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LEARNER OUTCOME(S)

ASSESSMENT TOOLS/METHODS

Students will be able to utilize data from an online e Students will be able to accurately complete the Acid Ocean

lab simulation to describe the basic climate change Guiding Questions.

chemical reactions that impact ocean ecology. e Write/type a summary of their experiment and what they learned
(Inquiry based) and implications.

e Extension activity: Common Core Achieve: Mastering Essential
Test Readiness Skills (Science): Chapter 2: Ecosystems

LEARNER PRIOR KNOWLEDGE

Basic chemistry and understanding of equations the ability to read and interpret graphs.
Definition of standard deviation, replicate, hypothesis, pH, acid, base, reactant, product.

INSTRUCTIONAL ACTIVITIES

Display What is Ocean Acidification? showing a couple of photos
of changes, ask students what they think are the causes and what
is happening?

Students today hear a lot about climate change and its impact on
the world. Explain that today we are going to use an ocean lab
online to explore that topic and do some investigating ourselves.
Some students may be resistant to this as they don’t believe in
climate change but we are using it as tool to follow procedures, be
precise and perform technical tasks which are important for the
GED test and in everyday life-jobs etc. Elicit responses where
these details are important.

Have students find a partner to work with. They will need paper to
take notes on as they navigate through the lab. First start in part 1
which is an interactive slideshow, Our Acidifying Ocean, giving a

RESOURCES

Computer with Internet access

Projector, ability to project

What is Ocean Acidification? (n.d.). Retrieved from
http://www.pmel.noaa.gov/co2/story/What+is+Ocean+Acid
ification%3F

Paper for student use
Computers with Internet access for student use

Our Acidifying Ocean. (n.d.). Retrieved from
http://www.stanford.edu/group/inquiry2insight/cgi-bin/vu-
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brief overview of climate change. Make sure students fill out the
Acid Ocean Guiding Questions because there are additional
guestions.

Upon completing the slide presentation have students continue
onto part 2 of the lab where they will collect, record and analyze
their information on the Acid Ocean Guiding Questions. As the
students go through the process they will need to follow the steps
carefully.

As groups complete all three parts they should compare notes with
their partner and discuss what their results and implications and be
prepared to share with the entire class.

Have the entire class come together and share their results and
what they learned. Did anything surprise them? Be sure to discuss
guestions listed in part 3 of the online lab experiment.

For homework they can write/type a summary of their experiment
and what they learned and implications.

Extension activity: Common Core Achieve: Mastering Essential
Test Readiness Skills (Science): Chapter 2: Ecosystems

rla/vu.php?view=acidocean

Student copies of Acid Ocean Guiding Questions

Guiding Questions: Acid Ocean. (n.d.). Retrieved from
http://betterlesson.com/lesson/resource/3102287/quiding-
questions-acid-ocean

Common core achieve: Mastering essential test
readiness skills (Science). (2015). Columbus, OH:
McGraw-Hill Education.

DIFFERENTIATION

Pair a high and low student together would be beneficial.

Additional support with vocabulary may be necessary definitions could be supplied.

Reflectio

TEACHER REFLECTION/LESSON EVALUATION

| would advise to teach a lesson on the carbon cycle and basic information about acids and bases. This could be done prior to

the lesson or stop during the lesson to teach the concepts.
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¢ | recommend going through the lab prior to class just to see what it is and you can anticipate any problems. It was fun!!

e Two suggestions if a student has difficulty with the lab.

o When students have successfully completed a procedure step, they will be able to move to the next step. It they come
to you saying the website won't let them move on, that means they haven't completed that step correctly yet.

o If students struggle to figure out how to complete the step correctly, hints are displayed in a box on the bottom of the
screen to assist them. When they have made the necessary adjustments, the next step of the procedure will be
highlighted and they will be able to complete the next task in the sequence.

ADDITIONAL INFORMATION

This lesson was adapted from Acid Alert! The Effects of Climate Change on Ocean Ecology

Laws, M. (n.d.). Acid Alert! The Effects of Climate Change on Ocean Ecology. Retrieved from
http://betterlesson.com/lesson/619740/acid-alert-the-effects-of-climate-change-on-ocean-ecology
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Acid Ocean

Purpose: Acid Ocean is an inquiry-based virtual lab designed to investigate how ocean

acidification could impact marine organisms.

Objectives:

1) Students will be able to explain how increasing levels of carbon dioxide in the air is resulting
in the acidification of our oceans. .

2) Students will use a virtual lab bench to set up an experiment to compare the development of
sea urchin larva in pH 8.2, the average pH in today’s oceans, and pH 7.7, the pH projected
for 2100. They will “conduct” an experiment that could not be done in a typical high school
lab setting.

3) Students will analyze authentic research data and measure changes larva to see possible
effects of climate change.

4) Students will evaluate the significance of individual and class data.

Vocabulary: hypothesis, pH, acid, base, reactant, product, scenario, replicate, standard deviation

Procedure: Use the virtual lab to answer these questions as you navigate through parts 1, 2, and 3

Part1

1. What does the graph of data from the Moana Loa lab indicate about the level of CO, in the
atmosphere in 1960 compared to the present?

2. The more concentrated the carbon dioxide in the atmosphere, the more CO2 will dissolve in
the oceans, and the more acidic the oceans will become. That means that the pH will be:

a) lower b) higher ¢) remain the same

3. On the pH scale: isneutral. The most acidic is

The most basic/alkaline is

4. The chemical equation CO, + H,O ----- > HoCO; shows the reaction that influences ocean
acidification. Here is the equation in words:

Carbon dioxide + water produces carbonic acid.

What is/are the reactant(s)?

What is/are the products?
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Part 3

11. List your data and the complete data set in the charts below.

Your data
pPH 7.7 pH 8.1

Replicate A
Replicate B
Replicate C
Average
Standard deviation

Your data Complete data set
Treatment pH 7.7 pH 8.1 pPH 7.7 pPH 8.1

Average

Standard deviation

12. Please explain the importance of the data in this experiment. How do the arms of the larva
in pH 7.7 compare to the larva in 8.1?

Why might it be significant that larva in one group have shorter arms than those in the
other group?

13. What can we do to decrease the trend of acidification in the world’s oceans.
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Purpose: Acid Ocean is an inquiry-based virtual lab designed to investigate how ocean /

acidification could impact marine organisms.

Objectives:

1) Students will be able to explain how increasing levels of carbon dioxide in the air is resulting
in the acidification of our oceans. -

2} Students will use a virtual lab bench to set up an experiment to compare the development of
sea urchin larva in pH 8.2, the average pH in today’s oceans, and pH 7.7, the pH projected
for 2100. They will “conduct” an experiment that could not be done in a typical high school

1ab setting,

3) Students will analyze authentic research data and measure changes larva to see possible
effects of climate change.

4) Students will evaluate the significance of individual and class data.
Vocabulary: hypothesis, pH, acid, base, reactant, product, scenario, replicate, standard deviation

Procedure: Use the virtual lab to answer these questions as you navigate through parts 1, 2, and 3

Parti
1. What does the graph of data from the Moana Loa lab indicate about the level of CO, in the

atmosphere in 1960 comPared to the present? - \‘ .
T (e ot O’L WS much LDW H’\@V\ l‘} 1S ’[’Dc&a‘;//
45 Mo Moare Lace o shows.

2. The more concentrated the carbon dioxide in the atmosphere, the more CO2 will dissolve in
the oceans, and the more acidic the oceans will become. That means that the pH will be:

_ a) Jower b} higher  c¢) remain the same

3. On the pH scale: | 7 {_isneutral. The most acidic is ﬁ )

The most basic/alkaline is ‘

4. The chemical equation CO, + H:0 ~---> HoCO; shows the reaction that influences ocean
acidification. Here is the equation in words:

Carbon dioxide + water produces carbonic acid.

What is/are the reactant(s)? Ca 4 l@D\A d (.OY(\C((L v ﬂll‘f,/’
r T

What is/are the products? Cﬁ me’\z ML\AN




Pari 3
11, List your data and the complete data set in the charts below.

Your data
pH 7.7 PH 8.1
Replicate A H 720 570
Replicate B L S0 Z 0.0
Replicate C HUO 0
Average L,“-/Z o 507
Standard deviation 20 . b [ J’@
: # & dade i e
Your data Complete data set
Treatment pH 7.7 pH 8.1 pPH 7.7 pH 8.1

2

| Average L/L(’ 7 5 O ? L/ 5 }, 9 )f;;} ;;{

Standard deviation 20’ é / f) ‘/ 2 y, ,;) 7 &?’ 2
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- 12, Please explain the importance of the data in this experiment. How do the arims of the larva
in pH 7.7 compare to the larva in 8.1?
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4. Please use the page “Exploring carbon levels and effects” to answer these questions.
How old will you be in 20507 6{‘>
The most pessimistic scenario prédicts an ocean pH of 7'4 in 2050.

The most optimistic scenario predicts an ocean pH of A G In 2050.

What things will deter 1ne whlch scenario will be correct? -
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6. What is the model orgamsm in the virtual experiment, & why was this organism ¢ osen.?
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Purpose: Acid Ocean is an inquiry-based virtual lab designed to investigate how ocean

acidification could impact marine organisms.

Objectives:

1) Students will be able to explain how increasing levels of carbon dioxide in the air is resulting
in the acidification of our oceans. :

2} Students will use a virtual lab bench to set up an experiment to compare the development of
sea urchin larva in pH 8.2, the average pH in today’s oceans, and pH 7.7, the pH projected
for 2100. They will “conduct” an experiment that could not be done in a typical high school
lab setting.

3) Students will analyze authentic research data and measure changes larva to see possible
effects of climate change.

4) Students will evaluate the significance of individual and class data.

Vocabulary: hypothesis, pH, acid, base, reactant, product, scenario, replicate, standard deviation

Procedure: Use the virtual lab to answer these questions as you navigate through parts 1, 2, and 3

Part1

1. What does the graph of data from the Moana Loa lab indicate about the level of CO, in the
atmosphere in 1960 compared to the present?

e veutd of Q04 14 twe dhmesdNi? in \UGpy 1S Siqni€icant by

\owey Lo ik of e pletent.

2. The more concentrated the carbon dioxide in the atmosphere, the more CO2 will dissolve in
the oceans, and the more acidic the oceans will become. That means that the pH will be:

Iower b) higher c) remain the same

3. OnthepHscale: "t isneutral. The mostacidicis_ O

The most basic/alkaline is 14

4. The chemical equation CO. + HoQ ----- > H.CO; shows the reaction that influences ocean
acidification. Here is the equation in words:

Carbon dioxide + water produces carbonic acid.

What is/are the reactant(s)? _Cuivon sioriae & wared

What is/are the products? _ (arvonic _ acia




4. Please use the page “Exploring carbon levels and effects” to answer these questions.

How old will you be in 20507 __44

The most pessimistic scenario predicts an ocean pH of 2,90 __in 2050.
The most optimistic scenario predicts an ocean pH of __%. 46 _in 2050.
What things will determine which scenario will be correct?
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5. Use the drawing of the ocean chemistry “Carbon in water” to predict the effect of increasing
acidification on calcifying organisms.
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9. Why are there 3 replicates of cultures for each pH?
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Part 3

11. List your data and the complete data set in the charts below.

Your data
pH 7.7 pH 8.1
Replicate A A0 515
Replicate B Ueh €Uy
Replicate C 49y S%o
Average | 4uy 5%
Standard deviation 351y Vo.M pm
Your data Complete data set
Treatment pH 7.7 pH 8.1 pH 7.7 pH 8.1
Average U4l <9g usy. 9 g3, 6
Standard deviation 15 \pm 0o o 48 ap- | a%.aym

-k

12. Please explain the importance of the data in this experiment. How do the arms of the larva
in pH 7.7 compare to the larva in 8.1?
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Why might it be significant that larva in one group have shorter arms than those in the
other group?
Y\rﬂ‘ﬁ "Migine eve Yed T Al Was ecasse Kne eefbon dleride v Awvie woler it

kH:cUn'no) Waeir edonity,  feo osfow | se o vowed P makes  Nlhe torva's e

SVOYELY . \n o pmore  SROsle  Londibion  witv Ness (D5 L and o Niaw o \ ke

AL S EVTURRT-Y € S T PR Voo dederope % Qﬁ({)u—' «\o(moM.

13. What can we do to decrease the trend of acidification in the world’s oceans?
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