test video and do 
Virtual Urchin online lab.  

No actual lesson provided. 

 
E, M, 

H 
1 /ya4n553t 

Mission Science 
Workshop 

Breathing Blue 
Write up of breathing into indicator 
and comparing to lemon juice in 
indicator. 

2013 
E, M, 

H 
<1 /y9k9zkt6 

Monterey Bay 
Aquarium 

The Power of 
pH: Changing 
Ocean 
Chemistry 

Two experiments: L1: serial 
dilution of HCl and NaOH to make 
a pH scale. L2: adding CO2 (from a 
balloon) lowers the pH of sea and 
distilled water; observe effects of 
HCl on a shell; brainstorm ways to 
reduce excess CO2 in atmosphere.  

The connection to OA is weak and 
tacked on at the very end of L2. 

2014 H 1.5 /y9cqokso 

Monterey Bay 
Aquarium 
Research 
Institute 

Ocean 
Acidification: 
Is there a 
problem? 

L1: Video on OA with high-level 
vocabulary; web quest with lots of 
reading. L2: Respond to questions 
and plot data. L3: blow into 
indicator then drop shells in vinegar 
and observe.  

Vocabulary heavy and advanced 
readings. Reinforces that vinegar 
dissolves shells and implies corals 
will disappear.  

2011  3 /y77tax9h 

National Oceanic 
and 
Atmospheric 
Administration 

Acidification: 
What does it 
mean for 
oysters? 

Shells placed in jars with water, 
water-vinegar mix, and vinegar 
prior to instruction; students 
examine shells and see that the ones 
in vinegar dissolved; brainstorm 
how to lower emissions.  

National Network for Ocean and 
Climate Change Interpretation 
(NNOCCI) ideas added to pretext 
but not incorporated in lesson. 

 E, M 1 /ybyxtlvz 

Climate Change 
"The Heat Is 
On" 

Write-up of adding dry ice to 
indicator and watching what 
happens; blow into indicator. Two 
other activities focus on thermal 
expansion and ice caps melting. 
Nearly identical to Climate Change 
& Coral Activities,  available on 
OA Curriculum Hub 

 
E, M, 

H 
<1 /y7hzgasf 
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Help Nemo Find 
His Home! 

Game to teach kids about OA 
impacts on Clownfish navigation. 
Several add-on activities suggested.  
A basic game that might be fun but 
would likely be hard for students to 
make the connection to OA. 
Provides board game and data sheet. 
Likely fun and engaging, but 
learning depends on how the 
teacher crafts their follow up to this 
activity. 

2015 E, M 1 /yd5w7fdq 

Data in the 
Classroom 

 (unavailable for review)    /y7y5gqxx 

Lesson 3: Ocean 
Acidification 

Brainstorm elements in the ocean; 
lecture about OA; demo where 
vinegar dropped on chalk; discuss 
what it might mean for organisms 
(they'll dissolve). Sample Salmon 
Bowl questions/quiz at end.  

 H 1 /y7udxm7w 

Marine 
Osteoporosis 

Observe shells in vinegar/tap water; 
compare to shells left in carbonated 
and tap water for multiple days; 
watch Acid Test video and 
complete Virtual Urchin as 
"assessment."  

 E, M 2-3 /y7osswxo 

Ocean 
acidification 
experiment: 
Impacts of 
carbonated 
seawater on 
mussel and 
oyster shells 

Students place mussel/oyster shells 
in water with varying pH (CO2 
added with Soda Stream). Measure 
change in shell weight each week 
for four weeks. 

 E, M 3 /ycdwnr3y 

Ocean 
Acidification 
Toy Car 
Activity 

Demo using CO2 bike pump to 
show that adding CO2 to water 
changes the pH.  

Bike pump removes implication that 
breathing causes OA. 

  <1 /yad2tufc 

Ocean 
Acidification: 
Building 
Blocks of the 
Sea 

Lego activity to simulate OA 
impacts on shell building.  
Cool idea, but might create the 
misconception that carbonate 
availability, not energy demand, is 
the reason calcifiers are impacted. 

 E, M 1 /y92uufn2 
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Ocean 
Acidification: 
pH and the 
Ocean's 
Balance 

Introduces pH via lecture/guessing; 
small OA discussion tacked on. 
Brainstorm ways to reduce CO2 
emission at the very end.  
Includes pieces from NNOCCI 
recommendations, but just 
introduces pH; misses the mark on 
OA. Doesn't get at causal chain, just 
states CO2 is culprit. Solutions 
discussion  a brainstorm. 

Instructor may mention one or two, 
but kids don't explore why it might 
help. 

 E, M <1 /y8nw53fp 

Ocean 
Acidification: 
Plotting the 
Dangers 

Starts with background on CO2 in 
atmosphere (not provided); students 
blow into indicator; graph CO2 
levels in atmosphere; answer what 
can you do to decrease atmospheric 
CO2 levels?  as last question on 
student handout/discussion. 

 M 1 /y8l96jeq 

Ocean 
Acidification: 
Rugose Reef 
Tag 

Students play tag in a classroom 
with things in/out of the way to 
communicate that reef structure is 
important.  
Activity doesn't match objectives or 
evaluation. Might be a fun demo, 
especially for younger students. 

 E, M 1 /y8uxh39c 

Off Base 

Introduce pH, buffering, and La 
Chatlier's principle (no guidance 
provided); students read 2nd 
Symposium on the Ocean in a High 
CO2 World and answer reading 
questions; lab: add vinegar and 
NaOH to distilled water and 
seawater, checking pH with pH strip 
after each drop.  

Teaching instructions are vague. 
Multiple versions available with 
different formats. 

 H 2 /guujxnf 

Whale Jenga: A 
Food Web 
Game 

Students play a version of Jenga, 
which represents the ocean food 
web and sensitivities to OA/human 
impacts. Some possible extensions.  
Likely fun and engaging. Relies on 
existing knowledge; vocabulary 
heavy. Mentions many human 
impacts and possible solutions to 
OA, but no explanation of why 
certain events would increase or 
decrease organism abundance. Kids 
could read the instructions and have 
fun but learn little. 

2015 E, M 1 /yap3fbxf 
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National Socio-
Environmental 
Synthesis 
Center 

A case study on 
Ocean 
Acidification 

Advanced reading introducing OA 
and asking students to interpret a 
graph and identify some 
information.  

Reading would be challenging for 
many high school students. 

 H 1 /y7rlcu2c 

New Jersey Sea 
Grant 

The Basics of 
Ocean 
Acidification 

Two activities: L1: burn a candle 
and capture CO2; add indicator to 
observe color change. L2: add 
seltzer to powdered CaCO3 (version 
of shells in acid) and students watch 
it disappear (dissolve) in the seltzer 
but not water. Samples of follow up 
experiments, but all involve shells 
in acid. Recommended extension to 
research impacted animals, possible 
solutions.  

The candle activity might be easy 
for students to burn themselves.  

2014 M, H 2 /yc27up9z 

North American 
Marine 
Environment 
Protection 
Association 

Ocean 
Acidification - 
Extended 9-12 
Lesson 

Provides lots of information on OA; 
then a few activities: OA in a cup 
(OCB lab on alkalinity, below), test 
pH of different waters; carbon 
footprint calculator; last slide asks, 
what can we do?   

Unclear if this is just a presentation 
or if it is meant to be done in a 
classroom. Uses OCB lab ideas. 

2015  3-5  

OAR Northwest 
Lesson 3.2 Ocean 

Acidification 

Brief intro on C-cycle; test the pH 
of water/salt water using phenol red, 
blow into it and see pH change; 
Discuss equation; chalk into 
vinegar. 

2013  1 /y9waqgmk 

Ocean Carbon & 
Biogeochemistr
y Project 

Ocean 
Acidification 
Lab 

Collection of experiments: L1: 
general pH scale with household 
chemicals. L2: alkalinity and pH 
change from blowing through a 
straw. L3: vinegar dissolves shells.  

Lacks a comprehensive lesson 
framework. Listed references are 
good sources of background on OA. 

2009 
E, M, 

H 
2.5 /y7c7hsqe 

Pulitzer Center 
The Effects of 

Ocean 
Acidification 

Media analysis comparing print vs 
videos focusing on OA. Video and 
readings on crab in Alaska and 
pteropods (from Seattle Time's Sea 
Change series).  

I really like this lesson. Not 
necessarily for a Science classroom. 
The media comparison is 
interesting, and the themes explored 
are great. 

2015 M, H 1 /y9pgxdx8 
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Royal 
Geographical 
Society 

Ocean 
acidification 

IB curriculum highlighting 2010 
Arctic field work. L1: intro with 
video (not provided); read over 
scientist blog (wrong link); students 
groups research; create 3 blog 
entries on OA (background, what 
the arctic research was about, 
impacts and ways to prevent OA). 
L2- Students watch a video (not 
provided); analyze data (intro to 
Spearman Rank Correlation 
calculation & practice exam 
question, answers provided). L3: 
experiment: blow into cup of salt 
water with a straw & lid; put shells 
in saltwater and vinegar, observe; 
compare strength of shells in 
vinegar for 2 days by piling books 
on top. 

 H 4-5 /yb9djx8b 

Science Bridge  

(UC San Diego) 
Ocean 

Acidification 

Watch footage from Itschia Island 
3x (1min long; teachers might be 
unable to access: Nature.com); 
write observations and what might 
be happening; observe shells that 
sat in vinegar for 6 and 12 hours; 
teacher presents PPT; blow into 
universal indicator, then modify 
with hot/cold/tap water; lecture with 
OA equations; shells in acid lab.  
(record weight of shells and place in 
vinegar for 30 min, strength test 
with books/weights); finish with 
PPT brief mention about food 
webs/why we should care. 
Additional transect activity, but 
unclear directions.  
Resource and material rich, but the 
lab isn't much different from others. 
I like the focus on an active 
research area (biodiversity at seep 
site in Italy), and that it starts by 
watching the video and noting 
differences. Would this lesson 
suggest to some students that OA is 
only a natural phenomenon? 

2011 H 3 /ybng74hp 

Science Learning 
Hub 

Ocean 
acidification 
and eggshells 

Starts with a video of a fast-talking 
scientist talking about OA and 
bryozoans. Then, eggs into water, 
vinegar, and ammonia. Check back 
every day for 3 days. A few 
discussion questions at the end. 

2009  1 /y878wq5h 
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Scientific 
Research and 
Education 
Network 

OA Lesson Plan 

Intro on pH and carbonate (unclear 
on specifics); students drop TUMS 
in water and soda water and 
observe; connect to marine 
organisms and food webs; finish 
with a solutions brainstorm.  
Format hard to follow. Unclear 
what is extra info for the teacher, 
what should be said, and what 
students are doing most of the time. 

 H 1 /y847s8vh 

Scripps 
Institution of 
Oceanography 

Ocean 
Acidification 
Exploration for 
Middle School 
Students 

Part 1- Compare seawater pH to 
common substances using cabbage 
indicator. Part 2- Blow into 
indicator mixed with tap and 
seawater, note rates of change. Part 
3- eggs in vinegar (2 days). Part 4- 
Brainstorm favorite snacks and 
choose the top 6; told it isn't 
available and they have to repick, 
over and over; discussion: What 
would happen to marine animals 
their food goes extinct? What would 
happen to humans?  

Two of the activities are modified 
from OCB labs. 

2013 M 4-5 /yd8ov4k3 

Seawater Acid-
Base 
Chemistry 
and Ocean 
Acidification 

Series of five, 5-E lessons on 
chemistry of OA. Demos include: 
Alka-Seltzer rainbow (add CO2 to 
universal indicator); measuring pH; 
Acid-Base solutions online lab; add 
carbonate sand to distilled and 
seawater (watch pH change); add 
acid/base to distilled and seawater; 
chemical modeling w/ modeling kit; 
hold breath; car exhaust into 
solution; balloon lab (fill balloon 
with air, bubble into seawater, 
measure pH change); candle demo 
(float candles in indicator, light and 
seal, note indicator change); blow 
into indicator; student designed 
experiment on photosynthesis/ 
respiration impact on pH; shells in 
acid lab (measure weight change 
over time); OA brochure project.  

A strong curriculum that considers 
misconceptions. Lots of demos, 
some student experiments. Info on 
OA is dissolution heavy. While 
misconceptions are considered 
throughout, shells dissolve 
misconception is reinforced. 
Chemistry focused. Demos 
reinforce the same idea (adding 
CO2/acid to water changes the pH). 

2013 H 9-12 /y7apbls9 
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Share My Lesson 
Ocean 

Acidification 
Unit 

L1- Brainstorm ways physical 
environment effects them & ways to 
counter effects; discuss how small 
changes matter; then video. L2- 
Discuss impacts to animals (not 
clear what this includes); place 
shells in acid & seawater (for later 
analysis); introduce pH; test pH of 
various solutions. L3- Test reaction 
of HCl with limestone (not clear 
how); teacher discusses reaction; 
students model with Styrofoam 
balls. L4- Dry ice in water, discuss, 
then drink it; blow into water; place 
candle in jar, light and cap jar; 
measure pH. HW- explain OA to 
someone. L5- Beach day: take pH 
readings; list creatures  found; 
make food web with string and cut 
one showing what happens if krill 
die; students draw a food web. 
Week 2 is a list of possible 
questions and ideas to explore.  
Incomplete. I like the final poster on 
developing a plan to limit the 
damage of OA in their community 
(although it is not clear where 
students get this info from or how it 
is evaluated). Lots of activities, but 
how OA is defined and guidance for 
student responses is not provided. 

2017 H 
10-
15 /y9fld328 

SMILE (Oregon 
State 
University) 

Dissolving 
Issues: Ocean 
Acidification 

Early version of shells in acid demo 
with chalk in vinegar. Open a soda 
and funnel CO2 into water; 
measuring pH change. Students 
weigh chalk and place it in tap 
water, tap water with lemon juice, 
and tap water with soda; observe 
and measure pH change. 

2008 H 1 /ycpgv3uq 

Ocean 
Acidification: 
From a 
Geological and 
Chemical 
Perspective 

Examines the role of alkalinity in 
buffering pH change when CO2 is 
added. Students setup 4 cups with 
varying alkalinity; blow into the 
cups with indicator; note time until 
color change.  
Attempts to discuss differing rates 
of change and compares alkalinity 
now versus previous times when 
CO2 levels in the atmosphere were 
high. Might not make a clear 
connection for teachers less familiar 
with these concepts. Doesn't fully 
explain OA. 

2016 H 1 /y7o43wct 
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Stanford 
University 

Virtual Urchin 

Online virtual lab: Intro to OA; 
enter virtual lab to study the effects 
of OA on sea urchin larval growth.  

Emphasizes the process of doing 
science, replicates, sample size, etc., 
in addition to focusing on urchin 
development (and possible 
impacts). Clever way to run  an 
experiment without all the logistics 
of raising larvae in class. Pre-lab 
certification orients students to the 
interface. Good checks for 
understanding. Amount of clicking 
could frustrate some students. 
Lesson plans available on website. 

2008- 
2015 

H 1 /ph6bvwf 

Systems 
Education 
Experiences 

Ocean 
Acidification: 
A Systems 
Approach to a 
Global 
Problem 

A 6-lesson curriculum that uses 
systems thinking to explore OA. 
The emphasis is on inquiry, 
experimental design, and systems 
thinking, with less direct instruction 
on OA itself.  

Uses OA to teach critical thinking 
and systems thinking. Thus, this is a 
higher level, more wholistic 
curriculum. While this curriculum 
takes longer than others, it is a good 
example of NGSS-style learning. 
Students get to design and run their 
own experiments. Extremely 
comprehensive; many supporting 
resources, examples, supplemental 
materials, etc. 

2014 H 
14-
30 /ydeyc36u 

The American 
Biology 
Teacher 

Demonstrating 
the Effects of 
Ocean 
Acidification 
on Marine 
Organisms to 
Support 
Climate 
Change 
Understanding 

Article presenting two versions of 
shells in acid lab in a 5E format. 
L1- Students observe chalk in 
vinegar, weigh the change in weight 
and pH every 5 minutes. Students 
are evaluated by designing and 
evaluating a solution for reducing 
impacts on the environment (no 
guidance on what this could entail 
or how this is evaluated). L2- 
extended experiment where shells 
are placed in a bucket of vinegar-
water for weeks. Shells are weighed 
and observed every week for at least 
3 weeks.  
Well-written and the design allows 
for some inquiry. Reinforces shells 
dissolve misconception. While a 
few examples of data tables are 
shown, actual teaching resources 
(student or teacher) are not. 

2015 H 2 /yd66kd8d 
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Unaffiliated 
Ocean 

Acidification 

Four activities included: L1- collect 
plankton sample with net (or raise 
brine shrimp); talk about food webs 
and cross out shelled zooplankton 
(loss due to OA); cross out some 
fish up the food chain because of 
less food. L2: shells in vinegar. L3: 
Test pH of soft drinks with litmus 
paper. L4: brainstorm ways to 
reduce CO2 emissions. 

I like the plankton investigation at 
the start. The information part of 
these is brief and unclear how 
teachers should implement many of 
the activities beyond activity one. 

 
E, M, 

H 
2 /73wb42h 

UNC Institute for 
the 
Environment 

Using the EATS 
Model to 
Investigate 
Ocean 
Acidification 

Part 1: Read 1 of 3 articles, jigsaw 
with questions to share what they 
learned. Part 2: Discuss: how is 
plankton/photosynthesis important 
to ocean CO2 levels? Discuss 
NASA satellites and unanswered 
questions relating to OA. Watch Sea 
Change videos (Seattle Times); 
keep a list of organisms affected by 
OA; read article. Part 3: NOAA 
Lesson 3 OA (students drop vinegar 
on chalk and watch it 
bubble/dissolve). Part4: Use 
CliMate app, \summarize what is 
happening to ocean temperature, 
salinity, pH, and sea level. Part 5: 
students make graphic organizer to 
link all topics from lessons.  
Discuss: are we doing enough/what 
can we do better to prevent OA?  
Lots of reading, discussion, and 
synthesis, but then uses shells in 
acid lab. Unclear if students ever 
get a concise definition and 
explanation of OA. Underestimates 
timing. Unclear if this was taught. 

2014 H 2.5 /ybz64sbp 



30
 

Organization Resource Title Summary Date Grade Days TinyUrl 

University of 
Gothenburg 

Virtual Marine 
Scientist 

Online lab: students design and run 
their own experiments. Lab 
orientation videos; write short 
project proposal; teacher approves 
project; conduct research (up to 15 
aquariums, three creatures; 4 pH & 
temperatures options; with/without 
feeding). Several variables can be 
measured. Students receive data, 
then interpret.  

Great alternative for OA 
experiments without having to have 
all the aquariums running in an 
actual classroom. Allows students 
to make choices, gather data (from 
real experiments?), and interpret. 
No teacher guidance or instructions, 
no student handouts or materials. 

2013 H  /yd2wzm97 

University of 
Massachusetts - 
Amherst 

Ocean 
Acidification 

Extended case study. L1: intro to 
case studies. L2: pre-quiz of OA 
knowledge; video about Nisbet 
farms moving their oyster hatchery 
to Hawaii. L3: intro to OA process 
(lecture or video); HW: evidence of 
OA effects and/or solutions; next 
day: share findings and choose a 
topic to research as a team. L4: 
draw systems diagram; discuss 
research questions; form 
hypotheses; design study; do 
study/research. L5: generate 
conclusion; prepare communication 
medium (article, poster, video, etc.); 
peer-edit; present. L6- reflect.  

Nicely prepared outline of an 
extended research project on OA. 
Time intensive. Unclear if taught. 

2016 H 
10-

15 /y8cfozfb 
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University of 
Otago 

The Ocean of 
Tomorrow: 
Ocean 
Acidification 
and the 
Marine 
World 

L1: OA survey; discuss. Test pH of 
different solutions. L2: experiment: 
Interactions of photosynthesis and 
respiration; measure temperature, 
dissolved O2, and pH. discussion 
while experiment is running. L3: 
blow into water and record pH 
change with probe; vary water 
temperature. Test how quickly 
snails right themselves with various 
pH and temperatures. L4: 
background on carbonate shell 
formation/dissolution; crushed 
oyster shells in seawater, vinegar, 
and HCl. Examine dead shells; 
estimate time since death by 
comparing weight and size. L5: 
retake survey; compare to public 
responses. Discuss solutions; make 
behavior change poster. Extension-
individual research project.  

Snail turn-over is a unique 
experiment. Reinforces shells 
dissolve misconception. Like the 
poster project. Would like more 
guided responses for teachers. PPT 
presentations seem pretty advanced. 

2017 H 
10-
12 /ydef89cw

University of 
Rhode Island 

Shells in Acid 
Lab 

Variation of shells in acid 
experiment. Shells presoaked in 
vinegar. Students place books on 
top of shells to break them (a 
measurement of strength). Also put 
a shell in a bag and observe it under 
a magnifying glass. Recommends 
putting chalk in carbonated water 
and watching it dissolve in 
minutes.  Discuss what this might 
mean for marine organisms and 
ecosystems, but no clear direction.  

 
E, M, 

H 
1 /yayb2ube 

University of 
Washington 

Oysters and 
Ocean 
Acidification 
Module 

Students analyze data from 
Whiskey Creek Shellfish Hatchery 
to explain how OA is affecting the 
oyster industry. It starts with a 30-
60-minute intro lecture, then there 
are three 60-90-minute sessions 
where students work with data in 
excel and answer questions.  

Advanced, but great way to have 
students working with real data. 

 H 3-5 /ybebb75k 

US 
Environmental 
Protection 
Agency 

Corals and 
Chemistry 

Intro on anthropogenic CO2 
creation, absorption; blow into 
cabbage juice indicator and watch it 
turn color; brief discussion.  

  1 /ycgavxfj 
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Washington Sea 
Grant 

 

A Tale of Two 
Acids' 
Demonstration 
protocol 

Breathe into cabbage indicator to 
show pH change. Meant to clarify 
scope of acidification  expected 
and mentions that the ocean will not 
become acidic  Contrasts change 
from lemon juice vs change from 
blowing (CO2).  

Straightforward demo that starts to 
get at the idea of pH change and just 
what we mean by OA. 

 
M, H, 

G 
<1 /y87gbrtd 

Case Study: Sea 
Urchins, 
Ocean 
Acidification 
and 
Adaptation 

In-depth look at how OA could 
impact sea urchins on the West 
Coast. Focuses on research from the 
Hofmann lab at UCSB on sea 
urchin evolution and includes 
multiple readings (from Seattle 
Times' Sea Change, Nature), videos 
(NBC and AMNH), and the Virtual 
Urchin online lab.  

Meant for advanced students as a 
follow up to information already 
learned. Reinforces ideas of 
evolution, genetic variability, and 
explores the more complex 
possibilities of responses to OA. 
Readings would be challenging.  

2014 H 3-5 /y8vrl73e 

Crossing 
Thresholds 
Demonstration 
Protocol 

Drop ice into root beer to 
demonstrate normal variation and 
how rampant CO2 adds onto that. 
Attempts to address how a small 
change can matter even in the 
context of larger natural variation.  
Abstract; unclear whether the key 
idea would be understood. Good 
sources provided about how small, 
long-term shifts can be a problem 
despite large short-term variation. 

 
M, H, 

G 
<1 /ycc4nhcv 

Hold Your 
Breath 
Activity 

Short demo where crowd holds 
breath and presenter explains that a 
small change in blood pH has 
significant repercussions for 
humans.  
Low-cost way to show people that 
small changes in pH can matter. 
But, the reason and process behind 
our body responding to pH changes 
is different than the reasons OA is a 
concern, and this is not stated. 

 
M, H, 

G 
<1 /yaydd7u5 

Shells on Acid 
Demonstration 
Protocol 

Drop shell into vinegar and watch it 
bubble. Reinforces shells dissolve 
misconception. 

 
M, H, 

G 
<1 /ya8yme2m 
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Windows to the 
Universe 

Changing Planet: 
Ocean 
Acidification - 
The Chemistry 
is Less than 
Basic! 

Part 1: mix baking soda and vinegar 
to create CO2 (confusing 
procedure); transfer to test tube; 
watch indicator change color. Part 
2: Blow into indicator to show that 
animals are a source of CO2. Part 3: 
Put elodea (plant) in indicator for 
24 hours in dark; examine color 
change. Part 4: Leave elodea tube 
unwrapped and watch color change 
back. Part 5: Collect car exhaust in 
balloon, use straw to bubble this 
into indicator to change color. Part 
6: Blow into indicator; add crushed 
shell to watch dissolution. Answer 
some questions, then interpret graph 
of CO2 in atmosphere and ocean 
and pH.  

Unclear lesson progression. 

2011 M, H 2 /y9cgpl8c 

 

CURRICULUM MERIT REVIEW 

GENERAL FEATURES 

Publication Date 

Nearly half (n=42) of all resources did not list a publication date. Considering the rapid 

increase in scientific knowledge on ocean acidification, this lack of publication date made it more 

difficult to gauge whether the resource utilizes the most relevant scientific information.  

Target Audience 

Most (n=74) resources focus on a middle or high school audience (n= 31 high school 

only, n= 8 middle school only), and 14 do not specify an intended audience. While 22 resources 

state a possible elementary audience, no resource was designed solely for an elementary school 
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audience (thus, elementary resources listed are intended for elementary and middle or high school 

audiences as well). Additionally, six resources state they are for a general audience; four of these 

were demonstrations from Washington Sea Grant, one was from the Birch Aquarium, and one 

was from Lawrence Hall of Science.  

Duration 

The time required varied widely for instructional resources on ocean acidification. The 

shortest resources required <10 minutes while the longest needed over four weeks of class time. 

Over half (n= 47) of resources were designed to last one to two days, 14% (n= 13) lasted <1 day, 

20% (n= 18) lasted 3-5 days, and 11% (n= 10) took more than a week.  

CURRICULUM CONTENT 

Instructor Background 

Nearly two-thirds of resources (n= 57) included some amount of background information 

for teachers (see Table 2.2). The content or completeness of the background information was not 

evaluated. If a resource provided links to other sources of information but did not include a 

summary of OA, this was not considered providing instructor background. 

Key Points 

Only 10% (n= 9) or resources include key points. Thus, many resources presented 

background information but did not help teachers distill the background science into the most 

important messages about ocean acidification. Key points help establish the goals for the 

lesson/curriculum. This is especially important when multiple, complex ideas are introduced. 

Variations on a Few Themes 

While there are numerous instructional resources available to teach about OA, most 

include one or more of these key components: (i) CO2 lowers the pH of solutions; (ii) calcium  
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Table 2.2 - Curriculum merit review: curriculum content. 
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Percent Checked (n= 90) 63 10 53 49 11 14 7/322 27 

Aquarium of the Bay HS Chemistry Resource         

Around the Americas Coral, CO2 & Calcification         

Bermuda Institute of 
Ocean Sciences 

         

Better Lesson 

Acid Alert!         

Acid Oceans part 1 & 2         

The Chemistry of          

BIOACID  Ocean Acidification: The 
Other CO2-  

       

Birch Aquarium Got Shells?        

British Columbia 
Teachers Federation 

Exploring OA         

Bureau of Ocean Energy 
Management 

Lesson 4 - OA and Its 
Effect on Lophelia       

 
 

California Academy of 
Sciences 

Ocean Acidification Mock 
Conference         

CarboSchools 

Atmospheric CO2 can 
produce OA 

        

Comparison of the Effects 
of Increased CO2  

        

Interaction at the Air-Water 
Interface II 

        

pH Regulation of 
Seawater  

        

Uptake of CO2 from Water 
by Plants 

        

Carnegie Mellon 
University 

Ocean Acidification         

Center for Microbial 
Oceanography: 
Research & Education 

C-More Science Kits: OA         

Centers for Ocean 
Sciences Education 
Excellence 

Ocean Acidification   
 

     

Centers for Ocean 
Sciences Education 
Excellence

OA Demonstration        

Oceanic Carbon Chemistry 
and pH Relationship  

       

pH, Carbon Cycle and OA       

Shells and the Impacts of 
OA 

       

Channel Islands National 
Park/ Marine Sanctuary 

Ocean Acidification 
Curriculum         
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Percent Checked (n= 90) 63 10 53 49 11 14 7/322 27 

Cool Australia 

Acid oceans         

Blue: OA Science         

Blue: Ocean changes 
affecting coral reefs 

        

Weather Makers: Oceans & 
Sinks 

        

Weather Makers: 
Understanding OA 

        

CPALMS (Florida State 
University) 

Changing World Oceans - 
An OA Simulation  

       

Creative Discovery 
Museum 

Ocean Acidification   
 

     

Digital Explorer 
Frozen Oceans: An OA 

Case Study for GCSE 
Science 

        

EarthLabs - 

Carleton College 
Lab 7: Ocean 

Acidification  
       

Exploratorium 
Ocean acidification in a cup         

Shell Shifts        

Hawai`i Institute of 
Marine Biology 

Engaging Students in the 
Pacific and Beyond          

International Fund for 
Animal Welfare 

Climate Change and the 
Marine Environment: 
Lesson 2: Ocean Acidity 

    
 

   

Jonathan Bird's Blue 
World 

Coral Reefs in Danger: 
Ocean Acidification 
Lesson 

        

Lawrence Hall of Science Ocean Acidification!        

Massachusetts Marine 
Educators 

pH, CO2, and Ocean 
Acidification         

MERITO Academy Marine Osteoporosis        

Mission Science 
Workshop 

Breathing Blue    
 

  
 

 

Monterey Bay Aquarium 
The Power of pH: 

Changing Ocean 
Chemistry 

       
 

Monterey Bay Aquarium 
Research Institute 

Ocean Acidification: Is 
there a problem?       

 
 

National Oceanic and 
Atmospheric 
Administration 

Acidification: What does it 
mean for oysters?   

 
     

Climate Change "The Heat 
Is On"         

Help Nemo Find His         
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Percent Checked (n= 90) 63 10 53 49 11 14 7/322 27 

Home! 

Lesson 3: Ocean 
Acidification 

Marine Osteoporosis 

OA experiment: Impacts of 
carbonated seawater on 
mussel and oyster shells 

OA Toy Car Activity 

Ocean Acidification: 
Building Blocks of the 
Sea 

Ocean Acidification: pH 
and the Ocean's Balance 

OA: Plotting the Dangers 

OA: Rugose Reef Tag 

Off Base 

Whale Jenga: A Food Web 
Game 

National Socio-
Environmental 
Synthesis Center 

A case study on Ocean 
Acidification 

New Jersey Sea Grant The Basics of OA 

North American Marine 
Environment Protection 
Association 

Ocean Acidification - 
Extended 9-12 Lesson 

OAR Northwest Lesson 3.2 OA 

Ocean Carbon & 
Biogeochemistry 
Project 

Ocean Acidification Lab 

Pulitzer Center The Effects of OA 

Royal Geographical 
Society 

Ocean acidification 

Science Bridge  

(UC San Diego) 
Ocean Acidification 

Science Learning Hub OA and eggshells 

Scientific Research and 
Education Network 

OA Lesson Plan 

Scripps Institution of 
Oceanography 

OA Exploration for Middle 
School Students 

Seawater Acid-Base 
Chemistry and OA 
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Percent Checked (n= 90) 63 10 53 49 11 14 7/322 27 

Share My Lesson Ocean Acidification Unit 

SMILE (Oregon State 
University) 

Dissolving Issues: OA 

OA: From a Geological and 
Chemical Perspective 

Stanford University Virtual Urchin 

Systems Education 
Experiences 

OA: A Systems Approach 
to a Global Problem 

The American Biology 
Teacher 

Demonstrating the Effects 
of OA on Marine 
Organisms  

Unaffiliated Ocean Acidification 

UNC Institute for the 
Environment 

Using the EATS Model to 
Investigate OA 

University of Gothenburg Virtual Marine Scientist 

University of 
Massachusetts - 
Amherst 

Ocean Acidification 

University of Otago 
The Ocean of Tomorrow: 

OA & the Marine World 

University of Rhode 
Island 

Shells in Acid Lab 

University of Washington Oysters and OA Module 

US Environmental 
Protection Agency 

Corals and Chemistry 

Washington Sea Grant 

 

A Tale of Two Acids'  

Case Study: Sea Urchins, 
OA & Adaptation 

Crossing Thresholds  

Hold Your Breath Activity 

Shells on Acid' Demo 

Windows to the Universe Changing Planet  
1 Solutions options were: yes, somewhat, and no. All other categories were dichotomous (Yes/No). 2 Listed as % fully 
addressing solutions/ % somewhat addressing solutions to ocean acidification. 
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carbonate (shells, chalk, eggshells, sand) dissolves in acidic solutions; (iii) alkalinity buffers pH 

changes; and (iv) a basic introduction to pH via testing the pH of familiar solutions. 

CO2 Acidifies Water 

A majority (53%) of resources included at least one demonstration showing that CO2 

added to water lowers the pH. There were differing ways to show this; 33 resources have students 

blow through a straw into a solution and watch the pH change (via an indicator, pH strips, or pH 

probe), seven use dry ice as the CO2 source, seven mix baking soda with vinegar to form CO2, 

one uses a CO2 canister for a bike pump, two use CO2 gas released from a soda bottle, and 11 use 

combustion (typically a candle, but two use car exhaust). 

CaCO3 Dissolves in Acids 

Nearly half (49%) of resources included a demonstration or lab that involved placing 

calcium carbonate, typically marine shells, chalk, or eggs, into an acid (vinegar). The length of 

this demo/experiment varied from <10 minutes to 4 weeks (checking 1x/week), and the ways of 

measuring dissolution also varied. This was used to show the impact of ocean acidification on 

shelled organisms, and usually came with no caveats. Sometimes students are asked after 

What does this imply about how ocean acidification will impact marine 

or  

Alkalinity Buffers pH Changes 

Some resources (11%) included a demonstration that alkalinity buffers pH changes (pH 

changes are less severe or take longer). Typically, this was done by having students blow into 

solutions of ionized, tap, and seawater and recording how long it took for the color to change (via 

indicator) or to record how much of a change in pH occurred over a constant period of time. Few 

resources connected this concept back to OA. They didn't explain why it matters that alkalinity 

buffers pH. These lessons imply that the ocean should be okay because of its buffering capacity. 

At least one resource compares the current ocean to periods in the past when CO2 was high, but 

alkalinity was also high at that point in history. As far as I could tell, none point out how 

alkalinity varies across the globe, nor do they discuss what this means (some locations with lower 

alkalinity will likely see greater acidification. Additionally, places with higher alkalinity may 

appear more resilient to OA since saturation states are higher in those locations. 
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pH of Household Solutions 

One other common approach (14%) was to introduce pH by testing the pH of various 

solutions like lemon juice, soda, water, soap, etc. It is likely that more classrooms use this lab but 

simply do not relate it back to ocean acidification. Most resources introduce pH as ranging from 

0-14, acids are <7, bases are >7. Only a few introduce [H+]; very few explore pH quantitatively. 

Addresses Solutions to Ocean Acidification 

Most resources (60%) do not mention actions that could reduce or limit ocean 

2

mention 

ways to address OA, most include a short brainstorm or discussion using variations of the prompt, 

W

handout. Often these discussions or questions are toward the end of a lesson/handout. If teachers 

are short on time, this is the piece that will likely get cut. Additionally, many resources lack 

guidance for the teacher on what could/should be included in the discussion. Of the few resources 

that do provide suggestions for what can be done to reduce OA and/or its impacts, little 

explanation is provided for why those actions, and not others, were selected. 

Links to Fear-Based Video 

At least 24 resources link to National Resource Defense Council's "Acid Test" video and 

at least one links to "Lethal Seas," by NOVA, as a source of information on the topic. While both 

videos include several scientists who are actively engaged in ocean acidification research, they 

rely heavily on fear-based messaging and highly charged language. 

Evaluation of Resource 

Very few (8%, n=7) resources report evaluating the effectiveness of the teaching 

materials (see Table 2.3). While it is likely more were evaluated, at least informally, this is not 

made explicit. Of those resources reporting evaluation, two CarboSchools experiments say they 

surveys.  
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Percent Checked (n= 90) 8 6 29 50 30 33 601 
Aquarium of the Bay HS Chemistry Resource         

Around the Americas Coral, CO2 & Calcification       n/a 
Bermuda Institute of 

Ocean Sciences 
        

Better Lesson 
Acid Alert!         
Acid Oceans part 1 & 2        
The Chemistry of         

BIOACID  Ocean Acidification: The Other CO2-
 

       

Birch Aquarium Got Shells?      n/a 
British Columbia 

Teachers 
Federation 

Exploring OA   
 

    

Bureau of Ocean 
Energy 
Management 

Lesson 4 - OA and Its Effect on Lophelia        

California Academy 
of Sciences 

Ocean Acidification Mock Conference        

CarboSchools 

Atmospheric CO2 can produce OA        
Comparison of the Effects of Increased CO2         
Interaction at the Air-Water Interface II        
pH Regulation of Seawater   ?      
Uptake of CO2 from Water by Plants  ?      

Carnegie Mellon 
University 

Ocean Acidification        

Center for Microbial 
Oceanography: 
Research & 
Education 

C-More Science Kits: OA  Survey2      

Centers for Ocean 
Sciences Education 
Excellence 

Ocean Acidification        
OA Demonstration       n/a 
Oceanic Carbon Chemistry and pH 

Relationship  
  

 
    

pH, Carbon Cycle and OA        
Shells and the Impacts of OA        

Channel Islands 
National Park/ 
Marine Sanctuary 

Ocean Acidification Curriculum        

Cool Australia 

Acid oceans        
Blue: OA Science        
Blue: Ocean changes affecting coral reefs        
Weather Makers: Oceans & Sinks        
Weather Makers: Understanding OA        

Table 2.3 - Curriculum merit review: evaluation, objectives, and comprehensiveness. 
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CPALMS (Florida 
State University) 

Changing World Oceans - An OA Simulation        

Creative Discovery 
Museum 

Ocean Acidification        

Digital Explorer 
Frozen Oceans: An OA Case Study for GCSE 

Science        

EarthLabs - 

Carleton College 
Lab 7: Ocean Acidification       n/a 

Exploratorium 
Ocean acidification in a cup       n/a 
Shell Shifts       n/a 

Hawai`i Institute of 
Marine Biology 

Engaging Students in the Pacific and 
Beyond   Survey2 

 
   

 
International Fund 

for Animal 
Welfare 

Climate Change and the Marine Environment: 
Lesson 2: Ocean Acidity        

Jonathan Bird's Blue 
World 

Coral Reefs in Danger: Ocean Acidification 
Lesson        

Lawrence Hall of 
Science 

Ocean Acidification!        

Massachusetts 
Marine Educators 

pH, CO2, and Ocean Acidification        

MERITO Academy Marine Osteoporosis        
Mission Science 

Workshop 
Breathing Blue       

 
Monterey Bay 

Aquarium 
The Power of pH: Changing Ocean Chemistry        

Monterey Bay 
Aquarium 
Research Institute 

Ocean Acidification: Is there a problem?    
 

   

National Oceanic and 
Atmospheric 
Administration 

Acidification: What does it mean for oysters?        
Climate Change "The Heat Is On"        
Help Nemo Find His Home!        
Lesson 3: Ocean Acidification        
Marine Osteoporosis        
OA experiment: Impacts of carbonated 

seawater on mussel and oyster shells       n/a 

OA Toy Car Activity        
Ocean Acidification: Building Blocks of the 

Sea   
 

    

Ocean Acidification: pH and the Ocean's 
Balance        

OA: Plotting the Dangers        
OA: Rugose Reef Tag        
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Off Base        
Whale Jenga: A Food Web Game        

National Socio-
Environmental 
Synthesis Center 

A case study on Ocean Acidification        

New Jersey Sea 
Grant 

The Basics of OA        

NAMEPA OA - Extended 9-12 Lesson        
OAR Northwest Lesson 3.2 OA        
OCB Project Ocean Acidification Lab        
Pulitzer Center The Effects of OA       
Royal Geographical 

Society 
Ocean acidification        

Science Bridge  

(UC San Diego) 
Ocean Acidification        

Science Learning 
Hub 

OA and eggshells        

Scientific Research 
and Education 
Network 

OA Lesson Plan        

Scripps Institution of 
Oceanography 

OA Exploration for Middle School Students       n/a 
Seawater Acid-Base Chemistry and OA        

Share My Lesson Ocean Acidification Unit        

SMILE (Oregon 
State University) 

Dissolving Issues: OA        
OA: From a Geological and Chemical 

Perspective        

Stanford University Virtual Urchin        
Systems Education 

Experiences 
OA: A Systems Approach to a Global 

Problem  Survey2      

The American 
Biology Teacher 

Demonstrating the Effects of OA on Marine 
Organisms         

Unaffiliated Ocean Acidification        
UNC Institute for the 

Environment 
Using the EATS Model to Investigate OA        

University of 
Gothenburg 

Virtual Marine Scientist        

University of 
Massachusetts - 
Amherst 

Ocean Acidification        

University of Otago 
The Ocean of Tomorrow: OA & the Marine 

World  Survey2 
 

    

University of Rhode 
Island 

Shells in Acid Lab        
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University of 
Washington 

Oysters and OA Module  Survey2  
 

   

US Environmental 
Protection Agency 

Corals and Chemistry        

Washington Sea 
Grant 

 

A Tale of Two Acids'        n/a 
Case Study: Sea Urchins, OA & Adaptation        
Crossing Thresholds        n/a 
Hold Your Breath Activity       n/a 
Shells on Acid' Demo       n/a 

Windows to the 
Universe 

Changing Planet         

1 Twelve resources did not require student materials. 2 Surveys were administered before and after instruction. 
 

(note- we distinguish between evaluating student learning (assessments) and evaluating the 

quality of a teaching resource. This section refers to resource evaluation.)  

Objectives 

Measurable 

Only 29% of resources had measurable objectives. A measurable teaching objective is an 

indicator for what students should be able to do by the end of the lesson that includes an action 

verb that can be measured or evaluated. Two unmeasurable action verbs commonly used in 

reso

 

Standards-Aligned 

Half of all resources include objectives that were aligned to standards. It is worth noting 

that some resources were aligned to standards that are no longer in use (e.g., the old national 

science standards).  
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Comprehensiveness 

Resources were evaluated for their comprehensiveness, meaning they included necessary 

teacher and student facing materials. For a resource to be considered as including teacher 

materials, it needed to have a lesson plan/outline, a sample script or presentation (suggestions for 

what could be said), and answers to discussion questions/answer keys for student handouts. Only 

30% of resources were comprehensive by this metric. Most often, resources lacked answers to 

discussion questions or an answer key, making it difficult for teachers less familiar with the 

subject to confidently guide students. In contrast, 60% of resources included student materials. 

 

student resources. If no information was to be recorded (e.g., informal demonstrations), this was 

n/a.  


