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Overview 
 
Ocean FEST (Families Exploring Science Together) family science nights feature hands-on ocean-
themed science activities for students in grades 3–6 and their families. We have two main goals: 

(1) To educate participants about ocean and earth science issues that are relevant to their 
communities; and  

(2) To inspire students – especially those from underrepresented groups – to pursue careers in the 
ocean and earth sciences. 

 
This packet provides teachers with detailed information so they can confidently conduct Ocean FEST 
activities with their students, or continue conversations with their students following an Ocean FEST 
event. All activities are aligned with Hawai‘i Content and Performance Standards.  
 
Ocean FEST is based on the research of the Center for Microbial Oceanography: Research and 
Education (C-MORE) and the Hawai‘i Institute of Marine Biology (HIMB). Both of these 
organizations are based at the School of Ocean and Earth Science and Technology (SOEST) at the 
University of Hawai‘i at Mānoa. 
 
 
Acknowledgments: Program funding is provided by National Science Foundation (NSF) Award 
#0914317 (Barbara Bruno, PI). We would also like to acknowledge the grants that provide salary salary 
support for Barbara Bruno (C-MORE; NSF #0424599), Michelle Hsia (Ocean FEST; NSF #0914317), 
and Carlie Wiener (COSEE Island Earth). We are indebted to Art and Rene Kimura, whose program of 
space-themed family science nights serves as our model.  
 
 
Additional information is available through our organizations' websites: 
 

Ocean FEST 
http://oceanfest.soest.hawaii.edu/ 
 
Center for Microbial Oceanography: Research and Education (C-MORE) 
http://cmore.soest.hawaii.edu/education.htm 
 
Hawaii Institute of Marine Biology 
http://www.hawaii.edu/himb/education.html 
 
COSEE-Island Earth 
http://www.cosee-ie.net 

 

 



 4

Meet the Instructors 
 
 
Barbara Bruno  
Barb is a geologist. She has done fieldwork on volcanoes in 
Hawai‘i, Italy and Iceland, and at the astronomical 
observatory atop Mauna Kea. She is on the faculty of the 
School of Ocean and Earth Science and Technology 
(SOEST) at the University of Hawai‘i at Mānoa and serves 
as C-MORE's Director of Education. Barb enjoys camping 
and hiking, and is on the trail maintenance crew for the 
Hawai‘i Trail and Mountain Club.  
  

 
 

 
 
Michelle Hsia  
Michelle is an ocean scientist and educator at SOEST. She 
had the opportunity to spend six weeks collecting and 
studying ocean samples while living on-board a 138-foot tall 
ship in the Caribbean Sea. Michelle likes to run, surf, and 
watch sports games! She has run eleven marathons while 
fundraising for the Alzheimer’s Association. 
 
 
 

 
 
 

 
 
Carlie Wiener 
Carlie is the program manager for COSEE Island Earth 
based at the University of Hawai‘i. She is also pursuing her 
Ph.D. at York University. Carlie has been working in marine 
education for over seven years. She has been fortunate 
enough to visit Papahānaumokuākea Marine National 
Monument, one of the largest marine protected areas in the 
world. Carlie loves to surf, practice yoga, and spend as much 
time in the ocean as she can. 
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About the Research Basis of Ocean FEST  
 

The Center for Microbial Oceanography: Research and 
Education (C-MORE) is a multi-institutional National 
Science Foundation Science and Technology Center based at 
the University of Hawai‘i at Mānoa. C-MORE explores the 
largely unknown and fascinating world of marine microbes. 
Marine microbes were the first life forms on Earth and they 
live in every environment imaginable. This is a good thing, 
because we couldn’t live without them. Microbes form the 
base of the food web, they are our planet’s primary 
decomposers, and they produce about half the oxygen that we 
breathe. They also help keep our planet cool by consuming 
carbon dioxide, a greenhouse gas. Part of C-MORE’s research 
focuses on understanding the vitally important role of marine 
microbes in critical issues like global climate change and 
ocean acidification.        http://cmore.soest.hawaii.edu 
 

C-MORE’s education program is “K through grey”.  
Graduate students and post-doctoral fellows come from all 
over the world to study at C-MORE institutions in Hawai‘i 
and on the mainland. Undergraduate students throughout the 
University of Hawai‘i (UH) system conduct research in a 
variety of ocean and earth science fields through the C-
MORE Scholars internship program. Please visit our website 
and click on Education & Outreach to get involved!  
Through our online educational games and activities, students 
can learn about microbes and enter a raffle to win a giant 
microbe stuffed toy. The K-12 Teachers section has great 
resources to learn more about microbes and to find out about 
the latest opportunities, some of which are listed below. 
 

Grants for Education in Microbial Science (GEMS) 
One way to integrate microbial oceanography into your 
curriculum is by working with a scientist at C-MORE 
and/or the University of Hawai‘i at Mānoa. GEMS are 
grants (up to $1500) awarded to K–12 teachers and 
informal educators to foster awareness in microbial 
science. Funds have been awarded for materials and 
supplies to conduct Ocean FEST activities, shipboard 
experiences and other field trips, conference registration 
fees, and substitute teacher compensation and travel 
expenses to participate in professional development 
experiences. Talk to us today to learn about great project 

ideas and connect with scientists who can work with you to develop something perfect for your class. 
See the K-12 Teachers section of our website to learn about upcoming application deadlines, past 
awards and to download the application form. 
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Science Teachers Aboard Research Ships (STARS)  
Ever wondered what an oceanographer does? Come experience a research cruise by applying to our 
STARS program. Each month, the Kilo Moana research ship goes 60 miles north of O‘ahu to a deep 
water site called Station ALOHA, where scientists have been studying the ocean for over 20 years. 
Educators are invited on selected cruises to participate in every aspect of research aboard the ship, 
including hands-on deck board sampling, sample processing and analysis in the lab, and classroom 
exercises and lectures. No fee is charged to participate, however you must be committed to living in 
tight conditions on a large, noisy ship, and contributing a full day’s effort. Come join us and experience 
life at sea! 
 

 
 
 

For the latest information and application forms for any of C-MORE’s Education programs, please 
visit http://cmore.soest.hawaii.edu and click on Education & Outreach 

 
Or contact C-MORE's Director of Education: 

Dr. Barbara Bruno 
UH Dept of Oceanography 

1000 Pope Road 
Honolulu, HI  96822 
barb@hawaii.edu 
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Hawai‘i Institute of Marine Biology (HIMB) 

 
HIMB is a world-renowned research institute situated on Coconut 
Island in Kāne‘ohe Bay. The Island provides excellent 
opportunities for research as it is surrounded by 64 acres of coral 
reef, designated by the state of Hawai‘i as the Hawai‘i Marine 
Laboratory Refuge.   

HIMB provides research facilities for its faculty and students, who 
come from all over the world.  Ongoing research at HIMB covers 
many disciplines of tropical marine science.  HIMB is also very 
fortunate to conduct research in the Northwestern Hawaiian Islands 
as per an agreement with NOAA’s National Marine Sanctuaries 

Program.  HIMB scientists assist the Papahānaumokuākea Marine National Monument staff with 
research required for the development of science-based ecosystem management.  Researchers focus on: 
understanding the population structures of fish, lobsters, corals, and predator species in the Monument; 
characterizing the genetic diversity of corals and determining levels of coral health; supporting 
mapping activities; identifying the pool of invasive species in Hawai‘i and developing measures to 
prevent their spread to the Northwestern Hawaiian Islands. 
 

 

 

 

 

 

 

 
 
 
 

 
The Northwestern Hawaiian Islands (NWHI) are a series of tiny islands, atolls, and shoals which are 
largely uninhabited. The pristine beauty and unique ecosystem of the NWHI was recognized in 2006, 
when President George W. Bush signed a proclamation creating the Papahānaumokuākea Marine 
National Monument, one of the world‘s largest marine protected areas. This designation affords the 
greatest possible marine environmental protections. The Monument spans nearly 140,000 square miles 
and is home to an estimated 7,000 species. While the full extent of its biodiversity is largely unknown, 
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approximately one quarter of these species are likely found nowhere else on Earth. This site provides a 
unique ecosystem to compare relatively pristine coral reefs in the northern end of the Archipelago with 
those that are influenced by human activities in the southern end. 
 
Visiting Hawai‘i Institute of Marine Biology on Coconut Island 
 

 
We offer volunteer-led tours of our research facilities on 
Coconut Island, sharing with the people of Hawai‘i some 
of the exciting and important research going on so close 
to home.  The 2-hour walking tour provides an overview 
of some of the important research currently taking place 
at HIMB as well as an introduction to the natural and 
human history of Moku o Lo‘e (Coconut Island).   Due to 
the logistics and program content, we generally limit 
school visits to 4th graders and above.  Learning is best 
when group size is held to 20 or fewer participants, but 
with enough advance notice, we can accommodate a 
maximum group size of 40.   

 
 
 
 

For more information on the tours or to download the tour request form, please contact: 
HIMB community education program 

himbcep@hawaii.edu 
(808) 235-9302 

 
or visit the website: 

http://www.hawaii.edu/himb/Education/CEP/CEP.html 
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Penny Plop: An Exploration of Surface Tension 
 
Background and Key Concepts  
When water is gently dropped onto a flat surface like a penny, it stays together, forming a small drop, 
rather than running off the penny. This is due to surface tension, which results from water molecules 
being attracted to one another. As you drop more and more water on the penny, the water will form a 
dome shape with a curved upper surface. Eventually, however, the dome becomes too big, and the 
surface tension can’t hold the dome together. The water then spills off the penny’s surface. Just how 
strong is the surface tension of water? How many drops of water do you think one penny can hold? 
 
Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Math Standard 11: Data Analysis, Statistics, and Probability: FLUENCY WITH DATA: Pose 
questions and collect, organize, and represent data to answer those questions. 
 

Grade 3 Benchmarks for Math:  
Benchmark MA.3.11.1 Pose questions, collect data using surveys, and organize the data into tables and 

graphs. 
 

Grade 4 Benchmarks for Math:  
Benchmark MA.4.11.1 Pose questions, collect data using observations and experiments, and organize 

the data into tables or graphs. 
 
Math Standard 12: Data Analysis, Statistics, and Probability: STATISTICS: Interpret data using 
methods of exploratory data analysis. 
 
 

Grade 4 Benchmarks for Math:  
Benchmark MA.4.12.1 Compare related data sets (e.g., height of 4th grade boys vs. height of 4th grade 

girls) with an emphasis on how the data are distributed. 
 

Grade 5 Benchmarks for Math:  
Benchmark MA.5.12.1 Determine the range, median, mode, and mean for a data set. 
 

Grade 6 Benchmarks for Math:  
Benchmark MA.6.12.1 Determine and interpret the measures of center (mean, median, mode) of a data 

set and explain what each measure indicates about the data set. 
 
Math Standard 13: Data Analysis, Statistics, and Probability: DATA ANALYSIS: Develop and 
evaluate inferences, predictions, and arguments that are based on data. 
 

Grade 4 Benchmarks for Math:  
Benchmark MA.4.13.1 Propose and justify conclusions/predictions based on data. 
 

Grade 5 Benchmarks for Math: 
Benchmark MA.5.13.1 Design studies to further investigate the conclusion/predictions made based on 

data. 
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Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 3 Benchmarks for Science:  
Benchmark SC.3.1.1 Pose a question and develop a hypothesis based on observations. 
Benchmark SC.3.1.2 Safely collect and analyze data to answer a question. 
 

Grade 4 Benchmarks for Science:  
Benchmark SC.4.1.1 Describe a testable hypothesis and an experimental procedure. 
 

Grade 5 Benchmarks for Science:  
Benchmark SC.5.1.1 Identify the variables in scientific investigations and recognize the importance of 

controlling variables in scientific experiments. 
Benchmark SC.5.1.2 Formulate and defend conclusions based on evidence. 
 

Grade 6 Benchmarks for Science:  
Benchmark SC.6.1.1 Formulate a testable hypothesis that can be answered through a controlled 

experiment. 
Benchmark SC.6.1.2 Use appropriate tools, equipment, and techniques safely to collect, display, and 

analyze data. 
 
Materials 

 Penny 
 Water 
 Paper towel (or small dish) 
 Medicine dropper (or plastic pipette) 

 
Procedure 

1) How many drops of water will fit on a penny before the water runs off? Record your prediction, 
or hypothesis, here: _____ 

2) Place the penny on a piece of paper towel (or on a small dish) 

3) Drop water onto the penny using the medicine dropper (or pipette), counting the number of 
drops as you go. 

4) Keep dropping water and counting the drops until the water finally runs off the penny.  

5) Record the number of drops in Table 1.1 below (the last drop that caused the water to run off 
should not be included in your total). 

6) Perform a second trial, record the number of drops in the table, and calculate the average 
number of drops that the penny held in your two trials. 

7) Compare your results to your prediction. Are you surprised? 

Table 1.1 

Trial # Number of drops 

1  

2  

Average   
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8) Ask three other students how many drops they put on the penny (use their averaged values). 
Record their values in Table 1.2 below. 

Table 1.2 

Other Students Number of drops  

Student #1  

Student #2  

Student #3  

Average  

 

9) Was the average number of drops you put on the penny the same as for the other students? If 
not, list three reasons that could explain why you may have gotten different results: 

a.  

b.  

c.  
 
Explanation 
There are many reasons why the maximum number of drops of water a penny can hold may vary. Some 
pennies might be old and rough, and others shiny and new. Some students may have squeezed out 
bigger drops, or held their dropper at a greater height. Some may have used the “head” side of the coin, 
others the “tail”side. Does the side of the coin make a difference? Why not do an experiment to find 
out?  
 
Extensions 
 
Extension 1:  

1) Do you think the surface tension of the water is affected by the side of the penny on which it is 
dropped? Record your hypothesis here: 

 

2) Which side of the penny did you use the first time?   Heads    Tails         (Circle One) 

 

3) Repeat the experiment, this time using the other side of the coin. Record your results in Table 
1.3 below. 

Table 1.3 

Trial # Number of drops 

1  

2  

Average   
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4) Was the number of drops you put on this side of the penny the same number as you got using 
the other side of the penny?  

 

5) If not, list three reasons why the results might not be the same: 

a.  

b.  

c.   

 

6) Which of the following did you apply in your investigation? Circle all that you used. 

a) Posed a question 

b) Made a prediction (hypothesis) 

c) Designed and conducted a simple investigation 

d) Collected data 

e) Analyzed the data 

f) Identified variables (factors which could affect the results) 

g) Made a conclusion 

h) Asked another question for further investigation.  

 

Extension 2: Explore the surface tension of other liquids such as milk, soapy water, or salt water.  
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Drowning Island: How does Climate Change Affect Sea Level? 
 
Background and Key Concepts 
Global climate change refers to an increase in the average temperature of the Earth’s atmosphere and 
oceans. Scientists agree that the warming observed during the past century is due to an increase in 
greenhouse gases in the atmosphere as a result of human activity. For example, levels of carbon 
dioxide (CO2), which is released primarily by burning fossil fuels such as coal, oil, and natural gas, 
have dramatically increased since pre-industrial times. Greenhouse gases such as CO2 act like the glass 
in a greenhouse or in your car windows: they allow sunlight in, but prevent some heat from escaping 
back into space. Thus, increased greenhouse gases cause Earth’s average temperature to rise, which in 
turn causes changes in precipitation frequency and intensity. Warming of the ocean and the melting of 
glacial ice is also causing a global rise in sea level. Significant sea level rise can eliminate beaches and 
cause flooding, which is particularly problematic for low-lying islands and coastal areas. 

Sea level rise is causing major problems in Hawai‘i. We’re losing our beaches, experiencing severe 
coastal erosion, and some towns are even getting flooded with seawater during high tide (see the photo 
from Mapunapuna, O‘ahu, below). Coastal marine ecosystems are also being affected by a combination 
of sea level rise and warmer temperatures, and these effects will only become more severe as 
temperature and sea level continue to rise in the future.  

Photo credits: Top and 
bottom left photographs 
were provided by the 
Hawai‘i Coastal 
Geology Group. Right: 
C. Kojima, Star 
Bulletin. 

 
 
 
 
 
 
 
 
 
 
 
 
 

What causes sea level rise?  
While global warming is causing the melting of both sea ice and glaciers, the melting of glaciers has a 
much larger effect on sea level rise. This is because sea ice is already floating in the ocean, and will not 
add significant volume to the ocean after melting. However, the melting of mountain glaciers and 
continental ice sheets at the poles can add large volumes of water to the ocean and greatly affect global 
sea level. Many glaciers have receded dramatically during the last few decades, and recent NASA 
observations show that the ice sheets found on Greenland and Antarctica are thinning 
(http://www.giss.nasa.gov/research/briefs/gornitz_09/). If Arctic ice continues to melt at its present 
rate, in a few decades it could be absent during summer months. The Arctic would then become a huge 

 

Waikiki Beach

Kailua Beach (P. Holzman) Mapunapuna, O‘ahu at High Tide  
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heat collector, absorbing the sunlight that reaches it, rather than reflecting it back into space. Major 
ocean currents that exchange energy from the tropics to the poles would be altered, as would world 
weather patterns. If future climate change and sea level rise occur at this magnitude, the Earth would 
experience the fastest warming and the warmest temperatures in the history of civilization.  
 
Although many of the glaciers and ice sheets that will melt as a result of climate change are far away 
from Hawai‘i, the change in sea level caused by this melting would submerge parts of our islands and 
have devastating effects on our lifestyles and economy (http://www.soest.hawaii.edu/coasts/). In this 
activity, students will practice the steps involved in a scientific investigation as they learn how melting 
ice affects sea level and impacts coastal zones 
(http://calacademy.org/teachers/resources/lessons/global-climate-change-and-sea-level-rise/). 
 

Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 3 Benchmarks for Science:  
Benchmark SC.3.1.1 Pose a question and develop a hypothesis based on observations. 
Benchmark SC.3.1.2 Safely collect and analyze data to answer a question. 
 
Science Standard 2: The Scientific Process: NATURE OF SCIENCE: Understand that science, 
technology, and society are interrelated. 
 

Grade 5 Benchmarks for Science:  
Benchmark SC.5.2.1 Use models and/or simulations to represent and investigate features of objects, 

events, and processes in the real world. 
 
Social Studies Standard 7: Geography: WORLD IN SPATIAL TERMS-Use geographic 
representations to organize, analyze, and present information on people, places, and environments and 
understand the nature and interaction of geographic regions and societies around the world. 
 

Grade 3 Benchmarks for Social Studies:  
Benchmark SS.3.7.4 Examine the ways in which people modify the physical environment and the 

effects of these changes. 
 
Materials (per student) 

 Disposable plate (preferably with a dip in it), to represent the Earth 
 A small ball of modeling clay, to make the island 
 10 ice cubes  
 A few small plastic objects (such as beads or houses), to represent houses   
 Blue crayons, to color the ocean portion of the Earth's surface  
 Brown or green crayons, to color the land portion of the Earth's surface 

 
Procedure 

1) Discuss global climate change and its impact on sea level rise. Ask students questions such as: 

 What is causing global climate change? (an increase in greenhouse gases in the 
atmosphere due to human activities) 
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 What might happen if the Earth gets warmer? (Ice will melt, among other things.) 

 Where is there a lot of ice? (Arctic, Antarctica) 

 What will happen here in Hawai‘i if the ice melts? (Sea level rise will happen 
everywhere.)  

 Which locations will be most affected by an increase in sea level? (low-lying islands or 
coastal areas) 

2) Pass out the materials, and explain to students that they will be creating a model of Earth to test 
how the melting of glaciers and ice sheets could affect sea level, to see if the predictions made 
during the class discussion are correct.  

3) Have students color most (about 70%) of the plate blue, to represent the ocean.  The remaining 
part (~30%) of the plate should be colored green or brown, to represent land. 

4) Have students mold a ball of clay into a low-lying island and place it on the blue part of the 
plate. They should then place their plastic houses (or beads) in varying places on the island.  

5) Have students place ice cubes on the brown or green part of the plate, to represent ice on land. 

6) Set aside the plates until the ice melts. 

7) After the ice has melted, have students look at their plates, and consider the following 
questions: (likely answers are given in parentheses) 

 What happened to the island? (It has flooded.)  

 Where are the houses in relation to the water? (Underwater, or partially submerged)  

 Has there been a loss of dry land? (Yes)  

 How would sea level rise affect coastal areas? (Flooding, coastal erosion, property loss)  
 
References Cited 
Information about changes in sea level in the past and present: 
http://www.giss.nasa.gov/research/briefs/gornitz_09/  

Information about the effects of sea level rise on Hawai‘i’s shores: 
http://www.soest.hawaii.edu/coasts/ 

For a more detailed lesson plan and further extensions: 
http://calacademy.org/teachers/resources/lessons/global-climate-change-and-sea-level-rise/ 
 
Additonal References 
U.S. Global Change Research Program educational resources: 
http://usgcrp.gov/usgcrp/education/default.htm 
 

Information on global climate change: 
http://climate.nasa.gov/  
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Cartesian Divers: Experimenting with Pressure and Density 
 
Background and Key Concepts 
Density is the ratio of an object’s mass to its volume. In other words, a dense object is heavy for its 
size. Water has a density of 1 gram per milliliter (1 g/ml). Objects that are less dense than 1 g/ml float 
in water, while denser objects sink. A Cartesian diver is an object whose density changes with pressure. 
A Cartesian diver floats in water at atmospheric pressure, and sinks when the pressure is increased. 
 
Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 3 Benchmarks for Science:  
Benchmark SC.3.1.1 Pose a question and develop a hypothesis based on observations. 
Benchmark SC.3.1.2 Safely collect and analyze data to answer a question. 
 
Science Standard 6: Physical, Earth, and Space Sciences: NATURE OF MATTER AND ENERGY: 
Understand the nature of matter and energy, forms of energy (including waves) and energy 
transformations, and their significance in understanding the structure of the universe. 
 

Grade 6 Benchmarks for Science:  
Benchmark SC.6.6.6 Describe and compare the physical and chemical properties of different 

substances. 
 
Materials (per student) 

 1 plastic soda or water bottle (approx. 500 ml) filled to 
the top with water  

 1 “Cartesian diver”. You can purchase materials to make 
your own Cartesian divers through 
http://www.teachersource.com, but the “low-tech” 
option of using an unopened condiment packet works 
very well. 

 
Procedure 

1) What do you think will happen when you put your Cartesian diver into a water-filled bottle? 
Write your hypothesis here. 

Cartesian diver 
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2) Find out what happens by following these three easy steps: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Explanation  
At atmospheric pressure, the density of the Cartesian diver is approximately 0.8 g/ml, so it floats in 
water (because 0.8g/ml is less than 1g/ml). However, the Cartesian diver contains air. When you 
squeeze the bottle containing the diver, the air inside the diver gets compressed. (If you look closely, 
you can see this in the photo above illustrating Step 2.) This compression causes the diver to become 
more dense (say, 1.2 g/ml). Since the diver’s density is now greater than 1g/ml, it sinks.  Releasing the 
bottle returns the diver to its original density, so it floats again. 
 
Extensions 

1. Diver Relays -- Calculate the average rate at which your diver rises and sinks. 

2. High Water, Low Water -- How does the amount of water in your bottle affect the pressure 
needed to make the diver rise and sink?  

3. Holding Pattern -- Try to make your diver descend to a given depth (mark it on the bottle) and 
hold there for 3 seconds. 

4. Hot or Cold -- How does temperature affect the experiment?  
 
Additional References: 
Detailed description of the Cartesian diver activity and extensions:  
http://www.usc.edu/org/cosee-west/MidwaterRealm/11CartesianDiver.pdf 
 
  

 
 

Step 1:  Place the diver in 
a water-filled bottle. Does 
it float or sink? 

Step 2: Squeeze the soda 
bottle. What happens to 
the diver? 

Step 3:  Release the bottle, 
and observe what 
happens.  
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Oil and Water Tubes: An Illustration of Ocean Properties 
 
Background & Key Concepts 

This activity, which involves pouring oil and water into a tube and 
then adding splash dye tablets, can be used to discuss a variety of 
important science concepts that are relevant to the environment. First, 
oil and water don’t mix; they have different chemical bond types 
(water is polar and oil isn’t) and different densities (oil is less dense), 
so oil floats atop water. This is helpful when there is an oil spill, 
because cleaning up oil is easier when it’s at the surface. Some 
microbes consume oil as a food source, and this can come in handy 
after an oil spill. This is just one example of how microbes are 
beneficial (C-MORE 2008). 
 

Second, this activity can be used as an analogy for ocean currents. The movement of deep ocean water 
is driven by density and gravity. The density difference is due to the different temperatures and 
salinities between different water masses. Cold, salty water is denser than warmer, less saline water. 
 

Finally, the bubbles produced by the splash dye tablets are 
carbon dioxide (CO2). This activity can be used as a starting 
point to discuss “ocean acidification”, the process by which the 
ocean is becoming more acidic. When excess atmospheric CO2 
(e.g., caused by human activities such as burning fossil fuels) 
dissolves in the ocean, it forms an acid. This lowers the ocean’s 
pH (that is, makes the ocean more acidic) and can have 
significant effects on marine ecosystems. Ocean acidification is 
discussed in the next activity. 
 

 
Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 3 Benchmarks for Science: 
Benchmark SC.3.1.1 Pose a question and develop a hypothesis based on observations. 
Benchmark SC.3.1.2 Safely collect and analyze data to answer a question. 
 
Science Standard 2: The Scientific Process: NATURE OF SCIENCE: Understand that science, 
technology, and society are interrelated. 
 

Grade 5 Benchmarks for Science: 
Benchmark SC.5.2.1 Use models and/or simulations to represent and investigate features of objects, 

events, and processes in the real world. 
 
Science Standard 6: Physical, Earth, and Space Sciences: NATURE OF MATTER AND ENERGY: 
Understand the nature of matter and energy, forms of energy (including waves) and energy 
transformations, and their significance in understanding the structure of the universe. 
 

 

 
library.thinkquest.org/CR021547
1/oil_spills.htm 
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Grade 6 Benchmarks for Science: 
Benchmark SC.6.6.6 Describe and compare the physical and chemical properties of different 

substances. 
 
Materials 

 1 preform tube with cap (teachersource.com; item #SM-100a; cost = $19/pack of 30)  
 2 blue “color splash dye” tablets (teachersource.com; item # CSP-130; cost = $6/pack of 100)  
 Vegetable oil (less than one liquid ounce) 

 
Procedure 

1) First ask your students to make a prediction. What will happen when you pour the water into 
the oil? The choices are: 

a) The oil and water will mix together. 

b) The water will stay at the top (above the oil).  

c) The water will sink to the bottom (below the oil). 

d) Other (please specify) _________________________________________ 

2) Fill the tube ¾ full with oil. 

3) Add 1 capful of water, but don’t cap the tube. Observe what happens. (The water bubbles down 
to the bottom.) Why did this happen? (Water is denser than oil, and they don’t mix.)  

4) Drop in one dye tablet, wait 15 seconds, and then drop in the second tablet.  

5) Observe what happens, and cap the tube. 
 
References Cited 
C-MORE. 2008. Key Concepts in Microbial Oceanography. Center for Microbial Oceanography: 
Research and Education (C-MORE). 
http://cmore.soest.hawaii.edu/downloads/MO_key_concepts_hi-res.pdf 
 
Additional References 
Oil spill information, educational materials, and pollution fact sheets: 
http://www.amsa.gov.au/marine_environment_protection/educational_resources_and_informatio
n/kids/oil_and_water_dont_mix/ 
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Coral Sand and Vinegar: Investigating Ocean Acidification 
 

Background & Key Concepts  
In Activity 2 (Drowning Island), we learned that increased levels of carbon dioxide (CO2) in the 
atmosphere are causing the Earth's climate to warm and sea levels to rise. Global climate change is a 
serious problem, but it’s not the only problem caused by excess CO2. When human activities put excess 
CO2 in the atmosphere, some of this CO2 gets absorbed in the ocean. In the ocean, CO2 combines with 
water (H2O) to form carbonic acid (H2CO3). This causes the ocean to become more acidic (that is, have 
a lower pH). This process is called ocean acidification, and is a huge problem for marine ecosystems. 
For example, many marine organisms (such as coral) have calcium carbonate shells, which dissolve in 
acid. 
 
How do we know this?  
Since October 1988, scientists from the Hawai‘i Ocean Time-series (HOT) program have been making 
measurements of seawater about once per month at a location 60 miles north of O‘ahu called Station 
ALOHA. These data allow us to track how ocean chemistry has changed over time. The graphs below 
(Fig. 5.1), which are explained in detail on the following page, show that the ocean’s CO2 has increased 
and its pH has decreased since the HOT program began collecting data.  

 
Figure 5.1 Time series of atmospheric CO2 (red dots) and oceanic CO2 and pH (blue dots). 
Atmospheric data were collected at the Mauna Loa Observatory, and oceanic data were collected at 
Station ALOHA, located 60 miles north of O‘ahu. 
 

The Station ALOHA Curve 
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The graphs in Figure 5.1 are called time series, meaning they show changes over time. The horizontal 
x-axis, given in years, runs from late 1988 through 2007. The top graph shows that CO2 has increased 
in both the atmosphere and the ocean since 1988. The atmospheric data (red dots) were collected from 
Mauna Loa Observatory under the supervision of Charles Keeling; they form the “Keeling Curve”. 
Note the annual seasonal cycles, due to varying amounts of photosynthesis and respiration, as well as a 
general increase in CO2 with time. The oceanic data (blue dots) were collected by the HOT program 
under the supervision of Drs. David Karl and Matthew Church and are called the “Station ALOHA 
curve”. The blue line is a “best fit” to the oceanic data. Like the atmospheric data, the oceanic data 
show intra-annual cycles and a general increase in CO2 since 1988. For more information, go to: 
http://hahana.soest.hawaii.edu/hot/ 
  
Why is this important?  
Ocean acidification affects the ability of calcifying organisms, such 
as corals and certain types of plankton, to create their calcium 
carbonate shells. Without these protective structures, these organisms 
cannot grow properly and defend themselves. Ocean acidification 
therefore threatens their survival. Because calcifying organisms like 
corals and plankton provide shelter or food for countless other 
creatures, their disappearance will have severe and widespread 
consequences. For example, pteropods are small, planktonic snails 
that swim near the ocean’s surface. These currently abundant 
organisms are eaten by a wide variety of fishes, and even by some 
marine mammals such as whales. If ocean acidification prevents 
pteropods from growing, the entire food web will be disrupted, and 
the impacts on marine ecosystems could be catastrophic.  
  
Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 5 Benchmarks for Science: 
Benchmark SC.5.1.2 Formulate and defend conclusions based on evidence. 
 
Science Standard 2: The Scientific Process: NATURE OF SCIENCE: Understand that science, 
technology, and society are interrelated. 
 

Grade 5 Benchmarks for Science: 
Benchmark SC.5.2.1 Use models and/or simulations to represent and investigate features of objects, 

events, and processes in the real world. 
 
Science Standard 4: Life and Environmental Sciences: STRUCTURE AND FUNCTION IN 
ORGANISMS: Understand the structures and functions of living organisms and how organisms can be 
compared scientifically. 
 

Grade 3 Benchmarks for Science: 
Benchmark SC.3.4.1 Compare distinct structures of living things that help them to survive. 
 

 
Pteropod 

noaanews.noaa.gov 
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Science Standard 5: Life and Environmental Sciences: DIVERSITY, GENETICS, AND 
EVOLUTION: Understand genetics and biological evolution and their impact on the unity and 
diversity of organisms. 
 

Grade 3 Benchmarks for Science: 
Benchmark SC.3.5.1 Describe the relationship between structure and function in organisms. 
 

Grade 4 Benchmarks for Science: 
Benchmark SC.4.5.3 Describe how different organisms need specific environmental conditions to 

survive. 
 
Social Studies Standard 7: Geography: WORLD IN SPATIAL TERMS-Use geographic 
representations to organize, analyze, and present information on people, places, and environments and 
understand the nature and interaction of geographic regions and societies around the world. 
 

Grade 3 Benchmarks for Social Studies: 
Benchmark SS.3.7.4 Examine the ways in which people modify the physical environment and the 

effects of these changes. 
 
Materials 

 Coral sand 
 Vinegar 
 Small dish  
 Medicine dropper or plastic pipette  

 
All materials are included in the C-MORE Science Kit on Ocean 
Acidification, which can be borrowed by Hawai’i’s teachers free of charge. 
Request a kit at: 
http://cmore.soest.hawaii.edu/education/teachers/science_kits.htm 
 
Procedure 

1) Put a small amount of sand into the small dish. 
2) Use the dropper to place a few drops of vinegar on the sand. 
3) Watch what happens! 

 
Explanation 
This activity allows you to see first-hand the effects of ocean acidification on calcifying organisms. 
Most sand in Hawai’i is composed of tiny pieces of shells, corals, and other calcifying organisms. 
When exposed to vinegar, which is an acid, the calcium carbonate-containing sand produces CO2 
bubbles as it dissolves. Since the shells and skeletons of live calcifying organisms will be similarly 
affected as the ocean acidifies, these organisms will not be able to grow properly, and all of the 
organisms that depend on them will also be impacted.  
 
Extension 
Try the same experiment with basalt sand, which is composed of eroded bits of lava. What do you 
think will happen? 
 
References Cited 
Hawai‘i Ocean Time-series (HOT): http://hahana.soest.hawaii.edu/hot/ 
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Additional References 
Doney, S.C. 2006. The dangers of ocean acidification. Scientific American March: 58-65. 

Special Issue: Ocean Acidification-from Ecological Impacts to Policy Opportunities. 2009. Current: 
The Journal of Marine Education 25(1): 1-45. 

Acid Test: The Global Challenge of Ocean Acidification (20 minute movie on ocean acidification): 
http://www.nrdc.org/oceans/acidification/aboutthefilm.asp 

The Ocean in a High CO2 World: http://www.ocean-acidification.net/ 

Pacific Marine Environmental Laboratory ocean acidification home page: 
http://www.pmel.noaa.gov/co2/story/Ocean+Acidification 

European Project on Ocean Acidification page: http://oceanacidification.wordpress.com/ 
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What Microbe Are You? 
 

Background & Key Concepts  
Microbes are often viewed in a negative light. When most people think of microbes, they envision 
harmful bacteria and associated diseases, but the "bad guys" comprise only a small fraction of all 
known bacteria. The vast majority of microbes are not only beneficial but in fact necessary for the 
existence of all other life on Earth (CMORE, 2008)!  
 
“What Microbe Are You?" attempts to change the way students – and teachers – think about microbes 
through a "personality quiz" designed to match the quiz-taker with the microbe that s/he most closely 
resembles. Nineteen choices of microbes are provided, emphasizing the diversity of these highly 
versatile organisms. To help students determine their microbial match, a series of either/or statements 
are provided. In each pair of statements, students select the statement that most closely describes them 
and, depending on their answer, are directed to a new pair of statements. These statements are linked to 
a dichotomous key that relates the student’s personality traits to those of a given microbe. At the end of 
the quiz, when students are assigned their microbial matches, the microbes are given fun code names to 
substitute for the difficult pronunciation of the microbes' scientific names.  
 
Note: This “What Microbe Are You?" quiz (Hsia et al, 2011) is designed for elementary school 
students. It is based on a quiz of the same name which was developed for older students (Weersing et 
al, 2010).  
 
Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 3 Benchmarks for Science:  
Benchmark SC.3.1.2 Safely collect and analyze data to answer a question. 
 
Science Standard 5: Life and Environmental Sciences: DIVERSITY, GENETICS, AND 
EVOLUTION: Understand genetics and biological evolution and their impact on the unity and 
diversity of organisms. 

Grade 4 Benchmarks for Science:  
Benchmark SC.4.5.3 Describe how different organisms need specific environmental conditions to 
survive. 
 
Materials (for each pair of students) 

 “What Microbe Are You?” PDF Flipbook or an online version found at: 
http://cmore.soest.hawaii.edu/education/kidskorner/elem_quiz/elem_ur_q1.htm  

 Scissors 
 Stapler 

 
Procedure 
Advanced Procedure 

1) Download and print (double-sided) the PDF microbe quiz flipbook found at: 
http://cmore.soest.hawaii.edu/education/kidskorner/microbe_quiz.htm 



 25

2) To assemble, cut each page in half the short way, and then staple into a booklet. Students can 
share a flipbook with a partner, so that the teacher will only need to assemble one flipbook per 
pair of students. Alternatively, students can assemble the flipbooks themselves.  
 

Introduction  
1) Ask the students what they know about microbes (e.g., bacteria and viruses). Are they good or 

bad (most are good, very few are bad)? Where do they live (everywhere: in the ocean, the 
rivers, in the soil!)? What do they do (some can fix nitrogen from the air for biological uses, 
some put oxygen into the atmosphere, some can 
breakdown decaying material)? 

2) Explain to them that they will be taking a personality 
matching quiz to match their interests to a marine 
microbe. 

3) Students will work in pairs with a flipbook. In each 
pair, one student will ask the other student the 
questions. Once a microbial match has been made, the 
students will switch roles (the student that was 
originally answering the questions will now ask the questions).  

4) If using a computer, type in the following address onto each computer: 
http://cmore.soest.hawaii.edu/education/kidskorner/elem_quiz/elem_ur_q1.htm  
Each student should answer the either/or statements individually. 
  

Discussion/Questions 
Ask students to compare with one another or the class their “microbial matches”. Discuss the vast 
diversity of microbes, the different (and in some cases, extreme) environments in which microbes live, 
their various adaptations, and the way scientists, such as those at C-MORE, classify microbes 
(CMORE, 2008). A dichotomous key can be found at: 
http://cmore.soest.hawaii.edu/education/teachers/documents/personality_paths_english.pdf 
 
References Cited 

1. C-MORE. 2008. Key Concepts in Microbial Oceanography. Center for Microbial 
Oceanography: Research and Education (C-MORE). 
http://cmore.soest.hawaii.edu/downloads/MO_key_concepts_hi-res.pdf 

2. Hsia, Michelle H., Kimberley A. Thomas, Barbara C. Bruno. 2011. What Microbe Are You? 
An activity designed for our youngest scientists. American Society for Microbiology Classroom 
and Outreach Activities (online).  
http://cmore.soest.hawaii.edu/downloads/hsia_what_microbe_are_you_final.pdf 

3. Weersing, Kimberly, Jacqueline Padilla-Gamiño, Barbara Bruno. 2010. What Microbe Are 
You? The Science Teacher 77 (6): 40-44.  
http://cmore.soest.hawaii.edu/downloads/Weersing_et_al_2010.pdf 
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Make a Microbe 

 
Background and Key Concepts  

Microbes are an extremely diverse group of single-celled 
organisms. They are found in every imaginable marine 
environment, including the deep sea and thermal hot springs. 
Some even live inside the tissues of other animals, such as corals 
and clams, while others live in the ice of Antarctica. Bacteria, 
viruses, and algae are just some of the many different types of 
microbes. In the ocean, plant-like microbes called phytoplankton 
form the base of the marine food web. They serve as food for 
zooplankton and small fish, which in turn are eaten by larger fish, 
birds, and mammals. Thus, without phytoplankton, the entire 
marine food web would collapse! (C-MORE, 2008) 
 

 
The word phytoplankton can be loosely translated as 
“floating plant.” Like plants, phytoplankton harness the 
sun’s energy to convert water and carbon dioxide into 
carbohydrates and oxygen. This process, called 
photosynthesis, requires phytoplankton to stay 
relatively near the ocean surface: the deeper they go, 
the less sunlight is available. However, staying too 
close to the surface may expose these tiny plant-like 
organisms to predators, as well as to harmful damage 
from the sun’s ultraviolet (UV) rays. Although some 
phytoplankton are capable of weak locomotion, they are 
not great swimmers and usually just float with the 
current. Since they are relatively immobile, how do 
they remain in the right depth zone to maximize 
photosynthesis but prevent harmful damage? Let’s take 
a closer look at some types of phytoplankton! 
 

 
Phytoplankton have a tremendous diversity of 
physical characteristics that serve as flotation 
devices and/or protection from predators. Some 
types of phytoplankton, such as coccolithophores 
(shown above), have long spines or bristles. Others, 
such as diatoms (left), form long chains, spirals, or 
circles. These adaptations allow phytoplankton to 
control their vertical position in the water column, 
allowing them to stay near their energy source – the 
SUN – and protected from harmful predators. 

 
Phytoplankton, as viewed under 
a microscope.  

 
Coccolithophores have hard shells 
and spines to protect them against 
predators.  The spines also help with 
buoyancy.   

 
Diatoms can form chains, which help with 
buoyancy.  Each cell is encased in glass, 
which provides protection from predators.  
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Hawai‘i Content & Performance Standards (HCPS III) 
The following standards and benchmarks can be addressed using this lesson: 
 
Science Standard 1: The Scientific Process: SCIENTIFIC INVESTIGATION: Discover, invent, and 
investigate using the skills necessary to engage in the scientific process. 
 

Grade 4 Benchmarks for Science: 
Benchmark SC.4.1.1 Describe a testable hypothesis and an experimental procedure 
 
Science Standard 3: Life and Environmental Sciences: ORGANISMS AND THE ENVIRONMENT: 
Understand the unity, diversity, and interrelationships of organisms, including their relationship to 
cycles of matter and energy in the environment. 
 

Grade 4 Benchmarks for Science: 
Benchmark SC.4.3.1 Explain how simple food chains and food webs can be traced back to plants. 
 

Grade 5 Benchmarks for Science: 
Benchmark SC.5.3.1 Describe the cycle of energy among producers, consumers, and decomposers. 
 

Grade 6 Benchmarks for Science: 
Benchmark SC.6.3.1 Describe how matter and energy are transferred within and among living systems 
and their physical environment. 
 
Science Standard 4: Life and Environmental Sciences: STRUCTURE AND FUNCTION IN 
ORGANISMS: Understand the structures and functions of living organisms and how organisms can be 
compared scientifically. 
 

Grade 3 Benchmarks for Science: 
Benchmark SC.3.4.1 Compare distinct structures of living things that help them to survive. 
 
Materials 

 Arts and craft supplies to make microbes  
o 1 weight such as a nut or washer per student (must be used) 
o 1 styrofoam or wiffle ball per student 
o Various supplies (such as pipe cleaners, rubber pencil grips, paper clips, straws, buttons, 

beads, toothpicks, and balloons), to vary buoyancy and protect against predation 
 Safety scissors 
 Transparent plastic tubs to test buoyancy (approx ~1 ft. deep, filled ¾ with water) 

 
Procedure 

1) Discuss with students what phytoplankton are, and why they need to stay relatively close to the 
ocean surface. (Plant-like microbes that require energy from the sun for photosynthesis) 

2) Discuss with students the dangers of being right at the ocean surface (Predators, sun’s UV 
rays).  

3) Explain that each student will soon be given arts and crafts materials to design and construct a 
microbe. The goal is to make a microbe that sinks very slowly through the water column. They 
also must protect their microbe from predators (e.g. encase it in the wiffle ball, make spines 
from straws, toothpicks or pipe cleaners). Every student must use the weight when constructing 
their microbe. 
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4) Before distributing materials to students, test the buoyancy of selected materials. Before placing 
the objects in the tub, ask the students to predict what will happen. The choices are:  

a. Object will float   

b. Object will sink quickly   

c. Object will sink slowly   

5) Brainstorm on how materials could be combined and/or reshaped to vary their buoyancy.  

6) Allow students to work individually to construct microbes. We recommend not making the 
plastic tubs available to students at this time.  

7) In small groups or as a whole class, have students share their microbes, explaining (a) which 
adaptations they used to protect against predation, and (b) why they think their microbe will 
sink slowly through the water column. Have students examine each other’s microbes and 
predict which microbes will  

a. float   

b. sink quickly   

c. sink slowly   

and have them explain their reasoning. 

8) Once all hypotheses are made, have the students drop their microbes into the water-filled plastic 
tubs. For microbes that don’t sink slowly, allow students to make appropriate adjustments and 
try again!  

 
References Cited 
C-MORE. 2008. Key Concepts in Microbial Oceanography. Center for Microbial Oceanography: 
Research and Education (C-MORE). 
http://cmore.soest.hawaii.edu/downloads/MO_key_concepts_hi-res.pdf 
  
Additional References 
General phytoplankton information and photos: 
http://cmore.soest.hawaii.edu/microscopy/cmore_microscopy.html 
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Nautical Knots & Marine Science Careers 

The field of marine science is exciting and fun! So, what makes a good marine scientist? What kinds of 
jobs do marine scientists do? And what should you be doing now to prepare to become a marine 
scientist? 

Who Are Marine Scientists? 
Marine scientists come from all over the world! Each one 
brings his or her own ideas to the job, but there are some 
characteristics that most marine scientists share: 

 Marine scientists are curious – they notice the world 
around them! 

 Marine scientists are creative – they dream up 
experiments to answer questions. 

 Marine scientists are “go getters” – they often work 
long hours, and sometimes work at night in rough 
weather.  

What Do Marine Scientists Do? 
A career as a marine scientist offers many chances to travel 
and explore the world! You can find marine scientists: 

 Working on ships 
 Working as laboratory technicians on shore 
 Managing fisheries 
 Educating others about marine conservation 

But that isn't all! Do you go the beach or enjoy sailing? Or do 
you like eating seafood? Those are just a few ways that people 
use the ocean. Marine scientists help ensure that everyone will 
be able to enjoy the ocean for many more years! 

 
Becoming a Marine Scientist 
Now that you know a little bit about what marine scientists 
are like and what they do, are you thinking about becoming 
a marine scientist? Here are some ideas to get you started!  

 Become comfortable in the water 
 Learn everything you can about the marine 

environment 
 Become SCUBA certified 
 Learn how to drive a boat  
 Study hard in all your classes 
 In high school and college, take classes in 

oceanography, marine biology, or marine science. 
 Take advantage of the many opportunities to 

volunteer or work in the marine science field! 
 Learn how to tie knots – this comes in handy when 

you work on ships! 
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Some Knots that are Commonly Used On Ships 

Figure 8 knot:  Used as a stop knot  

 

 

 

 

 

Bowline knot:  Used to secure instruments to a ship or a dock  

 

 

h 

 

 

Sheet Bend knot:  Used to connect two ropes together  

 

 

 

 

Slippery Hitch: A quick-release knot used to temporarily tie down equipment 
 
 
 
 
 
 
 
 
 
Knots in Action – Can you figure out which knot is which? 
   

 

 

1 2 3 4 5 

1 2 
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Hawai‘i Content & Performance Standards (HCPS III) 

Career and Technical Education Standard 2: CAREER PLANNING: Explore and understand 
educational and career options in order to develop and implement personal, educational, and career 
goals. 
 Grade 3 Benchmark for Career and Technical Education (3.2.1): 

Describe how different careers may require different skills, knowledge, and attitudes. 
 Grade 4 Benchmarks for Career and Technical Education (4.2.1): 

Analyze how doing well in school affects future career opportunities. 
 Grade 6 Benchmarks for Career and Technical Education (6.2.1): 

Establish personal and learning goals related to career and life interests. 
 

Additional References 
Most marine science research stations and organizations have their own websites, which you can 
visit to seek additional information. These websites provide some general information about marine 
science careers: 
 Sea, Earth and Atmosphere Careers 
 National Association of Marine Laboratories videos  
 OceanLink: Careers in Marine Science 
 Hopkins Marine Station Career Information 
 Some common questions about a marine biology career   
 So you think you would like to be a marine biologist?    
 ASLO Aquatic Careers 
 Sea Grant Marine Careers 

 

 

 
 

 

  


