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Franklin Institute Student
Access Program
This program, which is generously funded by
supporters of The Franklin Institute, provides free
field trips for area school groups. Field trips provide
memorable learning experiences for students and
teachers alike. Realizing the importance of these
experiences and the limited resources of some
schools to make field trips a reality, we are proud to
offer the Student Access Program for its third year.
This program is generously funded by supporters
of The Franklin Institute.

Many Festival partnering
museums and education
institutions also offer special
opportunities for educators.
Visit their websites for more
information!

To qualify for the Student Access Program,
schools must meet two criteria:
• Be classified as Title 1
•H
 ave at least fifty percent or more of the
student body qualified to receive government
subsidized lunch
For more information, visit www.fi.edu

INTRODUCTION

We’re so excited that your class will be celebrating
science as part of the 2016 Philadelphia Science Festival!
This guide also features FIFTEEN amazing science activities, five of
which have been provided by Festival partnering organizations, while the
remaining are tried and true Franklin Institute experiments. Many of these
activities can be done with simple classroom or household supplies, like
scissors, markers, and tape! Everyone is a scientist, and these activities
ask your students to hypothesize, observe, and experiment in many
different ways.
All activities have been aligned with Next Generation Science Standards.
Please consult the reference table in the back of this booklet.

We hope to see you, your students, and their families throughout the
2016 Philadelphia Science Festival, which runs April 22 – April 30. From
Discovery Day and Explorer Sunday to the Science Carnival on the
Delaware River Waterfront, the Festival offers non-stop, hands-on
learning opportunities alongside the area’s leading STEM professionals.
We’ve included fliers that you can send home with your students so they
won’t miss a minute of the action!
Please visit www.PhilaScienceFestival.org for more information. Have a
fantastic spring and we’ll see you soon!
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ACTIVITY #1

WHAT’S THE SCIENCE?

Chromatography Butterfly
OBJECTIVE:

Students will explore the technique of chromatography and observe a physical
change by separating and identifying the pigments in a variety of black inks.
TIME FRAME: 30 minutes

Chromatography is the process of separating the different chemicals in a mixture so that they may
be identified individually. There are many ways in which chromatography is done; this particular
method relies on the fact that paper absorbs different substances differently. The different pigments
in the ink travel up through the paper at different speeds and thus separate, allowing them to be seen
individually.
A “single color” ink pen or marker can be made up of a variety of other (surprising) colors. This
demonstrates a physical change because no new material is made; we are simply separating the
colors from one another. Like all physical changes, this one is (in theory) reversible; the pigments
could be collected and recombined to make the black ink—but in this case it would be a fairly
complicated process!
SCALE IT UP:
To make this more interesting for older students, cut the coffee filters into thin strips about a halfinch in width and a few inches in height. Tape one end of the strip to the middle of a pencil, and put
the pencil across the rim of a cup. Using a pen or marker, make a small line about midway down the
coffee filter strip and pour enough water in the cup such that the end of the filter is submerged.
Water will begin to work its way up the strip and separate the pigments in the ink. Do this with
multiple different pens and markers and multiple strips to compare the contents.

WHAT YOU’LL NEED:
• Coffee filters (1 per student)
• Pipettes
• Black markers
• Pipe Cleaners
• Other water-soluble black pens and/or markers (different brands and types)
• Paper towels
• Lunch trays or large paper plates
• Cups of water
TO PREP IN ADVANCE:
Nothing!
SAFETY CONCERNS:
None!
WHAT TO ASK YOUR STUDENTS:
• What colors do you see on a butterfly?
• What if you wanted to make a butterfly with only a black marker?
•T
 hink about how you make black ink or paint. Let’s see if we can find a way to separate those colors
back out.
WHAT TO DO:
1. G
 ive each student a coffee filter. Have them draw simple designs with the different black markers.
(It doesn’t have to be anything fancy –simple lines, shapes, or spirals work better than complicated
designs.)
2. Put the coffee filter on a plastic tray.
3. Taking the pipette, drop several drops of water on the design.
4. Leave

out to dry and observe periodically. What is happening to the black designs? How are the
different pens similar and different?
5. O
 nce the coffee filters are completely dry, pinch the top and bottom together at the middle. You
should now have a shape that looks like a bow tie. Take a black pipe cleaner and wrap it around
the scrunched part of the coffee filter, twist the remaining part of the pipe cleaner and position
them to look like antennae.
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ACTIVITY #1

ACTIVITY #1
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ACTIVITY #2

WHAT TO DO (CONTINUED):

Oil Spill Clean Up
OBJECTIVE:

Students will explore the separation of mixtures as they determine the best
way to clean up a model oil spill.
TIME FRAME: 45 minutes

3. H
 ave students make observations about what they see: what is the oil doing? What does it look
like? Do we want this on the surface of the water?
4. H
 ave the students first think about ways to clean the oil off the water. What methods would they
want to use?
5. H
 ave students choose a cleanup material to test, such as the cotton balls, paper towel or yarn.
Limit their amounts at first, only letting them use a small amount of one material. Ask them to
make observations about the material. Then let them continue to pick materials and see if they can
clean up all of the oil.
6. As
 students are cleaning up their oil spill, they can put their used cleaning materials into a bin or
bag for trash at each table.
TAKE IT FURTHER:

WHAT YOU’LL NEED:

• Discuss what worked, and what didn’t work. Reference all the waste generated by their cleanup in
the trash bins on their tables. What would we do with all the trash created?

• Yarn
• Cotton Balls

• Take a closer look to what happened to the feathers. How can we clean these feathers?

• Feathers

• Give each group of students a bowl of water and some Dawn dish soap. Can they get their feather
perfectly clean?

• Plastic pans or bowls with water
• Vegetable oil
• Cocoa powder

WHAT’S THE SCIENCE?

• Cups

Separating individual substances from a mixture is an important process in chemistry—whether it
is used to identify the different pigments in a tree’s leaves, purify a new medicine from the liquid it
was created in, or clean up an oil spill in an ocean. Separating mixtures involves understanding the
properties of the substances involved—like density, melting or boiling temperatures, or ability to
dissolve in different liquids—and taking advantage of differences between them.

• Spoons
• Paper towels
• Bins or bags for trash
• Paper towels

When oil is released into water, the two liquids do not mix because water is polar (its molecules have
positive and negative ends) and oil is non-polar (its molecules have no charges). Oil is less dense
than both fresh and salt water, so most of it remains floating on the surface of the water.

• Dish soap
• (Optional) Shredded paper
• (Optional) Craft sticks
TO PREP IN ADVANCE:
•M
 ake “crude” oil by mixing some cocoa powder into the vegetable oil in a cup. The brown, sludgy
mixture looks more like crude oil and makes the oil easier to see.
•P
 lace a pan with water at each table for each group to work with. If possible, set out trash bins or
bags at each table and some paper towels.

All methods of cleaning up an oil spill have their challenges:
• Using sorbents—solid materials that absorb the oil—may work well but generates a great deal of
waste that needs to be transported and disposed of.

SAFETY CONCERNS:
Be aware of FOOD ALLERGIES to both the vegetable oil and the cocoa powder.

• Burning the oil can be dangerous and difficult to control due to wind, and it also creates smoke and
air pollution.

WHAT TO ASK YOUR STUDENTS:

• Using dispersants (soap-like compounds that separate the oil into smaller particles) can break up
the oil spills by dispersing oil particles into the water, but they leave the smaller oil particles mixed
throughout the water, where they can be harmful to sea life.

• What do you do with your trash at home? Where does the trash go?
• What happens if some trash falls into the ocean or a lake?
• How do you clean up liquids like juice or milk? What happens if these spilled in some water?
• What is the best way to clean up oil that spills into an ocean, river or lake?
WHAT TO DO:
1. Fill the student’s pans/large bowl halfway with water.
2. Pour about 3 tablespoons of the “crude” oil on top to make a layer of oil.
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Over a relatively short time, the oil spreads out into a very thin layer across the surface. The layer,
called a slick, continues to spread and expand until the layer is extremely thin. By the time it has
thinned to < 0.01mm thick it is called a sheen, and covers a HUGE area. Over time, wind, waves
and local surface currents might push the oil into an array of congealed lumps of varying size and
thickness. Those lumps of oil will tend to move over time, spreading apart and re-organizing into
clusters and long streaks (“streamers”).

ACTIVITY #2

• Skimming and using booms—large barriers that float at the surface—to contain the oil in one area
requires calm water.
Most shore birds have special waterproofing oils in their feathers that let them fly when their feathers
get wet. But when birds have crude oil on their wings, the wings get too heavy and the birds can’t fly.
When washing the feathers, the soap removes the crude oil and the natural waterproofing oils from
the feather. Birds can fly after they have been washed, but they have a hard time flying after they
get wet. When coated in crude oil from a spill, birds also have a hard time keeping warm, since their
feathers are stuck to their bodies. Rescue workers wash, thoroughly dry, and warm birds before they
are released back into the environment.

ACTIVITY #2
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ACTIVITY #3

Marshmallow and
Toothpick Structures
OBJECTIVE:

Students will explore concepts of structural engineering, including force and
geometry, as they create—and destroy—structures made from marshmallows
and toothpicks.

5. If time permits, introduce one or more of the following challenges:
•F
 ootprint limitation: Draw a 5” x 5” square on a piece of paper for each team. The base of
their structure may not go outside the square.
•B
 udget limitation: Assign a “price” for spaghetti and for marshmallows. Give students a
“budget” to spend on materials; offer “incentives” for finishing under budget.
•C
 lient change: Give students 10 minutes to construct a tower. When only 2 minutes are left
for construction, present groups with two large marshmallows and announce that they must
both be incorporated into the tower.
6. C
 ompare structures and discuss students’ results. What things worked well, and what things were
difficult? How might things like this happen in real-life design projects?
7. Demolition of structures also takes planning and problem-solving. Challenge students to find a
way to demolish their structures that is as efficient as possible (least amount of force or number of
touches required) and causes as little damage to the surrounding neighborhood as possible (least
amount of flying debris or neighboring buildings crushed).

TIME FRAME: 20 minutes
WHAT YOU’LL NEED:

8. A
 lternatively, structures may be disassembled and any materials that are still in good shape reused
for future building sessions; or allow students to take finished structures home.

• Mini marshmallows (at least 25 per group)
• Spaghetti (a handful of strands per group)
• (Optional) Toothpicks

WHAT’S THE SCIENCE?

• (Optional) Electric fan

An architect is someone who designs, plans and oversees the construction of buildings. Architecture
is both an art and a science. An architect must use creativity to design something that looks a
certain way and performs certain functions, but also have the knowledge of scientific principles and
mathematical expertise to ensure that the structure stays up.

• (Optional) Paper and ruler
• (Optional) Large marshmallows
SAFETY CONCERNS:
• Toothpick points can be sharp. Students should handle them carefully.
• ALLERGY CONCERN: Although they will not be eaten, students will be handling the mini
marshmallows. Check package for allergy information.
WHAT TO ASK YOUR STUDENTS:
• What does an architect do? What does an engineer do?
• What kinds of materials might they use to build a building?
• What are some of the strongest shapes for building a sturdy structure?
• What kinds of structures do you think you could build with marshmallows and spaghetti?
• Show students pictures of structures like the Eiffel Tower, a truss bridge, a barn roof, etc.
WHAT TO DO:
1. Set out materials. Remind that the marshmallows are for science, not eating!
2. C
 hallenge students to build the tallest freestanding structure they can with only spaghetti strands
and marshmallows. Students can also use toothpicks instead of spaghetti.
3. A
 dd the requirement of stability. Can the structure withstand the wind from a fan? A gentle push
with a hand? Shaking the table it sits on? Encourage students to redesign their structures to be
both as tall and as stable as possible.
4. N
 ext encourage students to think about the practicality of their structure. If it were a real building,
what would it be used for? How would people get into and out of it? What benefits or problems
might it have?
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WHAT TO DO (CONTINUED):

ACTIVITY #3

Engineers are also very important in the construction of buildings. They use math and science to
come up with solutions to problems that might arise with the construction of a building. They often
need to overcome problems with new solutions that have never been tried before, to help realize the
dreams of the architect and client. Like architects, they need to understand scientific concepts but
also be able to think creatively.
Modern design and construction of buildings involves a great deal of technology—from computer
software that aids in the design process, to specially engineered building materials, to the
construction vehicles and tools that put the building together. However, the basic principles,
problems, and limitations of structural engineering are the same, whether creating a modern
skyscraper or building with marshmallows and toothpicks!
A polyhedron is a three-dimensional solid made up of many flat faces. The faces meet at edges,
and the edges meet at vertices (corners). The simplest polyhedron is a tetrahedron, which has four
faces. (Think about—could you make a polyhedron with only one, two, or three faces?) Each face of
a tetrahedron is a triangle, which is the strongest structural shape; as a result, tetrahedra are very
strong, rigid structures. You may notice that the most successful structures utilize triangles in their
construction.
TIPS FOR SUCCESS:
This is a good build and design activity. Encourage students to be creative and make their own
unique designs and structures.
SCALE IT DOWN:
Have students make low-standing structures as opposed to building high. Start them off by making
simple shapes like a cube or a tetrahedron, and have them build out from there. The might notice
the need for support pieces going across or diagonally within their shapes. Give them only one
parameter at a time, such as size, strength, etc., but not all at once.

ACTIVITY #3
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ACTIVITY #4

TAKE IT FURTHER:

PROVIDED BY THE ACADEMY OF NATURAL SCIENCES OF DREXEL UNIVERSITY

Animal and Insect
Classification

2. Pass out plastic insects and dichotomous keys to each group.
3. Review how the keys work.
4. A
 sk students to make a list of similarities in characteristics that they can observe about the insects
in each tray
• These include texture of wings, number of legs, spines on legs and body shape.
5. Students should examine the first insect closely for its characteristics.

OBJECTIVE:

Students will understand that all living things are classified into systems by
sorting plastic animals into groups by observable, provable features. The
activity can be taken further by using plastic insects to learn how to use a
dichotomous key.
TIME FRAME: 1 hour

6. L
 ook at the dichotomous key and attempt to identify the characteristics this insect has. Follow
the pathway or numbers along the dichotomous key that correspond to the characteristics of the
insect.
•F
 or example, if the insect has wings (1a), then go to the next number given. Read all the
characteristics for the next number, until you find the correct characteristic for the first
insect. Continue following the pathway or numbers until an order name for the insect is
determined.
7. While students are working and you are circulating the room, ask some questions to generate
discussion.

WHAT YOU’LL NEED:

•W
 hy do you think classification is important? How can classification help scientists
understand specimens collected in the field?

• Small plastic animals (roughly 50)
• Small plastic insects (roughly 30)
• Dichotomous key handouts (5 total, 1 for each group)
• Paper
• Pencils
WHAT TO ASK YOUR STUDENTS:
• Ask students if they have ever seen a cool bug and didn’t know what it was.
•H
 ow can you figure out what it is? How do you know if it’s similar or different compared to other
bugs? The same can be applied to animals.
• What would it take to classify this bug?
• What tools do you think there to help you classify an animal or bug?
WHAT TO DO:
1. Divide students into groups of 4 to 5.
2. G
 ive each group a handful of plastic animals (roughly 10-15 per group) and ask students to classify
animals based on observable traits.
3. E
 xplain to the students that they are to put the items into groups based on provable, shared
features. You may want to review with the students what “observation” means. (Remember the
things that the students are categorizing are plastic toys, not animals.)
4. A
 fter the teams of students have had a chance to sort, select a student from each team to explain
their grouping strategy.
5. A
 t this point, you might want to mention that the plastic animals that they sorted are not animals,
and that no one can prove otherwise. “An animal is a living thing. The things in front of you are
pieces of plastic.”
6. G
 o over “features” with the class again. Some features you might see on the plastic toys could
be described as colors, patterns, textures etc. All of the features previously listed are provable or
describable. Have the students group the items again in a provable way, and explain their methods.
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1. Students will learn how to classify organisms using a dichotomous key.

ACTIVITY #4

WHAT’S THE SCIENCE?
Classification, or biological classification, refers to the method of scientific taxonomy used to group
and categorize organisms hierarchically. Said another way, classification helps us define how one
species is related to another. Any classification system is based on an understanding of the common
ancestry of all living things. Classification systems are not arbitrary but are based on hypotheses of
how one species is related to another. The more closely related two species are, the more recently
they shared a common ancestor (split from a common population of organisms) in time.
Classification schemes group organisms into categories based on hierarchical (nesting) evolutionary
relationships. Consider the familiar Kingdom, Phylum, Class, Order, Family, Genus, Species scheme.
The most UNIQUE grouping is the species. Only one organism can ever have that species name – it is
unique in the entire world. But how is it related to other organisms? Trace the organism back up the
scheme – and the groupings contain more and more organisms that share more and more traits.
For example, Panthera leo—the African lion—is a unique species. It is in the Family of Felidae—which
consists of other large cats, tigers, pumas, leopards, etc., they are related to one another based on
shared feline characteristics. Their Order is Carnivores. Going further up the classification scheme,
they are all in the Class of Mammals—meaning they share characteristics of all mammals (fur, milk,
live birth, etc.) such as dogs, bats, and whales. So a classification scheme allows us to look at features
that all of the members of a group of organisms share (relationships) and to figure out what makes
them unique members of that group.
Trying to understand and study all of the millions of creatures can be a daunting task! One way
scientists try to make sense of it all is to group organisms into categories based on shared and
derived (or unique) traits or features. Classification is a TOOL used by scientists. A feature is
a characteristic of an organism that is observable or provable. A feature can help describe an
organism. For example, DNA is a feature. “Feathers” are a feature of birds. The term “bird” is NOT
a feature; rather, it is a term referring to an entire organism. The description of the organism, “it has
feathers, it lays eggs, it has a beak” typically lists the actual features.
RESOURCES
Insect Dichotomous Key Handout
http://campus.kellerisd.net/Teachers/13248/Homework%20Review/Insect%20Dichot%20Key.pdf

ACTIVITY #4
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ACTIVITY #5

WHAT TO DO (CONTINUED):

PROVIDED BY THE PHILADELPHIA ZOO

3. H
 and each grasshopper a paper bag and have them put their name on it with marker. This bag is
their “stomach”, which they will put candy into.

Biomagnification Tag

4. W
 hile this is occurring, have the shrews put on one color of bandana and the hawks the other
color.

OBJECTIVE:

Students will learn what a basic food chain is, name three sources of pollution,
understand the process of biomagnification, and describe several ecological
solutions to the problem.

5. E
 xplain that when the shrews hear “Shrews go!” they are to try to tag the grasshoppers. Once
tagged, grasshoppers must hand over their bag and go sit out.
6. E
 xplain that when the hawks hear “Hawks go!” they are to try to tag the shrews. Once tagged, a
shrew must hand over all their bags and go sit out.
7. Once the grasshoppers are ready, send them all off at once to collect candy!
8. Use the stopwatch to time 15 seconds, after which yell “Shrews go!”
9. After an additional 15 seconds, yell “Hawks go!”

TIME FRAME: 20 minutes

10. The game ends when only hawks remain or enough time has passed (about 2 minutes).
11. Have the hawks separate themselves and then place their bags on the ground in front of them.

WHAT YOU’LL NEED:
• Small paper bags

WHAT TO DISCUSS:

• Two types/colors of wrapped candy

1. To close the activity, have the hawks dump out their bags. This will look at everything that they ate.

• Two different colored bandanas

• See which grasshopper ate the most grass.

• Plastic bowls (optional)
• Markers

• See which shrew ate the most grasshoppers.

• Stopwatch

• And finally, which hawk ate the most shrews.
2. E
 xplain next that, unfortunately, there was something else going on. Some of the grass had grown
in soil that was sprayed by a pesticide.

TO PREP IN ADVANCE:
•M
 ix up the candy. One candy will represent normal food sources, and the other candy will represent
a food source that has been tainted by a chemical agent, in this case a pesticide. Make it so that
there are 4 to 5 pieces of normal food candy to 1 piece of tainted food candy.
•S
 catter the candy on a clean floor or in a series of bowls in the play area. These are the foraging areas.
•P
 repare the bandanas or flags. Players who are predators will wear these. One color represents a
secondary consumer, a shrew, and the other a tertiary consumer, a hawk. All other players will be a
primary consumer, a grasshopper, and do not need a marking.

3. Have them look at the candy.
• Ask the hawks if they ate any of the candy of the second variety. How much?
• How much did each shrew eat?
• How much did each grasshopper eat?
4. E
 xplain that what just happened was biomagnification. A foreign chemical entered the food chain
and built up more and more. What does this mean for the animals?
5. After you’re all done, feel free to have participants eat the candy (since it’s not actually pesticide).

SAFETY CONCERNS:
Be sure the candy does not present a choking or food allergy hazard.
WHAT TO ASK YOUR STUDENTS:
• What is a food chain?
• Can you think of examples of a food chain or the plants and animals within it?
• What do animals eat? Where does that food come from? Is the food alive, as well?
• What is a grasshopper and what does it eat? A shrew? A hawk?
WHAT TO DO:
1. Begin by dividing students into three smaller groups the following way: count off people by 6’s.
•A
 nyone called 1-3 will become grasshoppers, 4-5 will become shrews, and 6 will
become a hawk.
2. T
 ell the grasshoppers that they will get a 15-second head start to collect their food. They must “eat”
as much “grass” as they can (the grass is represented by candy).
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ACTIVITY #5

WHAT’S THE SCIENCE?
Food chains are found in every ecosystem and are defined as the flow of energy through living things
by consumption. All land food chains begin with the Sun. The Sun’s light gives energy to primary
producers, usually plants, through the process of photosynthesis. These are eaten by primary
consumers, usually an herbivore. Next come secondary consumers, carnivores and omnivores,
followed by tertiary consumers, and so on. The last animal in the chain is the top predator. Every
stop in the chain is called a trophic level. If any plant or animal dies, it is subject to decomposers;
although this is often left out of a food chain for simplicity.
Biomagnification is the process where a chemical, usually man-made, builds up in an ecosystem
because of the nature of food chains. Basically, small amounts are absorbed into the bodies of
smaller organisms, which then build up in the bodies of the larger organisms that eat them.
For many birds like the hawk, biomagnification is a matter of possible extinction. Bald eagles,
ospreys, egrets, and many songbirds all suffer because the pesticide DDT entered their food chains.
In high enough levels, DDT makes birds lay thin shelled egg. Frogs are also believed to suffer because
of biomagnification of pesticides and herbicides, as well as other pollutants. Animals that live in water
are sometimes at a higher risk. Many fish species, including large commercial ones, may contain high
levels of mercury and PCPs because of biomagnification. This is believed to be affecting people who
consume a great deal of fish in the same way.

ACTIVITY #5
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TAKING IT FURTHER:
Learn about the plight of bald eagles and what was done to save them from extinction and even how
they were removed from the endangered species list. Visit the bald eagles in the zoo.
Learn about how pollution affects not only animals, but people too. Even though the animals we care
about may suffer, we must also consider our own health. For some people, caring about animals is
secondary to caring about people. Investigate how pollution can harm people and how the decline
of animals is usually a sign that we are next. Find other ways where by protecting animals, we can
protect ourselves. Investigate how this can get people motivated to help.
SCALE IT DOWN OR UP:
This game can be adapted for both older and younger age groups. For younger children, it works
very well for basic understanding of food chains and an introduction of how energy flows through
the trophic levels of an ecosystem. The actual biomagnification demonstration is secondary to this
concept.

ACTIVITY #6
PROVIDED BY THE UNIVERSITY OF PENNSYLVANIA DEPARTMENT OF BIOLOGY

Egg Osmosis
OBJECTIVE:

Students learn about osmosis across a selectively permeable membrane
by analyzing changes in mass or circumference of eggs placed in different
solutions. Additional questions help students to understand the process of
osmosis and challenge students to apply their understanding of osmosis to
several real-world phenomena.

The play field should also be adjusted for age. Younger children need less play area than older. Older
children should be given adequate space and also more spread out candy.

GRADE RANGE: 6-12

Older groups can also be given a number that a hawk succumbs to the pesticide. For example, 10
pieces of the second candy and the hawk is under the effect of DDT. How many of the hawks become
incapable of reproducing? How would this affect the population of hawks over time?

TIME FRAME: 15 minutes on three consecutive days
WHAT YOU’LL NEED:
• 2 eggs per group of students
• 2 clear containers per group of students
• White vinegar
• Corn syrup
• Water
• Nitrile or vinyl gloves (unless you are using pasteurized eggs)
• Paper towels
• Scale or a measuring tape
TO PREP IN ADVANCE:
For additional background, you may want to review the Student Handout and Teacher Preparation
Notes available at http://serendip.brynmawr.edu/sci_edu/waldron/#osmosis.
SAFETY CONCERNS:
• To avoid salmonella infection, any hand that is in contact with an egg should wear a glove.
•A
 fter each part of the experiment, hands should be washed thoroughly and all surfaces should be
cleaned.
WHAT TO D0:
DAY 1
1. Each group of students will be given two eggs and two containers.
2. To begin, have students use the scale to record the weight of the eggs.
• If you don’t have a scale, measure the circumference of the eggs using the tape
• Caution: Because these are raw eggs, they may carry salmonella, so you should use
3. Put each egg in a container labeled Egg 1 or Egg 2 with enough vinegar to cover the egg.
4. Cover the containers.
5. H
 ave students look for bubbles forming around the egg. These are bubbles of CO2 which result
from the chemical reaction between the acetic acid in the vinegar and the calcium carbonate in
the eggshell. This reaction will dissolve most of the eggshell by Day 2.
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ACTIVITY #5

ACTIVITY #6
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WHAT TO D0 (CONTINUED):

WHAT TO ASK YOUR STUDENTS DAY 3 (CONTINUED):

DAY 2

• What do you think happened to cause the change in weight/size of the egg placed in corn syrup?

1. Have students observe their eggs.

• Why did the egg placed in water get bigger and heavier? Where do you think the additional
weight/volume came from?

2. N
 otice that most of the shell has been dissolved by the acetic acid in the vinegar. Although most
of the shell is gone, each egg is still surrounded by a shell membrane outside the cell membrane.
The shell membrane has protein fibers that give it much greater strength than the cell membrane.
However, the egg without its shell is still fragile, so you will need to handle your eggs very gently
and carefully!
3. Dry each egg and measure the weight and/or circumference. Record your results.

TAKING IT FURTHER:
Students can test changes in weight or diameter of eggs placed in a variety of liquids or, if
microscopes are available, students can investigate changes in other types of cells placed in different
solutions. See suggestions in Teacher Preparation Notes.

4. Empty the vinegar from the container for Egg 1 and replace it with water to cover the egg.
5. Empty the vinegar from the container for Egg 2 and replace it with corn syrup to cover the egg.
6. As you pour the corn syrup, notice that it is viscous (thick and slow to pour).
DAY 3
1. C
 ompare and contrast the appearance of the egg that has been in water against the egg that has
been in corn syrup.
2. Rinse the corn syrup off of egg 2.
3. Dry each egg and measure and record the weight and/or circumference.

SCALE IT UP:
To make this activity more challenging, follow up the egg part of the activity with optional analysis
and discussion questions on the effects of osmosis on animal and plant cells (available on pages 3-4
of the Student Handout). These questions expand student understanding of osmosis, including the
contribution of plant cell walls to differences in the effects of osmosis on plant versus animal cells
and health effects on humans of drinking too much water too quickly or drinking ocean water. For
additional information, see the Teacher Preparation Notes.
CLEAN UP:
Liquids can be poured down the drain and eggs can be disposed of in the garbage.

WHAT’S THE SCIENCE?
The cell membrane that surrounds each cell is a selectively permeable membrane. A selectively
permeable membrane allows some types of molecules and ions to cross the membrane and prevents
other types of molecules and ions from crossing the membrane.
Osmosis is the movement of water across a selectively permeable membrane. As a result of osmosis,
there is net movement of water from a solution with a lower concentration of solutes to a solution
with a higher concentration of solutes.
An unfertilized chicken egg is a single cell, although a very atypical cell. The large size and strong
shell membranes that surround a chicken egg make it useful for demonstrating osmosis, a process
which also takes place in more typical cells, but is not as easy to observe. Inside the cell membrane,
each cell contains cytosol, a watery substance with a relatively high concentration of solutes. Overall,
a chicken egg is 74% water, which is similar to typical animal cells with ~70% water. White vinegar is
about 95% water, and corn syrup is about 20% water.
For additional background information, see the Student Handout and Teacher Preparation Notes
available at http://serendip.brynmawr.edu/sci_edu/waldron/#osmosis.
WHAT TO ASK YOUR STUDENTS:
DAY 1
•W
 hy is it important for each cell to be surrounded by a cell membrane that can prevent large
molecules from leaving the cell?
•T
 he cell membrane allows some small molecules like oxygen to cross. Why is it important for
oxygen to be able to cross the cell membrane?
DAY 2
• Did the eggs became heavier/larger or lighter/smaller?
• What do you think happened to cause this change in weight/size?
• What do you think causes the corn syrup to be so viscous?
DAY 3
•Y
 ou may be able to see a layer of water on top of the corn syrup. Where do you think this water
came from?
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ACTIVITY #7

WHAT’S THE SCIENCE?

PROVIDED BY THE WAGNER FREE INSTITUTE OF SCIENCE

Rock Cycle Fudge
OBJECTIVE:

The rock cycle describes how the three major rock types – igneous, sedimentary, and metamorphic convert from one to another.
Rocks change as a result of natural processes that are taking place all the time. Most changes happen
very slowly. Rocks deep within the Earth are right now becoming other types of rocks. Rocks at the
surface are lying in place before they are next exposed to a process that will change them. Even at
the surface, we may not notice the changes. The rock cycle has no beginning or end.
Rocks are classified into three major groups according to how they form:

Students will reinforce their understanding of the Rock Cycle by making
batches of fudge.
TIME FRAME: 45 minutes

• I gneous rocks form from the cooling and hardening of molten magma in many different
environments. The chemical composition of the magma and the rate at which it cools
determine what rock forms. Igneous rocks can cool slowly beneath the surface or rapidly
at the surface. These rocks are identified by their composition and texture. More than 700
different types of igneous rocks are known.
• Sedimentary rocks form by the compaction and cementing together of sediments, broken
pieces of rock-like gravel, sand, silt, or clay. Those sediments can be formed from the
weathering and erosion of preexisting rocks. Sedimentary rocks also include chemical
precipitates, the solid materials left behind after a liquid evaporates.

WHAT YOU’LL NEED:
• Fondue Pot
• Large Spoon

•M
 etamorphic rocks form when the minerals in an existing rock are changed by heat or
pressure below the surface.

•Measuring Cup
•Can Opener

Several processes can turn one type of rock into another type of rock. The key processes of the rock
cycle are:

• 9”x13” Aluminum pan
• Waxed Paper

•C
 rystallization: magma cools either underground or on the surface and hardens into
an igneous rock. As the magma cools, different crystals form at different temperatures,
undergoing crystallization. For example, the mineral olivine crystallizes out of magma at
much higher temperatures than quartz. The rate of cooling determines how much time the
crystals will have to form. Slow cooling produces larger crystals.

• Sealable sandwich bags – 1 per student
• 2 bags large marshmallows
• 12 ounce bag of Chocolate Chips
• 2 1/2 cups granulated sugar

•E
 rosion and Sedimentation: weathering wears rocks at the Earth’s surface down into
smaller pieces. The small fragments are called sediments. Running water, ice, and gravity all
transport these sediments from one place to another by erosion. During sedimentation, the
sediments are laid down or deposited. In order to form a sedimentary rock, the accumulated
sediment must become compacted and cemented together.

• Stick of butter
• 5 ounces evaporated milk
TO PREP IN ADVANCE:
•B
 efore this lesson, students should have completed lessons on rocks and minerals, including:
mineral characteristics, the difference between rocks and minerals, and the three main types of
rocks.
• To make the process easier, pre-measure and divide all ingredients ahead of the activity.
SAFETY CONCERNS:
•S
 ome of this activity will rely on the educator preparing food over heat. BE AWARE of the tools and
surfaces being used, and BE DISCRETIONARY as to when students can help in the process.
• FOOD ALLERGIES should be considered when conducting this activity.
WHAT TO D0:
1. R
 ead through story of Sally Quartz as she moves through the rock cycle (see “The Rock Cycle Story
and The Making of Fudge” below), and follow the inline directions.
2. A
 t various points in story, students are directed to participate in making the fudge to reinforce
steps of the rock cycle.
WHAT DO DISCUSS

•M
 etamorphism: when a rock is exposed to extreme heat and pressure within the Earth but
does not melt, the rock becomes metamorphosed. Metamorphism may change the mineral
composition and the texture of the rock. For that reason, a metamorphic rock may have a
new mineral composition and/or texture.
In the story, Sally started out as a piece of quartz inside a layer of granite, which is an igneous rock.
Then, due to erosion, Sally broke off and turned into sand, or sediment. When the sand did not move
for a long time, the beach turned into a sedimentary rock called sandstone. The ocean then covered
the sandstone, pressing down on it for a long time, which turned the sandstone into a metamorphic
rock called quartzite. Finally, the movement of the crust of the Earth pushed the quartzite back
below the crust, turning it into molten rock that, in time, will become a part of a new igneous rock.
The tray of marshmallows was like sedimentary rock. The smashed marshmallow was like
metamorphic rock. And, the cooked marshmallows and other ingredients would cool and be like
igneous rock.
SCALE IT DOWN OR UP:
For older students, different ingredients in the fudge can represent various mineral and rock materials
that come together to form molten rock. Older students can also be more involved in the process of
making the fudge, whereas younger students might have to observe most steps.

• How is the process of making fudge similar and different to that of the Rock Cycle?
• Where does heat come from in the Earth? What is making heat when preparing the fudge?
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THE ROCK CYCLE STORY AND THE MAKING OF FUDGE
Sally Quartz was a part of a granite rock located in a layer of rock deep inside the earth. Millions of
years went by and rain washed away the layers of dirt and rock above her. With the weight of crust
removed, Sally gradually moved closer and closer to the surface of the earth. One day, a river wore
through the final layer of rock, and Sally was finally out in the sunlight. Thousands of more years
went by. The sun was hot. Hard rain and cold snow came and went.
• Ask students what they predict will happen next.
Finally, a raindrop hit a little crack in Sally. She broke off the rock and became a grain of sand. Sally
Sand then floated down the river, landing on a nice, soft beach.
•P
 ull out one marshmallow and add it to the pan with other marshmallows. The
marshmallows represent grains of sand from a rock. Check for student comprehension.
Thousands of more years went by and the river dried up. The river was rich with minerals and as it
dried, the minerals got left behind with the grains of sand. The sun baked the sand and minerals like
an oven. Minerals began to combine between the grains of sand, like cement, and Sally turned into
sandstone.
• Lay piece of wax paper on top of pan of marshmallows.
Another million years went by, and the big wide ocean rose up to cover and press down on Sally
Sandstone. Year after year new blankets of sand and layers of shells settled on top of her and the
surrounding rock. Millions of more years went by and eventually Sally lay deep beneath the ocean
floor. The pressure from the weight on top slowly changed Sally Sandstone into a stronger, harder
rock called quartzite.
•H
 ave students press the layer of marshmallows in the pan. Give students baggies with
marshmallows to squish and add heat and pressure from their hands.
•Compare and contrast the marshmallows before and after heat and pressure.
But wait! Sally Quartzite wasn’t sitting still. She was a part of the ocean floor that was slowly moving,
inch by inch, year by year, back under the crust of the earth.
•P
 ut squished marshmallows in the fondue pot and add 1 stick of butter, putting the heat
on low.
Finally, Sally melted and joined back up with the molten rock deep under the ground. There she
stayed waiting to emerge from the earth as a new rock. Next time, however, she might continue the
rock cycle as Sally Lava and burst out of a thundering volcano… only time would tell.
• I n small groups, have students watch the marshmallows melt. At this time, review the
whole story as a cycle. Discuss where the heat in the earth comes from.
•A
 dd 2 1/2 cups of sugar and 5 ounces of evaporated milk. After all students have observed,
add the bag of chocolate chips and heat until melted. Pour ingredients into pan to cool.

ACTIVITY #8
PROVIDED BY THE NATURE CONSERVANCY’S NATURE WORKS EVERYWHERE PROGRAM

Nature Works Everywhere provides everything you need to start learning the science
behind how nature works to produce our clean air, water, energy and food. Find
standards aligned lessons, videos and digital tools at www.natureworkseverywhere.org.
Find the full “How Natural Areas Filter Water” lesson and video at:
https://www.natureworkseverywhere.org/resources/how-natural-areas-filter-water/

Build a Natural Water Filter
OBJECTIVE:

Students will construct a water filter made of naturally occurring components
and learn how natural systems filter water compared to impervious surfaces
found in urban and developed areas.
This activity can be conducted by groups of students or as a demo in front of a
class. The materials listed below are for the demo version.
TIME FRAME: 45 minutes
WHAT YOU’LL NEED:
• Two 2 liter soda bottles
• Two large jars, about the same diameter as the soda bottles
• Duct tape
• Handful of horticultural moss (available at gardening stores)
• Handful of dried leaves
• Bag of river sand
• Bag of gravel
• Several small pieces of concrete
• Old newspaper
• Old plastic cups
• Garden soil
• Bucket
• Water
• Vegetable oil
• 1 liter pouring jug
• Timer with seconds
• Ruler
SAFETY CONCERNS:
• This activity uses dirt, sand, soil and gravel and will possibly create a mess.
•Y
 ounger students may need help cutting the 2 liter soda bottles. Save time and prevent accidents
by cutting the soda bottles ahead of time.
WHAT TO ASK YOUR STUDENTS:
•H
 ow often do you walk on the bare ground each day? How much of that ground is paved? How
much is rocky or soil?
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WHAT TO ASK YOUR STUDENTS (CONTINUED):

WHAT’S THE SCIENCE (CONTINUED)?

• What types of ground are there?

Impervious surfaces, like rooftops and paved roadways, are surfaces where water cannot penetrate.
As impervious (or impenetrable) surfaces increase in urban areas, this leads to less natural water
filtration. Impervious surfaces can contribute to pollution in urban watersheds because rainwater
accumulates pollutants like car oil, fertilizers, detergents, and pesticides as it moves across
them. These pollutants eventually end up contaminating the watershed.

• Have students brainstorm what happens to rain that runs off roads and parking lots.
PROCEDURE:
1. Cut off the bottoms of two 2 liter soda bottles.
2. Invert the bottle and place it top-side-down into one of the jars, making a funnel.
3. Mix together a handful or so each of the garden soil, sand, gravel, leaves and moss. The quantities
are not important, but try to keep the amounts of each material about equal. Keep aside a small
handful of moss.
4. Place the small handful of moss in the neck of the funnel. Add the mixture to the funnel. Ensure the
material is packed firmly but not too tightly. This funnel represents the soil through which water
filters in natural areas.

Humans use an ever-greater proportion of available freshwater and activities like agriculture and
industry can impact the water cycle. Pollutants like pesticides, fertilizers, and heavy metals can
enter watersheds as a result of some agricultural practices and industrial activities. Contaminated
water that enters a watershed can threaten all organisms that depend on water for survival. Water
contaminated with heavy metals or untreated sewage can have huge consequences for human
health, especially in countries that lack adequate water treatment facilities. Contaminated water
must be filtered for human consumption and the more contaminated the water is, the more costly it
is to treat.

5. In the other funnel, place the pieces of concrete, to the same volume as the soil-filled funnel.
Loosely crumple the old newspaper into various sized pieces and crush the plastic cups. Add
the newspaper and plastic cups into the funnel. This funnel represents areas across which water
drains in paved areas. The newspaper and cups represent trash which may collect in the drains of
paved areas.
6. M
 ix together a small amount of the garden soil with 2 liters of water and add two cups of the
vegetable oil.
7. Add 1 liter of this mixture to the pouring jug.8. Pour the mixture into the soil-filled funnel. Record
how long it takes for the water to drain through and your observations. Measure the height of the
oil layer that rises to the top of the water once it has filtered through.
9. Repeat the above step for the funnel filled with pieces of concrete.
10. Watch a video of the procedure here: https://vimeo.com/137868819
GOING FARTHER:
• Describe and discuss the students’ observations of the differences between the two funnels.
• What does the soil and oil mixture represent?
• Does each set-up funnel water at the same rate?
• If there are differences in the time it takes for the water to travel through the set-up, what might
account for these differences? Why is one funnel taking so much longer to drain?
• What does the water look like when it comes out of the funnels? Which water would you rather
drink?
• Can you change the order of natural materials to make the water even cleaner? Try a few variations
by changing the order, type, and/or amount of materials.
WHAT’S THE SCIENCE?
A watershed is an area of land where all the water that is under it, or drains off of it, flows to the
same river, basin or sea. During a dry spell, water will remain in streams and rivers that are drained
naturally because the water takes longer to move through soil. When rain is heavy, floods are more
likely in areas with impervious surfaces because most of the water drains rapidly into gutters and
then into rivers.
Surfaces where water can penetrate are called permeable surfaces. Nature works to filter and release
water over time. In this way, nature reduces the amount of artificial treatment needed to filter water
and also contributes to prevention of flooding. In nature, water is filtered through layers of soil, sand,
rock, and other natural materials like leaves. The bottle students build with soil, moss, sand and gravel
represents an area of land that is permeable.
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ACTIVITY #9

WHAT TO DO (CONTINUED):
4. P
 ull up the craft stick with all the snot stuck to it. Hold open a plastic zip-lock bag and place the
craft stick with “snot” into the bag. Then pinch the bag together while pulling out the craft stick to
get the all the “snot” off the craft stick and into the bag.

Snot
PROVIDED BY THE FRANKLIN INSTITUTE

TAKE IT FURTHER:
•H
 ave each student take a piece of their “snot” and see what happens when they mix it with some
dirt and dust. (Rolling it in a dusty floor corner or on a sidewalk works well.)

OBJECTIVE:

Students will create simulated mucus and explore the role mucus plays in the
immune system.

• How might this be helpful inside your nose?
•S
 tudents may take the “snot” home; remind them to store it in the sealed zip-lock bag to keep it
from drying out

TIME FRAME: 30 minutes
WHAT’S THE SCIENCE?
WHAT YOU’LL NEED:

Snot—actually called mucus—is a slimy mixture of water and proteins produced by cells in your
mouth, nose, throat, sinuses, lungs and digestive tract. Mucus is the first line of defense in your body’s
immune system. It contains immune cells and enzymes that attack bacteria and viruses, and it traps
dust, pollution and other unwanted material. Tiny hairs in your sinuses called cilia move the mucus
toward your throat, where you swallow it. Good mucus is clear and colorless, but when the cilia stop
moving, your nose mucus gets clogged. Bacteria, bacterial waste and other unwanted materials get
stuck. The mucus changes from a clear liquid into a gunky green color.

• Plastic cups
• Craft sticks
• Zip-lock sandwich bags
• White glue
• Water

The mucus coats the hairs inside your nose, called vibrissae. When you breathe in, dirt gets trapped
in the goopy hairs. The dirty mucus clumps up, dries out as you breathe, and this creates the hard
lumpy mass we call a booger.

• Plastic spoons
• Green food coloring
• Borax

The presence of mucus in the nose and throat is normal, but too much can make breathing hard, and
the mucus must be cleared by blowing the nose or coughing up phlegm from the throat.

• Goggles
TO PREP IN ADVANCE:
•C
 reate a saturated Borax (sodium tetraborate) solution by mixing 1/4 cup of Borax with 1 quart of
hot tap water and stirring well. Mix in more Borax if needed. Keep adding Borax until no more will
dissolve.
• Allow the mixture to cool before doing the experiment.

The “snot” we made is a crosslinked polymer. A polymer is a long chain of repeating molecules
which make substances like plastics, cornstarch, Silly Putty and DNA. The glue is a polymer made
of long stringy molecules, much like the proteins in actual snot. The sodium tetraborate (Borax)
molecules contain charged atoms called ions that attach to the long molecules of the glue. The long
molecules begin to clump together along their sides, which crosslinks the polymer. This creates a
stiffer, stretchier polymer.

• A large batch can be made far in advance.
SAFETY CONCERNS:
Goggles should be worn to prevent Borax solution getting into eyes.
WHAT TO ASK YOUR STUDENTS:
• Did you know that humans make their own slime? What do you think it is?
• Where can you find snot, or mucus, in your body?
• What do you think this mucus does for you?
WHAT TO DO:
1. Have students measure 3 large spoonfuls of glue into their cups. The key is to get large overflowing
spoonfuls.
2. A
 dd 3 spoonfuls of water to the cup and just a drop of green food coloring. Have students mix well
with the craft stick until it is a consistent color.
3. Add one spoonful of the Borax solution to the glue mixture. Have students stir again; it should begin
to stick to the craft stick. Add more Borax solution if needed, a little at a time, to get more “snot”.
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ACTIVITY #10

Paper Cup Weight Test
PROVIDED BY THE FRANKLIN INSTITUTE

WHAT’S THE SCIENCE (CONTINUED)?

OBJECTIVE:

Students will test the industrial strength of a paper cup.

The force on the cups is equal to the weight of the person standing on top of the platform. The area
is determined by the effective area of the top of the cup.
If there was only one cup, the entire force of the body would be distributed over the very small area
presented by top of the cup. In this case, the force per unit area, that is, the ratio of the force to the
area, would be very great (because the area is small) and would likely result in the cup being crushed
and unable to support the weight of an entire person. However, when a platform is used, the same
force produced by the body is distributed over a larger area.

TIME FRAME: 30 minutes
WHAT YOU’LL NEED:
• Paper Dixie cups
• 2 square pieces of cardboard glued together (14” x 14”)
• (Optional) Other types of cups, such as Styrofoam, plastic, or larger paper cups
SAFETY CONCERNS:
Watch students’ hands as they reach for cups. When paper cups begin to bend or buckle, no one
should reach underneath under the platform to prevent hands from getting crushed.
WHAT TO ASK YOUR STUDENTS?
• How many of these paper Dixie cups do you think could support your weight?
• Which way do you think it is stronger—open side up or open side down?
WHAT ASK YOUR STUDENTS:
• Did you know that humans make their own slime? What do you think it is?
• Where can you find snot, or mucus, in your body?
• What do you think this mucus does for you?
WHAT TO DO:
1. P
 lacing the cups mouth down, create a grid of cups the size of the cardboard square to create
a platform.
2. P
 lace the cardboard on top of the cups. Carefully have a student stand on top of the platform
created. Spot the student so they don’t fall.
3. H
 ave another student slowly start removing cups from beneath the cardboard. Start from the
outside, one at a time, and allow the student to redistribute their weight between each one.
4. F
 ind out how many paper cups it takes to support the student’s weight! Write the numbers up on
the board. How accurate were their predictions?
TAKING IT FARTHER:
Try other types of cups such as Styrofoam, plastic and larger paper cups.
WHAT’S THE SCIENCE?
If you try to stand on just one cup, it will crush under the pressure. That’s because all of your weight
is pushing, or compressing, the cup. But if you arrange the cups, and put a piece of cardboard on top,
then the cardboard spreads out, or distributes, your weight across all of the cups; each individual cup
supports less weight. That means that there isn’t too much weight on any one cup.
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ACTIVITY #11

PROCEDURE To make oobleck (CONTINUED):
5. ( Optional) Allow students to mix their own samples of oobleck and determine the amounts of
cornstarch and water needed. What ratio of cornstarch to water creates oobleck? What if there is
too much water? Too much cornstarch? How do the mixture’s properties change?

Oobleck
PROVIDED BY THE FRANKLIN INSTITUTE

(Optional) Running across oobleck

OBJECTIVE:

1. Have students remove their shoes and socks.

Students will get messy exploring the properties of a non-Newtonian fluid.

2. R
 emind students what they discovered about how oobleck behaves. Challenge them to get across
the large container of oobleck without sinking in or getting their feet messy. 3. Have them carefully
step into the large container of oobleck. The students can try to lift their feet quickly or slowly.

TIME FRAME: 30 minutes

4. Once the student has finished, have them step into the cleaning water.
5. Once rinsed, have them sit and dry their feet with a paper towel.

WHAT YOU’LL NEED:
• Cornstarch

WHAT’S THE SCIENCE?

• Water

“Oobleck” (a word originally created by Dr. Seuss) is a mixture of cornstarch and water that behaves
as a non-Newtonian fluid. A non-Newtonian fluid is a fluid that doesn’t follow Newton’s equations for
liquids under pressure—in other words, it doesn’t behave the way a normal liquid should. In a liquid,
molecules can move freely, so when you apply a force, like poking it with your finger, the molecules
slide out of the way, letting your finger through. In a solid, the molecules are tightly packed together
and can’t move past each other, so when you poke it, the molecules can’t go anywhere and resist the
force of your finger.

• Pitchers
• Spoon
• Bowls
• Paper towels
• (Optional) Large shallow container
• (Optional) Tarp

Oobleck is made up of solid particles of cornstarch suspended in water. A suspension of small particles
of one substance evenly distributed in another substance is called a colloid. (Other examples of
colloids are milk, shaving cream and fog.) When a small force is applied, the cornstarch particles are
able to slide past each other, and the oobleck behaves like a liquid. When a greater force is applied, the
cornstarch particles compress instead of sliding, and the oobleck resists the force like a solid.

• (Optional) Bin for washing
TO PREP IN ADVANCE:
Make the oobleck in the large container in advance to ensure it is the right consistency.
SAFETY CONCERNS:

Another common non-Newtonian colloid is quicksand. In the case of quicksand, the liquid is water
and solid particles can be sand, silt or clay. If pressure is applied quickly and briefly, the quicksand will
behave like a solid, but if something like a person’s foot is placed on it slowly, it will begin to sink.

• Be sure that students are careful when entering and exiting the basins.
• Be sure that students have thoroughly dried their feet once they have rinsed.
• Encourage students NOT to splash the water.
WHAT ASK YOUR STUDENTS:
• We are going to get really messy playing with something called “oobleck”!
• What can you tell me about liquids? What about solids? Can something be both?
PROCEDURE:
To make oobleck:
1. S
 how students the ingredients they will be using: water, a liquid, and cornstarch, a solid. Discuss
properties of these materials and what happens when they touch them.
2. D
 istribute the bowls and pitchers of water to each group. Add a bit of cornstarch to each of the
bowls.
3. A
 s a group, mix together the cornstarch and water in the bowls. Start with the cornstarch and add
water slowly, a little bit at a time, until the mixture reaches a thick, molasses-like consistency. If it is
too watery, add more cornstarch. It should feel stiff and solid when squeezed or poked, but ooze
like a liquid when released.
4. A
 sk the students what they observe about this new substance. Do they think it is a solid? A liquid?
Let them play with the oobleck and experiment with its properties.
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ACTIVITY #12

WHAT DO TO (CONTINUED):

Giant Tetrahedron
PROVIDED BY THE FRANKLIN INSTITUTE

OBJECTIVE:

9. F
 inally, thread the yarn through tube D again, but in the opposite direction, from end 2 to end 1.
This should leave the end of the yarn you’ve been working with right next to end 1 of tube A, where
the other end of the yarn should be waiting for you.
10. P
 ull both ends of the yarn as tight as possible—there should be no slack at any of the corners—
and tie them together, still keeping them as tight as possible. This should produce a nice, stable
regular tetrahedron.

Students will explore the geometry of the regular tetrahedron and its
importance in architecture as they create and experiment with large-scale
models.

11. F
 our of these tetrahedra can be joined together at vertices (corners) to create a tetrahedron twice
the size. (If groups aren’t able to make four tetrahedra of their own, encourage them to join with
other groups.) Start by making a triangle of three of them on the ground, each one joined to the
next in a ring.

TIME FRAME: 1 hour

12. J
 oin the corners with twist ties—make sure to wrap the twist tie around all of the loops of yarn at
both vertices being joined, and then twist it to itself to make a loop binding everything together at
that point. Keep twisting the tie as tightly as possible, i.e. make the twist-tie loop as small as you
can. As with the strings, you want as little slack as possible.

WHAT YOU’LL NEED:
• LOTS of cardboard tubes (all the same length)—at least six per group of 3-4 students
• Lengths of yarn – at least 8.5 times as long as the tube (the longer the better)
• Twist ties
• Hex nuts to use as weight for threading
• Markers

13. A
 dd the fourth tetrahedron on top, attaching each of its base vertices to the apex (top vertex) of
one of the three tetrahedra on the ground. Here’s what you should get:
14. W
 ith enough materials, this scaling up can continue in the same way: Make four of the doublesized units and join them at corners to make a 4x tetrahedron, or even make four of those and join
them, etc.
WHAT’S THE SCIENCE?

TO PREP IN ADVANCE:
Cut lengths of yarn for each group, if necessary.
SAFETY CONCERNS:
Always practice caution when your students use scissors.
WHAT ASK YOUR STUDENTS:
• What are some of the strongest shapes used for building long-lasting structures?
•T
 hink about the pyramids in Egypt… They have lasted for thousands of years. Do you think their
shape and structure has anything to do with that?
• Show students some photos of large, strong structures such as the great pyramids.

A polyhedron is a three-dimensional solid made up of many flat faces. The faces meet at edges,
and the edges meet at vertices (corners). The simplest polyhedron is a tetrahedron, which has four
faces. (Think about—could you make a polyhedron with only one, two, or three faces?) Each face of
a tetrahedron is a triangle, which is the strongest structural shape; as a result, tetrahedra are very
strong, rigid structures. In architecture and structural engineering, space frames made of interlocking
tetrahedra are often used to support roofs and other large areas, because they are lightweight and
can cover large areas without needing much support from below.
TIPS FOR SUCCESS:
Educators are encouraged to demonstrate each step and have the students repeat the process. Also,
a simple diagram drawn on a board or large piece of paper may be helpful. Patience and assistance
with knot-tying may be needed!

WHAT TO DO:

Depending on the size of the cardboard tubes, larger scaled-up versions may need to be reinforced
at the horizontal joints by inserting a lightweight pipe or tube into both ends of the horizontal tubes
meeting there.

1. D
 ivide students into groups of 3-4 and distribute materials. Assist groups in assembling their
structures using the steps below.

SCALE IT DOWN:

2. Starting with 6 tubes, begin by labeling each one a different letter: A, B, C, D, E, and F.
3. Label one end of each tube “1” and the other end “2.”
4. T
 ie a hex-nut to one end of the yarn to act as a weight and to help with threading the yarn through
the tubes.

For younger students, the idea of a shape being strong can be a difficult one to grasp. Make this
simpler by first making 2D shapes using yarn and straws. Thread the yarn through a few straws and
tie the ends together. Make a square shape and see how it can bend and flex. Then make a triangle
and see how it keeps its shape. Compare a 2D triangle to the tetrahedron.

5. R
 un the yarn through tube A in through end 1 and out of end 2. Now take the end of the yarn
coming out from end 2 and thread it through tube B, going into end 1 and out end 2.
6. Continue in this fashion through tubes C, D, and E, always going into end 1 and out of end 2.
7. Now take the yarn (which should be coming out end 2 of tube E) and thread it through tube B
again, from end 1 to end 2. This will create a rhombus formed of tubes B, C, D, and E.
8. N
 ow take the free end coming out of tube B (end 2) and thread it through the last tube (F) from
end 1 to end 2.
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ACTIVITY #13

WHAT DO TO (CONTINUED):

Geodesic Domes

8. A
 t each joint where four shorts come together, tape another short sticking straight up. Connect
this short to the joints on either side with longs, forming new triangles.

PROVIDED BY THE FRANKLIN INSTITUTE

7. Connect the tops of these new triangles with a row of shorts. The dome will start curving inward.

9. Connect the tops of these new triangles with a row of longs.
10. Finally, add the last five shorts so that they meet at a single point in the center of the dome.

OBJECTIVE:

Students will learn about the structural strength of domes and build one large
enough to sit in.
TIME FRAME: 45 minutes
WHAT YOU’LL NEED:

WHAT’S THE SCIENCE:
These domes come from geodesic designs, which are based on a polyhedron. A polyhedron is a
three-dimensional solid that’s made up of many flat faces. Both pyramids and prisms are examples
of polyhedrons. The word geodesic refers to the shortest distance between two points on a curved
surface, and it comes from a Latin word that means “earth dividing.”
People have been building domes for centuries. Ancient cultures such as the Romans created
massive domes. But those domes needed equally large supporting walls keep the entire structure
from crashing to the ground. In short, huge old domes were heavy and bound to fail at some point.
Geodesic domes are different. Not only do they incorporate the strength of a strong arch shape, but
they’re also made up of many triangles. Triangles are the strongest shape because they have fixed
angles and don’t distort very easily. Pair domes with triangles, and you have one extremely durable
structure.

• LOTS of newspaper (large flat sheets)
• Rolls of masking tape
• Meter sticks or tape measures
TO PREP IN ADVANCE:
For younger students, educators may need to cut and roll sheets of paper ahead of time.
SAFETY CONCERNS:
Always practice caution when your students use scissors.
WHAT ASK YOUR STUDENTS:
• What are some famous domes you can think of?
• Why do you think domes are a popular structural design, used for so many years?
•H
 ow would you go about building a dome? – Students can draw designs or sketch their ideas on
the board or on paper

The low quantity of materials necessary for geodesic domes, matched with their durability and good
looks, means they’ve found their way into places all over the world. In Antarctica they’ve stood for
decades and resisted winds of around 200 miles per hour (322 kilometers per hour). Domes have
also withstood hurricanes, earthquakes, and fires better than rectangle-based structures. They’ve
been used for military radar systems, churches, auditoriums and also for all sorts of special events in
which temporary, inexpensive and strong shelters are needed.
TIPS FOR SUCCESS:
Depending on the size of the class, this can either be done as one class working together, or as teams
no fewer than 5. Groups can race each other or compete to make the strongest dome that can be
lifted and transported around. While some students are measuring and decorating the tubes, others
can start assembling with the completed tubes.

• Show students some picture examples of domes. Show some with many facets and others with few.
SCALE IT DOWN:
WHAT TO DO:
1. D
 ivide students into groups, if necessary, and distribute materials. Assist groups in constructing
domes using the steps below.
2. S
 tack three flat sheets of newspaper together. Starting in one corner, roll the sheets up together as
tightly as possible to form a tube. When you reach the other corner, tape the tube to keep it from
unrolling. Repeat until you have 65 tubes.

For younger students, build a dome as a group. Have students roll the paper while you cut the edges.
Experiment with different lengths and don’t worry if the dome isn’t perfect. Try to show a structure
that will simply stand as opposed to one that is sound. You can also have students make smaller
tubes using construction or loose-leaf paper.

3. Now cut down the tubes to make 35 “longs” and 30 “shorts:”
•L
 ongs—Cut off both ends until it is 71 cm. Use as a model to create 34 more. Decorate all the
longs with an “L.”
•S
 horts—Cut off both ends until it is 66 cm. Use as a model to create 29 more. Decorate all
the shorts with an “S.”
4. To assemble: Tape 10 longs together to make the base of the dome. What polygon is this?
5. T
 ape a long and a short in a “V” shape to the outside of each joint. Arrange them so that there
are two longs next to each other, followed by two shorts. (So that the pattern as you go along the
outside of the polygon is long-short, short-long, long-short, etc.)
6. Tape the tops of two adjacent shorts together to make a triangle. Tape the next two longs together.
Continue all the way around.
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ACTIVITY #14

PROCEDURE (CONTINUED):

Fizzy Rockets—
Exploding Art
PROVIDED BY THE FRANKLIN INSTITUTE

4. Quickly snap the lid onto the canister tightly, flip it over, and stand back!
5. Allow students to work in small groups (2-3 students) to create their own rockets and experiment.
GOING FARTHER:
1. Change the amount of water in the canister. How does this affect the blastoff?
2. Change the amount of antacid tablet used. How does this affect the blastoff?
EXPLODING ART (OPTIONAL, TO BE DONE OUTSIDE):

OBJECTIVE:

Students will explore Newton’s Third Law of Motion with an antacid tablet
powered rocket launch.

1. Once students have the system of making Fizzy Rockets down, move onto the art version. Give each
student a large sheet of paper to use instead of the tray.
2. Squeeze watered down paint into the canisters to replace the water.
3. Drop in half of an antacid tablet, close the lid, place upside down on the paper and stand back.

TIME FRAME: 45 minutes

4. Repeat with different colors until desired picture is created.
5. Lay pictures out to dry (inside or outside).

WHAT YOU’LL NEED:
• Film canisters

WHAT’S THE SCIENCE?

• Water bottles or squeeze bottles for water

Newton’s Third Law of Motion says that for every action or force, there is an equal and opposite
reaction or force. In this activity, one force is generated down toward the table (expanding gases
pushing downward out of the canister) while the opposing reaction pushes the rocket up in the
opposite direction.

• Antacid tablets
• Trays
• Safety Goggles
• (Optional) Watered down tempera paint, in squeeze bottles
• (Optional) Large sheets of paper
TO PREP IN ADVANCE:
• Fill squeeze bottles with water.
• (Optional) Prep squeeze bottles of paint by watering down each color with enough water to make it
thinner. It should be very runny, just a little thicker than water.

When water is added to the antacid tablet, bubbles of carbon dioxide gas are created. When the lid is
fitted tightly to the canister, this expanding CO2 gas is contained within an enclosed space. As more
gas is created, the pressure inside the canister rises until there is enough force to overcome the seal of
the lid. The built-up pressure exerts enough force to shoot the canister into the air, forming the rocket.
In an actual rocket, heat from ignition of the rocket fuel causes gases inside to expand rapidly and be
forced out of the tail of the rocket, creating the downward force. In opposition, the rocket is forced
upwards away from the exhaust of the tail.
TIPS FOR SUCCESS:

SAFETY CONCERNS:
•W
 ater is likely to spill on the table or surfaces being used. Clean up large spills to avoid slipping and
keep materials such as laptops and electronics at a safe distance.
•O
 bjects will be flying upward with some speed. Be sure the students are wearing SAFETY
GOGGLES AT ALL TIMES!
•D
 O NOT put your face, or allow students to put their faces, directly over the canisters while waiting
for them to launch.

Do as much of this activity outside as possible. The plain rockets can be done indoors if necessary,
but ceilings and other obstacles may interfere with observing and comparing the maximum heights
of each launch.
Make sure the canister lid has a tight seal and is closed all the way.
DO NOT put your face, or allow students to put their faces, directly over the canisters while waiting for
them to launch. Goggles are to be worn at all times to protect against unexpected projectiles.

WHAT ASK YOUR STUDENTS:
• Think about a rocket. What makes them go?
• Usually when we think about rockets soaring into space we think about the fire and smoke coming
out of it. What direction is all that energy and gas going when it comes out of the rocket?
• And what direction does the rocket go in return?
• This is known as Newton’s Third Law: every action creates an equal and opposite reaction! ACTION
REACTION time!
PROCEDURE:
1. Have students put on their safety goggles.
2. Demonstrate the activity first: Place a film canister on a tray and fill one quarter of the way with water.
3. Drop in half of antacid tablet.
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ACTIVITY #15

Boats that Float
PROVIDED BY THE FRANKLIN INSTITUTE

WHAT’S THE SCIENCE (CONTINUED)?

OBJECTIVE:

Students will design a vessel that can not only float, but can support weight for
a period of time.

a given amount of space. Buoyancy is the upward force that a fluid exerts on an object immersed in it.
It is famously described in Archimedes’ Principle: Any object, wholly or partially immersed in a fluid, is
buoyed up by a force equal to the weight of the fluid displaced by the object.
When an object is placed in water, it feels a tug-of-war between two forces—the force of gravity pulling
it down, and the force of an equal volume of water pushing it up—and which force wins depends on
density. If the object is denser than water, the force created by gravity on it will be stronger than the
buoyant force of the water, and it will sink. If the object is less dense than water, the force of the water
pushing on it will be stronger than the force due to gravity and it will float.

TIME FRAME: 45 minutes
WHAT YOU’LL NEED:
• A plastic tub full of water
• Straws

SCALE IT DOWN:

• Paper cups

This activity could also be turned into a creative design activity using more supplies including corks,
cardboard, rubber bands, assorted craft materials that are available to create a unique boat that floats.
This is also a challenge since students want their boat to look good, but also float and be functional.
Hot glue guns are recommended for this.

• Duct tape
• Aluminum foil
• Pennies
• Timers

TIPS FOR SUCCESS:

TO PREP IN ADVANCE:
Fill the plastic tub two thirds of the way with water.

For younger students, limit the use of materials. Have students look at pictures of boats with heavy
cargo, handle toy boats to see how they float, and play with other things that float. Have them try to
make a boat out of aluminum foil that will simply float, which can be a great success. If the boat floats,
have them add a bit of weight using the pennies, one at a time.

SAFETY CONCERNS:
Water is likely to spill on the table or surfaces being used. Clean up large spills to avoid slipping
hazards and keep materials such as laptops and electronics at a safe distance.
WHAT ASK YOUR STUDENTS:
• What types of materials are used to construct a boat?
• How do boats stay afloat when they are full of people and heavy cargo?
• What types of risks are there when boats encounter different weather conditions and have too
much cargo?
WHAT TO DO:
1. The Challenge: Students are to build a boat that can float and support 20 pennies for at least 20
seconds without leaking, sinking, or tipping over.
2. Students should be initially provided with 10 straws, 5 cups, a foot of duct tape, and a 12 inch square
of aluminum foil; they are permitted to barter with other groups. Depending on the group, the
educator can put limitations on the amounts of materials the students can use.
3. Taking It Farther: Increase the amount of pennies that need to be supported or increase the amount
of time it needs to stay afloat. Who can use the least amount of materials? Who can build the biggest
boat? The smallest boat? What can they do with just a piece of aluminum foil? Another option is to
change the weather conditions by using a fan to blow wind onto the surface of the water, and craft
sticks to make waves.
WHAT’S THE SCIENCE?
Whether an object sinks or floats in a fluid depends on two things—density and buoyancy. Density is
how tightly packed the atoms or molecules of a substance are—in other words, how much “stuff” is in
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NATURAL WATER FILTER

CHROMATOGRAPHY BUTTERFLY

MARSHMALLOW AND TOOTHPICK STRUCTURES

ROCK CYCLE FUDGE

2-ESS2 Earth’s Systems

2-PS1 Matter and Its Interactions

3-5-ETS1 Engineering Design

2-ESS2 Earth’s Systems

3-ESS2 Earth’s Systems

5-PS1 Matter and Its Interactions

MS-ETS1 Engineering Design

4-ESS2 Earth’s Systems

4-ESS2 Earth’s Systems

MS-PS1 Matter and its Interactions

5-ESS2 Earth’s Systems
MS-ESS2 Earth’s Systems
ANIMAL AND INSECT CLASSIFICATION
2-PS1 Matter and Its Interactions
5-PS1 Matter and Its Interactions

OIL SPILL CLEAN UP
FIZZY ROCKETS—EXPLODING ART

5-PS1 Matter and Its Interactions

K-PS2 Motion and Stability: Forces and
Interactions

MS-PS1 Matter and its Interactions

3-PS2 Motion and Stability: Forces and
Interactions

MS-PS1 Matter and its Interactions

MS-PS2 Motion and Stability: Forces and
Interactions

BIOMAGNIFICATION TAG

HS-PS2 Motion and Stability: Forces and
Interactions

5-LS2 Ecosystems: Interactions, Energy, and
Dynamics

GEODESIC DOMES

MS-LS2 Ecosystems: Interactions, Energy, and
Dynamics
HS-LS2 Ecosystems: Interactions, Energy, and
Dynamics
BOATS THAT FLOAT
2-PS1 Matter and Its Interactions

5-ESS2 Earth’s Systems

OOBLECK
2-PS1 Matter and Its Interactions
5-PS1 Matter and Its Interactions
MS-PS1 Matter and its Interactions

MS-ESS2 Earth’s Systems
EGG OSMOSIS
1-LS1 From Molecules to Organisms: Structures
and Processes
4-LS1 From Molecules to Organisms: Structures
and Processes
MS-LS1 From Molecules to Organisms:
Structures and Processes

PAPER CUP WEIGHT TEST
3-5-ETS1 Engineering Design

K-PS2 Motion and Stability: Forces and
Interactions

MS-ETS1 Engineering Design

3-PS2 Motion and Stability: Forces and
Interactions

GIANT TETRAHEDRON

MS-PS2 Motion and Stability: Forces and
Interactions

3-5-ETS1 Engineering Design
MS-ETS1 Engineering Design

SNOT

5-PS1 Matter and Its Interactions

2-PS1 Matter and Its Interactions

MS-PS1 Matter and its Interactions

5-PS1 Matter and Its Interactions

K-PS2 Motion and Stability: Forces and
Interactions

MS-PS1 Matter and its Interactions

3-PS2 Motion and Stability: Forces and
Interactions
MS-PS2 Motion and Stability: Forces and
Interactions
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